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ABSTRACT

Background: DNA methylation (DNAm), a well-established epigenetic mechanism, has been
associated with the long-term health effects of prenatal environmental exposures and has
emerged as a potential biomarker linking those exposures to neurodevelopmental risk. Building
on this research, epigenetic risk scores (ERS), which aggregate DNAm values across specific
CpG sites, are increasingly being explored as tools to predict both prenatal exposure history and
neurodevelopmental outcomes. While genetics providers already counsel patients on potential
outcomes relating from environmental exposures, their perspectives on applying ERS in the
prenatal setting remain unexplored. Methods: This study used a four-phase design to explore the
clinical readiness of ERS by comparing researcher and provider perspectives. Phase 1 comprised
a systematized literature review to identify ERS developed for prenatal exposures and
neurodevelopmental outcomes. Phase 2 consisted of virtual focus groups with North American
prenatal genetics providers to explore hypothetical clinical applications of ERS for prenatal
genetic counselling identified in phase 1. Phase 3 applied deductive content analysis of
discussion sections of the reviewed literature to extract researchers’ perspectives on ERS utility.
Phase 4 integrated findings from Phases 2 and 3 to identify areas of convergence and divergence.
Results: The literature review identified 13 eligible ERS papers. Comparison with the
perspectives of 17 genetic counsellors (GCs) revealed that, while both groups supported
strengthening the ERS evidence base, they differed in what they prioritized. Researchers focused
primarily on analytic validity and predictive performance, whereas GCs emphasized clinical
validity, clinical utility, and ethical, legal, and social implications, including concerns related to
eugenics, insurance, access, and stigmatization. GCs also highlighted a mismatch between

current ERS technical capabilities and clinical actionability, indicating recommended
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considerations for how ERS results could inform patient care and decision-making.
Significance: This study reveals a gap in the translational research pipeline, where technical
development of ERS is outpacing progress toward clinical readiness. To move ERS beyond a
promising research tool and support its responsible implementation, collaboration among
clinicians, researchers, regulatory organizations, and end-users is needed to refine the evidence,

evaluation frameworks, and implementation strategies required for clinical integration.
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CHAPTER ONE: INTRODUCTION

1.1 The Emergence and Evolution of Epigenetics

The field of epigenetics came about as our understanding of the influences of genetics and the
environment on development expanded. Initially, Conrad Waddington, who coined the term
“epigenetics”, wanted to acknowledge the important role of genetics in embryology, essentially
how a genotype becomes a phenotype during development (Waddington, 2012). His model
remained largely conceptual until Watson and Crick's 1953 description of DNA's double helix
structure (Watson & Crick, 1953). With the discovery that all cells possess the same DNA, a
question emerged: if heritable information is encoded in a single, stable sequence, how does that
sequence give rise to such different tissue and cell types? Following Waddington, David Nanney
was the next researcher who was able to connect that this postulation extended not only to tissue
and cell types, but also to gene expression in a broader sense (Nanney, 1958; Ospelt, 2022).
Slowly, this concept came to be defined as changes in gene expression that do not change the
DNA sequence itself and can be stable through many cell divisions, and thus, heritable (Berger et
al., 2009; Deans and Maggert, 2015). This definition leaves open which molecular mechanisms
produce these changes in chromosome state. Three exist: histone modification, the regulatory
activity of noncoding RNAs, and DNA methylation, which is the focus of this study (Al Aboud
et al., 2026).

1.2 DNA Methylation (DNAm)

The most well-researched epigenetic mechanism is DNA methylation. This was the first
mechanism to be discovered (Hotchkiss, 1948; Ospelt, 2022). It involves adding a methyl group
to cytosine bases (Illingworth & Bird, 2009). Recognizing the need for a stable, heritable
molecular switch that could silence genes without altering the underlying code, researchers such

as Holliday and Riggs proposed that DNA methylation played a role in cell differentiation and
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gene expression localized to certain cells or tissues. They hypothesized that these chemical tags
could physically alter DNA-protein interactions and, crucially, be maintained across cell

divisions (Holliday & Pugh, 1975; Shen et al., 2008).

DNAm occurs in specific regions of the genome. In mammals, methyl groups are added to
cytosine bases that are immediately followed by a guanine, known as CpG dinucleotides (CpG
sites), which are commonly grouped together in what are called “CpG islands” (Barnes, 2025;
Ilingworth and Bird, 2009). CpG islands are usually located near gene promoters, serving as
genomic markers and playing a role in regulation of expression of these genes (Bird, 1987;

Deaton and Bird, 2011; Gillespie et al., 2025);

The process of DNAm is carried out by DNA methyltransferases (DNMTs), which either
establish new patterns or maintain them across cell divisions (Bestor & Verdine, 1994). These
methyl groups physically block transcription machinery and recruit binding proteins that
condense the DNA into tightly packed heterochromatin, effectively silencing gene expression
(Goll & Bestor, 2005). By altering chromosomal structure, DNAm influences the broader 3D
arrangement of the genome and dictates how the genetic code interacts with proteins (Gillespie et

al., 2025).

Today, the most well-characterized functions of DNA methylation include facilitating cellular
differentiation, with applications ranging from estimating biological age to quantifying the
impact of environmental exposures on gene expression, with the latter being the most relevant to

this study (Christofidou & Bell, 2025).
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1.3 The Role of DNAm in Development

In the early embryo, the DNA is a “blank slate” or totipotent (Condic, 2014). As development
progresses, precise epigenetic programming must be incorporated into this slate to enable
cellular specialization. This makes DNAm essential for several fundamental biological
processes during embryogenesis, including selective silencing of genes (depending on the parent
of origin), the suppression of transposable elements, and influencing X-chromosome
inactivation, and the cellular changes associated with aging (Bird, 2002; Breton-Larrivée et al.,
2019; Smith & Meissner, 2013).When a gene becomes methylated in the embryo, it is not
transcribed (i.e. silenced); and the specific genetic segment crucial for expression is no longer
accessible to the transcriptional machinery (Gillespie et al., 2025). For instance, once a cell
differentiates into a neuron, DNAm silences genes associated with other organs such as muscle

or liver. This ensures mitotic heritability.

1.4 Environmental Influences on Fetal Development

David Barker's hypothesis of "fetal programming," introduced in the 1980s, states that the in-
utero environment induces developmental adaptations in the fetus, which can significantly
influence the individual’s physiology and metabolic function (Barker & Osmond, 1986; Barker,
1990; Godfrey & Barker, 2001; Kwon & Kim, 2017). This was supported by studies of the
Dutch Famine of the mid 1940’s (Lumey and Van Poppel, 1994); Ospelt, 2022). Researchers
identified specific fetal survival adaptations to maternal starvation. They discovered infants born
to starved pregnant individuals had smaller livers and a resistance to insulin as adults (de Rooij et
al., 2006; Ravelli et al., 1998; Roseboom et al., 2001). Physiologically, to preserve neural
development, blood flow is shunted away from peripheral organs, resulting in reduced liver mass
and diminished pancreatic beta-cell proliferation (Barker & Osmond, 1986; Belkacemi et al.,
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2010; Hales & Barker, 1992). Simultaneously, exposure to elevated maternal stress hormones
alters metabolism to maximize energy conservation (Hales & Barker, 1992).While these
permanent structural and endocrine adjustments optimize in-utero survival, they create a severe
metabolic defect in adulthood if nutrition becomes abundant, driving insulin resistance, obesity,
and cardiovascular disease later in life (Barker, 1990; Barker & Osmond, 1986; de Rooij et al.,

2006);Ravelli et al., 1998; Roseboom et al., 2001; Roseboom et al., 2006; Schulz, 2010).

The evidence depicting the influence of environmental factors on fetal development was central
to forming the concept known as the Developmental Origins of Health and Disease (DOHaD).
The DOHaD framework postulates that the in-utero environment can impact an individual's
development and lead to adverse health outcomes through lasting changes to bodily organs and

systems (Dieckmann & Czamara, 2024; Wadha et al., 2009).

1.5 Environmental Influences on DNAm

One of the ways in which in-utero environmental exposures are thought to leave these lasting
marks on a cellular level is by altering DNAm (Breton-Larrivee et al., 2019). Though DNAm is
heritable through mitosis, it is also remarkably dynamic. Because the process of DNAm is being
actively programmed during embryogenesis, the embryo is incredibly vulnerable to external
signals (Seisenberger et al., 2013). These signals can influence the efficiency of enzymes
implicated in DNAm, potentially resulting in lasting impacts on the epigenome and altering the
individual’s phenotype after development is complete. For example, disruptions to essential
enzymes like DNMT1 can permanently wipe out genomic imprints that the embryo cannot later
restore. Since these imprinted genes control critical growth processes, losing their strict
regulation can trigger developmental issues, including lethal consequences or sex-specific
defects in placental function and X-chromosome inactivation (Breton-Larrivee et al., 2019).

Page 21 of 208



1.5.1 Internal Exposures

Indeed, studies have shown that internal and external exposures can impact gene expression
through modulating the function and activity of DNAm. Internal exposures can include hormonal
fluctuations such as cortisol caused by maternal stress. Recently, in a large, diverse cohort,
researchers found that higher maternal perceived stress during pregnancy is directly associated
with altered newborn DNA methylation within key stress-response genes, specifically FKBPS

(Jones et al., 2025).

Another study investigating a cohort of Brazilian mother-infant pairs demonstrated that prenatal
psychological distress and elevated maternal cortisol levels correlate with distinct epigenetic
changes in the offspring's stress-response and oxytocin receptor genes (NR3C1, FKBPS5, and
OXTR). Notably, maternal anxiety was linked to reduced infant OX7TR methylation, suggesting a
molecular pathway for the fetal programming of hypothalamic-pituitary-adrenal (HPA)-axis

function (Wiley et al., 2023).

1.5.2 External Exposures

External exposures, such as infections or air pollution in-utero have also been linked to altered
fetal DNAm. A large-scale epigenome-wide meta-analysis revealed that prenatal exposure to
particulate air pollution alters DNAm patterns in newborns. These chemical exposures
specifically modified genes critical to embryonic growth and respiratory development, such as
FAM134 and NOTCH¢4, with some of these epigenetic signatures persisting well into childhood

(Gruzieva et al., 2019).
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1.5.3 Link to Health Outcomes

Whether driven by internal psychological distress or external chemical pollutants, the clinical
significance of in-utero DNAm alterations lies in their capacity to predict health outcomes at or
after birth. An epigenome-wide association study (EWAS) using 1,200 archived newborn blood
spots, investigated this immediate postnatal window (Hannon et al., 2019). Hannon and
colleagues demonstrated that prenatal and obstetric factors, specifically maternal smoking,
gestational age, and birth weight, leave detectable DNA methylation signatures at birth. Their
team was able to show that smoke-induced DNAm variation at specific loci may result in lower
infant birth weights, highlighting how in-utero environmental exposures can directly alter early-

life gene regulation to influence long-term health outcomes.

1.6 Using DNAm as a Biomarker

Given the influence of the environment on DNAm of the newborn genome, researchers are
increasingly investigating how DNAm patterns can be used as clinical biomarkers for identifying
and diagnosing a range of diseases, including those affecting the brain and nervous system
(Levenson, 2010). A DNAm biomarker is an umbrella term that is defined as a measurable
epigenetic mark which aims to either provide a diagnosis, prognosis, prediction, or response to

treatment (Califf, 2018; Garcia-Giménez et al., 2017).

In addition to DNAm’s stability in biological samples and dynamic responsiveness to
environmental influences, it also exhibits significant inter- and intra-individual variability,
shaped by factors like exposure history, age, cell type, and genetic background (Bulla et al.,
2016; Garcia-Giménez et al., 2017; Nabais et al., 2023; Wisman et al., 2024). Due to their
plasticity and reflection of environmental interactions, DNAm markers have been proposed as

more informative than static genetic biomarkers in certain contexts, earning the term
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“bioarchives” as they can carry imprints of past exposures across time (Garcia-Giménez et al.,

2017; Relton et al., 2015).

As a result of these characteristics, researchers believe that differences in DNA methylation at
specific sites can aid in disease detection and diagnosis, including a patient's likely response to

treatment and the likely patient outcome (Levenson et al., 2010).

As such, DNAm-based biomarkers have been developed for a range of clinical applications. For
example, a diagnostic biomarker was developed as an objective method for central nervous
system tumor classification using DNA methylation profiling. The researchers believed that this
biomarker reduces inter-observer variability compared to traditional histology. By matching
tumors to distinct DNA methylation classes, this technique standardized diagnostics, identified
rare or previously unrecognized tumor entities, and assisted in clinical subclassification (Capper

et al., 2018).

More recently, a prognostic biomarker was developed in the field of oncology. In head and neck
squamous cell carcinoma (HNSCC), synchronous promoter hypermethylation of the somatostatin
(SST) and somatostatin receptor type 1 (SSTRI) genes served as a prognostic biomarker by
linking to disease recurrence and decreased disease-free survival following surgical resection.
The aim is to help clinicians identify high-risk patients who require adjuvant therapy and

intensive monitoring (Misawa et al., 2015; Liouta et al., 2023).

Prognostically and predictively, variations in methylation levels can signal tumour progression or
dictate therapeutic efficacy. For instance, in patients with newly diagnosed glioblastoma,
methylation of the MGMT gene promoter silences a key DNA repair mechanism, making the

tumor highly sensitive to alkylating chemotherapy. Consequently, evaluating MGMT
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methylation status serves as a critical predictive biomarker to identify patients who will derive a
significant survival benefit from temozolomide treatment versus those who require alternative

therapeutic strategies (Hegi et al., 2005).

Collectively, these examples demonstrate the expanding application of DNAm-based biomarkers
and their increasing use in informing disease diagnosis, prognosis, and treatment decision-

making across diverse clinical contexts.

1.7 Technological and Analytical Advances

The development of epigenome-wide association studies (EWAS) has been instrumental in
enabling investigation of DNA methylation across the genome. This allowed researchers to link
specific DNA methylation sites to environmental exposures and health outcomes (Ladd-Acosta,
2015). Advances in high-throughput array platforms and next generation sequencing have all
made it possible to measure hundreds of thousands of CpG sites with great precision (Moran et
al., 2016). The application of machine learning technology has further enhanced the predictive
capacity of methylation data (Gagliardi et al., 2024). These advancements have laid the
foundation for translating DNAm signatures into tools that can predict exposures and outcomes,

including the generation of epigenetic risk scores (ERS).

1.8 Emerging DNAm Diagnostics

It has been proposed that integrating DNAm biomarkers could complement and potentially
enhance risk prediction models that rely on traditional clinical indicators, such as medical
history, or genetic risk profiles like polygenic risk scores (PRS). By incorporating epigenetic
data, these models can offer a more comprehensive and personalized assessment of disease risk,

as demonstrated in cardiovascular research (Christofidou & Bell, 2025). Currently, several
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diagnostic tools already leverage these methylation signatures. For instance, specific non-
invasive prenatal screening (NIPS) methods utilize distinct methylation patterns to differentiate
fetal cell-free DNA from maternal background DNA, enabling the detection of fetal
chromosomal abnormalities such as trisomies 21, 18, and 13 (Lim et al., 2013; Lee et al., 2013).
Additionally, the Food And Drug Administration (FDA)-approved colorectal cancer screening
test, “Epi proColon”, detects methylated SEPT9 DNA in peripheral blood, identifying
individuals who require follow-up diagnostic colonoscopies (Lamb & Dhillon, 2017; Téth et al.,
2012). As technological capabilities improve and our understanding of the methylome matures,

the landscape of available DNAm-based diagnostic and prognostic tools is expected to expand.

1.9 Epigenetic Risk Scores

With advancements in epigenetic technology and improved understanding of epigenetic
biomarkers, there has been growing interest in developing epigenetic risk scores (ERS). Often
referred to as epigenetic predictors, methylation risk scores (MRS), (poly)epigenetic scores,
methylation scores, or methylation profile scores, these scores have been proposed to serve four
principal functions (Nabais et al., 2023). First, they are used to impute missing or incorrect
phenotypic data, such as determining smoking exposure. Second, ERS provide an objective
method for monitoring and measuring treatment adherence. Third, they offer valuable
applications in forensic investigations by predicting demographic traits like age from biological
samples. Last, ERS act as biomarkers for assessing disease risk and progression, even before

clinical signs (Wisman et al., 2024; Nabais et al., 2023).

1.9.1 How are ERS Constructed?

The development of an ERS typically involves three distinct phases: discovery, validation, and

application (Nabais et al., 2023) (Figure 1).
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Figure 1: Overview of Epigenetic Risk Score Construction. The discovery phase involves score
development, the validation phase assesses predictive performance, and the application phase

uses the score to measure exposures or predict outcomes in a population of interest

1.9.1.1 Discovery

In the discovery phase, researchers use EWAS data from a representative "discovery sample" to
analyze DNAm levels across individuals with differing disease statuses or exposure histories. By
comparing these groups, specific CpG sites demonstrating consistent differential methylation are
identified. Each selected site is then assigned a statistical weight, based on its effect size or
strength of association with the phenotype. Finally, an individual's weighted methylation values
across all selected loci are aggregated into a single cumulative score, which is compared against

a reference population to establish the ERS.

1.9.1.2 Validation

In the validation phase, the predictive accuracy of the newly constructed ERS is evaluated in an
independent "target sample." To ensure clinical and statistical validity, this target cohort must

not overlap with the discovery sample, yet it must closely match the demographic and
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environmental characteristics of the population for which the ERS is intended. Because both the
discovery and validation phases require prior knowledge of both the DNAm patterns and the true
phenotype (e.g., confirmed prenatal exposure to maternal smoking), this step is critical to

quantifying the sensitivity, specificity, and overall performance of the score.

1.9.1.3 Application

Once validated, the ERS can serve as a functional proxy or biomarker in a novel "application
population." This final cohort consists of individuals for whom genome-wide methylation data is
available, but whose specific exposure history or disease status is unknown. By using the ERS in
this group, researchers and clinicians can infer missing phenotypic data, such as determining
whether an individual was historically exposed to maternal smoking in utero, purely from their

ERS.

1.9.2 Emerging Evidence of ERS Utility

ERS has demonstrated clinical utility in oncology. For example, a 2021 study developed and
validated a prognostic ERS based on over 1,200 samples to predict overall survival and
therapeutic response in breast cancer patients. The resulting score successfully categorized
individuals into distinct risk categories and demonstrated that higher scores correlate with
immune-inhibited tumour microenvironments and lower sensitivity to both chemotherapy and

immunotherapy (Zhang et al., 2021).

ERS have also been developed linking environmental stressors to psychiatric symptoms.
Recently, Segura and colleagues constructed an ERS as a surrogate marker to quantify the
cumulative biological impact of prenatal, birth, and childhood stressors. The results demonstrate

a dose-response relationship, where higher epigenetic loads from these environmental exposures
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significantly correlate with an increased risk of relapse in patients with their first episode of
schizophrenia (Segura et al., 2025). Furthermore, ERS efforts have been expanded to capture
infectious exposures; for example, an ERS for cytomegalovirus was shown to successfully
predict post-transplant viral replication and clinical complications in organ recipients by

quantifying host immune epigenetic responses (Hsu et al., 2024).

1.9.3 Application of ERS in the Prenatal Period

The same capacity to decode environmental exposures from DNA methylation patterns being
used in oncology, psychiatry, and immunology, among other disciplines, is now being applied to
map the impacts of early life environments on embryological development. Given the established
link between the in-utero environment and fetal development discussed previously, researchers
are working to generate ERS to 1) detect prenatal exposures and to 2) predict individualized

disease outcomes.

To date, ERS have been created for several prenatal exposures and outcomes. For instance, a
neonatal ERS has been generated to assess an infant's epigenetic association with weight gain by
six months, while longitudinal blood-based methylation scores have been constructed to evaluate
whether DNAm variation functions as a causal predictor of future body max index (BMI) or as a
downstream biomarker of existing weight and cardiometabolic traits (Lariviere et al., 2024; Reed
et al., 2020). Furthermore, ERS have been created to study environmental and psychosocial
stressors. Recent studies have used birth-tissue methylation scores to examine the relationship
between prenatal socioeconomic position and childhood language development at 36 months, as
well as composite adversity scores to link maternal stress and depression to altered infant

methylomes (Abrishamcar et al., 2022 ; Rajaprakash et al., 2024).
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Despite these expanding applications, it is not well described how clinicians could apply these
tools into patient care. Specifically, the perspectives of providers in the prenatal setting, where
maternal exposures such as stress or substance use are linked to long-term neurodevelopmental

outcomes, remain unexplored.

1.9.4 ERS in Prenatal Genetic Counselling

Genetics providers, including medical geneticists (MGs) and genetic counsellors (GCs), are
specialized healthcare professionals who support patients and families in understanding the
clinical characteristics, heritability, and personal and familial ramifications of genetic conditions.
While medical geneticists primarily focus on clinical diagnosis, medical management, and
metabolic or physical evaluations, GCs integrate expertise in medical genetics and psychosocial
counselling to facilitate informed decision-making and psychological adaptation (ACGC, 2023;
Korfet al., 2011). In the prenatal setting, these genetics providers play a unique role helping
patients navigate rapidly evolving genomic technologies, personal factors and values, and
reproductive decision-making. This positioning makes them critical stakeholders in discussions

surrounding the clinical application of novel predictive tools, such as ERS.

The rapid expansion of prenatal genomic technologies, from simple screens like alpha-
fetoprotein screening in the late 1970s to comprehensive options like chromosomal microarrays
and whole exome sequencing, has fundamentally transformed the landscape of prenatal care,
increasing both test complexity and volume (Schaa & Biesecker, 2024). As the scope of
available testing expands, the sheer volume of choices can overwhelm patients and severely
strain the time limits of a prenatal consultation (Ravitsky, 2017). These systemic pressures risk
the “routinization of testing”, a phenomenon where offering multiple, highly technical options
can inadvertently pressure patients into accepting all available screens without fully grasping
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their clinical implications, thereby undermining truly informed consent and compromising

equitable care (Ravitsky, 2017; Ravitsky et al., 2021; Schaa & Biesecker, 2024).

1.9.5 Rationale and Research Question:

Despite growing academic interest, ERS have not yet been integrated into routine prenatal risk
assessment for environmental exposures and neurodevelopmental outcomes. A clear
understanding of how these scores are constructed, validated, and interpreted is necessary to
evaluate their potential clinical relevance in prenatal genetic counselling. As ERS emerge as a
novel class of prenatal biomarkers, it is critical to investigate the perspectives of the genetics
providers who will be tasked with their clinical translation. As medical geneticists and GCs are
uniquely positioned to interpret these tools and support patients through complex reproductive
decision making, understanding their views on the utility and applicability of ERS is crucial.
This can ensure that this new technology, if ever integrated into clinical care, is done so in a way

that supports informed choice and high-quality, patient-centered care.

While prior literature has examined DNA methylation in relation to childhood behavioural traits
(Ware et al., 2025), there is currently no published review synthesizing epigenetic risk scores
developed for prenatal exposures associated with neurodevelopmental disorders, to the author’s
knowledge. This gap raises crucial questions about how ERS might fit into prenatal risk
assessment, patient counselling, and reproductive decision-making. Therefore, my thesis aims to
address the question: “How do genetics providers perceive the feasibility and clinical utility of
epigenetic risk scores for prenatal exposures for neurodevelopmental disorders, and how do these

views compare to published literature?"
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To explore this question, this study utilizes a qualitative approach, conducting and analyzing
focus groups with practicing genetics providers across Canada and the United States to capture
their insights on the feasibility of prenatal ERS in clinical practice. This research also analyzes
the published literature on ERS for prenatal exposures linked to neurodevelopmental outcomes,
extracting researchers' perspectives on the utility and feasibility of their constructed scores. By
comparing and contrasting these clinical and research viewpoints, this study aims to provide a
preliminary understanding of the gaps that must be addressed before ERS can be responsibly
integrated into prenatal genetic counselling.

CHAPTER TWO: METHODS

2.1 Study Design and Overview

This study utilized an integrative qualitative design, chosen to allow each phase of the research
to systematically build upon the next (Figure 2). The study comprised four distinct,
interconnected phases: 1) a systematized literature review, 2) participant focus groups, 3) a
deductive content analysis of the discussion sections of the reviewed papers, and 4) integration
of both datasets from phase 2 and 4. This study received approval from the University of

Manitoba’s Bannatyne Campus Research Ethics Board (approval number HS26949, H2025:159).
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Figure 2: Study Design Overview: A four-phase design involving a systematized literature

review of prenatal ERS research, focus groups with genetics providers, deductive content

analysis of discussion sections, and comparison of researcher and provider perspectives.
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2.2 PHASE ONE: Systematized Literature Review

2.2.1 Rationale and Methodological Approach

A systematized literature review was conducted to identify and synthesize published evidence on
ERS, with a focus on their construction, validation, and interpretation. The findings informed the

development of hypothetical case scenarios used in the subsequent focus groups.

This type of review was selected to balance methodological transparency with the practical
feasibility and timeline of a Master’s thesis project (Celeste, n.d.; Grant & Booth, 2009; Oliveira
et al., 2021). The objective was not to produce an exhaustive, definitive meta-analysis of all
available evidence, but rather to offer a structured, transparent, and reproducible overview of the
literature directly informing the broader study's aims. By using a systematized design, the review
maintains the rigour of systematic methods, such as a predefined search strategy and organized
data extraction, while accommodating a single-reviewer scope by eliminating formal risk-of-bias

appraisals.

2.2.2 Search Strategy and Information Sources

The search strategy was designed to ensure transparency and reproducibility. A preliminary
scoping search was conducted to refine core concepts and variations in terminology. Following
this, the primary search strategy was drafted by the student investigator, Z.N.M., using index
terms from identified papers, and subsequently refined and finalized in consultation with an

academic librarian, M.R.

The literature search was restricted to the Ovid MEDLINE and Scopus databases, which were
executed on May 14, 2025, and May 3, 2025, respectively. These databases were selected to

ensure both depth and biomedical specificity. Ovid MEDLINE provided comprehensive
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indexing of medical, life sciences, and biomedical literature using Medical Subject Headings
(MeSH), which supported precise and reproducible search terms. Given that ERS research
frequently intersects genomics, epidemiology, environmental health, and data science, Scopus
was included alongside MEDLINE to capture multidisciplinary publications that might not be
fully indexed within standard biomedical repositories (Block, n.d.; Bramer et al., 2018; Cooke,
2026; Feenstra, 2026). Together, these databases provided a comprehensive, balanced coverage

of the biomedical and interdisciplinary literature aligned with the objectives of the review.

The search strings were constructed combining controlled vocabulary and free-text keywords
using Boolean operators (AND, OR) and wildcard truncation symbols. The search logic was
structured around three core concepts: epigenetic or methylation risk scores, prenatal or early life
exposures, and neurodevelopmental outcomes. To align with the project constraints and the niche
nature of the topic, specific search limits were applied, including human studies and English
language publications. The complete search strategies for both databases are detailed in

Appendix A.1.

This search strategy was designed to ensure it was broad enough to capture all preliminary
eligible papers without becoming overwhelmingly large. Because a standardized MeSH term for
"epigenetic risk scores" does not exist, it was necessary to compile an extensive list of synonyms
and related terms under this umbrella, including "methylation risk scores" and "epigenetic
scores." Combining these variations with broad exposure and outcome concepts required
extensive search strings, which were refined to maintain a feasible scope while ensuring

comprehensive coverage.
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2.2.3 Eligibility Criteria and Screening Process

Inclusion and exclusion criteria were established a priori to ensure a highly focused synthesis of
the literature answering the study’s objectives (Table 1). The review targeted peer-reviewed,
empirical studies that generated, validated, or evaluated ERS for prenatal exposures or
neurodevelopmental outcomes. Eligible studies were required to use prenatal or early postnatal
biological samples and report data regarding the predictive power of the constructed ERS.
Conversely, non-empirical publication, such as editorials, commentaries, reviews, and
conference abstracts, were excluded to isolate primary data from opinion-based or secondary

perspectives.

Table 1: Systematized Review Inclusion and Exclusion Criteria

Include Exclude

e Studies developing ERS for prenatal e Full text unavailable online.
exposures. Publication unavailable in English.

e Studies developing ERS to predict e Reviews, commentaries, manuscripts,
neurodevelopmental outcomes or conference abstracts without
resulting from prenatal exposures. original research data.

e Studies using prenatal (e.g. placenta) e Tissue or cell type unspecified
or early postnatal biological samples e Studies only involving animals
(e.g. cord blood) e Studies analyzing samples collected

during adolescence or adulthood, even
if investigating prenatal exposures
retrospectively, were excluded.
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The screening process was conducted independently by the student investigator (Z.N.M.) across
two sequential stages: an initial title and abstract scan, followed by a full-text review of
potentially eligible papers. No automated screening tools or machine learning classifiers were
used. To mitigate single-reviewer bias, any ambiguous records or boundary cases regarding

eligibility were marked and resolved via discussions with co-investigators J.N.H. and M.J.

2.2.4 Data Extraction and Synthesis

To guarantee consistent and systematic data capture, a structured data extraction template was
developed and pilot-tested on a subset of four included articles. The structural design of this
template was reviewed and approved by J.N.H. and M.J. before full implementation. The
finalized data extraction template, detailed in Appendix A.2, captured data across several
domains: bibliographic information, study design and cohort characteristics, methodological
approaches (such as tissue type, DNA methylation platform, and statistical modeling techniques),
and predictive metrics alongside how the authors described the performance of their score. Data
synthesis was entirely descriptive, focusing on narrating the extracted methodologies and study

characteristics.

2.3 PHASE TWO: Focus Groups With Prenatal Genetics Providers

2.3.1 Theoretical Framework: Pragmatism

A pragmatist framework guided the design, execution, and analysis of the focus group phase of
this study, which considered how genetics providers' professional experiences and clinical
contexts shape their perspectives on prenatal ERS. Pragmatism orients itself primarily toward
solving practical, real-world problems (Kaushik & Walsh, 2019). It posits that knowledge is
fundamentally derived from action and experience, and that individual perspectives are

inevitably shaped by unique professional and social contexts. This framework is highly suited for
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exploring how emerging, non-implemented technologies, like ERS might operate within applied

prenatal clinical settings.

Methodologically, pragmatism relies on abductive reasoning, an approach that moves iteratively
between deductive logic (informed by existing literature and theories) and inductive exploration
(driven by raw participant data). This iterative movement allows for a flexible exploration of
genetics providers’ experiences while keeping the findings grounded in practical clinical realities
(Kaushik & Walsh, 2019). Pragmatism aligns closely with the central objective of this study: to
capture the firsthand professional perspectives of genetics providers regarding the practical

utility and feasibility of ERS within routine prenatal care.

2.3.2 Participant Recruitment and Sampling Strategy

Participants were recruited through professional genetics networks using a combination of
purposive, theoretical, and snowball sampling strategies in accordance with eligibility criteria
(Table 2). Recruitment occurred concurrently with data collection, establishing an iterative
feedback loop that allowed the research team to remain responsive to unique perspectives as they

arosce.

Table 2: Focus Group Inclusion and Exclusion Criteria

Include Exclude
e Board eligible or board-certified e GCs or MGs who have not been
(ACGC or CBGC) GCs and board- practicing in the prenatal setting in any
certified medical geneticists capacity within the last 3 years

(CCMG/ACMG) with at least one year
of experience in the prenatal discipline
practicing in Canada or the United

States
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e Fluent in English

Primary recruitment notices were distributed through several major professional channels
(Appendix A.3). A standard recruitment announcement was distributed internationally through
the National Society of Genetic Counselors (NSGC) via its monthly Research Survey E-Blast
and was pinned directly to the NSGC Communities digital forum on June 11, 2025 (Appendix
A.3.1). Domestically, two email broadcasts were distributed to genetic counsellors through the
Canadian Association of Genetic Counsellors (CAGC) listserv (Appendix A.3.2), and medical
geneticists via two dedicated email broadcasts sent through the Canadian College of Medical
Geneticists (CCMQG) listserv (Appendix A.3.3) on June 18, 2025, and July 25, 2025,
respectively. Physical and digital recruitment posters were also circulated in person at the 2025
CAGC-CCMG Joint Conference. To reach eligible genetics providers operating outside these
specific member organizations, an online recruitment poster was shared publicly on Z.N.M.’s
professional LinkedIn account, which was re-posted by others within this online community

(Appendix A.3.4).

Interested individuals were directed to contact the student investigator via email, and they were
subsequently directed to an online eligibility screening questionnaire using REDCap (Research
Electronic Data Capture) tools hosted at the University of Manitoba (15.5.34) (Appendix A.4).
The questionnaire was constructed in alignment with the University of Manitoba Guidelines for
Demographic Questions and was structurally informed by recent CAGC and NSGC Professional
Status Surveys. The instrument screened for participant eligibility and collected specific
demographic and professional characteristics to describe the cohort (CAGC, 2024; Hennink,
2007; Mays & Pope, 1995; NSGC, 2024). To verify professional credentials, the candidate cross-

referenced all eligible respondents against publicly available registries, including the American
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Board of Genetic Counseling (ABGC) "Find a Certified Genetic Counselor" directory and the

Canadian Certified Genetic Counsellors (CCGC) professional registry.

While it was important to ensure that the final group captured a broad range of professional
perspectives, all eligible providers who met the criteria were invited to participate, based on their
availability. To safeguard data integrity against computerized bots and fraudulent submissions,
attention-check items were embedded within the questionnaire (Mayer et al., 2025).
Furthermore, unique tracking links were generated for each individual recruitment channel to

monitor enrollment pathways.

2.3.3 Focus Group Design and Rationale

Focus groups were designed to explore three key areas with prenatal genetics providers: 1)
current practices in environmental risk assessment for prenatal exposures for
neurodevelopmental disorders, 2) perceptions of ERS utility, and 3) gaps and future
directions for applying ERS in prenatal counselling. Each focus group session began with an
educational component introducing ERS, covering its definition, its proposed utility compared to
Polygenic Risk Scores (PRS) with which genetics providers are more familiar, prediction goals,
and specificity vs. sensitivity. This was followed by a discussion of three hypothetical case
scenarios and a closing reflection.

Focus groups are ideal for this inquiry because they leverage the interactional processes of
sharing and comparing to observe collective sense-making in real time (Morgan, 1997). Each
session was capped at 90 minutes. Due to the limited availability of practicing clinicians

across multiple time zones, sessions were structured as three-person triads.
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While smaller than traditional focus groups, triads maintain the core methodological strength of
participant interaction (Morgan et al., 1997). This format combines the depth of an individual
interview with the benefits of a group. Compared to larger groups, the triad increases individual
speaking time, minimizes conversational friction, and prevents dominance effects. Moreover, the
three-person dynamic provides sufficient interactional space to capture disagreements and
alignments, which was important given that the goal was not to reach consensus but to capture

participants' true opinions (Bayuo et al., 2026; Morgan et al., 1997)

2.3.4 Development of Hypothetical Case Scenarios

As ERS are not yet integrated into clinical practice and genetics providers receive limited formal
training in epigenetic-based risk models, discussing these technologies in the abstract can be
challenging. To ground discussions in familiar professional contexts, three hypothetical case
scenarios were used to anchor the emerging technology within recognizable prenatal counselling

encounters (Appendix A.5).

Case scenario development was directly informed by the preceding systematized literature
review (phase 1), incorporating realistic data regarding specific prenatal exposures,
neurodevelopmental outcomes, predictive validity metrics, and sample collection methods. To
ensure clinical plausibility and withstand participant scrutiny, only exposures and outcomes
supported by statistically significant findings in the literature were integrated into the case
scenarios. Rather than asking participants to speculate, these case scenarios invited them to apply
existing core competencies, such as risk assessment, uncertainty counselling, psychosocial
support, and ethical reasoning, to realistic future situations (ABGC, 2023). The structural
development of these case scenarios was guided by the Oxford Scenario Planning Approach

(OSPA), a framework designed for environments characterized by Turbulence, Uncertainty,
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Novelty, and Ambiguity (TUNA conditions) (Ramirez, R., & Wilkinson, 2016). Prenatal genetic
counselling for emerging genomic tools fits these conditions precisely, as the science is rapidly

changing, clinical validity remains uncertain, and clear practice guidelines do not yet exist.

Initially, four distinct hypothetical case scenarios were developed by Z.N.M. Following review
by J.N.H. and M.J., one scenario was removed due to conceptual overlap. Revisions focused on
strengthening and clarifying case parameters, and ensuring the case scenarios were sufficiently
distinct to prompt diverse lines of discussion. Following this internal review, two formal
consultation sessions were conducted with an experienced prenatal genetic counsellor (A.J.) and
the study team (Z.N.M., J.N.H., and M.J). A.J. evaluated the cases to maximize clinical realism
and ensure alignment with standard protocols for prenatal exposure counselling. The team
adjusted the sequencing of the semi-structured probing question (Appendix A.6) to encourage
reflection, balanced technical data with practical counselling elements, and drafted neutral

supplemental background information to be used only if participants requested it.

2.3.5 Development of Focus Group Guide

The focus group discussion guide (Appendix A.6) was developed in collaboration with J.N.H.
and M.J. and subsequently reviewed with G.H. to ensure participants received sufficient
background information, clarify focus group expectations, align discussion questions with the
case scenarios, and facilitate smooth transitions between case scenarios by Z.N.M (Stewart et al.,

2007).

2.3.6 Instrument Refinement and Pilot Testing

To pilot the discussion guide and case scenarios, the student investigator conducted a 90-minute

pilot focus group with six participants. The pilot session provided insights into instrument
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refinement and group facilitation. Specifically, it informed how to optimize the wording and
sequencing of main and probing questions, transition smoothly between case scenarios, and

anticipate the exact clinical information participants might request.

The pilot also established appropriate time allocations for each case (more time for complex,
two-part case scenarios compared to single-part test cases). The pilot also highlighted strategies
to better balance participant engagement, such as explicitly inviting quieter individuals to share,
thanking vocal participants before redirecting the floor, and managing off-topic discussions.
Corresponding revisions were made to the discussion guide to improve clarity, pacing, and
participant interaction. Finally, following the first formal focus group, in consultation with
J.N.H. and M.J., one probing question was removed and replaced with a new question that more

directly addressed the study’s research aims to maximize relevance.

2.3.7 Data Collection

All focus groups were conducted virtually via the Zoom video conferencing platform (6.6.5). To
prepare for data collection and ensure professional facilitation, the Z.N.M completed formal
facilitation training (Community Assessment: Conducting Focus Groups) and consulted with

A.B. and G.H. for targeted questions regarding facilitation.

Before starting any session, informed consent was secured through REDCap and monitored in
real time by Z.N.M.; any incomplete submissions were handled privately and confidentially via
the Zoom chat function. No participant was permitted to join the discussion without a verified,

electronically signed consent form (Appendix A.7).

During the sessions, Z.N.M. was the facilitator. A student volunteer, R.L., was also present

during each group to take field notes. Z.N.M took independent field notes as well. Immediately
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following the conclusion of each session, ZN.M. and R.L. held a formal debriefing session to

record immediate interpretations and contextual observations.

2.3.8 Transcription and Data Cleaning

The audio and video recordings of the focus groups were exported from Zoom and transcribed
using Microsoft Clipchamp (Online Video Editor by Microsoft Clipchamp, n.d.). Z.N.M.
conducted audioverification and converted the transcripts to an intelligent verbatim format, a
standard that removes distracting verbal fillers (e.g., "um," "like," "ah") (Isaac, 2015). Video
recordings were referenced to resolve any indistinct or overlapping dialogue. This process served
as an initial phase of data familiarization, allowing Z.N.M. to deeply connect with the nuances,
tones, and recurring patterns across the sessions. During this stage, all institutional and personal
identifiers and were stripped from the text. Each speaker was assigned a generic alphanumeric
participant code (e.g., Participant 1, Session 1) and text files were imported for analysis into
Dedoose (10.0.34), a secure, cloud-based application chosen for its intuitive interface and its

capacity to support remote collaboration among team members.

2.3.9 Qualitative Data Analysis of Focus Group Data

Focus group data were analyzed using Reflexive Thematic Analysis (RTA), an interpretive
framework that identifies broad patterns of meaning across a qualitative dataset (Braun & Clarke,
2019, 2021). Unlike methodologies designed for developing inductive theories (grounded
theory), capturing lived experiences (phenomenology), or counting code frequencies (content
analysis), RTA is uniquely suited for exploring how groups collectively negotiate shared
meaning (Braun and Clarke, 2021; Wainstein, 2026). RTA allowed the research team to interpret
specific group dynamics, such as participants echoing and building on an idea, reactions to

divergent views, and implicit assumptions. The analysis followed Braun and Clarke’s established
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six-phase framework, transitioning systematically from data familiarization to final reporting

(Braun and Clarke, 2021; Clarke, 2021).

Coding was primarily inductive whereby any excerpt reflecting a comment on the clinical
applicability of prenatal ERS was assigned a descriptive code. Coding was managed using
Dedoose, a secure, cloud-based application chosen for its intuitive interface and its capacity to
support remote collaboration among team members. To ensure analytical consistency, an initial
codebook was developed by Z.N.M. after coding three transcripts. This codebook was reviewed
independently by J.N.H. and applied to one focus group to support intercoder reliability.
Discrepancies in code application between Z.N.M. and J.N.H. were to be resolved by M.J.;
however, full consensus was achieved, and third-party review was not required. Following this
check for intercoder reliability, feedback was provided on the coding process and code
definitions, and one new code was added. The student investigator iteratively applied the

codebook to the entire dataset to ensure absolute consistency.

Next, the analysis transitioned from descriptive codes to broader conceptual patterns, aligning
with Richards (2014). The student investigator grouped related codes into general thematic
"buckets" representing shared underlying concepts. The research team then met regularly to
move the analysis from a semantic level (describing what participants explicitly said) to a latent
level (interpreting the underlying values, professional anxieties, and systemic requirements
dictating their stances) (Richards, 2014). Through these collaborative sessions, the team ensured
that each emerging theme met Braun and Clarke’s standard of possessing a distinct, internally
coherent "central organizing concept" that directly addressed the primary research aims Braun

and Clarke, 2021).
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Once preliminary themes were established, they were formally defined, named, and finalized.
Rigour was supported by ongoing reflexivity, intercoder reliability, and the integration of rich
participant quotes to ground the themes directly in the raw data. Finally, a member-checking
protocol was implemented: an overview of the three themes and associated Ethical, Legal, and
Social Implications (ELSI) findings was shared with participants to ensure the synthesis

accurately resonated with their perspectives.

To maintain a transparent and reliable interpretive record, Z.N.M. wrote analytic memos
throughout the analytical process. These memos summarized key takeaways from meetings,
explored conceptual overlap or divergence between distinct code groups, tracked early theme

definitions, and documented Z.N.M.’s thoughts and reflections.

2.3.10 Reflexivity Statement

In reflexive thematic analysis, the researcher is viewed as an active instrument in production of
knowledge; clean objectivity is neither possible nor desirable (Braun & Clarke, 2022). It is
therefore necessary to explicitly "own one’s perspective" by outlining the investigator's personal
and social standpoint. The primary analysis was conducted by Z.N.M., a cisgender, able-bodied
graduate student in a genetic counselling program. Her perspective is shaped by current training
paradigms that emphasize client autonomy, evidence-based practice, and dealing with
uncertainty in a clinical context. This background may have contributed to an interest toward
exploring the potential utility of ERS, while remaining mindful of the practical constraints faced
by clinicians in everyday practice. Throughout the study, Z.N.M. maintained reflexivity to
ensure her social position and professional background did not overshadow participant

perspectives.
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2.3.11 Evaluating Data Adequacy and Saturation

In this study, thematic saturation was defined and deemed achieved when successive focus group
discussions yielded no new conceptual patterns or codes, providing a rich, multi-layered
understanding of the case scenarios (Hancock et al., 2016). This signifies sufficient data within
the specific parameters of the study design rather than an exhaustive cataloguing of all possible
perspectives on prenatal ERS (Hancock et al., 2016). This approach aligns with Morgan (2013),
who states that three to five focus groups are typically sufficient to achieve thematic adequacy in
focused qualitative investigations.

Saturation was used as a practical metric to ensure the dataset captured a sufficient range of
different ideas (i.e. breadth), while the research team's iterative, collaborative coding process

ensured those ideas were deeply analyzed and interpreted (i.e. depth) (Richards, 2014).

2.4 PHASE THREE: Deductive Content Analysis of Studies Identified in Phase 1

A deductive content analysis was conducted on the discussion sections of the papers identified in
phase 1 to extract ERS researchers' perspectives on the utility of their tools (Hsieh & Shannon,
2005). To initiate this process, Z.N.M. coded all papers using the codebook established during
the focus group analysis, while inductively generating new codes to capture recurrent topics
specific to the published literature. As an intercoder reliability check, J.N.H. and M.J.
independently applied this codebook to two discussion sections using this expanded codebook.
The research team then reviewed the applications, clarified code definitions, and resolved all
coding discrepancies together. Following this, the discussion sections were converted into Word
documents and imported into Dedoose and iteratively coded according to the finalized codebook

to ensure consistency across the entire literature dataset.
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2.5 PHASE FOUR: Integration of Findings

To integrate the findings from the focus groups and the literature review, a comparative analysis
of data from phase 2 and 3 was conducted to identify areas of conceptual overlap and distinction.
Data were organized into two distinct tables: a convergence table documenting shared codes and
priorities across both sources, and a divergence table mapping differing codes. For each code,
underlying excerpts were reviewed, and the total number of focus groups and research papers
which addressed the concept was tallied. This process facilitated an evaluation of the overarching
messages from each group, which were then synthesized into summary points to highlight areas

of alignment and divergent.

CHAPTER THREE: RESULTS

Literature Review Results

3.1 Study Selection and Screening Process

A total of 245 records were identified through electronic database searching, including 75 from
Scopus and 170 from Ovid MEDLINE. Of these, 11 primary studies met eligibility requirements
(7 from Scopus and 4 from Ovid MEDLINE). Secondary screening via citation chaining yielded
an additional 2 studies. In total, 13 studies were included in this systematized review. An
overview of the screening process, including specific exclusion rationales is illustrated in the

PRISMA flowchart (Figure 3) (PRISMA 2020 Flow Diagram, n.d.).
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Figure 3: PRISMA Flow Diagram of Study Screening and Selection via Scopus, Ovid

MEDLINE, and Citation Chaining

The chronological distribution of the included literature (Table 3) demonstrates that while
research appeared sporadically between 2017 and 2023, the field experienced a noticeable
inflection point in 2024, which accounts for nearly half of the total sample (n = 6, 46.2%).
International collaborations were common, with the United States leading contributions and
appearing in 76.9% (n = 10) of the papers, followed closely by the United Kingdom (n = 6,
46.2%). Canadian, Finnish, and German institutions each contributed to ~23% (n = 3 each) of the
included literature, while the Netherlands and Norway were represented in two papers each

(15.4%). South Africa, Brazil, Denmark, and Australia were each represented once.

Table 3: Summary of Publication and Methodological Characteristics of Included Studies

Publication Year Studies N
2017 1
2018 1
2020 2
2022 1
2023 1
2024 6
2025 1
Country of Authors

USA 10
UK 6
Canada 3
Netherlands 2
Germany 3
Finland 3
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Norway 2

South Africa 1
Denmark 1
Brazil 1
Australia 1
Tissue/cell type: Studies N
Cord blood 8
Placenta 1
Cord blood and placenta 2
Buccal swabs 1
Genetic ancestry Studies N
European 3
Dutch 2
Finnish 2
White 2
African American/Black 2
South African 1
Asian/Pacific Islander 1
Hispanic and non-Hispanic 1
American Indian or Alaska Native 1
Norwegian 1
Mixed 4
Other 4
Unspecified 1
TOTAL 24

Sex: all papers included samples from male and female infants.

ERS predicted outcomes: Studies N
Neurodevelopmental outcomes 2
cognitive, adaptive, socioemotional, and 1

motor domains
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expressive language, receptive language, 1
visual reception, fine motor, communication,

daily living, socialization

Psychiatric and diagnostic outcomes 7
Autism spectrum disorder or ASD-related 2
traits

mental and behavioural disorder diagnosis 1
psychiatric symptoms (internalizing and 3

externalizing behaviours; total difficulties,
emotional problems, hyperactivity/inattention,

conduct problems)

Psychosis 1
Behavioural outcomes 2
Neurobehavioural outcomes 1
Child total behaviour problems 1
Stress reactivity/neuroendocrine 1
regulation:

Enhanced stress response, 1

neurodevelopmental vulnerability

ERS predicted exposures:

Tobacco/Nicotine exposure 7
Maternal smoking/tobacco use 6
Secondary exposure 1
Alcohol/Substance use 2
Prenatal alcohol exposure 1
Prenatal cocaine exposure 1

Psychosocial stress
Maternal anxiety and depression

Prenatal socioeconomic position (SEP)

W = W W

Infection and inflammation
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Prenatal infection 2
Neonatal infection 1

Note: For the following variables, some papers spanned multiple options: Country, genetic

ancestry, outcome, exposure

3.2 Study Populations and Tissue Types

3.2.1 Demographics, Ancestry, and Sex

All 13 included papers evaluated mixed infant cohorts containing both male and female samples.
However, geographic and ancestral bias was a significant limitation identified across all
literature reviewed. Cohorts of homogeneous European, Finnish, or Dutch ancestry were the
primary focus across 53.8% (n = 7) of the individual papers. While 30.8% (n = 4) of the studies
used cohorts labeled as "mixed" or "racially diverse", including African American/Black,
Asian/Pacific Islander, Hispanic, and American Indian or Alaska Native participants, true
diversity remains narrow, with non-European groups typically appearing as sub-cohorts rather

than primary focus populations.

3.2.2 Tissue and Cell-Type Distribution

While the majority of the included literature exclusively used predominantly cord blood (61.5%,
n = 8) or placenta (23.1%, n=3 collectively), there was a single study which used post-natal
buccal saliva swabs. This focus on fetal and placental tissues is indicative of the types of samples

prioritized as informative for ERS construction.

3.3 Methodological Heterogeneity and ERS Architectures

The review revealed substantial methodological divergence in how epigenetic profiles were

captured and translated into predictive or descriptive metrics. Studies differed in both the

Page 53 of 208



technological platforms used to generate DNA methylation data and the statistical approaches

used to construct epigenetic risk scores.

Earlier studies primarily relied on the Illumina Infinium HumanMethylation450 BeadChip
(450K), whereas more recent studies (2024-2025) more commonly used the Infinium
MethylationEPIC BeadChip (EPIC) or customized targeted arrays (e.g., Shorey-Kendrick et al.,
2024). In parallel, statistical approaches ranged from simple weighted linear combinations of
CpG methylation levels to multivariate regression models. Some studies also accounted for cell-
type composition heterogeneity by estimating proportions of nucleated red blood cells,
granulocytes, and lymphocytes, in order to reduce confounding from variation in cell types and

better isolate true DNA methylation signals.

3.4 Characterization of Prenatal Exposures

The exposures investigated by the ERS fell into four primary domains:

Tobacco and Nicotine (n = 7, 53.8%): This represents the most commonly investigated exposure
in prenatal ERS literature. Six studies focused strictly on active maternal smoking or tobacco use
during pregnancy, while one study extended this measurement to evaluate secondary/passive

smoke exposure hours per week.

Psychosocial Stress (n = 3, 23.1%): These studies captured maternal mental health

vulnerabilities, specifically targeting gestational anxiety and clinical depression scores.

Infection and Inflammation (n = 3, 23.1%): Studies focused either on systemic prenatal maternal
infections (n = 2) and localized neonatal/perinatal inflammatory disorders or encephalopathy of

prematurity (n = 1).
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Alcohol and Substance Use (n =2, 15.4%): These studies constructed targeted risk scores to

detect prenatal alcohol exposure (PAE) and prenatal cocaine exposure (PCE).

Socioeconomic Position (n =1, 7.7%): A single study attempted to map the broader macro-

environment by designing an ERS tailored to prenatal socioeconomic position (SEP).

3.5 Characterization of Outcomes

Several studies used ERS to predict downstream pediatric clinical phenotypes. The outcomes

investigated by these papers targeted four major domains:

Psychiatric and Diagnostic Outcomes (n = 7, 53.8%): The dominant outcome domain. This
includes autism spectrum disorder (ASD) diagnoses or associated socio-communicative traits (n
= 2), general mental and behavioural health registry diagnoses (n = 1), and broad psychiatric
symptoms spanning internalizing/externalizing behaviours, hyperactivity, and conduct problems

(n=3). A single study investigated early childhood precursors to psychosis.

Neurodevelopmental and Cognitive Outcomes (n = 2, 15.4%): These studies used validated
clinical scales, such as the Bayley Scales of Infant and Toddler Development or the Mullen
Scales of Early Learning, to track infant performance across cognitive, adaptive, socioemotional,

fine motor, and communication/language domains.

Behavioural and Neurobehavioural Profiles (n = 2, 15.4%): Focused on global child behaviour
problems, frequently using parent-reported instruments like the Child Behavior Checklist

(CBCL).

Stress Reactivity and Neuroendocrine Regulation (n = 1, 7.7%): One study explored the
physiological component of risk, linking ERS to enhanced infant stress responses and subsequent

neurodevelopmental vulnerability.
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In summary, the reviewed papers investigated a range of exposures and outcomes and
demonstrated significant methodological variation and demographic patterns across cohorts. The
rich data extracted from these 13 papers, specifically the topics surrounding tobacco exposure,
prenatal stress, and neurodevelopmental or psychiatric outcomes, directly informed the

development of the hypothetical case scenarios analyzed in the following sections.

Focus Group Results

3.6 Focus Group Hypothetical Case Scenarios

The three hypothetical case scenarios developed based on the literature review in phase 1
explored distinct clinical and technical considerations regarding prenatal ERS applications
(Appendix A.5). Scenario A focused on a placental alcohol-exposure ERS and explored
participant perspectives on biological measures of prenatal alcohol exposure and their
potential implications for counselling (Appendix A.5.1). Scenario B examined a tobacco-
exposure ERS that conflicted with patient self-report and included a secondary score
intended to predict future support needs (Appendix A.5.2). Scenario C involved a stress-
related methylation score associated with language delay risk and prompted discussion
regarding the predictive value and clinical utility of ERS for complex neurodevelopmental

outcomes (Appendix A.5.3).

3.7 Focus Group Participant Characteristics and Recruitment

A total of 34 individuals expressed interest who were eligible for the study. Of these, 27 (79.4%)
confirmed their availability to participate in a focus group. Seventeen participants ultimately

attended a focus group session, corresponding to a participation rate of 50.0% among eligible
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individuals and 63.0% among those who confirmed availability. Table 4 presents the flow of

participants through the various aspects of the recruitment and enrolment process.

Table 4: Summary of participant recruitment and focus group participation

NSGC | CAGC | CCMG | LinkedIn | Colleague | CAGC and | Other
CCMG Joint
Conference
2025
Verified 22 5 0 3 3 0 1
Eligibility
Confirmed 19 4 0 0 3 0 1
Availability
Participated 13 2 0 0 2 0 0
in FGs

3.8 Focus Group Characteristics

Six focus groups were conducted, involving a total of 17 prenatal genetic counsellors. Five focus
groups consisted of three participants each, while one focus group included two participants due
to a last-minute participant cancellation that could not be replaced. Focus groups lasted an
average of 82 minutes (median = 83 minutes), indicating relatively consistent session lengths

across groups.

3.9 Participant Characteristics
Seventeen prenatal genetic counsellors (GCs) from Canada and the United States participated in
the study (Table 5). Most participants practiced in the United States (70.6%, n = 12), while

29.4% (n = 5) practiced in Canada.

Participants represented a range of professional experience levels. The mean duration of prenatal
genetics practice was 7.9 years (SD = 7.0; range = 1-22 years), while the mean number of years

working in a prenatal setting within the previous three years was 6.9 years (SD = 6.7; range = 1—
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22 years). The sample included both relatively early-career and highly experienced GCs.

Participants worked across a variety of clinical settings, with academic medical centres being the

most commonly reported practice environment. Several participants reported working in more

than one employment setting. The sample was predominantly composed of women (94.1%, n =

16). Participants identified primarily as White, although two participants reported additional

racial or ethnic identities. Overall, the sample represented a geographically diverse group of

prenatal genetic counsellors with varied levels of experience and clinical practice contexts,

providing a broad range of perspectives on the potential clinical integration of prenatal ERS.

Table 5: Focus Group Participant Characteristics

Years of Experience

Count ((mean + SD, range)

*Years prenatal experience

7.9 +7.0 (1-22)

(mean + SD, range)

**Years practicing in prenatal setting last 3 years

6.9 + 6.7 (1-22)

Count
Country
United States 12
Canada 5
Employment setting
Hospital/medical facility - academic medical
centre 10
Hospital/medical facility - Public 4
Hospital/medical facility - Private 5
Sex assigned at birth
Female 16
Male 1
Gender identity

Page 58 of 208




Woman 16

Man 1
Ethnic background

White 17

Asian 1

Indigenous 1

* This refers to the total duration (cumulative career length) that a participant has worked in the
prenatal genetics discipline.

** This reflects recent or ongoing involvement in prenatal genetics in the past three years. It
captures recency and continuity of experience, not lifetime accumulation. For instance, a
participant with 10 total years of prenatal experience, but who returned to prenatal work only 2
years ago, would report 2 years here.

*#*Note: Participants could select more than one option for the following variables:

employment, gender identity, and ethnic background.

3.10 Data Saturation

Data saturation was achieved after the third or fourth focus group. A total of 25 codes were
generated, and no new codes emerged during focus groups five and six. However, these later
discussions enriched previously identified codes by providing additional examples and
alternative perspectives. Consequently, the final focus groups contributed to the depth and

credibility of the findings rather than generating substantially new insights.

Overview of Themes

Three overarching themes on ERS utility were generated and are visually conceptualized as a
bridge framework in Figure 4. Currently, genetics providers remain hesitant on the research side

of the bridge, calling for more data on validity metrics, tissue types, timing, and appropriate
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clinical targets. As illustrated by the tollgate at the centre, transitioning to routine clinical
application requires first establishing a robust, actionable justification for "why test" and
determining how ERS will alter patient care. Meeting this rationale allows genetics providers to
cross into clinical integration, where the focus shifts to helping patients make meaning and
navigate decisions through counselling, risk communication, and informed consent.
Underpinning this entire framework is a continuous current of ethical, legal, and social
implications (ELSI), such as insurance, access, and stigmatization, alongside practical

considerations for operationalizing ERS in practice.

“Why test” - ERS is not for everyone: how will what is
measured/predicted change patient care?

v

‘ O
@ Moving towards

making meaning and
decisions (counselling
encounter,

interpretation,
anticipatory guidance,
and informed consent)

Providers are
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Figure 4: Overview of Focus Group-Derived Themes on the Perceived Utility of ERS Among

Genetics Providers: strengthening the evidence base, addressing clinical needs, and counselling
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considerations for meaning and decision-making, with embedded ethical, legal and social

implications

Theme 1: Providers Are Hesitant and Call for More Evidence

All participants expressed broad hesitancy and skepticism toward the current state of ERS
evidence regarding its biological and procedural limitations, low predictive values, a lack of
longitudinal data, and issues with sample types and test timing. Additionally, participants
questioned how to integrate it into existing clinical workflows and emphasized that ERS remains

a screening tool, not a diagnostic test.

3.11 Subtheme 1.1: Validity and Interpretive Evidence Needed for Counselling are Missing

Participants broadly questioned the readiness of ERS for prenatal genetic counselling in the
absence of stronger evidence, identifying gaps in evidence strength and breadth, clinically

appropriate validity metrics, and comparative performance against existing clinical tools.

3.11.1 Overall Attitude on the Current Evidence Base

Across groups, participants repeatedly returned to the absence of foundational evidence on
validity measures. From the participants’ viewpoint, a lack of solid evidence base is one of the

most prohibitive factors in integrating ERS into clinical care.

“I think that a lot of these numbers, I want to understand why we're getting that outcome
and how they're getting those numbers to necessarily understand their clinical, technical
implications for the patients. And possibly as we start to understand those sort of
numbers and causes and influences, maybe that can then make the sensitivity, specificity
better. So it could give us a better screening test. But as of right now, I just want more
solid evidence overall that I don't think we have currently.” (Participant 9, Session 4)
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“I think one thing for me, just a lot more data about the specific scores. What is the
timeline for these scores to kind of change. I would need a lot more numbers and data
onto how these scores are kind of quantified, what the research is behind them, as far as
what factors would be missing for me to feel confident in using these clinically.”

(Participant 13, Session 5)

Some participants spoke of the importance of collecting data over the years to be able to
establish a more robust link between exposures and outcomes or clinical presentation. Moreover,
longitudinal data may have the potential to inform the kinds of services and the timeline at which

these services were accessed:

“If this tool were applied in a longitudinal pediatric study, and you just had a cohort of
kiddos who didn't have this tool or this assay, and then a cohort that did, I would love to
see like it, 5, 6, 7, 8 years down the road. Did this result in an easier, quicker route to

care, to access to services?” (Participant 8, Session 3)

3.11.2 A Desire for Clinically Relevant Metrics

There was also a preference among almost all participants for the kinds of metrics and study
designs that make a tool usable in counselling (e.g. positive predictive value [PPV], negative
predictive value [NPV], severity correlations, and longitudinal outcomes across diverse
populations.). They were less interested in specificity or sensitivity as they are not as meaningful
to patients. For example, the following participant commented on how predictive values provide
important context relating to risk (personal and population) for outcomes and exposures such as

alcohol exposure:
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“I think just data in general, I think it will be tricky because outcome data in general is
hard to get, but also coming back to our, what do we do with sensitivity, specificity of
these scores to get a positive predictive value? I keep coming back to, we don't have a
great way to calculate on the front end what the baseline risk of somebody who has
alcohol exposure, what's the risk of fetal alcohol spectrum disorder. So then how do we
adjust that with these epigenetic risk scores? Would need more data in all the places, I

guess.” (Participant 12, Session 5)

Furthermore, another participant expressed the importance of PPV and how they prefer to
receive results that speak to positive predictive value rather than specificity or sensitivity. This
indicates a difference between the patient-centred outlook of GCs and the test-centred outlook of

the researchers.

“I don't know that [testing on amniocytes] changes it too much in my mind. Like, either
way, it's a screen, right? Depending on whatever cell type we're screening, it's still a
screen. And maybe it changes the sensitivity or specificity a bit. But I think for most
patients, those numbers are not super helpful, or at least not as helpful as like PPV

potentially.” (Participant 15, Session 6)

Another participant explained the underlying reason for this rationale, highlighting the impact on

patients’ understanding of their results:

“... I think when we're doing prenatal counseling, PPVs are much more understandable
and applicable for patients when they're understanding their risks, than sensitivities and
specificities. Because as we know with NIPT, that can over, if you're looking at

sensitivity numbers, that can overestimate what - that's not the right assessment of what
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that risk actually is. So I think that that would be a measure that would be helpful in this
space to probably make this tool...have some more clinical utility and ease of

explanation.” (Participant 6, Session 3)

3.11.3 PPV is Not Enough: Predictive Power Needs to be Better Than Existing Tools

Participants also expressed that ERS needs to perform at high or higher than the existing
available testing and information used in clinic care for risk assessment. For example, participant

7 compared ERS to other measures such as MSS or NIPT. These numbers do not exist in silos:

“Information that we're able to get about risk for pregnancy. They don't have to just be
good on their own, but they have to be better or comparable to information we already

have.” (Participant 7, Session 3)

This further was described when discussing the sensitivity or specificity for the case scenarios.
Participants felt that in order to even consider offering ERS through an invasive procedure, the

sensitivity and specificity of the ERS must be high:

“Offering a invasive procedure with a risk of miscarriage for a screening test with not a
high sensitivity and specificity, I can't imagine many genetic counsellors or geneticists

would consider that a great option.” (Participant 1, Session 1)

Some participants explained that not only does the predictive value matter but also whether there
is a way to confirm the ERS results through diagnostic testing after, which would depend on the

indication. Therefore, the crucial step of getting more definitive answers is missing with ERS.

“I come back to that not being a very high specificity. Like 72% doesn't feel great for me

when we're thinking about something that's potentially being used in pregnancy decision
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making. And it's so hard because normally when we have a screening test, we think about
what is your diagnostic test step, but we don't have a diagnostic test for FAS
prenatally...Sure, there's a test that's been run, but those sensitivity and specificity figures

still aren't extremely high.” (Participant 10, Session 4)

In summary, across participants, the current evidence base for ERS was seen as insufficient in
several areas: the quantity and type of available evidence, the absence of clinically relevant
metrics, and the failure to match or surpass existing clinical tools. Participants consistently
indicated that further research would be needed before ERS could be considered ready for

clinical application.

3.12 Subtheme 1.2: Issues Persist Even With Stronger Evidence

Even when considering a hypothetical future with stronger supporting evidence, participants
identified several caveats to the clinical utility of ERS, including it’s role as a screening tool, the
dependence of clinical relevance on exposure and outcome selection, the insufficiency of
statistical performance alone to confer clinical meaning, and the complexity of integrating ERS

into clinical decision-making.

3.12.1 Ultimately, ERS is a Screening Test and Not a Diagnostic One

Many participants argued that even despite plausible evidence and statistically robust ERS (e.g.,
high specificity/sensitivity, strong PPV), it will always remain a screening, rather than a
diagnostic test. They worried about framing probabilistic outputs as determinate, thereby
blurring the lines between screening and diagnosis. Further, participants expressed this could
potentially increase the likelihood of false reassurance, especially with “low-risk” results, or

cause excessive worry, with “high-risk” results.
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In speaking about the downstream impacts on patients, one participant expressed that one reason
they would not offer ERS without other tests and assessments was because a normal or low-risk

result would not be reassuring or sufficient to inform next steps of care:

“...I'm sitting here thinking no matter how great that PPV and the NPV, if | know there's
been alcohol exposure, I'm not relying on this methylation test to rule out or rule in. Like,
you're right, it could be a great flag for who needs screening later on and that, but let's say
her methylation test in this situation was normal or whatever, or low risk for FASD. I
don't, that's like I have an AV canal and a low risk NIPT for Down syndrome and I don't
order karyotype after delivery. I'm not going to rely on any screen, because this will

never, [ mean, this will always be a screen.” (Participant 8, Session 3)

One participant echoed this sentiment and went one step further, questioning the overall utility of

this tool, particularly in the realm of outcome prediction, because of this limitation:

“I think it’s better as part of an answer to something that has come up rather than trying
to be predictive. I think, to me, there’s no value in trying to make these predictive for a
few reasons. Number one, the test is never going to be a test. It’s always going to be a
screen. Epigenetics cannot ever be diagnostic or predictive. And number two is because
there’s nothing you can do about it. So in all of the case scenarios that we talked about,
today, there’s nothing that you could change about that exposure, right? So I don’t really

see any value in it being predictive ever.” (Participant 11, Session 4)

A few participants drew parallels with counselling approaches they use with current screening
tools like Non-Invasive Prenatal screening (NIPS), to explain how they would move forward in

the event of an ERS result being discordant with other evidence:
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“Even with something as good as NIPT is for Down syndrome...if you have another
strong indicator that contradicts it, that goes right out the window anyway. So I really
don't know that it's ever going to qualify as a standalone test unless it's also considered

diagnostic.” (Participant 6, Session 3)

3.12.2 Participants Had Strong Views on Exposure and Outcome Types

Participants also reflected on how the specific exposure and outcome being targeted by an ERS
is important to its potential utility in prenatal counselling. Most participants opposed or saw
limited utility in ERS targeting exposures such as maternal anxiety, where the target was
perceived as too subjective, too stigmatizing, or too weakly linked to a discernible phenotype,

qualities that undermine both interpretability and ethical acceptability.

“I wouldn't want anything with their mental health. I feel like that just, you're just already
dealing with so many emotions and so many stressors. I just don't think that that's

necessary.” (Participant 17, Session 6)

Moreover, some participants wondered about the purpose of ERS for exposures with commonly
known harms. One participant was opposed to such ERS and urged for consideration of broader

social, mental health, economic, etc. factors.

“We don't need an epigenetic test to tell someone that drinking during pregnancy could
have a bad impact. Like it's not, ‘oh, now that we have the result, okay, now I'll stop
drinking.’ That clarifies it like that. There were other factors going on where either there's
addiction concerns or they didn't know they were pregnant or they were struggling for
whatever other reason. They don't need the epigenetic result to tell them that exposure

has the potential to be harmful.” (Participant 10, Session 4)
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In contrast, several participants suggested that ERS predicting exposures or measuring outcomes
with clearer biological mechanisms and management implications, such as medications,
infections, toxic exposures like lead, or ultrasound anomalies, might more directly support

clinical decision-making and follow-up care.

“I mean, my gut is something...like anticonvulsants or something, but like those are
things we counsel and we know there are risks. There are tests we have to identify a lot of
the biggest manifestations, at least neural tube defects if we're worried about those,
potentially, even fetal intervention...For me, that's one where it's a little more concrete.
It's a much more defined population. It's a little less nebulous. People are unlikely to
inaccurately report anticonvulsant use. We have tests for it. We have treatments, we have

delivery planning, neonatal planning that we do.” (Participant 16, Session 6)

The broader sentiment was that, at least within the domains most relevant to prenatal
counselling, the field would benefit from prioritizing building ERS that establish a clear, less

ambiguous link between exposure and clinical outcome.

3.12.3 Statistical Performance Does Not Equal Clinical Meaning

Participants questioned whether ERS can credibly link exposure to epigenetic signature to
phenotype, warning against mistaking correlation for causation and that even strong statistical
performance may not translate into clinically meaningful prediction of severity, presentation, or
developmental trajectory. They expressed that any future prenatal ERS research would need to
provide strong evidence for clear or quantifiable outcomes that are well-defined. One participant

used the outcome of language delay in one of the case scenarios, to make their point:
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“I mean, there could be so many reasons that a baby had, a toddler has language delay. |
feel like you can always look back on things and be like, oh, yeah, that that was what it
was...That's the cause. But it's just I mean, you can't say that that's causative. It
could...just be correlation. I still don't like it, and I don't think I would want to use it. So I

don't know that it would change anything for me.” (Participant 17, Session 6))

3.12.4 How ERS Might Affect Clinical Decision Making

Given the issues described, most participants were unlikely to put a clinical decision solely on
ERS result. One participant drew on her experience teaching teratology in a genetic counselling
program, explaining that even with a low-risk result, they are never fully comfortable with fully

reassuring patients that the exposure is no longer a concern:

“We always talk about when is a patient off the hook from an exposure, like with
Accutane or something? If somebody did have an early Accutane exposure, okay, their
early anatomy screen's normal. That's reassuring, but let's wait a few more weeks till we
can complete the anatomy. Okay, that's normal, but we don't know about neurocognitive
effects. And when are we gonna know about those? Three years of age, six years of age,
ten years. There's just not really an end point. So you don't have a way to rule it really in
or out. You see a heart defect, you can't say, oh, okay, well, that's because you had this
alcohol exposure. And if you don't see it, you can't say, okay, good, you're off the hook,

everything' fine.” (Participant 16, Session 6)

Other participants expressed that even with a high-risk ERS, they would continue to seek more

confirmatory evidence before drawing conclusions about causality.
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“...if the sensitivity and specificity were just outstanding, we would not stop there. We
would continue the workout for [IUGR. It would not be sufficient for us to say we're not

going to go after all the other possible etiologists.” (Participant 8 Session 3)

Another participant expressed that even if ERS becomes a widely accepted screening tool, they
have concerns offering such a tool for which there is no diagnostic test to provide clarity in the

risks for the outcomes and exposures screened for:

“It reminds me of [NPT] in terms of, it's really early, it's a screen, it's not diagnostic. But
the difference is we don't have a diagnostic test for FASD. So I wouldn't feel great about
offering NIPT if I didn't have a diagnostic test to offer as a follow up. And I think that's

what makes me uncomfortable about this possibility. (Participant 15, Session 6)

Taken together, participants' reflections on these caveats suggest that even a well-evidenced ERS
would require careful consideration before clinical adoption, not only in terms of what the score
can statistically demonstrate, but in what exposures and outcomes are measured, how its results
can be meaningfully predict the different aspects of an outcome (e.g. severity, trajectory) and

applied to the clinical decision making process.

3.13 Subtheme 1.3: Feasibility of ERS for Prenatal Counselling is Limited by Biological

and Procedural Constraints

Participants expressed uncertainty due to biological and procedural constraints. This includes
questions about technical factors such as stability and sample type and the invasiveness of
collection, the fraction of phenotypic variance explained by ERS, and ultimately whether ERS is

“worth it”.

3.13.1 What Fraction of the Phenotypic Variance is Explained by the ERS?
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When considering the multifactorial nature of developmental outcomes, participants expressed
concern not only about over-reliance on a score that accounts for only a fraction of a given
outcome. They mused situations where outcomes are multifactorial, and that even a high ERS
result may not have a significant impact on the overall clinical decision making and patient

counselling.

“And this risk score is another piece of the puzzle that we can't use to solely attribute to
the language development. And that there's so many different things that kind of lead into
this picture. So just the risk score itself doesn't give us the whole picture and we can't just

base all of our understanding on that.” (Participant 4, Session 2)

One participant gave specific examples of what other influences may make up the rest of the

phenotypic variance, ultimately affecting risk assessment:

“I hesitate to quote the 25% or any number that they find from this epigenetic risk score,
because I would want to know how they isolate that finding versus multifactorial
influences. Because a child might have an anxious mother, but they might come from a
house that is bilingual. There might be other kids. They might be raised by multiple
people. Like there's so there's so much that goes in the language development within the
environment, but also internally, that I don't think you could isolate that number taking
out other factors to know that this is only caused by maternal anxiety, and therefore this
is the number, and therefore this is a good test, would be my hesitation towards it.”

(Participant 9, Session 4)

Another participant explained how this limitation would affect their counselling:
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“I think I'd probably still keep it pretty general and overview about how there's many
reasons that contribute to what causes a toddler's development and early language skills
and what helps promote them. And I don't think I would really focus too much on this
score because it doesn't really contribute the majority of what influences a toddler's early
language skills...I don't think this would influence my counselling too much.” (Participant

14, Session 5)

When it came to the potential for false-reassurance for a low-risk ERS, some participants pointed
out that ERS would act as one input among several in their clinical risk assessment, in
conjunction with other factors such as family history. They expressed their desire to

appropriately describe the proportion of variance in ERS scores with patient:

“...if she wants to do an ERS assessment for this pregnancy or even like this newborn on
cord blood and it comes back with a low risk, are we not going to monitor as well and not
offer early intervention services, knowing there's already a family history of a sibling
with language delay?...Would it give false reassurance if we had the other type of result

when there could be many other factors at play here?” (Participant 12, Session 5)

3.13.2 How Stable are DNA Methylation Signatures and Can They Be Relied Upon Long-Term?

Several participants raised questions about whether DNA methylation signatures are sufficiently
stable (e.g. can results obtained at one stage of pregnancy be generalizable to the rest of the

pregnancy?) to support prenatal prediction, noting dynamic methylation patterns:

And then my other thought too was, what are the different gestational ages? Would we

need to measure this methylation test at various time points in the pregnancy? And kind
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of like you were saying before, methylation patterns can change. So are we just going by

what's measured in the first trimester or close to delivery? (Participant 12, Session 5)

Some wondered if testing at multiple timepoints will be required, will testing be limited to the
duration of the pregnancy or extend to time periods following birth, including the postnatal

period, childhood, and beyond:

“...if this was testing you did prenatally, on amnio or CVS, then would there be a
recommendation to repeat it at birth? Because this is something that hypothetically
changes over time with exposures. If someone's tested at birth and has this, do they repeat
it five years in the future or 10 years? Is there any sort of utility? If somebody has a high
risk or low risk result at one point, do we then repeat it in the future?” (Participant 4,

Session 2)

Another participant compared it to a diagnostic test, highlighting that repeated testing may be

another difference between ERS and other established clinical tests:

“Would you get it more than once prenatally? Typically for a diagnostic test, for like a
microarray, we're not doing that more than once. We just need one amniotic sample, but
something that could theoretically change over the pregnancy figuring out how it's

changing, if that helps in the postnatal period.” (Participant 5, Session 2)

One participant expanded this one idea, expressing their specific concerns about an ERS that is

done at a single timepoint and how this may affect risk assessment:

“I think for me, it depends on what the data looks like about how long these methylation
profiles kind of stick around, what the timeline is on those changing. I think I agree with
[participant 12] that I think would be most helpful to have kind of a picture of this
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methylation throughout different stages of the pregnancy. So I think limiting the timeline
of when we have this data does kind of further limit the utility. Because if we're talking

about data from the last month of the pregnancy versus at 13 weeks, like in this scenario,
I think that that's a lot more limited in what it tells us about a picture of the pregnancy as

a whole, if that makes sense.” (Participant 13, Session 5)

3.13.3 What is the Most Appropriate Sample Type?

Participants were also curious about which sample method would be best-suited (amniocytes vs

placental tissue) for testing, whether placental-fetal discordance may undermine confidence, and

expressed a need for having validated data on the sample type being used for ERS:

“I mean, I think I would certainly be more cautious if it's not a sample type that it's been
validated on or regularly used on. I think that makes me even more cautious of how I'm
interpreting this information. You know, again, I don't know either what that methylation
profile looks like with amniocytes versus placental tissue, just in general, what the
difference is there. And so I think it's something I wouldn't feel super comfortable with

not having the information validated for the sample type.” (Participant 13, Session 5)

One participant desired specific research data on the differences in DNA methylation patterns

between placental and fetal tissue:

“[1s] placental methylation shown to be the same as the fetus in the literature?”

(Participant 1, Session 1)

Some also wondered if ERS done on placental tissue would need to be confirmed on fetal tissue

such as cord blood.
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“If we did this on CVS and there's a high risk, do we then have to confirm with
amniocytes? Like, what would that look like? Based on one result, right? Would we then

all like for everyone do cord blood testing to confirm?” (Participant 4, Session 2)

3.13.4 Participants Were Seldom Willing to Accept an Invasive Procedure for a Screening Test

Many participants expressed hesitancies about patients undergoing an invasive procedure for
what remains ultimately a screening test rather than a diagnostic one. One participant expressed
this sentiment directly, “I can't see a patient accepting a risk of an invasive procedure to do a
screen that's not going to be able to change anything.” (Participant 11, Session 4). This points to
a general preference for non-invasive methods for obtaining ERS. Given the unresolved biology

and validity questions, participants struggled to justify an invasive ERS procedure, especially on

its own.

“I was thinking about the invasive diagnostic test, CVS, just in general, or amnio, usually
patients are weighing doing this invasive procedure to get a diagnosis. And this is more
of a scenario doing an invasive procedure that does have some risks associated with it to

get more screening information...that does give it a very different feel.” (Participant 12,

Session 5)

A participant from a different focus group drew on their experience, noting that even a well-

validated ERS test with meaningful predictive power might face limited patient uptake if

delivery required an invasive procedure:

“I mean, I practice where CVS is available...a lot of our patients do not do CVS, even
when it's, there's all kinds of clinical or fetal indications for that. So I think it's an

interesting question to ask a patient to do a test that's invasive, to try to find a biomarker
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for something they may have had control over...I think with something that's got some
prediction, but not diagnostic, that might be a harder sell for a CVS. It's sometimes hard
enough to sell diagnostic testing in amniocentesis or CVS to patients. So a predictive test
may be a harder sell when you've got a test that has a risk tied to it.” (Participant 6,

Session 3)

Other participants echoed this sentiment and asked whether ERS along would be sufficient to

justify the risk of an invasive procedure:

“...are we doing these invasive tests for only these purposes? And is that justification

enough for the risk?” (Participant 3, Session 1)

Across all focus groups, participants raised questions about the stability of DNA methylation

signatures, the most appropriate sample type, and phenotypic variance explained by ERS. Lastly,
the majority of participants were not able to justify ERS in the form of an invasive screening test.
Overall, this subtheme focuses on the biological and technical limitations that must be addressed

before clinical integration of ERS in prenatal risk assessment.

3.14 Theme 1 Summary

Overall, this theme suggests that, from participants’ perspectives, ERS currently lacks the
evidentiary, biological, and interpretive foundation needed to be integrated into prenatal genetic
counselling in a way that is robust, safe, and able to meaningfully support decision-making. Even
assuming a technically well-performing score, participants expressed concerns about counselling
patients about a result that accounts for only part of a specific outcome, and doubting the effect

of positive ERS results on their clinical approach. How the sample is collected posed an
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additional barrier, with participants finding it difficult to justify the risks of an invasive

procedure when obtaining an ERS would be its sole indication.

Theme 2: “Why test” — ERS is Not for Everyone

This theme focuses on the cross talk needed between clinicians and researchers to develop ERS
that are clinically useful. Participants evaluated prenatal ERS through a pragmatic lens: a test is
worth offering only if it meaningfully changes clinical decisions, recommendations, or patient
care pathways. While theme 1 addresses whether there is sufficient evidence to use ERS is in
clinic, this theme focuses on how ERS results could alter care in ways that directly benefit

patients.

3.15 Subtheme 2.1: Clinical Utility is the Threshold for Offering Prenatal ERS

Across focus groups, genetic counsellors repeatedly highlighted the same core challenge. ERS
for prenatal exposures linked to NDDs currently feels misaligned with clinical needs, because the
results often do not translate into clear, specific, actionable next steps. For genetics providers to
offer prenatal ERS to their patients, there needs to be strong justification for its utility beyond
existing tools, whether that is by informing clinical decision-making, diagnostic evaluations,

recommendations, or management planning.

3.15.1 A Thorough Medical History Interview May Be Sufficient

For certain exposures, many participants expressed that collecting a thorough, detailed medical
history would gather sufficient evidence of an exposure to counsel on the possible effects, and
might be more cost- and time efficient. In other words, knowledge of the exposure itself is
enough. “I think a more careful clinical evaluation might have disclosed this information without

the need for an invasive procedure.” (Participant 3, Session 1)
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3.15.2 What is a Label With No Next Steps?

Several participants worried that an ERS result can risk functioning as a label (e.g., “high-risk
pregnancy’’) that adds psychological burden for patients without meaningfully altering their care.
This highlights a mismatch: when the exposure is already known, and the ERS cannot reliably
predict a specific outcome, severity, or trajectory, it only contributes to more uncertainty and

makes it difficult to justify the cost, time, or resource burden:

“I think how would the patient then take that information? Would it just be like, oh, good
to know, now I feel more prepared. Probably not. I feel like a lot of times people end up
feeling guilty or they end up feeling like then it just becomes one other thing to be

anxious about, right?” (Participant 4, Session 2)

Others saw limited utility in a screening tool which detected outcomes that would take time to
manifest. One participant noted that the outcomes discussed in the focus groups were not ones

that would threaten the life of the fetus in the immediate neonatal period, and went on to explain:

“...for all of these, you kind of just have to see how the child does anyways and assess
their development and their language skills and whatnot, and then provide support based
on those factors. It's not something you would use to automatically assign a newborn a
label that they are going to be developmentally delayed when they're one month old...and
I don't see a situation where they could ever get to that point, really definitively at least
because these are, your methylation is changing throughout your life.” (Participant 1,

Session 1)

3.15.3 Finding a Place for ERS Within Standard Diagnosis and Management Pathways
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Participants also emphasized that standard approached to diagnosis and management already
used in the clinic (e.g., ultrasounds, placental Dopplers, microarray testing, or other genetic
investigations) would still be carried out alongside an ERS result. A “high-risk” ERS would not
replace established investigations or clinical judgement, and a “low-risk” ERS would not
ethically justify stopping evaluations when clinical indications are present (e.g., phenotypic or
biochemical findings). Participants placed greater weight on the presenting indication, the child’s
needs and developmental profile after birth, and the reason for referral than on an ERS result. As
currently envisioned, ERS is therefore positioned, at best, as an adjunct that sits alongside

routine care.

“I almost would see this as a more useful tool in the neonatal or pediatric period than
prenatally when we have no other pieces of information...You want to combine that
screen ideally with other pieces of information. And if we don't expect ultrasound
findings for FAS, that's going to be really hard during a pregnancy to combine them with

other pieces of information” (Participant 10, Session 4)

Indeed, justifying the value of an ERS was easier when participants imagined it combined with

other clinical tests, rather than a standalone tool:

“So the best possible way for something like that to fit in would be when it can be done,
at a time in pregnancy or on a type of sample that we would be obtaining regardless or
that we're getting alongside other results that more traditional forms of testing...rather
than considering offering new invasive procedures for tests that I think have limited

utility on their own.” (Participant 10, Session 4)
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One participant expressed pessimism about whether this would change management after birth,

especially given Canada’s healthcare system:

“I don't know how useful this would be because again, we'd just be treating the child for
what they're showing us after they're born. We're not, like in Canada, we don't take an
overly proactive approach for providing kids with medical management. It's often, you
know, what does this child need? This is what we will give them.” (Participant 14,

Session 5)

3.15.4 What Are the Testing Criteria?

When considering utility, a substantial proportion of participants reflected on how patients would
be referred for ERS in the first place. They raised questions regarding whether there should be
defined clinical thresholds or presentations required to prompt ERS testing, how eligible patients

would be identified, and what standards must be met to justify pursuing the test in the first place.

“You get into sticky situations of if we were to say, these indications are what we want to
offer this testing for, say, alcohol exposure and pregnancy, drug exposure or maternal
anxiety, how do we quantify what's quote unquote enough for us to offer this testing? Is it
mom had one beer like or a glass of wine at 9 weeks? Is that enough for us to say, okay,
we have to do this testing? Or is it somebody that's had two to three drinks a day for three
weeks? You know, is it something where if mom was exposed to secondhand smoke at a

party, is that enough for us to think we should offer it?” (Participant 9, Session 4)

In discussing testing situations, one participant drew on existing, established screening criteria

and was unconvinced that ERS currently meets that bar:
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“The question of the purpose of screening and the Wilson and Jungner criteria for why
are we doing screening, and some of those principles being not clearly present for this
type of screening, that there should be a treatment, there should be...a diagnostic test or
something that you can do. And so, I think this type of test fails to meet sort of the
threshold for offering population-based or screening to people in general sort of as it is

presented in this way.” (Participant 1, Session 1)

One participant considered how ERS might fit into their clinic’s existing referral pathways,
noting the uncertainty around whether the certain exposures measured by ERS would meet the

services offered by the clinic:

“...right now with how we practice, we have a very hard line of when we offer diagnostic
testing for what indications...we have, at least in all the clinics I've practiced in, there's a
risk to the fetus that's greater than the amniocentesis risk. And for these types of
exposures, I can see how we could maybe quantify risks for, this mom had X amount
units of alcohol for this many weeks in a pregnancy, there was an exposure to this
teratogen. But for anxiety, I don't really know how we would quantify that. And it's very
much like a subjective feeling. Like I felt more anxious this day over the next day.”

(Participant 14, Session 5)

The following participant provides a perspective expressed by most participants, describing what

ERS would accomplish, for it to be a valuable and clinically relevant tool:

“Utility is: what is that diagnosis going to change? What is knowing that going to
change? If you tell me my child has alcohol syndrome, but there's nothing, there's no

additional resources that that diagnosis gets them plugged, gets accessibility for them, if
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there's not something with their interventions or things that we are going to be doing,
then what does that actually do for me other than, again, maybe reinforcing some guilt
that that mom had for an exposure she had during her pregnancy...It's what does that
diagnosis do to improve outcomes for that child? And if there's not anything that's going
to radically change in that, you have to ask, well, what's the utility of even doing an

assessment for this?” (Participant 6, Session 3)

3.15.5 Provider Optimism and Utility Bevond The Prenatal Setting

Despite some participants not seeing value for ERS in the prenatal space, due to a perceived lack
of actionability or other factors, a considerable number of participants held an optimistic view.
One expressed that if the ERS could help pregnant individuals make decisions about their

pregnancy, there would be value in that:

“So if we're getting this information in a pregnancy, then possibly this could be useful for
how the parents might want to manage the pregnancy if they want to continue or stop the
pregnancy based on expecting their child to need additional, I guess, need additional
medical services or have additional needs postnatally.” (Participant 14, Session 5)Some
participants indicated they could more readily support the integration of ERS if it could
help prevent diagnostic delays, particularly in cases where a "wait and see" approach is

not ideal and alcohol exposure is suspected:

“If we can do cord blood, if we have a child that we're suspicious for FAS, and we don't
want to play that wait and see game of how are they reaching their milestones, when
they're having behavioural issues, then yeah, I think that could be helpful for sure.”

(Participant 9, Session 4)

Page 82 of 208



Other participants focused on positive possibilities postnatally, expressing support for an ERS
that could facilitate earlier access to early childhood intervention services, evaluations and

assessments, and inform postnatal management:

“I think that if you were in a situation where you did have access to resources, if they
were needed, then if this score had data behind it that said we know these kids typically
need additional assistance, we may want to start some type of screening earlier and then
be able to plug them into those resources when they need them or we have data that
shows that if we start these interventions earlier, the outcomes are better, then there may

be value in doing this.” (Participant 6, Session 3)
The same participant evaluated utility from a different lens:

“...another way you could think about utility is if postnatally children are having trouble
getting evaluations because of prenatal exposure. If this tool could help get, be a reason
to support the need for those evaluations or support insurance coverage for those
evaluations. There may be some utility there with it, but I think you have to show, how

are we changing care with this?” (Participant 6, Session 3)

Another participant highlighted ERSs’ potential value in changing care for those without a

diagnosis:

“I mean, in genetics, we know all about the diagnostic odyssey. And if this helps patients
get access to the services that they need without having a diagnosis, then that would be
great. Yeah, I guess I don't want to get caught up in how realistic that might be, but yeah,
we know there can be a long time sometimes or a long delay for people to get a

diagnosis. So if this provides access, then great.” (Participant 15, Session 6)
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In discussing the utility of ERS, some participants gave specific examples of what management

recommendations could look like:

“If there was something that said that there was a higher risk for leukemia in childhood,
right? Maybe you'd want, there'd be more recommendations about having a CBC every

year of life that might typically not be indicated otherwise.” (Participant 4, Session 2)

While there was a more prominent focus on the fetus” wellbeing after birth or pregnancy
decision-making, some individuals also considered the utility of ERS for the pregnant individual

themselves, particularly in the context of mental health:

“...now that we know that there was some impact for that, like what are some referrals
like to psychiatry or psychology or other ways to manage to reduce that anxiety?”

(Participant 5, Session 2)

3.16 Subtheme 2.2: ERS May Be the Most Valuable in Targeted Scenarios to Fill a Gap

Where participants did see potential value was in narrower, clearly justified situations, especially
when ERS could fill a genuine information gap. Rather than supporting broad testing,
participants envision ERS meeting specific, unmet needs within current prenatal genetic
counselling. Specifically, they highlighted four main criteria: narrowing phenotypic variability to
gain outcome clarity, supplementing incomplete exposure histories, measuring responsiveness to

interventions, and establishing a clear link between test results and clinical next steps.

3.16.1 Participant Preference for Discrete Outcomes

Screening for conditions with a discrete outcome seemed to be more readily accepted by
participants, such as the presence/absence of a condition or birth defect and are less comfortable

with outcomes that have variable or poorly described presentations.
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“I think when the outcomes are very definitive and tangible, like if it was looking at risk
for an oral cleft or risk for a specific birth difference or something like that, then that's
something that I think is a little bit easier to maybe measure outcomes on versus things
like developmental delay...if the outcome is a little bit more of a definitive yes or no. |
think that from a data standpoint feels like it would be maybe more solid to me.”

(Participant 13, Session 5)

One participant was clear that it would be difficult to justify pursuing ERS if a high-risk result

did not fill a gap in understanding the spectrum or presentation of the condition:

“So even if the test was saying there's a higher risk for this condition, it doesn't really tell
us much about how that would manifest. It just doesn't seem any more useful than the

patient's reported alcohol consumption to me.” (Participant 2, Session 1)

Some participants expressed interest in the types of outcomes being investigated but wanted the
predicted outcome to be more specific, providing patients with more meaningful information

about their child's expected presentation after birth:

“If there was research or data that was like...when the alcohol consumption is in this
trimester and this window, and these methylation factors are present, then the outcome is
this version of fetal alcohol syndrome. That would be a way to then have a conversation
with a patient and be like, okay, so it was going to be this range.” (Participant 5, Session

2)

3.16.2 ERS As a Tool to Complete Missing History

Several participants also volunteered situations for which they could see ERS being useful, for

example when it came to incomplete exposure history:
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“I think it could maybe be a stand-in or an option for the diagnostic criteria when we
don't know, for example, for patients that are adopted...Maybe this can be a way to learn
more about some of that prenatal history that we might not able to be able to know about

otherwise.” (Participant 4, Session 2)

“I could see that being potentially beneficial, particularly if a patient themselves maybe is
not aware or hasn't identified certain risks or exposures or just wasn't aware of something

that should have been disclosed.” (Participant 1, Session 1)

3.16.3 Measuring Response to Interventions

Others questioned the value of the specific exposures being investigated in their current framing.
While they did not see utility in ERS that simply quantifies exposure risk, they were open to the
concept if it were used to measure intervention response. They proposed that an ERS capable of
predicting whether a treatment or pharmacotherapy is likely to be effective could offer the kind

of actionable information that would make the tool clinically meaningful:

“I think anxiety is something that a mom can't do anything about. So I think the only
utility here is this knowledge that, the fact that anxiety could increase the chance of poor
or poorer outcome for a baby or for a child. So that's, to me, that's all you need to know,
because then you can compare, anxiety versus taking some kind of pharmacotherapy
during a pregnancy and what are the risks of that pharmacotherapy. So being able to
compare a certain medication that might work to help her with her anxiety versus having
a pregnancy where your anxiety is untreated. So sure, perhaps research about this and
information is helpful, but I would not ever be interested in giving a mother some kind of

risk score based on her level of anxiety during pregnancy.” (Participant 11, Session 4)
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3.16.4 There Needs to Be a Next Step After ERS

In defined and focused cases, participants felt that ERS could potentially guide monitoring
intensity, help anticipate needs, or support earlier access to services and interventions, especially
if other features are absent, such as in FASD where many infants do not display obvious
symptoms and remain undetected. Participants were in favour of defined and focused cases only

if there is a clear or quantifiable link between a positive ERS result and the next step.

“...if we have a structural anomaly on ultrasound, one of those that can have such
variable outcomes, probably in part because of multiple factors, I'm thinking Dandy-
Walker variant or something like that, where it could be anywhere on the spectrum. So
again, in an ideal setting where we had all this data that we've gathered and knew how the
ERS correlated, I could see it potentially being helpful there in the context of we have a
finding that we know can have such a variable outcome. Is this another metric we can use

to help better assess where that outcome might be?” (Participant 12, Session 5)

“I guess expression of genetic disorders, right? That's a big clarification point that we, it's
so hard prenatally to predict phenotype, but if epigenetic risk scores could help predict
phenotype or clarify phenotype for parents, that would be super interesting.” (Participant

2, Session 1)

In cases where ERS established a link between the predicted outcome and follow-up
recommendations, one participant clarified that the score would need to speak to specific health

concerns and explain not just what to expect, but why:

“...if there was data about, well, 85% of kids who have this finding end up needing to

follow with nephrology. I think that's informative. I think it's more informative to have

Page 87 of 208



the reason why they're following with nephrology, like specifics about what the exact
health issues are versus the supports and interventions that they're needing.” (Participant

13, Session 5)

Ultimately, participants based their support for ERS on meeting specific clinical needs, whether
by substituting for missing prenatal histories in adoption cases, narrowing a variable phenotypic
spectrum, or predicting specific health needs (such as explicit organ-system involvement) that

require targeted intervention.

3.17 Theme 2 Summary

This theme highlights a translation gap between ERS research and clinical practice, and
ultimately centres on the “who test” and “why test?”” question. Participants ask under what
circumstances would a genetic counsellor offer prenatal ERS, and what would ERS results
actually change in clinical management of a pregnancy or individual? Participants want
researchers and clinicians to co-develop ERS with clinical actionability in mind, which includes
clear definition of who would benefit from testing, what tangible benefits patients would gain,
presentation of scores that can be meaningfully interpreted in counselling, and integration into a
defined care pathway that specify what recommendations, interventions, monitoring, referrals, or
services would follow from a “high-risk” result. Meeting these requirements could improve ERS

utility such that it can be used for clinical decision-making.

Theme 3: Moving Towards Making Meaning and Decisions

This final theme addresses what participants anticipated the counselling encounter would
involve, spanning the discussion of ERS capabilities and limitations during pre-test counselling,

the informed consent process, collaborative interpretation of results in the post-test encounter,
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the psychosocial dimensions embedded within both, and ultimately patients' perceived capacity

for agency and actionability in response to their results.

3.18 Subtheme 3.1: Anticipatory Guidance as the Foundation of Meaningful Consent

Participants emphasized the importance of an informed consent process. They described consent
as also requiring an explicit exploration of uncertainty, what the test can and cannot answer, and
the possible implications of results before testing occurs. Without building this foundation, they
worried patients may over-interpret or misinterpret ERS results, leading to misinformed
expectations and emotional responses. Participants framed anticipatory guidance as integral to
the process, both for risk interpretation and for emotionally and cognitively preparing patients for
the kinds of results they may receive and the kinds of conclusions that can and cannot be drawn

from those results.

3.18.1 Facilitating Patient Autonomy in Evaluating ERS Value

Beyond their own assessments of ERS utility, participants also reflected on factors that may
affect whether patients choose to pursue ERS testing. One participant shared that that the value
of a result ultimately depends on what the patient stands to do with it, and that if a result amounts

only to a label, it falls to the patient to determine whether that label holds meaning for them:

“...for me, a diagnosis alone is not necessarily always a good reason to do a test if there's
not going to be something I can do because of that diagnosis. Because if it's only going to
be a label, then the patient has to decide, does that label have any value for me or not?”

(Participant 6, Session 3)

Another participant focused on a patient’s motivation to do the ERS, noting that a patient who

sought out an appointment with the genetics provider out of worry may require a very different
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counselling approach than one whose physician provider was concerned about the exposure

without the patient having any prior concern:

“I guess my first thought is like about the motivation for this consult, like whether this
was something that the patient's worried about. And that's why she presented, because I
think maybe that's a very different counselling scenario than someone who was maybe

not worried about this.” (Participant 15, Session 6)

A different participant shared that their counselling would invite the patient to focus on the value

of the test for that specific individual:

“I counsel my patients, I say, let's begin with the end in mind. And every time we look at
a tool in our toolbox, remember that we have to walk ourselves through: what is that tool

telling us? How can it help us? Is that useful information?” (Participant 8, Session 3)

3.18.2 Transparent Counselling Acknowledging ERS Limitations

Thorough discussion of test limitations was a considerable priority for participants for informed
decision making. They emphasized setting realistic goals and tempering expectations about what
information could be obtained from an ERS. One participant expressed their concern about this,
while also acknowledging that despite its limitations, there was still value in the test for some

patients:

“I think there would also have to be good counselling about, there's a difference between
the chance of presenting with features and being able to predict what those features are
ultimately and the spectrum of what can be seen. Unless there's data that ties this to being
able to predict a certain level of severity of presentation...there may still be some
limitation in what that provides for patients. But I could see some patients potentially in a
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situation like that, having some interest in a test that might give them a little bit more

information to go on.” (Participant 6, Session 3)

The discussion of test limitations was a challenge many participants foresaw in the pre-test
counselling encounter, particularly with patients who are feeling vulnerable and want to pursue
every available test for reassurance. For this reason, a detailed and transparent discussion of what

the test can and cannot deliver was seen as essential to minimizing potential harm:

“I definitely have a population of parents who are like, ‘any test you have that can give
me any information, I want to have access to’. And very often, those can be some of the
most challenging patients to talk about. While we could do this, you have to understand
the limitations of the information and the potential confusion that some of this
information may provide and how it may not ultimately be useful.” (Participant 6,

Session 3)

3.18.3 Considerations on the Drivers of Patient Uptake

Some Participants also considered the perspective of their patients, reflecting on what might
influence uptake. A recurrent question among participants was how much procedural risk
patients would be willing to accept in order to obtain a sample for ERS. In envisioning a pre-test

counselling encounter, one participant explained:

“I still think anytime you're talking about a prenatal test that has a risk, whether it's CVS
or amniocentesis, patients are going to consider it if it's going to help change
management, if it's going to make a big difference. If it's not, I don't know that they're

going to be willing to take that risk.” (Participant 6, Session 3)

An Informed Consent Process
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There were other aspects of informed decision making that patients wondered about. One
participant asked, “is this something that parents have to opt into? Is it automatic?” (Participant
4, Session 2), pointing out the importance of having a clear, pre-defined ERS consent model.
Some were adamant about wanting an opt-in model from an ethical standpoint, “I think people
should have the right not to know this information if they don't want to know it.” (Participant 8,

Session 3)

3.18.3 Drawing on Existing Parallels for Post-Test Anticipatory Guidance

Pre-test counselling was not the only context where participants found themselves navigating
uncertainty. Participants also reflected on how post-test counselling sessions might unfold,
drawing on their experience with other genetic situations to consider how they might frame
developmental risk and its implications for the fetus post-birth. One participant questioned
whether the counselling approach used for conditions with variable symptoms could be applied,
such that the counsellor will acknowledge the potential for the outcome and link the results to

some kind of early intervention could serve as a parallel:

“...thinking about how EI [early intervention] is, how therapies work for these kiddos,
oftentimes we need evidence of some sort of either delay or a predisposition to a delay
with a genetic finding. Could this fall in that same basket of say they have Klinefelter
syndrome. And that's something where we talk about, hey, they could have
developmental delays. It's not a guarantee. If they present with delays, let's start them in

early intervention. Could we counsel this the same way?” (Participant 9, Session 4)

One participant summarized the various facets of anticipatory guidance succinctly when

describing how they were envisioning the pre-test counselling encounter:
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“I think it would be a big conversation. I would certainly want to make sure that it's
something that we discuss in detail. What are the possible types of results from this test?
How would we use those results? Thinking through with patients with that shared
decision-making kind of counselling about why are we doing this test? What are the
outcomes? What is this going to give us? What is this not going to give us? How could
this make us feel? Kind of all of those things. So I think it is kind of a complicated
discussion when it's information that maybe feels like it would be a little bit less

clinically actionable to me.” (Participant 13, Session 5)

3.19 Subtheme 3.2: Agency., Actionability, and the Risk of Burden

Almost all participants expressed concern regarding patient perception, desiring a deeper
understanding of how patients might internalize responsibility for measured exposures and
predicted outcomes. This included concerns over whether an ERS result would empower or

diminish a patient's perceived agency to alter their circumstances.

3.19.1 Is Action Always Possible?

Many participants felt that even when ERS results generate recommendations and urge action,
action may actually not be possible. For instance, environmental exposures and social

determinants are not easily modifiable, such as living with a parent who smokes:

“...I don't know if it's going to have much utility in changing the environment, the
context for this patient, right? So, it's not she herself who's smoking. This is an elderly
parent who she may not have a choice of being able to get away from. And we all know

we can't change anybody else's decisions with what they do. So while, yes, you could,
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you could try to use that to persuade a family member to not smoke, that that may or may

not be useful.” (Participant 6, Session 3)

Indeed, other participants highlighted additional external factors that may be out of patients’

control:

“And they can't help most of those exposures where you live, your air quality, your
access to clean water. I live in a capital city that's had a water crisis now for a decade.”

(Participant 8, Session 3)

3.19.2 Psychosocial Impact Differs Depending on Patient Circumstances

This inability of a person to change their circumstances or not have a clear roadmap made

participants feel uneasy and less enthusiastic about ERS implementation:

“I think it would place people in a very hard situation knowing what to do with that
information...I can see that causing a lot of distress for patients if this is implemented

without us being able to really know what's next.” (Participant 14, Session 5)

In such contexts, ERS may produce a sense of urgency or responsibility when the patient has
limited agency, contributing to guilt and burden. Moreover, where ERS target exposures that
carry stigma, such as maternal anxiety or depression, a score could be a hindrance to
empowerment and have the opposite effect. Indeed, considering the potential for guilt and blame,
some participants expressed, is especially important in the prenatal space, as there are many
other external and internal factors that may complicate interpretation of results and patients’

perceived role in how they may have harmed their pregnancy:

Page 94 of 208



“...what's unique to the prenatal realm is that you're, especially when you're talking about
exposures or maternal health conditions, is those are just pre-loaded to make mom feel
bad about things that she may or may not be able to control...And so I think anything that
looks at these without at least addressing the implications that could have for mom's self-

perception is shortsighted.” (Participant 8, Session 3)

For this reason, they emphasized that any recommendations attached to ERS must be realistic

and contextualized within available supports and resources.

3.19.3 Does ERS Imply a Sense of Personal Responsibility?

Some participants distinguished ERS from other genetic tests on the grounds that epigenetic risk
may be perceived as partially attributable to behaviour or lifestyle choices which may be within
someone’s control. Unlike inherited genetic variants, which carry no implication of personal

responsibility, ERS results may implicitly assign agency:

“I feel like we spend a lot of time telling and explaining patients that this random thing is
not your fault...We're trying to reassure the patients that there was nothing you could
have done to prevent or cause in most circumstances...this feels like the blame game...I
don't know if...I'd want to utilize this tool is to make a patient who has anxiety feel worse
about having anxiety in pregnancy and then questioning all their choices.” (Participant

17, Session 6)

A few participants noted that while measuring epigenetic patterns may hold value in principle,
the specific exposures being targeted could evoke a very different sense of agency, actionability,

and perceived fault, with implications for blame, self-perception, and the broader pregnancy
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experience. One participant drew a comparison between alcohol and tobacco exposure and

maternal anxiety, expressing that:

“If she had significant anxiety and she was taking medication, she's got her own guilt
from that. If she was not taking medication, she has her own guilt from that. So it feels
like she's already got a significant burden that she's carrying with her psychiatric
diagnosis and then exacerbated by her worries about how that may have harmed her
baby. And so, telling her this feels like kicking her when she's already down...you can
not smoke, you can not drink, you can't just not have anxiety, and people who have

anxiety are allowed to have pregnancies.” (Participant 16, Session 6)

Some went as far as to suggest that epigenetic results may hold little value for patients precisely

because of the implied role of the expectant parent in shaping those outcomes:

“With a genetic result, there's always... quite a bit of guilt and shame that we find for
patients. And that's something they can't control...You're born like that...But with
epigenetics, it's screening for something that patients may feel like is within their
control...I can't think of any kind of factor that would influence epigenetics that would

help parents.” (Participant 11, Session 4)

Therefore, this makes the clinical rationale for testing and how results are communicated even

more consequential.

3.19.4 Empowerment May Still Be Possible

In contrast, some participants were more optimistic, especially if the ERS results helped the
patients make lifestyle adjustments, be more proactive about their health, or encouraged them to
change their environment:
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“Maybe there's some evidence that people can take action. Say I'm at high risk for
diabetes based on this. And so maybe I'm going to change my lifestyle. Maybe there's
some utility there of, if the whole point of epigenetics is that it is changeable throughout
our lifetime, and also heritable. I mean, maybe this could be pre-conceptual, like, ‘hey, I
can change these things about myself and it can benefit my health’.” (Participant 3,

Session 1)

Many participants tied the clinical benefit of ERS to how it affects a patient's sense of agency.
Depending on the test results, an ERS risk score could either induce guilt, blame, and shame, or
empower patients to take control of their pregnancy outcomes. However, because epigenetic
patterns are linked to environmental and modifiable factors, participants noted that ERS carries
an underlying message of personal responsibility not typically found in traditional genetic

testing.

3.20 Subtheme 3.3: ERS Interpretation and Meaning-Making in the Counselling Encounter

Participants expressed that the real consequences of ERS would not be determined at the point of
score generation, but in the counselling encounter where results are interpreted and
communicated. Even a technically robust ERS only becomes meaningful, or harmful, when a
patient receives and makes sense of it. This includes understanding its limitations, integrating it
with other clinical information, and using it in ways that support how patients approach and

interpret risk, planning, and decision-making.

3.20.1 Appropriate Framing of ERS Results Is Critical

Some participants felt that how a provider frames and communicates an ERS would have a

noticeable impact on how patients interpret and internalize it:
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“...with good counselling, you can frame it in the context of, I don't want you to feel bad
because you have anxiety, but because we know you have anxiety, we have access to the,
you could frame it, but that requires a provider to be good at communication with their

patient and that.” (Participant 6, Session 3)

3.20.2 Participant Perspectives on Patient Risk Interpretation

However, most participants were concerned that patients would not engage with ERS results
with neutrality. Counselling in the prenatal setting is already an emotionally charged context in
which many patients are seeking certainty, and participants anticipated that this would shape how
results are interpreted. Low-risk results risk producing false reassurance and reduced vigilance,
while high-risk results risk being received as a diagnosis or verdict rather than a probabilistic
estimate, potentially amplifying anxiety, guilt, or decisional urgency and driving decisions about
additional testing, pregnancy termination, mental health support, or lifestyle modification.
Collectively, such responses may reflect perceived rather than actual risk. Indeed, a perspective
that recurred throughout the focus groups was that regardless of how carefully a genetic
counsellor presents a result, patients may still interpret and process it in ways that are beyond the
GC's control. This highlights a potential source of unintentional harm that participants identified

as an inherent risk of ERS:

“I feel like a lot of people would read between the lines and be like,” I caused my child to
have this bad grade and bad future’ or something and just feeling like it's very

% 9

deterministic. Like ‘I already messed up’.” (Participant 2, Session 1)

One participant raised concern that a high-risk result could drive patients toward decisions that

exceed what the evidence actually supports, especially when patients are motivated by a desire
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for certainty and actionability, which can lead them to over-interpret what the score actually

says:

“I think that patients I've talked to...are just desperate for answers, right? And struggling
so much with the uncertainty. And I do worry that, even with clear counselling that this is
not a diagnostic test, that, well, if it's the only tool we have, especially at this early
gestation, then I think of course patients are going to kind of cling to whatever
information they can get. And so, yeah, I guess as a clinician, [ worry that we're suddenly
using the screening test to make decisions that it wasn't really built for.” (Participant 15,

Session 6)

3.20.3 Participants and Their Own Risk Assessment

At the same time, participants described their approach to patient risk assessment as integrative.

In other words, ERS would be one data point among many, rather than a standalone tool, and it

would need to be contextualized within each patient’s unique circumstances.

When it came to conveying risk, many participants were concerned about patients over-

interpreting a risk score and making consequential decisions based on it, whether the result was

high or low risk. They were cautious about counselling with confidence on what a score

ultimately means for the pregnancy, and whether patients could be considered truly informed

when making decisions about pregnancy management on the basis of such information:

“From a decision-making standpoint, I would be very hesitant to either alone or
combined encourage a patient to make decisions about it, other than that if they would, if
the risk knowing of the exposure itself is too much for them to choose to continue the

pregnancy, which of course is certainly their right. So if just knowing that this exposure
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may have complicated the long-term health or development of the baby, then of course,
that's their right. But I would be hesitant to be like but don't worry because if we do this
test and it's normal, then there's no reason to be worried. And if we do this test and it's
high risk, then I think that just further confirms that if you were leaning towards
termination, that it makes sense. I think where I get hesitant is to use it too, specifically as

a decision making tool.” (Participant 16, Session 6)

Another participant also cautioned against an alarmist approach, expressing the importance of

framing an ERS result within the context of its multifactorial nature:

“What if ultrasound is normal? What if everything's looking normal? We still have this
high-risk score and the patient would consider termination on this high-risk score,
especially if it is used alone rather than as part of an overall diagnosis and kind of saying,
we won't really know until baby's born if there is any effect. This is just like one more

piece of the puzzle. (Participant 17, Session 6)

They also added that their counselling about risk would focus on minimizing blame and guilt to

ensure that the patient does not overinterpret the results:

“I would probably be really reassuring in that, hey...there could be a lot of reasons that
your baby had language delay, and we don't know that it was the score. Again, you can't

blame yourself. You did the best that you could.” (Participant 17, Session 6)

In considering a reassuring ERS result, one participant stated that a low-risk score would not

necessarily translate into a sense of relief:
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“What patients and providers would have to understand is just because you don't get an
abnormal result on this test doesn't mean that there's not going to be an issue.”

(Participant 6, Session 3)

When it came to being reassuring, some participants explored other reasons why they would feel
comfortable not relying on ERS results for decision-making, beyond the fact that epigenetics is
only part of the picture (i.e. multifactorial). One participant explained that even when a score is
high-risk, the magnitude of the actual developmental impact may be small enough that its

clinical or functional manifestations go undetected:

“High risk, if that just means that we think there's a high chance that there was, because
of the methylation, there is some potential impact on development, but that could be
something that is so negligible, nobody would notice it. Because again, my gut is, I'm
pretty reassuring to these people, not completely, but pretty reassuring. And I think

appropriately so.” (Participant 16, Session 6)

A few participants were cognizant of how their own reactions and biases, toward ERS as a tool,
toward the exposures and outcomes being measured, and toward the counselling encounter itself,
might shape the way they discuss results with patients. This self-awareness points toward the
potential for countertransference, where the provider's internal response to the topic risks

influencing the counselling dynamic:

“My initial response was, oh, that made me sad for her that she's already anxious and
now she's getting this really tough news. I mean, I guess that plays in because we have to
recognize our own reactions to things to make sure that we are counselling

appropriately.” (Participant 12, Session 5)
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3.20.4 ERS Needs to be in the Context of Other Data Points

Participants explained that their comfort level with attributing findings to an ERS result would be
contingent on the results of other investigations. This broader clinical picture would change how

they assess the patient’s risk and interpreted the risk score:

“I think if we ruled everything else out. If we said, oh, you had negative CMA, negative
exome, you're not showing signs of placental dysfunction, preeclampsia, we have nothing
else to explain it. Well, most likely it could be due to your second-hand smoking
exposure. But without all that information, I wouldn't stop the diagnostic workup. And I

wouldn't say that's definitively the answer.” (Participant 17, Session 6)

Another participant noted that their interpretation of an ERS result would be shaped by whether

the score aligned with or diverged from the clinical history:

“Now if the patient's clinical history that they gave didn't match that methylation test,
then that might change how we perceive risk a little bit more in my mind.” (Participant

13, Session 5)

One participant noted that their interpretation of a result would depend not only on the score
itself but also on its validity metrics, showcasing the number of clinician considerations that go
into making sense of a score and communicating that interpretation to a patient during a post-test

counselling encounter:

“I feel like I would then kind of interpret it case by case. If this was a low-risk result and
the specificity was only 58%...I mean, that's pretty close to 50/50 with like whether a low

risk is actually a low risk.” (Participant 4, Session 2)
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Another participant offered a more nuanced perspective, noting that how much weight they

would place on a score would depend on the direction of the result:

“...if the epigenetic risk score was actually low risk, that I could see being helpful. But
the high risk, I think we're always counselling to prepare for a worst-case scenario, right?
So I think the high risk doesn't change the counselling as much, but maybe the low risk

would.” (Participant 15, Session 6)

3.20.5 Conveying Recommendations

When it came to post-test management recommendations, the participants often felt it was harder
to justify very specific recommendations based on a particular ERS score and felt more

comfortable discussing with patients less specific or more tentative plans:

“We can't say that oh, yes, they'll definitely need speech or occupational therapy. But,
some kids with this result might need some extra occupational therapy or speech therapy
and talking through how they would get that care if they end up needing it. So, it wouldn't
really be a specific follow up recommendation. It would just talk about, it'd be talking
about what that would look like with the sort of care that their child is already going to be

getting.” (Participant 4, Session 2)

One participant described the tension between wanting to use ERS to inform management and
provide patients with choice that aligns with their beliefs and priorities, while at the same time
avoiding overreliance on and overconfidence in the results, ultimately maintaining a balance that

respects the ethical weight of the situation, a tension that is familiar to genetics providers:

“But in a pregnancy, I can maybe see a benefit to parents if they were quite liberal and

open with who can access termination of pregnancy. So, I could see somebody saying,
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‘well, this risk is too much for me. I'm choosing to stop the pregnancy.’ But of course,
that also comes with the ethical concern of how confident are we in these results. But,
we're also counselling people about that uncertainty for fetal anomalies all the time. And
people choose to stop a pregnancy without 100% guarantee that their child will need
extra needs after they're born. So could be seen pretty similarly to that.” (Participant 14,

Session 5)

3.20.6 Impact on Provider-Patient Relationship

An additional potential challenge participants identified in the post-test counselling encounter
was the strain that discordant results could place on the provider-patient relationship. One
participant wondered how they would navigate a situation where a patient's reported clinical
history does not align with the ERS result, and what message that discordance might send to the

patient:

“...would this somehow be putting patients in a position where somebody might be
implying, ‘oh, you're not being truthful. You're not telling us what really happened,’
which feels like a tricky place to be, especially when we're thinking about exposures,
because there's already layers of do patients feel self-blame if there's been an exposure
and it's caused enough, teratogens just have their own psychosocial part built into that,

too.” (Participant 12, Session 5)

Indeed, maintaining patient rapport was viewed as more important than offering a screening test
that could directly contradict the patient's self-reported history. Another participant also echoed

the sentiment and phrased it as:
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“...I don't want to find out about the smoking example for moms who are telling me that
they're not worried about smoke exposure, that they don't smoke. I don't want to have
contradictory information that maybe destroys our relationship or destroys that trust.”

(Participant 15, Session 6)

3.21 Theme 3 Summary

Overall, participants argued that successful integration of ERS into prenatal genetic counselling
requires designing ERS with counselling considerations in mind: a clear and transparent consent
process that anticipates how both patients and genetic counsellors will interpret risk,
communicates strengths and limitations in a useful way, and offers clinically actionable steps

that are realistic in practice.

3.21 Overarching Ethical and Legal Considerations

Nearly all participants raised concerns about potential harms associated with ERS testing,
including social and legal implications, impacts on patient wellbeing, perceived capacity to care
for oneself or a child, and feelings of guilt or blame, particularly when exposures are framed as

controllable.

3.21.1 Potential Legal Repercussions of ERS

Participants emphasized the need for robust policy and regulatory frameworks to govern ERS
use, including protections against epigenetic discrimination, alignment with existing health
policy and service delivery structures, and clarity around regulatory jurisdiction at the provincial

or state level.
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“There's that concern that the information can be used more negatively by, what have
you, insurance companies or something, because we have seen that with, there are laws |
know now in place to prevent genetic discrimination. Are we going to have to expand

that to no epigenetic discrimination?”” (Participant 1, Session 1)

In a similar vein, a few participants wondered about with whom ERS results would be shared
and the potential consequences across social, financial, and personal life domains. One

participant asked:

“Who has access, right?...employers, schools, is this used by colleges to decide who to
admit and who not? Is it used by the military? Is it used by labs looking at egg donors and

sperm donors and embryo transplantation?” (Participant 1, Session 1)

Broader social and legal risks were also flagged, such as child protective services involvement,
discrimination in adoption or healthcare contexts, and stigmatization in cases where results

implicate substance exposure.

“You've then got patients who are worried, probably from like a social services
standpoint, could they be at risk to lose their, lose custody of their child if it's proven,
depending on how good the science is, that they drank during the pregnancy.”

(Participant 16, Session 6)

One participant put herself into her patients’ shoes and echoed this sentiment:

“If I were a patient, I would be concerned about, is my baby going to be potentially taken

away from me? [ know we don't act that way with alcohol, but we do with other
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exposures sometimes. Or at least we get CPS [Child Protective Services] involved.”

(Participant 8, Session 3)

Another participant expressed concerns about how ERS could impact adoption practices:

“...we certainly wouldn't want to have this testing be utilized, for to justify why a certain

child should be adopted or not.” (Participant 3, Session 1)

3.21.2 Potential Adverse Societal Impacts of ERS

While the broader focus group discussions addressed participants' perspectives on the utility of
ERS for maternal anxiety and other mental health-related exposures, some participants also
reflected on ethical challenges specific to this domain. They were concerned about the potential
for an ERS result to inadvertently compromise a mother’s self-efficacy, self-worth, and
perceived capacity to care for her child. Participants emphasized that maternal mental health
extends far beyond pregnancy, noting that undermining a mother’s confidence during the critical
"fourth trimester," which could lead to negative developmental and psychological outcomes. As
one participant cautioned, if a clinical tool unintentionally causes a mother to "harbor guilt", the

resulting harm could outweigh the risk of the condition being screened for:

"... if you just withdraw any confidence in her ability to be a mother, even if it's
unintended, that could have far more disastrous impacts on that baby than her having

mild anxiety and an increased risk for an expressive language. " (Participant 8, Session 3)

Moreover, a few participants highlighted that if a high-risk score imposes a psychological
toll and "jeopardizes a woman's sense of self or self-worth", there is potential for

increased risk of severe postpartum depression and maternal suicide. They urged that

Page 107 of 208



these risks "have to be weighed against any potential benefits of these tools." (Participant

8, Session 3)

Finally, a small number of participants raised concerns regarding social stigma. Because ERS
reflect environmental and behavioural exposures, they feared a high-risk result could introduce
maternal blame, leading to pregnant individuals being socially "ostracized" or subjected to

systemic "othering" for an outcome deemed potentially avoidable.

3.21.3 Risk of Eugenics

Several participants further cautioned against the potential for ERS to be used for eugenic

purposes or to pathologize normal variation in the human population:

“I think it also makes me more uncomfortable because it feels like it's feeding into a little
bit of this witch hunt that's happening against neurodiversion. It starts to feel a little
eugenic if we're finding more ways to identify people at risk for language delays...with
everything that's gone on with the whole Tylenol autism thing. It just feels like we're
finding more and more ways to scare people earlier about their babies...it just starts to
feel so othering and...negating the benefit of the existence of people with different ways
of thinking and expressing themselves and pointing the blame at people, at the mother.

So, it just feels dangerous.” (Participant 16, Session 6)

Participants also raised discrimination concerns in cases where the exposure being measured

could be attributed to the pregnant individual's own behaviour:

“Could this be a reason to deny this child insurance or something because of something

that the mom did while they were in utero?” (Participant 1, Session 1)
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3.21.4 Impact on Marginalized Communities

Many participants also considered the broader societal implications of ERS, particularly for
populations whose baseline risk is elevated by circumstance. Examples included patients
carrying the effects of chronic stressors, generational trauma, or adverse personal experiences.
For these groups, participants questioned whether ERS might systematically overestimate risk,
and conversely, whether it might underestimate risk for other populations. One participant raised
concerns about the social implications of ERS validation, a point that also speaks to subtheme
1.1 in terms of how the breadth and strength of the available evidence base shapes the
applicability and generalizability of the tool. Specifically, they questioned whether ERS would
carry the same predictive power for patients from marginalized communities, and whether the
populations in which these scores have been validated are sufficiently broad to support their use
across diverse groups. Ensuring that validation extends to a wide range of populations was seen
as essential to minimizing future harm to these communities, whether in the form of

psychosocial consequences or potential legal repercussions:

“...with epigenetics and the buildup of methylation stress, I feel like we know that some
of our patient populations are just more vulnerable to that already...my worry would be
that our patients who are from marginalized groups are going to be more likely to get
high risk scores because they're carrying epigenetic damage from other stressors,
generational trauma, things they've gone through, that it may be overestimating risk for

them or underestimating risk for other people” (Participant 16, Session 6)

A few participants expressed concern about the risk of further stigmatizing communities that are

already marginalized, thus making them more vulnerable:
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“Also, when we're thinking about exposures during pregnancies, I think some of our most
vulnerable populations are populations that do have higher frequencies of exposures. And
is that another way of just kind of targeting, not targeting, but kind of just calling out?”

(Participant 6, Session 3)

Ultimately, participants emphasized that ERS adoption cannot be separated from its broader
legal, societal, and systemic implications. Addressing equity, access, and the intersectional
impacts on marginalized communities remains a concern and introducing these tools without

carefully weighing their ethical consequences risks exacerbating existing clinical inequities.

3.21.5 Equity and Access

Concerns about equity surfaced around access to downstream services or interventions following
ERS screening, with insurance coverage identified as a key barrier. One participant raised

concern that a low-risk ERS result could be used to justify denying access to services:

“If a test like this exists that's able to identify children who may need early childhood
intervention and a particular child doesn't score high on that test, will it then be harder for

them to access those services?” (Participant 7, Session 3)

Another participant raised the question of equitable resource distribution, not only for
pregnancies flagged as high-risk by ERS, but for those requiring intervention for other reasons,

and how the introduction of ERS might affect access in that broader context:

“...from a use of resources standpoint, if there are finite resources and the science isn't
actually as good as it seems and this puts a big long queue in for the babies who really

need these services because we're evaluating these kids who had these scores that the
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scientific support for what they mean is not necessarily rigorous, as rigorous as it is for
these other kiddos, there are other systematic problems it causes if this alone is used as
criteria to get early intervention services but from an individual standpoint, I don't have a

problem with it. It's more on the larger scale.” (Participant 16, Session 6)

3.21.6 Integrating ERS Into the Current Healthcare System

They also raised logistical concerns about the volume of referrals for genetic counselling or

clinician support that ERS could generate and how the system would absorb them:

“How are we going to be accepting these cases? I could see us just getting a massive
influx of referrals because mom was anxious. And anxiety is like the number one mental

health disorder.” (Participant 14, Session 5)

One participant had doubts and skepticism about whether Canadian provincial governments,
given the existing constraints on the public healthcare system, would support early intervention
for individuals based solely on their ERS results, as it is ultimately a screening, and not a

diagnostic, tool:

“... if there was some kind of magical provincial government that would take this screen
and be like, yes, absolutely, we are on board...I think patients would, totally go for that. I
just don't think that a screen would ever, in a public healthcare system, would ever equate

to just being given early intervention hours, right?” (Participant 1, Session 4)

Though raised by only a few participants, the distinction between Canada's public healthcare
system and that of the United States was noted as an important factor, one that could produce

noticeably different patterns of ERS uptake, integration, and access across the two systems:
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“But you need to have some demonstration of what that utility is, especially if you're
trying to implement this in a system that doesn't have as many resources. Even if you're
thinking about in Canada where there's probably, there's more kind of equal access, and
it's not kind of as piecemeal as it necessarily is in the States. But definitely if you're
thinking about here in the States where it's as piecemeal, you really have to have good

data to try to shoehorn that into a system that's broken.” (Participant 6, Session 3)

Insurance coverage was another topic that a few participants expressed concerns about. One
participant questioned whether ERS would be covered under public health screening or would
remain an out-of-pocket expense, thus limiting test access to only those with the financial means
or insurance coverage. Beyond the test itself, the same participant extended this concern to
publicly funded early intervention services, questioning whether the introduction of ERS might

introduce or deepen existing inequities in that space.

3.22 Additional Operational Factors to Consider Prior to ERS Integration

While not frequent or overarching enough to be included in the thematic description of the focus
group findings, the following considerations were provided about collaboration with other
stakeholders, provider education, and how ERS reports convey results, which nonetheless merit

attention given their significance for the integration of ERS into clinical practice:

3.22.1 Discussions With Other Stakeholders

Numerous participants noted that for ERS to reach its clinical potential, a fuller representation of
relevant stakeholders will be required before implementation. They recommended ERS
researchers consult with other providers in this space, including obstetricians, gynecologists, and

pediatricians.
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“...while it's definitely helpful to get genetic counsellor input on this, the people who are
going to be actually talking about anything like this are going to be your OB
[obstetrician] providers. And you have to have buy-in from them to actually get that

really implemented into prenatal care.” (Participant 6, Session 3)

They also noted that provider buy-in would have a huge impact on how patients in the prenatal

realm would perceive ERS and its value for them:

“I do think patients very often they have to have a lot of trust in their prenatal providers.
Ideally, they're able to have trust in their prenatal providers. And if they do have a good
relationship, that provider's perspective is going to drive things a lot.” (Participant 6,

Session 3)

It was clear that a notable number of participants valued multidisciplinary collaboration to
maximize the utility and applicability of ERS for patient risk assessment. They suggested
involving stakeholders from various medical specialties during the development phase to ensure

future scores align with clinical priorities.

3.22.2 Healthcare Provider Education

Some participants also raised the lack of formal or informal education on epigenetics and ERS
among healthcare providers as a concern. Participants wondered how other providers without
expertise in genetics would interpret and respond to such information. One participant
highlighted that across maternal fetal medicine units, some may have an in-house GC, whereas

others do not, and as such may not have expertise available for interpretation

“...we do run the risk of misinterpretation of the result, where we might have a provider
that receives a result back that says increased risk for FAS [fetal alcohol spectrum], for
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example. And the OB [obstetrician] or the MFM [maternal fetal medicine specialist]
might interpret as like, ‘hey, baby does have FAS, this is something that's going to

299

happen for your pregnancy.’” (Participant 9, Session 4)

The participant went on to explain that because of this very reason, “a lot of provider education
and information would be needed before this was implemented, widespread across practices as

well.” (Participant 9, Session 4)

Another participant called for more prescriptive and directive counselling guidance around ERS,
emphasizing that any clinical integration would need to be accompanied by solid healthcare
provider education that answers, “how do you interpret these test results? What do they mean?
What don't they mean? When do you act on them? When should you not, solely rely on them if
ever should you? So, I think their education would be huge ahead of ahead of implementation

and then continuing throughout implementation of this.” (Participant 6, Session 3)

3.22.3 ERS Report Language and Presentation

Participants offered several reflections on what they would want to see in a clinical ERS report to
support their counselling. One participant had suggestions about the importance of
contextualizing a score using frequencies rather than figures. For a patient to relate to the data,
they argued that the report should state the population, so that predicted outcomes could be

grounded in something patients could meaningfully relate to:

“...for 100 women who have the same epigenetic risk score, these are the
outcomes...hopefully that means something to them where we can say ‘maybe I'm in the,
you know, 90 out of 100 women who are probably going to have this outcome’.”

(Participant 15, Session 6)

Page 114 of 208



One participant called for greater transparency about how these scores are generated, wanting the
ERS report to explicitly outline the evidence and biological mechanisms behind the numbers:
“When this is within research, when they're mentioning these numbers, how are they getting to

those numbers?”” (Participant 9, Session 4)

Rather than percentiles or raw numbers, which one participant felt uncomfortable applying to a
seemingly healthy newborn, preference was given to qualitative categories (e.g., “low exposure,
moderate exposure, high exposure” along with specific, actionable recommendations: “the test
results predict that this newborn would especially benefit from X, Y, and Z recommendations.”

(Participant 2, Session 1)

A few participants noted that while genetic counsellors are comfortable counselling on the
nuances of multifactorial outcomes, other specialties may default to a binary interpretation (e.g.,
"low risk, you're good"). Drawing a parallel to NIPT, one participant emphasized that for ERS to
be used responsibly by non-genetics providers, the reports must feature “really well written, very

clear language” supported by comprehensive training materials (Participant 8, Session 3).

To conclude, successfully integrating ERS into clinical practice requires expansions of future
research to capture the perspectives of non-genetics providers who will use these tools. It also
requires provider education regarding ERS capabilities and limitations. One way to prepare ERS

for clinical practice is through clear, accessible reports with actionable recommendations.

3.23 Literature Review: Deductive Content Analysis Results

Analysis of the thirteen papers revealed a nuanced perspective on ERS among researchers,
generating a total of 21 codes. Researchers view these scores as promising, objective biomarkers

with translational and clinical potential. Researchers found value in ERS to uncover underlying
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biological mechanisms and as an opportunity to collaborate. Yet, they remain cautious about
their current readiness, acknowledging that these scores are not yet fully developed to explain
significant phenotypic variance or demonstrate long-term stability. Thus, there is a gap between
their optimism about clinical potential and the real-world performance of their scores, owing to a

complex interplay of internal and external limitations.

3.23.1 Researchers Believe in ERS’ Translational Potential

Some researchers highlighted the potential of ERS to have clinical impact by offering
meaningful information about health risk, and filling gaps that other measures may not. The
overall pattern assumed across all papers was: a prenatal exposure (smoking, glucocorticoids,
infection, socioeconomic position, etc.) = a lasting methylation signature = a downstream

health outcome (language delay, mental disorder severity, white matter integrity, etc.).

Researchers position ERS as a tool to overcome the limitations of subjective or incomplete
clinical data. For example, in prenatal research, self-reported smoking relies on patient recall and
is prone to reporting bias, medical records are frequently incomplete or binary, and short-lasting
serum biomarkers (like cotinine) only capture a brief snapshot of time. Literature supports that
an ERS may be able to bypass these boundaries, offering a robust, longer-term exposure window
that reflects the continuous "allostatic load" of sustained biological impact across gestation
(Reese et al., 2017). In this light, research teams suggest that highly predictive ERS "may offer
an opportunity to develop predictive and prognostic tools to optimise neonatal care" (Conole et
al., 2023), allowing clinicians to identify at-risk newborns early, provide targeted early

intervention services, and suggest preventative lifestyle changes.
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3.23.2 Proxies for Exposure vs. Predictors of Qutcomes

Despite this translational optimism, research teams were able to demonstrate a link between
exposure to methylation more frequently than a link between methylation and outcome. For
instance, a prenatal tobacco exposure MRS was deemed to be “highly predictive of PTE
[prenatal tobacco exposure]” but did not significantly establish an association between the
exposure and child neurodevelopment (Abrishamcar et al., 2022). Similarly, an ERS designed for
C-Reactive Protein (MPS-CRP) demonstrated an “adequate” ability to predict cord blood CRP
levels at birth but showed null correlations with psychiatric symptoms tracked across childhood
(Suleri et al., 2024). Overall, most studies positioned ERS as indicators of prenatal or
environmental exposure, with limited evidence supporting its use for predicting downstream

clinical outcomes.

In contrast, a few studies reported associations between ERS and measures of clinical severity.
For instance, a polyepigenetic glucocorticoid (GC) score was successfully linked to the severity
of child mental disorders, where lower scores directly correlated with "more days spent in
inpatient or outpatient treatment" (Suarez et al., 2020). However, because these findings are rare,

researchers remain conservative in their risk interpretations.

3.23.3 Methodological Drivers of ERS Performance

To address the lack of success with linking exposures to outcome prediction, researchers
point to the specific methodological components to build the scores. ERS validity is sensitive

to three primary internal factors: tissue type, timing, and CpG site selection.
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3.23.3.1 Tissue Type:

The choice of biological tissue was an important consideration for researchers. Some positioned
cord blood as capturing “a direct reflection of the in-utero environment” that is free from
postnatal confounding (Deng et al., 2024). Others expressed that placental DNA methylation
could have larger effect sizes and better reflect cumulative gestational exposure than blood
(Shorey-Kendrick et al., 2024). Others discussed how saliva is a more accessible sample type
(Conole et al., 2023). Conversely, maternal blood was noted to be problematic as it can
potentially conflate fetal exposure with the pregnant individual’s biological state (Deng et al.,
2024). This sensitivity to tissue specificity creates a barrier. Researchers are forced to use easily
accessible sample types (e.g., blood, saliva) which may not accurately reflect the pathology of
inaccessible target organs (e.g., fetal brain). While this limitation does not stop ERS
development, none of the reviewed papers could confirm whether the construct being measured

remains stable across different tissue types.

3.23.3.2 ERS Timing:

Timing shapes both the magnitude and the durability of the DNAm signal. Researchers view
ERS as temporally sensitive; it does not merely detect the presence of an exposure but provides
clues about the specific gestational window during which the exposure occurred. For example,
"sustained maternal smoking during pregnancy has a much greater effect on newborn

methylation than smoking that ceased early in pregnancy" (Reese et al., 2017).

Additionally, these signals fade. CpG associations are often “attenuated with the passage of
time,” meaning newborn methylation signals may persist into childhood but with drastically
reduced effect sizes (Reese et al., 2017). Because the predictive reach of an ERS across a

lifespan is still unknown, associations established at birth cannot be assumed to hold in later
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adolescence when complex psychiatric or neurological phenotypes emerge. To overcome this
single-point-in-time limitation, teams are calling for multi-trimester assessments and longitudinal

studies tracking the postnatal, pediatric, and adult periods (Suleri et al., 2024).

3.23.3.3 CpG Sites:

The number of CpG sites also made a difference in ERS performance. More is not always better;
expanding the number of CpG sites often introduces noise and dilutes the true biological signal.
One study demonstrated that an extended methylation score using roughly 1,500 CpG sites
performed significantly worse than a parsimonious seven-site score (AUC [area under the curve]
0f 0.53-0.55 vs. 0.72-0.76), concluding that the DNAm signal of CRP at birth is better captured

by a targeted score (Suleri et al., 2024).

3.23.4 The Generalizability Problem

ERS is vulnerable to the components and conditions that are used to generate it, meaning that
generalizability is lacking. The confounding factors most often discussed included the context in
which ERS was applied, the array platforms used, training and testing conditions, and sample

characteristics.

When researchers validate their scores on external data, performance drops, a known limitation
widely acknowledged across many research teams. A score optimized on a specific discovery
cohort typically exhibits metrics that degrade when applied to independent datasets. This lack of
generalizability stems from two main barriers: technical sensitivity and cohort/sample
characteristics. First, ERS performance is highly sensitive to technical variables, including
variations in microarray platforms (such as the 450K vs. EPIC arrays) and whether data used was

normalized or unnormalized. Second, models are highly sensitive to their training populations.
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An ERS trained on a predominantly active-smoker sample underperforms in populations
with lower smoking prevalence. Additionally, ancestral diversity significantly impacts ERS
accuracy. Models trained on homogenous cohorts drop in prediction accuracy when applied

to ancestrally diverse populations.

3.23.5 Researchers are Motivated by Scientific Purpose, Beyond Score Performance

Given the methodological challenges of ERS, one may view the current stage of ERS research
from a purely critical perspective. However, the analysis revealed that there are several
motivators that seem to be driving the development of ERS that extend beyond creating strong
scores that can capture the epigenetic footprint of prenatal exposures on developmental
outcomes. For many researchers, the ERS serves to understand underlying biological
mechanisms and facilitate collaboration across teams. Researchers expressed a deep interest to
uncover how prenatal exposures become embedded in the epigenome. In one study of prenatal
cocaine exposure, the authors noted that individual CpG sites did not provide sufficient
information on their own. To obtain a more interpretable signal, they conducted gene ontology
analysis on CpGs incorporated into their epigenetic analyses, which identified altered
GABAergic synaptic pathways and suggested potential effects on inhibitory synaptic function.
This example illustrates how epigenome-wide analyses and downstream aggregation approaches,
including ERS, are used in combination with one another to go beyond individual CpG effects
and support interpretation of complex neurodevelopmental outcomes.

As constructing ERS is a huge endeavour, research teams approach ERS development with an
open, collaborative mindset. From presenting their CpG weights to model specifications in
supplementary tables, they invited other researchers to apply the score directly in their own

datasets for validation purposes, at points claiming, “little loss of performance” (Reese et al.,
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2017). The same team also mentions that their score would be “simple to compute in other
newborn datasets”, and purposefully not batch-correcting their training and test sets “to better
approximate how the score will behave in other studies” (Reese et al., 2017). This transparency
shows that researchers are making their current scores as accessible as possible for the broader

scientific community.

3.23.6 Summary

The analysis of the papers revealed that from researchers' perspective, despite ERS' vulnerability
to biological and technical constraints (e.g., tissue type, ancestry) and unmeasured environmental
confounders, they believe in its utility as an objective proxy for exposures and a mechanism for

investigating biological pathways.

CHAPTER FOUR: INTEGRATION OF LITERATURE REVIEW AND FOCUS GROUP

RESULTS

4.1 Convergence of Concepts Discussed by Focus Group Participants and Researchers

When comparing the focus group transcripts with the discussion sections of the research papers,
the high degree of alignment between participants and researchers was striking. Despite their
differing roles as the "builders" and the future "users" of ERS, both groups frequently positioned
their arguments in the same core concepts. These convergent codes function in Figure 4 as the
pillars of a bridge connecting basic research to clinical practice, proving that both sides are
ultimately building toward the same destination: positively impacting patient care. Table 6
describes where researchers and focus group participants converged, and provides important
context to each group's respective priorities, highlighting just how frequently their clinical and

research interests overlapped.

Page 121 of 208



Table 6: Overarching Convergent Topics Between Focus Groups and Reviewed Literature. A summary of the frequency of convergent

codes and shared topics across focus groups (phase 2) and the discussion section of reviewed papers (phase 3) is presented. Note that

the final row encompasses an overarching convergent topic rather than a single matching code; while the specific codes assigned to

each data source were distinct, they conceptually outline the same area of interest from parallel perspectives.

Code Focus Groups (FGs) Reviewed papers
Key points/issues No. of | Key points/issues No. of
FGs papers
Breadth and e Most participants had strong discomfort with | 5 e Studies positioned ERS within a broader 11
depth of ERS integrating ERS before large-scale, blinded, or literature and noted that the body of ERS
research longitudinal studies confirm validity, literature is still in its early stages. Thus, they
especially across diverse populations. Some called for multi-tissue analyses, larger
cited the accumulation of decades of clinical longitudinal cohorts, and follow-up data,
data for other established tools such as NIPT especially in light of a lack of gold standard for
and were concerned that premature integration ERS development and the variation in array
without strong evidence may have negative platforms, tissue types, statistical methods, and
consequences and put a strain on the populations.
healthcare system.
ERS validity | e High PPV and NPV, rather than sensitivity 6 e Most research teams used AUC, sensitivity, 10
metrics and specificity were the preferred metrics for specificity, and concordance with known health

clinical use by almost all participants. There
was a desire to better understand what they
were based on and populations they were
derived from.

outcomes as their primary validity indications
and were more likely to be preoccupied with
questions related to the technical aspects of
ERS validity (training and test sets, the effect of
sample size on sensitivity and specificity, as
well as the number of CpG sites).
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ERS- e Most participants were not confident that an e While some studies documented associations 11
presentation ERS can establish a causal or even between ERS scores and health outcomes
link correlational link between a specific exposure including language delays and behavioural
and clinical presentation given the disorders, with some dose-dependent
multifactorial nature of many NDD outcomes relationships, researchers cautioned that
and that many NDD outcomes manifest years methylation signatures are not exposure-
later. Moreover, they felt that a normal ERS specific, as multiple prenatal exposures may be
does not rule out exposure effects. involved in the same epigenetic pathways; and
heterogeneity in study populations and
exposure types introduces variation in the
direction, strength, and specificity of
associations. Some also emphasized that ERS
captures correlation with outcomes rather than
causal mechanism.
Potential ERS | ¢ ERS was viewed as potentially most valuable e Researchers saw ERSs being used as an 9
benefits when it filled a knowledge or clinical gap, objective biomarker, to distinguish sustained
changed care pathways, facilitated access to from intermittent exposure, to complement
early intervention services, pregnancy decision epidemiological studies of other prenatal risk
making, or motivated behaviour change. factors, to identify at-risk newborns before
clinical symptoms appear, and to advance our
understanding of the Developmental Origins of
Health and Disease (DoHaD).
Clinical e The most recurring concern for all e While some papers provided examples of ERS’ | 8
actionability participants was how would ERS change clinical actionability potential, such as

clinical management and struggled to identify
a scenario where a low-risk result would offer
reassurance or a high-risk ERS result would

validating self-reported exposure history,
identifying newborns who warrant closer
developmental surveillance, and monitoring the
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prompt a management change beyond what is
already standard practice, especially given the
emotional weight of a high-risk ERS result.

efficacy of prenatal interventions, most papers
acknowledged that translating ERS findings
into concrete clinical protocols remains an area
that requires more research.

ERS e Participants pointed out some current e This was primarily discussed as ERS predictive | 10
prediction limitations of ERS, such as the dynamic nature power being constrained by technical
limitation of methylation patterns that may change limitations including recall bias in training data,
postnatally, inability to specify outcome biomarkers that cannot capture exposure timing
severity or distinguish between direct and or duration, population homogeneity in
indirect exposures, the multifactorial cause of discovery samples, unmeasured confounders,
certain outcomes, that could impact risk and small sample sizes.
assessment and counselling.
Timing of e Many participants raised questions about when e Most papers collected ERS at birth, which 8
ERS and how often ERS should be measured, aligned with the postnatal preference expressed
weighing the need to capture exposure effects by some focus group participants. According
at the most biologically relevant time point to several research teams, this appears to be a
against the potential for psychological harm biologically meaningful window. They showed
from poorly timed or repeated testing. that sustained prenatal exposure produces
stronger methylation signals than intermittent
or early-cessation exposure, in utero signals
may persist into childhood, and neonatal ERS
may be able to predict developmental
outcomes as late as 36 months.
Sample eMany participants were curious to see the data e Overall, researchers expressed that tissue type | 11
collection on different tissue types to better understand critically shapes ERS results: cord blood is the
method their applicability and comparability. most common and directly reflects the in-

Regardless of the evidence, almost all
participants preferred non-invasive or
postnatal approaches as they tend to be more

utero environment, but methylation patterns
vary across biologically relevant tissues. One
paper noted that the placenta may offer greater
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acceptable to patients and less ethically
challenging, especially for a screening test.

precision for certain exposures compared to
blood-based ERS.

Placenta-fetus

e Participants raised concerns that placental

e Some studies showed that methylation

concordance methylation from CVS may not align with changes in placental tissue and cord blood
fetal methylation, that testing a different tissue show different patterns for the same
than the one validated in research limits exposure. Overall, similarly to focus group
applicability and interpretability of ERS participants, they cautioned against cross-
results, and that a high-risk CVS result may tissue interpretation of ERS results without
need confirmatory amniocentesis, an proper, tissue-specific validation.
additional invasive procedure for a screening
test.
Outcome e Most participants were interested in an ERS e A few researchers acknowledged that there
clarity that specifies outcome severity, phenotypic may be limitations in how clear an outcome
features, or predicted functional implications ERS may be able to predict. For instance,
for the fetus. A discrete, clearly defined shared biochemical responses across multiple
outcome was deemed most valuable for exposures may influence DNAm signatures,
anticipatory guidance, compared to a broad thereby impacting outcome specification.
outcome. Confounding factors (nutrition, infection,
lifestyle, environment, etc.) were also stated to
limit outcome clarity.
Bias/ethics e Many participants brought up ethical concerns e There was very little discussion on the ethical

such as potential legal and custody-related
repercussions for patients, further
stigmatization of marginalized populations
that may already be carrying epigenetic
“burden”, eugenics, inequitable access to
services following a high-risk ERS result, the
ethical risks of predicting certain exposures
such as prenatal alcohol use and maternal

challenges and factors surrounding ERS
development, aside from concerns about serial
blood sample in preterm neonates (ethical
challenges of that, discomfort, etc.) as well as
potential harm to vulnerable groups given that
the data used to train and test ERS is based
largely on individuals of European ancestry.
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mental health, as well as ethical challenges
during the consent and disclosure process.

Risk e Overall, most participants felt that they would e Researchers pointed out a few factors that would | 4
interpretation treat each ERS result on a case-by-case basis, limit risk interpretation. They noted that small
factoring in other possible causes and effect sizes explain only a portion of outcome
investigations. Some felt was a low- or high- variance and cumulative exposure scores may
risk result would impact their risk mask which specific exposures drive
interpretation, with the former being associations.
potentially more useful for some and the latter
carrying more uncertainty. A few felt that they
would be reassuring for most teratogen-
exposure scenarios, regardless of ERS results.
Type of e The majority of participants distinguished e The range of exposures studied in the 10
exposure/outc | between exposures that carry inherent stigma literature is wide and continues to expand.
ome (substance use, mental health conditions) and Researchers seemed to view the various types
those that do not such as toxic teratogens. In of exposures and outcomes that are measured
terms of outcomes, there was a preference for as progressive steps towards ERS expansion.
outcomes with discrete, definable clinical They did not ethically differentiate between
management implications. the different exposure types in the same way
that focus group participants did.
Collaboration | e Focus groups participants expressed curiosity e While research teams also cared about 13
is key to about unknown perspectives from different collaboration, their focused lay heavily on
building health providers such as obstetricians, who working with other researchers. Collaboration,
successful may be involved in the care of pregnant from their perspective, was geared toward

and relevant
ERS*

individuals or may be involved in ordering
ERS and delivering the results. They thought
it was critical to include their voices in ERS
development, as well as those of people
involved in policy.

validation of their findings and advancing
research forward, and less so on
implementation and conversing with various
stakeholders. In short, researchers’ focus is on
building and validating the tools. Indeed, they
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e Relevant codes: Other Providers Should be
Consulted and Provider Education

seemed to focus more on ERS predictive
power, in other words, how well the test
performed, and the various technical, training,
and test factors that limited or strengthened its
performance.

¢ Relevant codes: Applicability and
Comparability Across Studies, Data Sharing
and Accessibility and Future Directions,
Diversity as Strength, ERS Performance
Level, ERS Training and Testing
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4.2 Divergence of Concepts Discussed by Focus Group Participants and Researchers

Although many topics converged between the focus group transcripts and the discussion sections

of the included articles, each group also exhibited unique priorities as described in Table 7.

Table 7: Overarching Divergent Topics Between Focus Groups (Phase 2) and Reviewed

Literature (Phase 3): Summary of Codes Unique to Each Data Source

Focus Groups Reviewed Papers
e Other Providers Should be Consulted e Applicability and Comparability Across
¢ Provider Education Studies
¢ Diagnostic vs Screening e Data Sharing and Accessibility
e Follow-Up/Recommendation Regardless of | ® Future Directions

ERS ¢ Diversity as a Methodological Strength
e Targeted Clinical Evaluation Over ERS e ERS Performance Level

e Mismatch Between ERS and Clinical Need | @ ERS Training and Testing

e Work-Up Regardless of ERS

e Knowledge of Exposure Is Enough

e ERS Alone Doesn't Justify an Invasive
Procedure

e Testing Indication

e Insurance Coverage

e Policy and Regulation

e Access and Equity

e Report Language and Presentation” and
Informed Consent

e Factors Influencing Patient Uptake

e Impact of ERS on Patient Behaviour

e Patient ERS Interpretation

¢ Potential Adverse Consequences

e Eugenic concern

Fundamentally, while researchers are focused on constructing and validating the tool, genetics

providers are anticipating the practical realities of its clinical utility. This section examines
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differences in how each group viewed the value of collaboration, focus group participants’
concerns regarding the clinical and human side of ERS, and researchers’ distinct perspectives on

the broader value of ERS research.

4.2.1 Does ERS Actually Produce the Kind of Knowledge That Is Useful in a Clinical
Encounter?

While the usefulness of ERS in a clinical encounter was a topic that came up repeatedly across
all focus groups, it was largely absent in the published papers. In themes one and two, focus
group participants expressed a recurring concern that ERS cannot function as a screening tool
without defined confirmatory or diagnostic investigations available to pursue should a “high risk
result” be identified. This concern was compounded when participants considered outcomes like
neurodevelopmental conditions, where epigenetics may only explain a fraction of a clinical
presentation. Adding to this, in some cases, the result would simply confirm what a thorough
clinical evaluation had already suggested. While clinical actionability was a code that both
groups touched upon, focus group participants discussed the concept of reason for testing more
holistically and comprehensively. They wondered about the utility of ERS in cases where the
work-up proceeds the same way regardless, the exposure is already known, or the procedure
required to obtain the sample carries more risk than the information justifies. Together, these
concerns highlight a mismatch between what ERS is proposed to offer and what is required for
clinical decision-making.

4.2.2 The Necessary Infrastructure and Governance Has Not Yet Been Established

Not surprisingly, considerations regarding the health infrastructure needed before ERS could be
used in clinic were uniquely described in the focus group data. Participants had questions about
who could decide to offer ERS and under what circumstances, with what consent process? What

protections exist against the result being used by insurers or in legal proceedings? How are
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results communicated in the report? Participants expressed that even if ERS belong in clinical
practice, the necessary systems do not yet exist for successful clinical integration. As discussions
surrounding clinical governance and infrastructure are typically outside the scope of biomarker
discovery studies, these issues were unsurprisingly absent from the discussion sections of the
reviewed papers.

4.2.3 The Human Being on the Receiving End of ERS

Central to all focus group participants’ key issues and priorities were the impact on patients.
They discussed, from their own perspective, how patients might perceive the value, clinical
utility, and safety of the test. They also discussed the emotional reactions patients may have, and
the ethical and logistical implications ERS may propose for patients. Many participants were
curious about how patients would interpret their own risk and perceived control following
disclosure, ultimately affecting their decision-making. These were issues or topics that were

absent from reviewed papers.

Moreover, focus group participants were also concerned with the potential of who bears the cost
if things go wrong. They wondered about who is most likely to be impacted, what specific
worries or concerns we may have to address proactively, and what harms we would need to
mitigate as we make progress.

4.2.4 Broader Benefits of ERS Research

A topic prominent in the research literature was the value of ERS beyond direct clinical
application. Researchers expressed two justifications that focus group participants did not raise.
From their perspective, ERS has value as a research tool independent of clinical utility.
Researchers described ERS as a means of objectively capturing prenatal and early-life exposures,

generating resources for future investigations, and supporting the study of exposure-outcome
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relationships in child health. Second, researchers saw practical viability in ERS development,
expressing that targeted methylation assays may be more cost-effective and scalable than
genome-wide approaches. Together these codes reflect a research goal focused on building and
justifying the knowledge base around ERS, rather than toward the clinical questions that were at

the centre of focus group discussions.

Considering the disproportionate number of codes unique to each source, it was clear that the
clinical questions focus group participants brought to ERS about patients, governance/policy,
and harm, extend beyond what researchers focusing on prenatal ERS may have so far engaged
with. Such asymmetry is to be expected, as it naturally reflects the distinct priorities each group
holds regarding ERS development and application. Researchers are primarily focused on
building and validating the bridge, whereas genetics providers are concerned with what happens

when people are asked to cross it.
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CHAPTER FIVE: DISCUSSION

This is the first study to examine genetics providers’ perspectives on the utility of ERS in
prenatal genetic counselling for exposures linked to neurodevelopmental outcomes. The study is
unique in its design, which compares provider perspectives collected via focus groups to the
language used by ERS researchers in discussion sections of published papers. The perspectives
are important to investigate, particularly in the era of fast advancement in genomic and
epigenomic technologies, rapid development of ERSs, commercialization of these tests, and
direct-to-consumer efforts which bypass clinical workflows and go straight to the general

population (Gronowski & Budelier, 2020; Jarry, 2020; Javitt & Hudson, 2006; Panacer, 2023).

Both groups expressed concerns regarding the strength of the evidence base, technical limitations
of ERS, and the characteristics of the exposures and outcomes being measured. However, their
professional roles shaped how they interpreted these issues. Researchers tended to emphasize
analytical validity and scientific advancement, whereas genetics providers focused on clinical
validity, utility, and the practical realities of implementation. Consequently, divergence between
the groups was less about whether ERS should be developed and more about the relative
importance assigned to different forms of evidence and the rationale for selecting particular

clinical variables and neurodevelopmental outcomes.
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5.1 What Constitutes Progress: Analytic Validity or Clinical Validity?

The core area where the two groups diverged seemed to centre on the underlying purpose of
doing ERS research. Researchers were largely focused on technical performance: biological
mechanisms, comparison to previous literature, score construction, and training and test set
characteristics. Their main focus was to establish whether ERS demonstrates strong predictive
performance, as evident in the values presented in the literature: specificity, sensitivity, and
AUC, which align with analytic validity rather than clinical validity (Khoury et al., 2007;
Regulation of Genetic Tests, 2024). Focus group participants focused on validity data, such as
PPV and NPV, to find the application of ERS convincing. Without these metrics, they struggled
to see how ERS could be clinically useful. This is not surprising as the FDA's review template
lists clinical validity, including PPV and NPV, as a required component of genetic test evaluation

(Kaul et al., 2001).

Another marker of progress for focus group participants was whether ERS is clinically
actionable. What would counselling of this tool look like? Would an ERS result change
pregnancy options or postnatal and follow-up care for their child? Their experience and training
allowed them to speculate the impact of ERS results in a clinical encounter distinguish situations
where it may add value beyond the current standard of care from those where its benefit is

limited.

5.2 Evaluating the Evidence Base for ERS
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For researchers, a stronger evidence base meant strengthening specificity, sensitivity, AUC, and
other measures of analytic and clinical validity, and advancing the ERS field along those metrics.
For focus group participants, analytic validity was less important than clinical validity and
utility, including explaining ultrasound findings, informing treatment response, and improving
pregnancy and postnatal health outcomes, ultimately aiming to determine what
recommendations, interventions, or treatments might follow an ERS result.

5.2.1 Existing Frameworks for Assessing Clinical Readiness

It is interesting that themes from the focus group data and the ERS literature align with
longstanding debates about laboratory performance in genomic medicine regarding how to
appraise newly developed genetic tests. One framework that has been widely used in these
evaluations is the analytic validity, clinical validity, clinical utility and associated ethical, legal
and social implications (ACCE) model (Sanderson et al., 2005). Analytic validity refers to test
performance in the laboratory: can the test consistently and accurately detect the presence or
absence of what it claims to measure (Sanderson et al., 2005)? Clinical validity asks how well
the test result relates to the exposure, outcome, or trait of interest, while clinical utility asks
whether the result will meaningfully change patient management and improve health outcomes
(Regulation of Genetic Tests, 2024). This distinction matters for ERS because there is currently
no regulatory oversight for clinical validity in the United States or in Canada. Centers for
Medicare & Medicaid Services (CMS) oversees analytic validity in the United States, but no
agency systematically reviews clinical validity for most genetic tests (Regulation of Genetic
Tests, 2024). In Canada, the framework is less clear cut. Health Canada assesses the analytical
validity of commercial kits and pharmacogenetic devices, while provincial health ministries and
accreditation bodies oversee the analytical accuracy of in-house laboratory-developed tests

(LDTs) (Holloway et al., 2019). The fourth ACCE domain, ethical, legal, and social issues, has
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been described as the most difficult to evaluate, in part because the relevant literature tends to
address general principles of genetic testing rather than test-specific concerns (Sanderson et al.,

2005).

5.2.2 Are Current Evaluation Frameworks Sufficient for ERS?

One might suggest that the ACCE model, along with comparable frameworks such as EGAPP
(Evaluation of Genomic Applications in Practice and Prevention) and GETT (Genetic Testing
Evidence Tracking Tool) could be applied to assess the clinical readiness of ERS. However,
whether these frameworks can be applied directly to ERS remains uncertain (National
Academies of Sciences et al., 2017; Regulation of Genetic Tests, 2024). Unlike traditional
genetic tests, which often assess relatively stable inherited variation, ERS is intended to capture
the biological effects of environmental exposures that may change over time and may be
modifiable through intervention. Consequently, evaluating ERS may require consideration of
additional factors, including the stability of scores across developmental periods, the extent to
which scores respond to environmental or clinical interventions, and whether modifying an ERS
ultimately leads to meaningful improvements in health outcomes. These considerations are not
explicitly addressed within many existing genomic evaluation frameworks, raising questions
about whether adaptation of current approaches may be required. While a detailed examination
of how existing frameworks might be adapted for ERS is beyond the scope of this study, these
findings highlight the need for future work to establish appropriate evaluation criteria through
engagement with relevant stakeholders. Such efforts may help determine whether existing
frameworks can be adapted for ERS or whether new approaches to evaluation are needed.

5.3 Technical Limitations Must be Addressed

Both groups agreed that ERS faces certain limitations that are addressable, while others may be

inherent to the tool itself. These included the multifactorial nature of phenotypic variance,
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including confounders, lifestyle, family history, and environment, along with the dynamic nature
of DNA methylation patterns and tissue specificity. Researchers largely framed these limitations
as solvable through further study and score generation, whereas genetics providers more often

viewed certain constraints as features of ERS that may always be present.

Previously published literature on environmental epigenetics supports these concerns. In their
2023 publication, Lappé and Hein interviewed epigenetic researchers investigating the
longitudinal and tissue-specific validity of epigenetic markers and found that perceptions of the
evidence needed to address technical limitations varied according to researchers' areas of
expertise. For instance, a developmental psychologist studying maternal mood sought to test
DNA methylation stability over time by collecting samples across multiple developmental
stages, while a pediatrician aimed to collect specimens across multiple tissue types within the
same patients to strengthen confidence in epigenetic signals (Lappé & Hein, 2023). While these
studies focus on broader epigenetic research rather than ERS specifically, they demonstrate the

importance of identifying priorities relevant to the end users of ERS.

These priorities were reflected in focus group participants’ suggested solutions, which included
expanding and diversifying exposure and outcome measures, population samples, and tissue
types. However, participants also acknowledged that some limitations may persist, including the
proportion of phenotypic variance explained by ERS. This residual uncertainty may complicate
interpretation and could introduce challenges for clinical communication, regardless of future
improvements in evidence generation.

5.4 Prioritizing Exposures and Predicted Outcomes for ERS

Both groups treated exposure and outcome type as meaningful considerations in ERS

development, though they did so for different reasons. Genetics providers drew a clear
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distinction between stigmatized exposures, such as substance use and maternal mental health,
and those perceived as more neutral or less socially contested, such as teratogens or infections.
They also preferred discrete, clinically actionable outcomes over those that might generate
uncertain or ambiguous results. This reflects their professional training: providers are trained to
consider the whole person, not only the test result, which means they anticipate how an ERS
framed around a stigmatized exposure will function in a counselling encounter (ACGC, 2023;
Veach et al., 2007). Researchers, by contrast, did not differentiate between exposure or outcome
types on ethical or social grounds in the literature reviewed. Expanding ERS to new exposures
and outcomes was framed as scientific progress. It is worth noting that no literature reviewed for
this study addresses how exposures or outcomes should be selected for ERS specifically, or for
epigenetic research more broadly. This absence may reflect the early stage of ERS development,
where much of the literature remains focused on establishing technical feasibility and predictive
performance. As the field moves toward clinical translation, greater attention may be needed to
determine how exposures and outcomes are selected and to consider the potential ethical, social,

and clinical implications of these choices.
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5.5 Structural Barriers to Clinical Translation

It is worth mentioning that the divergence between researchers and genetics providers may also
reflect a broader structural gap, perhaps partly shaped by funding incentives. Studies have shown
that translational research moving tools from validation toward clinical practice has historically
received less investment than discovery research, contributing to a well-described “valley of
death” between early-stage findings and clinical implementation (Butler, 2008; Khoury et al.,
2018). Funding models often favour smaller, short-term studies that are feasible within limited
timeframes, whereas the larger, longitudinal studies required to establish clinical utility are more
difficult to support (Seyhan, 2019). This structural gap may contribute to an emphasis on
demonstrating ERS’s biological or statistical validity, such as predictive performance, rather than
advancing tools toward assessments of clinical usefulness.

5.6 Regulation, Consent Frameworks, Insurance, and Access

One area that was almost entirely absent in the ERS research publications reviewed was
regulatory and policy-related considerations. Focus group participants raised questions about the
practicality of integrating ERS into clinical care: what constitutes informed consent for this kind
of test, who will have access to it, how will post-ERS interventions be handled, will it fall under
public health coverage or require private insurance, and how will results be reported? These
questions align closely with concerns raised in the broader literature on technology assessment
for genetic tests, where social impacts include informed consent, individual privacy, and the risk
of stigmatization or discrimination, alongside resource allocation questions about who bears the
cost of providing test-related services (Giacomini et al., 2003). None of these concerns, however,

were found when analyzing the discussion sections of the ERS research papers.

The absence of these considerations from the literature is noteworthy because they represent

important preconditions for clinical integration. Several explanations may exist. ERS researchers
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are simply less likely to encounter these issues directly, since they sit closer to the laboratory
than to the clinical space. Alternatively, discussion section space limitations may lead authors to
prioritize methodological and scientific considerations over downstream implementation
challenges. It is also possible that these conversations are occurring in less visible formats that
were not captured by this analysis. Regardless of the reason, regulatory and policy considerations
should be addressed alongside scientific development rather than deferred until ERS reaches a

technical threshold of readiness.

Regulatory agencies and policy stakeholders will play a critical role in determining whether and
how ERS is incorporated into clinical practice. There is precedent for government advisory
committees (e.g., Advisory Committee on Genetic Testing, Clinical Laboratory Improvement
Advisory Committee) and interdisciplinary roundtables (e.g., the Institute of Medicine)
collaborating with professional organizations to establish genetic testing oversight (Institute of
Medicine, 2011; Kauel et al., 2001; Voelkerding, 2000). As ERS moves toward clinical
application, regulatory agencies such as the FDA and Health Canada may need to determine how
existing oversight mechanisms apply to ERS.

Overall, both groups agree that there may be some potential for ERS in the clinical space;
however, the current body of literature is insufficient to provide enough supporting evidence to
move forward to the next step of translating this research tool into clinic. This is consistent with
a broader pattern in genomic medicine, where lack of evidence is often described as the primary
obstacle to moving a tool from research into clinical practice (Khoury et al., 2008). As illustrated
by the ERS bridge in Figure 4, participants viewed the evidence base as a foundational support
of the bridge that remains underdeveloped. Researchers are primarily responsible for

strengthening this foundation through the generation of robust evidence regarding validity,
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predictive performance, utility, and actionability, while genetics providers are focused on how
ERS information can be meaningfully integrated into patient care and decision-making. The
findings suggest that greater collaboration between these groups is needed to bridge the gap
between evidence generation and clinical application, ensuring that future ERS research
addresses clinically relevant questions and produces the evidence necessary to support safe and

effective implementation.

5.7 RECOMMENDATIONS FOR FUTURE RESEARCH AND CLINICAL

TRANSLATION OF ERS

Data from all four phases of this study have culminated in the recommendations described in
Table 8. There are a number of actionable items for both clinicians and researchers to consider
on the path of translating ERS from a research tool to a clinical one (Table 8). Efforts are
required in a collaborative fashion to advance the evidence base, establish clinical utility, and
address the practical and ethical considerations necessary for the responsible translation of ERS

into prenatal care.

Table 8: Recommendations for Researchers and Clinicians to Support the Advancement and

Responsible Integration of ERS into Prenatal Genetic Counselling Practice

Researchers Clinicians

e Engage providers (e.g., genetic counsellors, | ® Genetic counsellors, OBGYNss,
OBGYN:s, pediatricians) and patients pediatricians, and other relevant providers
before, during, and after study design and should participate in and consult on ERS
score generation, using a structured studies, contributing their expertise during
mechanism such as a community consult score generation and data collection and
team to advise on recruitment, materials, interpretation rather than only at the point of
and study design. This collaboration should clinical translation.
be long-term rather than a one-time e Before ERS tools become widely available
consultation. to the public, clinicians and professional
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e Incorporate clinical utility metrics,
including PPV and NPV, alongside the
analytical performance metrics already
prioritized, such as sensitivity, specificity,
and AUC.

e Build equity considerations into exposure
and outcome selection at the design stage to
mitigate potential downstream adverse
impacts of poorly selected
exposures/outcomes. Consider developing
ERS that predict provider-prioritized
exposures and outcomes, including
environmental teratogen exposures,
infection risks, intervention responses, and
ultrasound findings.

e Communicate ERS findings transparently
and proactively to the broader scientific,
clinical, and media community, to foster an
honest discussion and narrative around ERS
and its impact on people’s health.

e Advocate for or participate in cross-
disciplinary evidence synthesis efforts for
ERS, modeled on EGAPP or similar
frameworks, to support responsible clinical
integration of this tool.

organizations must engage with regulatory
bodies to address the risks of premature or
unregulated rollout, including via DTC
pathways.

Related to the previous point, the NSGC and
CAGC should consider issuing position
statements on ERS that incorporate the
clinical adoption considerations identified in
this study, including but not limited to
clinical evaluation of ERS, clinically
actionable exposures and outcomes, and
ethical considerations (eugenics, access,
informed consent processes, etc.)

Healthcare Provider training programs and
continuing education bodies should consider
developing and sharing a single learning
module on epigenetic mechanisms and ERS
across programs, rather than each program
building separate content independently.

5.8 The Translational Research Pipeline Model Could be Applied to Move Forward

These recommendations can be further interpreted using the translational research pipeline as a

framework for organizing different stages of evidence translation (Khoury et al., 2007). As

illustrated by the bridge analogy (Figure 4), this pipeline describes how scientific discovery (the

evidence-base pillar) is eventually implemented in routine clinical practice (the meaning- and

decision-making pillar of the counselling encounter). Khoury and colleagues describe this

framework in four phases: T1 research translates a basic discovery into a clinical application,

which includes diagnostic tools; T2 research assesses the validity and utility of that application
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and produces evidence-based guidelines; T3 research translates those guidelines into clinical

practice through dissemination and implementation; and T4 research evaluates real-world health

outcomes once the application is in use (2007). According to these phases, ERS are currently

best understood as sitting at the T1 stage: researchers are establishing the field of ERS and

generating evidence for its feasibility as a biological marker. Aligned with the goals of this

study, focus group participants were focused on T2 and T3 questions: what would it take for this

tool to be valid enough to use, and what would using it look like in practice? Moving ERS from

T1 toward T2 will therefore require structured mechanisms for collaboration between

researchers, clinicians, and end-users to define what constitutes clinical validity and utility for

this tool. This could include Delphi consensus processes to establish evidence thresholds (Nasa

et al., 2021; Visram et al., 2025) co-development of standardized reporting and interpretation

frameworks (Brouwers et al., 2010; Moher et al., 2010) and prospective studies embedded within

clinical settings to evaluate how ERS results influence counselling and decision-making (Pearson

et al., 2020; Pieters et al., 2009). Table 9 illustrates potential research examples across the

translational framework and summarizes the field's current progress (Adapted from Khoury, et

al., 2007).

Table 9: ERS Translational Research Continuum: Types and Examples in the Prenatal Space

Epigenome-wide
association studies

stress) associated
with differential
methylation at

Phase Definition Research Type Potential Example Progress on
(Khoury et ERS Research
al., 2007)

T1 Discovery | Discovery to | ERS score Are prenatal This is where
candidate generation, exposures (e.g., current ERS
health longitudinal birth tobacco smoke, air research is
application | cohort studies, pollution, gestational | most active.
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(EWAS); candidate
CpG site analyses;

specific CpG sites in
cord blood or
placental tissue? Do
these DNAm
signatures associate
with later
neurodevelopmental
outcomes such as
ASD or ADHD? Can
generated ERS
establish a link
between exposure
and outcome?

T2 Health Independent cohort What is the analytic | Emerging but
Validation application | replication and and clinical validity incomplete.
to evidence- | validation studies; (AUC, sensitivity, Researchers
based systematic reviews specificity) of an ERS | report the first
practice and meta-analyses; for NDD? set of metrics;
guidelines clinical validity What is its clinical the second,
assessment; adapted | utility (PPV, NPV) which
ACCE framework for the target providers
evaluation, with populations? require, is
modification required largely
for DNAm patterns absent.
rather than genetic
variants
T3 Practice Dissemination and What proportion of Largely
Implementation | guidelines to | implementation prenatal care absent for
health research; provider providers and genetic | ERS
practice knowledge and counsellors are aware | specifically.
attitudes surveys; of ERS and prepared | Existing
barriers and to integrate them into | surveys on
facilitators studies; clinical workflows? genomic
health technology What are the technology
assessment structural, readiness
informational, and among
ethical barriers to genetic
ERS uptake in counsellors
prenatal genetic did not
counselling? include
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epigenomic
technologies
(Farwell
Hagman et
al., 2020;
Gronowski &
Budelier,
2020; Haga et
al., 2012).
This study
contributes
early
evidence
toward this

term birth cohort
follow-up;
monitoring of equity
and access to services

severity of NDDs at a
population level?
What are the long-
term clinical benefits,
harms, and costs of
routine prenatal ERS
screening?

phase.
T4 Practice to Outcomes research; Does ERS-informed | ERS research
Impact population population-level prenatal care or early | has not yet
health surveillance of risk intervention reduce reached this
impact and benefit; long- the incidence or stage.

5.9 Ethical, Legal, Social Implications (ELSI)

Larger ethical questions remain about who benefits, who is harmed, and what responsibilities

clinicians and researchers carry in relation to this emerging technology. The four foundational

principles of biomedical ethics by Beauchamp and Childress first published in 1979 and widely

applied in genetics practice, provide a useful framework for examining these concerns: respect

for autonomy, beneficence, non-maleficence, and justice (Beauchamp, 1979).

5.9.1 Eugenics: History Should Not Repeat Itself

Issues of justice and non-maleficence surface in several distinct concerns raised by participants,

beginning with the profession's own history. The field of clinical genetics has a dark history of
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eugenic underpinnings, as the origins are tied to a movement that justified reproductive decisions
by deciding which traits were considered undesirable. Although present-day genetic counsellor
practice models steer clear from that intent, this concern is understandable given a historical
context of racism and structural oppression (Veach et al., 2007; Zuckerman, 2021). This is
important because the decision to study certain exposures and outcomes identified by ERS over
others is not neutral. Measuring some exposures and outcomes while leaving others unmeasured
may place implicit value on certain traits and behaviours among families and clinicians

(Boardman, 2014; Zerres et al., 2021)

A related violation of non-maleficence has been raised about epigenetics more broadly: framing
the field as a basis for progressive, inclusive policy does not prevent its findings from being used
to support older eugenic arguments. A 2009 study published in the American Journal of Human
Biology linked lower birth weight among African Americans to the long-term effects of slavery
(Jasienska, 2009; Meloni, 2016). The finding was meant to support investment in addressing
structural harm, but the same data, some argue, could be misread as evidence of “acquired
inferiority.” ERS that focus on vulnerable populations carry a similar risk, and researchers need
to think about how their findings may be interpreted, not only whether the findings are accurate.
5.9.2 Epigenetic Surveillance: ERS as Evidence of Behaviour

ERS developed for exposures such as substance use or maternal mental health raise a distinct
concern: they make a pregnant person's behaviour biologically traceable in a way that current
clinical tools do not. This traceability can invite moral scrutiny and, in some contexts, legal
consequences for behaviours that were previously private. This risk is in direct conflict with the
principle of non-maleficence and the literature on environmental epigenetics suggests that it is

not hypothetical. Studies on epigenetic mechanisms during pregnancy have already been used to
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support individualized narratives of blame, and these narratives compromise justice by
disproportionately affecting Black, Brown, and Indigenous individuals (Lappé et al., 2022;
Saldana-Tejeda & Wade, 2019; Valdez & Deomampo, 2019). Valdez (2021) argues that
epigenetic findings can either redistribute responsibility toward the structural conditions that
shape pregnancy or be used to justify greater surveillance and monitoring of pregnant individuals
based on race, gender, and other social traits. Which direction ERS research takes will depend on
which exposures are selected for, how results are communicated, and whether structural and
systemic factors are built into interpretation of findings. Lack of attention to these issues for ERS
could potentially perpetuate aforementioned harms, especially for marginalized individuals.
5.9.3 Is Non-Directiveness Possible With ERS?

Offering ERS challenges patient autonomy in ways that may not be as neutral as it appears on
the surface. Certain genetic counsellor researchers have argued that offering a test implies, at
minimum, that the test is worth taking, and offering a test for risk of a poor outcome implies an
implicit recommendation about what to do if that risk is found (Clarke, 1991; Clarke, 2017). This
pressure, some believe, will hold true irrespective of a counsellor's individual intentions, because
it comes from the structure of the clinical encounter itself rather than from anything the
counsellor says. In offering ERS, providers would, in effect, be putting their stamp of approval
on the idea that this information is something a reasonable person would want. Providers must
consider this risk to autonomy before it becomes part of routine prenatal care.

5.9.4 Equal is not Equitable: The Concern of Systemic Barriers

Access and equity raise additional questions about justice. Even before follow-up care is
considered, there is uncertainty about who would be offered an ERS in the first place and
whether individuals or families would be able to afford testing if it is not publicly funded or fully

covered by insurance. Beyond test access, there is no guarantee that appropriate counselling,
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referral, or monitoring pathways following a high-risk ERS result would equate to equitable
distribution of interventions and services. Literature shows that genetic test evaluation is tightly
linked to resource allocation, raising equity concerns about who has access to the resources
needed to manage an uncertain result, and who is left to handle that uncertainty alone (Adair et
al., 2009); National Academies of Sciences, Engineering, and Medicine [NASEM] et al., 2017).
The National Society of Genetic Counsellors (NSGC) has taken the position that regulation
should prevent barriers to accessing genetic tests for underrepresented and underserved
communities, but access to the test itself is only part of the concern (NSGC, 2025). Depending
on the jurisdiction, variable coverage and reimbursement policies can produce unequal access to
the follow-up care a result might require, which would further widen existing health disparities.
5.9.5 Outpacing Utility: The Risk of an Over-the-Counter ERS

A further concern worth discussing involves beneficence and non-maleficence: whether ERS
would reach the public through direct-to-consumer (DTC) channels regardless of whether
clinicians consider it ready for clinical use. This concern has precedent. Companies have already
begun marketing epigenetic tests directly to consumers, including tests related to epigenetic
aging (Aubrey, 2024; Ibanez-Cabellos et al., 2026; Jarry, 2020). This growth has occurred in the
absence of clinical consensus about validity or utility, and there is little reason to expect ERS
would be treated differently (Apsley et al., 2025). If ERS reaches consumers through direct-to-
consumer companies before the clinical and communities decide on its readiness, providers may

end up managing the consequences of a test they did not endorse.

Epigenetic aging tests offer a useful preview of what ERS may face if it reaches the public
before its clinical value and diagnostic pathways are fully described. These tests are already

commercially available and present consumers with results derived from epigenetic data, often
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communicating conclusions, such as the benefits of reducing alcohol use or quitting smoking,
that are already available for free through public health guidance (Jarry, 2020). The evidence on
whether this kind of risk communication is beneficial and changes behaviour is not encouraging.
A systematic review and meta-analysis found no significant effect of communicating DNA-
based risk estimates on smoking cessation, diet, physical activity, or alcohol use (Hollands et al.,
2016). If ERS are rolled out as DTC tests, this could violate non-maleficence by generating cost
and anxiety for patients without a clinical benefit, which strengthens the case for establishing

clinical utility before, rather than after, these tests reach the public.

Bearing in mind these issues and using the principles of biomedical ethics as a guide, Table 10
depicts a set of considerations in the case of premature adoption of ERS in prenatal genetic
counselling. This responsibility does not rest with a single group; rather, it requires collaboration
among researchers developing ERS, clinicians who will interpret and communicate results, and
regulatory and policy bodies responsible for oversight and equitable implementation in clinical

practice.

Table 10: Core Bioethical Principles Applied to Prenatal ERS: Examples of Fulfilment and
Non-Fulfilment

Core ethical Fulfilled Not Fulfilled

principle

Autonomy e May offer pregnant individuals | e Informed consent is compromised
access to probabilistic when clinicians and patients lack
information about prenatal adequate understanding of the
exposures and NDDs, probabilistic, tissue-specific, time-
supporting decision-making for sensitive, and potentially reversible
the pregnancy period and nature of ERS
beyond. ¢ Without structured pre-test

e May meet the right to know for counselling, families are likely to

families seeking to understand conflate ERS with deterministic
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environmental contributors to
neurodevelopmental risk

genetic risk, undermining informed
decision-making

The right not to know is not protected
if ERS results are returned without
opt-in consent processes or disclosure
counselling.

A maternal ERS carries implications
for the child’s “right to an open
future”, as a third party who bears risk
without agency, known as relational
autonomy (Feinberg, 1980) .

ERS generated from cord blood or
placental tissue at birth epigenetically
profile children who cannot consent to
testing.

Beneficence e May enable early identification Without established clinical validity,
of children at elevated NDD ERS cannot reliably distinguish high-
risk, facilitating timely from low-risk individuals.
developmental monitoring or In the absence of validated
referral interventions tied to ERS results,
Could motivate reduction of returning scores may generate distress
modifiable prenatal exposures without improving health outcomes.
if results prompt behaviour Causal relationships between ERS-
change in pregnant individuals indicated DNAm changes and NDD
and broader systemic change development are not established; the
resulting in improved assumption that the score reflects
environments (e.g. reduced biological risk is unsubstantiated.
pollution, improved working Early monitoring benefits are
conditions, cleaner premised on ERS having actionable
neighbourhoods, reduced clinical utility, which is a threshold
stigmatization, etc.) the field has not yet reached.

Nonmaleficence If ERS identifies modifiable Without validated thresholds, ERS

prenatal exposures, clinical
follow-up could support
exposure reduction in future
pregnancies

risk high false positive and false
negative rates, false reassurance or
unwarranted alarm with no
established clinical path forward.
Labelling a child with a probabilistic
ERS, prior to established clinical
validity, may cause lasting
psychological harm through parental
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anxiety, stigma, and altered
caregiving expectations

Cord blood DNAm does not reliably
reflect brain tissue methylation; risk
estimates derived from surrogate
tissue may be systematically
inaccurate in ways that cannot be
detected without validated reference
standards

Epigenetic data encodes sensitive
information about a person's lived
environment and health history,
creating privacy and data misuse risks
in the absence of robust governance
frameworks

ERS tied to prenatal exposures may
amplify unwarranted maternal guilt
and blame, disproportionately directed
at pregnant individuals rather than the
structural conditions that shape
exposure

Justice

e May draw clinical attentionto |
environmental contributors to
NDD disparities, highlighting
structural determinants of
neurodevelopmental health

ERS developed predominantly from
European birth cohorts may perform
poorly in racially, ethnically, and
socioeconomically diverse
populations, introducing systematic
bias in risk stratification
Communities bearing the greatest
environmental exposure burdens,
racialized, low-income, and
Indigenous populations, may be most
likely to receive elevated ERS,
pathologizing the epigenetic
consequences of structural inequity
without addressing root causes
Without equitable access to genetic
counselling for result interpretation,
marginalized populations face greater
risk of misunderstanding, misuse, or
unexplained anxiety from ERS results
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e Epigenetic risk data could be accessed
by insurers, employers, or child
welfare systems and used in
discriminatory ways in the absence of
legal protections

¢ Resource expenditure on clinically
unvalidated ERS diverts from
evidence-based NDD services, with
disparate impact on underfunded
healthcare systems serving higher-
need populations

5.10. Study limitations

Several factors influenced the generalizability and applicability of the study findings. First, due

to the limited existing literature on ERS for prenatal exposures and neurodevelopmental

outcomes, only a small number of relevant studies were available for inclusion. This reflects the

early stage of the field; as such, the available data are restricted in both depth and breadth. This

scarcity limited the variety of hypothetical case scenarios that could be meaningfully developed

for the focus groups. Furthermore, given the small number of available articles, ZNM was unable

to explore researcher perspectives in substantial depth, particularly as this was a secondary

analysis of published research papers in which the written content was not intended to address

the specific research question of this study. Since discussion sections of empirical papers are

already limited in scope by convention, this compounded the constraints on the qualitative

analysis that was possible, narrowing the interpretive range and depth of that component of the

study. However, it is important to note that this reflects how ERS is currently being

communicated and disseminated into the field, as researchers developing these tools are not

typically engaging in primary qualitative studies such as focus groups. As such, although this

approach has limitations, it is an appropriate method for examining how ERS is currently

represented in published literature.
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Focus groups were chosen to account for both the time constraints during a 90-minute session
and existing knowledge gaps regarding ERS, ensuring that participants could engage
meaningfully with a topic that is still relatively early in its development. Although surveys and
direct interviews may appear to provide the most straightforward way to elicit opinions about
emerging risk assessment tools, such approaches assume that participants possess sufficient
familiarity and experiential grounding to offer well-developed views. In the case of ERS, this
assumption is problematic, as many stakeholders have limited exposure to the concept, and there
is no ERS-specific clinical experience on which to draw. As such the knowledge about ERS
among participants may be directly informed by the information presented in the hypothetical
case scenarios, and participant responses may have anchored by the specific exposures,
outcomes, and predictive values that were presented. Additionally, hypothetical case scenarios
cannot be expected to fully replicate how genetics providers would respond in real clinical
encounters with actual patients, despite efforts to make the case scenarios as realistic as possible.
While the case scenarios served effectively as anchors for structured discussion, they represent
only a subset of the clinical situations that genetics providers might encounter in practice. As
such, they may serve as a template or source of inspiration for future studies seeking to explore a
broader range of ERS-related clinical contexts. Further, the case scenarios were focused on
prenatal exposures and neurodevelopmental outcomes. Thus, this may have shaped participants'
framing of ERS utility in ways that would not necessarily be generalizable for other exposures
and outcomes. As such, participants' views should be understood within that context rather than

as a general commentary on the ERS field.

As with most focus group-based studies, the number of participants may be insufficient to

capture the full diversity of perspectives across the profession, and any attempts to generalize
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beyond the sample should be approached with caution. Moreover, despite deliberate efforts to
reduce social desirability bias and to balance dominant and quieter voices during facilitation, the
small size of each focus group may have nonetheless contributed to a narrower range of
expressed opinions or the suppression of dissenting views (Nederhof, 1985). Additionally, the
participant pool was composed exclusively of Canadian and U.S.-based genetic counsellors,
which limits the transferability of findings to genetics providers practicing in other healthcare
systems, such as those in the United Kingdom or Australia, where structural, regulatory, and
cultural contexts may differ meaningfully. Indeed, the absence of other genetics providers,
specifically geneticists, from the participant pool may have also shaped the data and, by
extension, the themes that emerged from the focus groups. Finally, participants were majority
female, which may impact the diversity of perspectives; however, this reflects the broader
demographic profile of the profession, where over 90% of genetic counsellors identify as female

according to recent NSGC and CAGC professional status surveys (CAGC, 2024; NSGC, 2024).

During the analysis of focus group data, body language and nonverbal communication were not
captured, which can at times provide meaningful context for interpreting verbal responses.
However, this limitation was partially mitigated by the researcher replaying audio recordings
when excerpts were ambiguous, allowing for closer attention to tone and nuance in order to

better capture the essence of participants' contributions.

Finally, the focus group facilitator's positionality may have shaped the development of the focus
group guide, the coding process, and the interpretation of emerging themes. However, this was
mitigated through continuous reflexivity practice and the application of the rigour strategies

described in the methods section, which were employed throughout data collection and analysis.
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A further limitation concerns the difference in focus area between the two participant groups
with respect to ERS and its potential. Genetics providers may possess more extensive knowledge
of the clinical dimensions of patient care and the genetic counselling of genomic technologies,
whereas researchers may have more in-depth familiarity with ERS methodology and its technical
parameters. This difference in baseline knowledge complicates direct comparisons of
perspectives across groups, as differences in viewpoints may partly reflect differences in

professional exposure to ERS rather than substantive disagreement about its clinical utility.

It is important to note that this study is exploratory in nature and is intended to contribute
foundational understanding within an emerging area of research, rather than to serve as a guide
or roadmap for clinical utility. The limitations described above reflect the boundaries of what is
currently possible in this emerging area of research and point to the directions that future

research could take to build upon and extend these findings.

5.11 Future Directions

The limitations outlined above offer several meaningful directions for future research, many of

which emerged organically from the focus group discussions themselves.

Although genetic counsellors are among the provider groups with the greatest expertise in
counselling patients on genomic technologies such as ERS, focus group participants identified
other providers whose perspectives would offer valuable and critical insights into the utility and
applicability of ERS in clinical practice. These include obstetricians and gynecologists,
geneticists, pediatricians, and other providers who may be involved in the care of children
identified as high risk by ERS, or who may be called upon to counsel patients on this tool.

Engaging these groups would require both more targeted recruitment strategies and a broader
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recruitment reach. Bioethicists represent another group of particular note, given their capacity to
contribute important insights into the ethical frameworks that would be necessary for the safe
and responsible implementation of ERS in clinical settings. Additionally, conducting dedicated
focus groups or in-depth interviews with researchers, rather than relying primarily on the
discussion sections of published papers, could yield richer and more nuanced information on
their perspectives, and would allow for a more balanced and direct comparison with the views of

clinical providers.

“Two, do we think that patients are actually going to uptake if it's feasible? And then
definitely needing to get OB input on that. The poor OBs have so much to talk about to
their patients. And just this week now they're having to remind patients that Tylenol is
actually safe during pregnancy. All of the OBs that I work with this week are like, you've

got to be kidding me, right?” (Participant 6, Session 3)

While understanding the perspectives of the scientific and healthcare communities is essential, it
is equally important to more directly explore the perspectives of individuals who may receive
ERS results and experience this tool firsthand. Neither the literature reviewed nor the focus
group data directly represent the perspectives of pregnant individuals; instead, genetics providers
anticipate patient responses, which is not equivalent to patients expressing their own views. This
absence has important implications for both research and clinical translation. For researchers,
excluding patient voices risks the development and validation of ERS in ways that do not reflect
patient-defined outcomes, values, or priorities. For clinicians, it limits the ability to design
meaningful clinical protocols and counselling approaches without direct input from those who

would ultimately receive and interpret the test. While inferences about patient perspectives can
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be useful, particularly in emerging areas where direct data are limited, they cannot substitute for

empirically grounded patient engagement.

Future research should therefore prioritize the inclusion of patient perspectives on uncertainty
and probabilistic risk information in the context of ERS, including how patients interpret and
respond to results, how they navigate informed consent for risk-prediction tools, and how they
experience potential stigma associated with high-risk results. Equally important are the
psychosocial dimensions of ERS, including perceived responsibility or control, impacts on
reproductive decision-making, effects on mental health such as anxiety, and how ERS may shape
individuals’ experiences of pregnancy and their relationship with the developing fetus. Centering
the patient perspective in this way would be essential to ensuring that ERS, if implemented, is
both clinically meaningful and aligned with the needs and experiences of those it is intended to

S€rve.

Future literature reviews could also be expanded to include all ERS developed for the prenatal
period, regardless of the specific exposure or outcome under investigation, rather than restricting
inclusion to ERS linking prenatal exposures to neurodevelopmental outcomes as was done in the
current study. Such an expansion would supplement and contextualize the data presented here,
while also broadening the pool of available evidence from which hypothetical case scenarios for
future focus groups or interviews could be developed, allowing subsequent studies to explore a

wider range of clinically relevant ERS applications.

Taken together, the cumulative findings of these future areas of research could contribute to the
development and establishment of practice guidelines as the evidence base grows and our
understanding of how ERS could be responsibly implemented continues to improve. Future work

could also help evaluate and inform training needs among genetic counsellors and other
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providers with respect to ERS, further supporting the practical integration of this tool into
clinical workflows. Additionally, such research could inform how ERS results are communicated
and presented in clinical reports, a point that several focus group participants raised as a

meaningful and unresolved consideration.

There are many promising and important avenues for future research in this area. Given the
emerging nature of this field, it is important to pursue these directions early, so that ERS tools
are developed and refined with the perspectives of both providers and patients meaningfully

incorporated from the outset, thereby maximizing their relevance and utility in clinical practice.

CHAPTER SIX: CONCLUSION

This study set out to explore the clinical utility and feasibility of epigenetic risk scores (ERS) for
prenatal genetic counselling by comparing perspectives from genetics providers, collected
through virtual focus groups with Canadian and American genetic counsellors, and researchers
developing ERS, as represented in the published literature. The findings indicate that the two
groups share some priorities, particularly the need to expand and strengthen the ERS evidence
base. However, they diverge in how they define progress, with researchers primarily
emphasizing analytic validity and predictive performance, while clinicians place greater weight
on clinical validity and utility. The study also identified ethical, legal, and social implications
such as eugenics, insurance, access, and stigmatization, that require consideration prior to

clinical integration.

The findings of this study show that the field is not yet aligned on what constitutes meaningful
evidence for clinical use. Without clearer agreement on evidence standards and closer integration

of researcher, clinician, and patient perspectives, there is a risk that technical development will
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continue to outpace clinical readiness. Addressing this gap is essential if ERS are to move
beyond promising research tools and become responsibly implemented in prenatal genetic

counselling practice.

In light of these findings, and situated within the translational research pipeline, this study
highlights the need for coordinated efforts to bridge the gap between early-stage development
and clinical application. It invites collaboration among stakeholders, including clinicians, ERS
researchers, regulatory bodies, and end-users, to support the generation of evidence and
development of frameworks necessary to evaluate and responsibly translate ERS from research

into clinical practice.

Page 158 of 208



REFERENCES

Abrishamcar, S., Chen, J., Feil, D., Kilanowski, A., Koen, N., Vanker, A., Wedderburn, C. J.,
Donald, K. A., Zar, H. J., Stein, D. J., & Hiils, A. (2022). DNA methylation as a potential
mediator of the association between prenatal tobacco and alcohol exposure and child
neurodevelopment in a South African birth cohort. Translational Psychiatry, 12(1), 418.

https://doi.org/10.1038/541398-022-02195-3

Adair, A., Hyde-Lay, R., Einsiedel, E., & Caulfield, T. (2009). Technology assessment and
resource allocation for predictive genetic testing: A study of the perspectives of Canadian
genetic health care providers. BMC Medical Ethics, 10(1), 6.

https://doi.org/10.1186/1472-6939-10-6

Al Aboud, N. M., Tupper, C., & Jialal, 1. (2026). Genetics, Epigenetic Mechanism. In StatPearls.

StatPearls Publishing. http://www.ncbi.nlm.nih.gov/books/NBK 532999/

Apsley, A. T., Etzel, L., Ye, Q., & Shalev, 1. (2025). From Population Science to the Clinic?
Limits of Epigenetic Clocks as Personal Biomarkers. Epigenomics, 17(18), 1447-1461.

https://do1.0rg/10.1080/17501911.2025.2603880

Aubrey, A. (2024, February 5). You can order a test to find out your biological age. Is it worth
it? NPR. https://www.npr.org/sections/health-shots/2024/02/05/1228753141/biological-

age-test-dna

Barker, D. J. (1990). The fetal and infant origins of adult disease. BM.J : British Medical

Journal, 301(6761), 1111. https://doi.org/10.1136/bm;.301.6761.1111

Page 159 of 208



Barker, D. J., & Osmond, C. (1986). Infant mortality, childhood nutrition, and ischaemic heart
disease in England and Wales. Lancet, 1(8489), 1077-1081.

https://doi.org/10.1016/s0140-6736(86)91340-1

Barnes, K. C. (2025). Chapter |—Epigenetics and methylation risk scores. In L. Kelly & W. P.
Stanford (Eds.), Implementation of Personalized Precision Medicine (pp. 1-22).

Academic Press. https://doi.org/10.1016/B978-0-323-98808-7.00006-0

Bayuo, J., Kwok, W. Y. Y., Wong, F. K. Y., Wong, A. K. C., & Lam, K. K. W. (2026). Dyadic
and Triadic Interviewing Techniques in Qualitative Research: Theoretical Underpinnings
and Methodical Considerations. Journal of Advanced Nursing, 82(4), 3835-3844.

https://doi.org/10.1111/jan.70061

Beauchamp, T. L. (with Internet Archive). (1979). Principles of biomedical ethics. New York :

Oxford University Press.

http://archive.org/details/principlesofbiom0000beau_a3yS5

Belkacemi, L., Nelson, D. M., Desai, M., & Ross, M. G. (2010). Maternal undernutrition
influences placental-fetal development. Biology of Reproduction, 83(3), 325-331.

https://doi.org/10.1095/biolreprod.110.084517

Berger, S. L., Kouzarides, T., Shiekhattar, R., & Shilatifard, A. (2009). An operational definition
of epigenetics. Genes & Development, 23(7), 781-783.

https://doi.org/10.1101/gad.1787609

Bestor, T. H., & Verdine, G. L. (1994). DNA methyltransferases. Current Opinion in Cell

Biology, 6(3), 380-389. https://doi.org/10.1016/0955-0674(94)90030-2

Page 160 of 208



Bird, A. (2002). DNA methylation patterns and epigenetic memory. Genes & Development,

16(1), 6-21. https://doi.org/10.1101/gad.947102

Bird, A. P. (1987). CpG islands as gene markers in the vertebrate nucleus. Trends in Genetics, 3,

342-347. https://doi.org/10.1016/0168-9525(87)90294-0

Block, K. (n.d.). Rowan Medical Libraries Guides: Systematic Literature Reviews: Database
Comparison Charts. Retrieved June 22, 2026, from

https://rowanmed.libguides.com/systematicreviews/databasecompare

Boardman, F. K. (2014). The expressivist objection to prenatal testing: The experiences of
families living with genetic disease. Social Science & Medicine, 107, 18-25.

https://doi.org/10.1016/j.socscimed.2014.02.025

Bramer, W. M., de Jonge, G. B., Rethlefsen, M. L., Mast, F., & Kleijnen, J. (2018). A systematic

approach to searching: An efficient and complete method to develop literature searches.
Journal of the Medical Library Association : JMLA, 106(4), 531-541.

https://doi.org/10.5195/jmla.2018.283

Braun, V., & Clarke, V. (n.d.). Toward good practice in thematic analysis: Avoiding common
problems and be(com)ing a knowing researcher. International Journal of Transgender

Health, 24(1), 1-6. https://doi.org/10.1080/26895269.2022.2129597

Braun, V., & Clarke, V. (2021). Thematic Analysis: A Practical Guide. SAGE Publications.

Breton-Larrivée, M., Elder, E., & McGraw, S. (2019). DNA methylation, environmental
exposures and early embryo development. Animal Reproduction, 16(3), 465-474.

https://doi.org/10.21451/1984-3143-AR2019-0062

Page 161 of 208



Brouwers, M. C., Kho, M. E., Browman, G. P., Burgers, J. S., Cluzeau, F., Feder, G., Fervers, B.,
Graham, I. D., Grimshaw, J., Hanna, S. E., Littlejohns, P., Makarski, J., & Zitzelsberger,
L. (2010). AGREE II: Advancing guideline development, reporting and evaluation in
health care. Canadian Medical Association Journal, 182(18), E839-E842.

https://doi.org/10.1503/cmaj.090449

Bulla, A., De Witt, B., Ammerlaan, W., Betsou, F., & Lescuyer, P. (2016). Blood DNA Yield
but Not Integrity or Methylation Is Impacted After Long-Term Storage. Biopreservation

and Biobanking, 14(1), 29-38. https://doi.org/10.1089/bi0.2015.0045

Butler, D. (2008). Translational research: Crossing the valley of death. Nature, 453(7197), 840—

842. https://doi.org/10.1038/453840a

Canadian Association of Genetic Counsellors. (2024). Professional Status Survey.

https://www.cagc-accg.ca/?page=436

Califf, R. M. (2018). Biomarker definitions and their applications. Experimental Biology and

Medicine, 243(3), 213-221. https://doi.org/10.1177/1535370217750088

Capper, D., Jones, D. T. W., Sill, M., Hovestadt, V., Schrimpf, D., Sturm, D., Koelsche, C.,
Sahm, F., Chavez, L., Reuss, D. E., Kratz, A., Wefers, A. K., Huang, K., Pajtler, K. W.,
Schweizer, L., Stichel, D., Olar, A., Engel, N. W., Lindenberg, K., ... Pfister, S. M.
(2018). DNA methylation-based classification of central nervous system tumours.

Nature, 555(7697), 469—474. https://doi.org/10.1038/nature26000

Celeste, T. (n.d.). Library Guides: Which review is that?: Systematised Review.
Retrieved June 22, 2026, from
https://unimelb.libguides.com/whichreview/systematisedreview

Page 162 of 208



Christofidou, P., & Bell, C. G. (2025). The predictive power of profiling the DNA methylome in
human health and disease. Epigenomics, 17(9), 599—610.

https://do1.0org/10.1080/17501911.2025.2500907

Clarke, A. (1991). Is non-directive genetic counselling possible? The Lancet, Originally
Published as Volume 2, Issue 8773, 338(8773), 998—1001. https://doi.org/10.1016/0140-

6736(91)91849-P

Clarke, A. (2017). The Evolving Concept of Non-directiveness in Genetic Counselling. In H. 1.
Petermann, P. S. Harper, & S. Doetz (Eds.), History of Human Genetics: Aspects of Its
Development and Global Perspectives (pp. 541-566). Springer International Publishing.

https://doi.org/10.1007/978-3-319-51783-4 31

Condic, M. L. (2014). Totipotency: What It Is and What It Is Not. Stem Cells and Development,

23(8), 796—-812. https://doi.org/10.1089/scd.2013.0364

Conole, E. L. S., Vaher, K., Cabez, M. B., Sullivan, G., Stevenson, A. J., Hall, J., Murphy, L.,
Thrippleton, M. J., Quigley, A. J., Bastin, M. E., Miron, V. E., Whalley, H. C., Marioni,
R. E., Boardman, J. P., & Cox, S. R. (2023). Immuno-epigenetic signature derived in
saliva associates with the encephalopathy of prematurity and perinatal inflammatory
disorders. Brain, Behavior, and Immunity, 110, 322-338.

https://doi.org/10.1016/j.bbi.2023.03.011

Cooke, C. (2026). LibGuides: Health Databases: What's the difference? Scopus and Web of
Science. Retrieved June 22, 2026, from

https://libguides.lib.umanitoba.ca/healthdatabases/scopus-webofscience

Page 163 of 208



de Rooij, S. R., Painter, R. C., Roseboom, T. J., Phillips, D. I. W., Osmond, C., Barker, D. J. P.,
Tanck, M. W., Michels, R. P. J., Bossuyt, P. M. M., & Bleker, O. P. (2006). Glucose
tolerance at age 58 and the decline of glucose tolerance in comparison with age 50 in
people prenatally exposed to the Dutch famine. Diabetologia, 49(4), 637—643.

https://doi.0org/10.1007/s00125-005-0136-9

Deans, C., & Maggert, K. A. (2015). What Do You Mean, “Epigenetic”’? Genetics, 199(4), 887—

896. https://doi.org/10.1534/genetics.114.173492

Deaton, A. M., & Bird, A. (2011). CpG islands and the regulation of transcription. Genes &

Development, 25(10), 1010-1022. https://doi.org/10.1101/gad.2037511

Deng, W. Q., Cawte, N., Campbell, N., Azab, S. M., de Souza, R. J., Lamri, A., Morrison, K. M.,
Atkinson, S. A., Subbarao, P., Turvey, S. E., Moraes, T. J., Teo, K. K., Mandhane, P. J.,
Azad, M. B., Simons, E., Paré, G., & Anand, S. S. (2024). Maternal smoking DNA
methylation risk score associated with health outcomes in offspring of European and

South Asian ancestry. eLife, 13, RP93260. https://doi.org/10.7554/eLife.93260

Dieckmann, L., & Czamara, D. (2024). Epigenetics of prenatal stress in humans: The current
research landscape. Clinical Epigenetics, 16(1), 20. https://doi.org/10.1186/s13148-024-

01635-9

Farwell Hagman, K. D., Lamb Thrush, D., Freeze, S., Dorsainville, D. L., Eichmeyer, J., Banks,
K. C., & Counselors, T. G. T. S. I. G. of the N. S. of G. (2020). Facing the challenge of
genetic counselors’ need for rapid continuing education about genomic technologies.

Journal of Genetic Counseling, 29(5), 838—848. https://doi.org/10.1002/jgc4.1213

Page 164 of 208



Feenstra, K. (2026). LibGuides: Systematic Reviews and Knowledge Synthesis for the Sciences:
3. Select Databases. Retrieved June 22, 2026, from

https://libguides.lib.umanitoba.ca/scienceks/databases

Feinberg, J. (1980). Whose child? : Children’s rights, parental authority, and state power.

Totowa, N.J. : Rowman and Littlefield.

http://archive.org/details/whosechildchildr0000unse

Gagliardi, M., Bonadeni, M., Billai, S., & Marcialis, G. L. (2024). A Novel Approach to
Personalized Personality Assessment with the Attachment-Caregiving Questionnaire:
First Evidence in Favor of Interpretation-Oriented Inventory Designs. Psychology

International, 6(4), 796—815. https://doi.org/10.3390/psycholint6040051

Garcia-Giménez, J. L., Seco-Cervera, M., Tollefsbol, T. O., Roma-Mateo, C., Peir6o-Chova, L.,
Lapunzina, P., & Pallardo, F. V. (2017). Epigenetic biomarkers: Current strategies and
future challenges for their use in the clinical laboratory. Critical Reviews in Clinical

Laboratory Sciences, 54(7-8), 529-550. https://doi.org/10.1080/10408363.2017.1410520

Giacomini, M., Miller, F., & Browman, G. (2003). CONFRONTING THE “GRAY ZONES” OF
TECHNOLOGY ASSESSMENT: EVALUATING GENETIC TESTING SERVICES
FOR PUBLIC INSURANCE COVERAGE IN CANADA. International Journal of
Technology Assessment in Health Care, 19(2), 301-316.

https://do1.0rg/10.1017/S0266462303000278

Gillespie, C. A., Chowdhury, A., Quinn, K. A., Jenkins, M. W_, Rollins, A. M., Watanabe, M., &
Ford, S. M. (2025). Fundamentals of DNA methylation in development. Pediatric
Research, 98(2), 458-469. https://doi.org/10.1038/s41390-024-03674-7

Page 165 of 208



Godfrey, K. M., & Barker, D. J. (2001). Fetal programming and adult health. Public Health

Nutrition, 4(2B), 611-624. https://doi.org/10.1079/phn2001145

Goll, M. G., & Bestor, T. H. (2005). Eukaryotic cytosine methyltransferases. Annual Review of

Biochemistry, 74, 481-514. https://doi.org/10.1146/annurev.biochem.74.010904.153721

Grant, M. J., & Booth, A. (2009). A typology of reviews: An analysis of 14 review types and
associated methodologies. Health Information & Libraries Journal, 26(2), 91-108.

https://doi.org/10.1111/j.1471-1842.2009.00848.x

Gronowski, A. M., & Budelier, M. M. (2020). The Ethics of Direct-to-Consumer Testing. Clinics

in Laboratory Medicine, 40(1), 93—103. https://doi.org/10.1016/j.c11.2019.11.001

Gruzieva, O., Xu, C.-J., Yousefi, P., Relton, C., Merid, S. K., Breton, C. V., Gao, L., Volk, H. E.,
Feinberg, J. 1., Ladd-Acosta, C., Bakulski, K., Auffray, C., Lemonnier, N., Plusquin, M.,
Ghantous, A., Herceg, Z., Nawrot, T. S., Pizzi, C., Richiardi, L., ... Melén, E. (2019).
Prenatal Particulate Air Pollution and DNA Methylation in Newborns: An Epigenome-
Wide Meta-Analysis. Environmental Health Perspectives, 127(5), 57012.

https://doi.org/10.1289/EHP4522

Haga, S., O’Daniel, J., Tindall, G., Mills, R., Lipkus, 1., & Agans, R. (2012). Survey of genetic
counselors and clinical geneticists’ use and attitudes toward pharmacogenetic testing.

Clinical Genetics, 8§2(2), 115-120. https://doi.org/10.1111/5.1399-0004.2012.01848.x

Hales, C. N., & Barker, D. J. (1992). Type 2 (non-insulin-dependent) diabetes mellitus: The
thrifty phenotype hypothesis. Diabetologia, 35(7), 595-601.

https://doi.org/10.1007/BF00400248

Page 166 of 208



Hannon, E., Schendel, D., Ladd-Acosta, C., Grove, J., Hansen, C. S., Hougaard, D. M.,
Bresnahan, M., Mors, O., Hollegaard, M. V., Bekvad-Hansen, M., Hornig, M.,
Mortensen, P. B., Borglum, A. D., Werge, T., Pedersen, M. G., Nordentoft, M., iPSYCH-
Broad ASD Group, Buxbaum, J. D., Daniele Fallin, M., ... Mill, J. (2019). Variable DNA
methylation in neonates mediates the association between prenatal smoking and birth
weight. Philosophical Transactions of the Royal Society B: Biological Sciences,

374(1770), 20180120. https://doi.org/10.1098/rstb.2018.0120

Hegi, M. E., Diserens, A.-C., Gorlia, T., Hamou, M.-F., de Tribolet, N., Weller, M., Kros, J. M.,
Hainfellner, J. A., Mason, W., Mariani, L., Bromberg, J. E. C., Hau, P., Mirimanoff, R.
0., Cairncross, J. G., Janzer, R. C., & Stupp, R. (2005). MGMT gene silencing and
benefit from temozolomide in glioblastoma. The New England Journal of Medicine,

352(10), 997-1003. https://doi.org/10.1056/NEJMoa043331

Hennink, M. M. (2007). International Focus Group Research: A Handbook for the Health and
Social Sciences (1st ed.). Cambridge University Press.

https://do1.0rg/10.1017/CBO9780511619458

Hollands, G. J., French, D. P., Griffin, S. J., Prevost, A. T., Sutton, S., King, S., & Marteau, T.
M. (2016). The impact of communicating genetic risks of disease on risk-reducing health
behaviour: Systematic review with meta-analysis. BMJ, 352, 11102.

https://doi.org/10.1136/bm;j.i1102

Holliday, R., & Pugh, J. E. (1975). DNA modification mechanisms and gene activity during

development. Science, 187(4173), 226-232.

Page 167 of 208



Holloway, K., Miller, F. A., Rousseau, F., Gutierrez, A., & Hogarth, S. (2019). Health
Canada needs to act on laboratory-developed diagnostics. CMAJ : Canadian
Medical Association Journal, 191(39), E1067-E1069.

https://doi.org/10.1503/cmaj.190550

Hotchkiss, R. D. (1948). The quantitative separation of purines, pyrimidines, and nucleosides by

paper chromatography. The Journal of Biological Chemistry, 175(1), 315-332.

Hsieh, H.-F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis.
Qualitative Health Research, 15(9), 1277-1288.

https://doi.org/10.1177/1049732305276687

Hsu, F.-M., Mohanty, R. P., Rubbi, L., Thompson, M., Pickering, H., Reed, E. F., Greenland, J.
R., Schaenman, J. M., & Pellegrini, M. (2024). An epigenetic human cytomegalovirus
infection score predicts viremia risk in seropositive lung transplant recipients.

Epigenetics, 19(1), 2408843. https://doi.org/10.1080/15592294.2024.2408843

Ibafiez-Cabellos, J. S., Garcia-Giménez, J. L., Escobar, J., Pallardo, F. V., & Mena-Moll4, S.
(2026). From the lab to lifestyle: Epigenetic clocks in personalized aging and health.

Biogerontology, 27(3), 101. https://doi.org/10.1007/s10522-026-10447-8

Illingworth, R. S., & Bird, A. P. (2009). CpG islands—’a rough guide’. FEBS Letters, 583(11),

1713-1720. https://doi.org/10.1016/.febslet.2009.04.012

Institute of Medicine. (2011). Introduction. In Generating Evidence for Genomic Diagnostic Test
Development: Workshop Summary. National Academies Press (US).

https://www.ncbi.nlm.nih.gov/books/NBK 62417/

Page 168 of 208



Isaac. (2015, June 9). Intelligent Verbatim Transcription. Academic Transcription Services.

https://weloty.com/intelligent-verbatim-transcription/

Jarry, J. (2020). Direct-to-Consumer 2: Epigenetic Boogaloo. Office for Science and Society.
https://www.mcgill.ca/oss/article/pseudoscience-general-science/direct-consumer-2-

epigenetic-boogaloo

Jasienska, G. (2009). Low birth weight of contemporary African Americans: An
intergenerational effect of slavery? American Journal of Human Biology, 21(1), 16-24.

https://doi.org/10.1002/ajhb.20824

Javitt, G., & Hudson, K. (2006, April 1). Federal Neglect: Regulation of Genetic Testing. Issues

in Science and Technology. https://issues.org/javitt/

Jones, K., Acevedo, B. P., Avalos, L. A., Baker, B. H., Bush, N. R., Buss, C., Grosvenor, L. P.,
Hipwell, A. E., Marceau, K., McEvoy, C. T., Perng, W., Sullivan, A. D. W., Tung, L.,
Zhu, Y., & Ladd-Acosta, C. (2025). Association between maternal perceived stress
during pregnancy and offspring DNA methylation changes in HPA axis genes at birth in
the ECHO Consortium. Environmental Epigenetics, 11(1), dvaf024.

https://doi.org/10.1093/eep/dvat024

Kaul, K. L., Leonard, D. G. B., Gonzalez, A., & Garrett, C. T. (2001). Oversight of Genetic

Testing: An Update. The Journal of Molecular Diagnostics : JMD, 3(3), 85-91.

https://doi.org/10.1016/S1525-1578(10)60656-3

Page 169 of 208


https://doi.org/10.1016/S1525-1578(10)60656-3

Kaushik, V., & Walsh, C. A. (2019). Pragmatism as a Research Paradigm and Its Implications
for Social Work Research. Social Sciences, 8(9), 255.

https://doi.org/10.3390/so0csci8090255

Khoury, M. J,, Berg, A., Coates, R., Evans, J., Teutsch, S. M., & Bradley, L. A. (2008). The
evidence dilemma in genomic medicine. Health Affairs, 27(6), 1600-1611.

https://doi.org/10.1377/hlthaff.27.6.1600

Khoury, M. J., Feero, W. G., Chambers, D. A., Brody, L. C., Aziz, N., Green, R. C., Janssens, A.
C.J. W, Murray, M. F., Rodriguez, L. L., Rutter, J. L., Schully, S. D., Winn, D. M., &
Mensah, G. A. (2018). A collaborative translational research framework for evaluating

and implementing the appropriate use of human genome sequencing to improve health.

PLoS Medicine, 15(8), €1002631. https://doi.org/10.1371/journal.pmed.100263 1

Khoury, M. J., Gwinn, M., Yoon, P. W., Dowling, N., Moore, C. A., & Bradley, L. (2007). The
continuum of translation research in genomic medicine: How can we accelerate the
appropriate integration of human genome discoveries into health care and disease

prevention? Genetics in Medicine: Official Journal of the American College of Medical

Genetics, 9(10), 665-674. https://doi.org/10.1097/GIM.0b013e31815699d0

Korf, B. R., Irons, M., & Watson, M. S. (2011). Competencies for the physician medical
geneticist in the 21st century. Genetics in Medicine, 13(11), 911-912.

https://doi.org/10.1097/GIM.0b013e3182333119

Kwon, E. J., & Kim, Y. J. (2017). What is fetal programming?: A lifetime health is under the
control of in utero health. Obstetrics & Gynecology Science, 60(6), 506-519.

https://doi.org/10.5468/0gs.2017.60.6.506

Page 170 of 208



Ladd-Acosta, C. (2015). Epigenetic Signatures as Biomarkers of Exposure. Current
Environmental Health Reports, 2(2), 117-125. https://doi.org/10.1007/s40572-015-0051-

2

Lamb, Y. N., & Dhillon, S. (2017). Epi proColon® 2.0 CE: A Blood-Based Screening Test for
Colorectal Cancer. Molecular Diagnosis & Therapy, 21(2), 225-232.

https://doi.org/10.1007/s40291-017-0259-y

Lappé, M., Fahey, F. F., & Hein, J. (2024). Epigenomic Stories: Evidence of Harm and the
Social Justice Promises and Perils of Environmental Epigenetics. https://journals-

sagepub-com.uml.idm.oclc.org/doi/10.1177/01622439221137028

Lappé, M., & Hein, R. J. (2023). The Temporal Politics of Placenta Epigenetics: Bodies,
Environments and Time. Body & Society, 29(2), 49-76.

https://doi.org/10.1177/1357034x211068883

Lariviere, D., Craig, S. J. C., Paul, I. M., Hohman, E. E., Savage, J. S., Wright, R. O.,
Chiaromonte, F., Makova, K. D., & Reimherr, M. L. (2024). Methylation profiles at birth
linked to early childhood obesity. Journal of Developmental Origins of Health and

Disease, 15, 7. https://doi.org/10.1017/S2040174424000060

Lee, D. E.,Kim, S. Y., Lim, J. H,, Park, S. Y., & Ryu, H. M. (2013). Non-Invasive Prenatal
Testing of Trisomy 18 by an Epigenetic Marker in First Trimester Maternal Plasma.

PLOS ONE, 8(11), €78136. https://doi.org/10.1371/journal.pone.0078136

Levenson, V. V. (2010). DNA methylation as a universal biomarker. Expert Review of Molecular

Diagnostics, 10(4), 481-488. https://doi.org/10.1586/erm.10.17

Page 171 of 208



Lim, J. H., Kim, M. H., Han, Y. J, Lee, D. E., Park, S. Y., Han, J. Y., Kim, M. Y., & Ryu, H. M.
(2013). Cell-free fetal DNA and cell-free total DNA levels in spontaneous abortion with
fetal chromosomal aneuploidy. PloS One, 8(2), €56787.

https://doi.org/10.1371/journal.pone.0056787

Liouta, G., Adamaki, M., Tsintarakis, A., Zoumpourlis, P., Liouta, A., Agelaki, S., &
Zoumpourlis, V. (2023). DNA Methylation as a Diagnostic, Prognostic, and Predictive
Biomarker in Head and Neck Cancer. International Journal of Molecular Sciences, 24(3),

2996. https://doi.org/10.3390/ijms24032996

Jasienska, G. (2009). Low birth weight of contemporary African Americans: An
intergenerational effect of slavery? American Journal of Human Biology, 21(1), 16-24.

https://doi.org/10.1002/ajhb.20824

Lumey, L. H., & Van Poppel, F. W. A. (1994). The Dutch Famine of 1944-45: Mortality and
Morbidity in Past and Present Generations. Social History of Medicine, 7(2), 229-246.

https://doi.org/10.1093/shm/7.2.229

Mayer, C., Tryon, R., Ricks, S., Lane, K., Van Hook, E., & Zayhowski, K. (2025). Preventing
fraudulent research participation: Methodological strategies and ethical impacts. Journal

of Genetic Counseling, 34(3), €70048. https://doi.org/10.1002/jgc4.70048

Meloni, M. (2016, March 15). If we re not careful, epigenetics may bring back eugenic thinking.

The Conversation. https://doi.org/10.64628/AB.mmfu7hmkc

Misawa, K., Misawa, Y., Kondo, H., Mochizuki, D., Imai, A., Fukushima, H., Uehara, T.,

Kanazawa, T., & Mineta, H. (2015). Aberrant Methylation Inactivates Somatostatin and

Page 172 of 208



Somatostatin Receptor Type 1 in Head and Neck Squamous Cell Carcinoma. PLoS ONE,

10(3), e0118588. https://doi.org/10.1371/journal.pone.0118588

Moher, D., Schulz, K. F., Simera, 1., & Altman, D. G. (2010). Guidance for Developers of Health
Research Reporting Guidelines. PLOS Medicine, 7(2), €1000217.

https://doi.org/10.1371/journal.pmed.1000217

Moran, S., Arribas, C., & Esteller, M. (2016). Validation of a DNA methylation microarray for
850,000 CpG sites of the human genome enriched in enhancer sequences. Epigenomics,

8(3), 389-399. https://doi.org/10.2217/epi.15.114

Morgan, D. (1997). Focus Groups as Qualitative Research. SAGE Publications, Inc.

https://doi.org/10.4135/9781412984287

Myers-Kelley, S. (n.d.). Research Guides: Master of Public Health Resources: Pro-Paper
Systematized Review Resources. Retrieved June 22, 2026, from

https://libguides.ecu.edu/mph/propaper

Nabais, M. F., Gadd, D. A., Hannon, E., Mill, J., McRae, A. F., & Wray, N. R. (2023). An
overview of DNA methylation-derived trait score methods and applications. Genome

Biology, 24(1), 28. https://doi.org/10.1186/s13059-023-02855-7

Nasa, P., Jain, R., & Juneja, D. (2021). Delphi methodology in healthcare research: How to
decide its appropriateness. World Journal of Methodology, 11(4), 116—-129.

https://doi.org/10.5662/wjm.v11.i4.116

National Academies of Sciences, Engineering, and Medicine [NASEM], Division, H. and M.,

Services, B. on H. C., Populations, B. on the H. of S., & Testing, C. on the E. B. for G.

Page 173 of 208



(2017). Summary. In An Evidence Framework for Genetic Testing. National Academies

Press (US). https://www.ncbi.nlm.nih.gov/books/NBK425798/

National Society of Genetic Counsellors (NSGC). (2025). Regulation of Genetic Testing. NSGC.
https://www.nsgc.org/Advocacy/Position-Statements/Position-

Statements/Post/regulation-of-genetic-testing

Nederhof, A. J. (1985). Methods of coping with social desirability bias: A review. European

Journal of Social Psychology, 15(3), 263-280. https://doi.org/10.1002/ejsp.2420150303

National Society of Genetic Counselors. (2024). Professional Status Survey. Retrieved June 22,

2026, from https://www.nsgc.org/Research-and-Publications/Professional-Status-Survey

Oliveira, A. R. S., Cohnstaedt, L. W., & Cernicchiaro, N. (2021). Unbiased Approaches for
Reviewing Entomology Literature: A Systematized Review. Annals of the Entomological

Society of America, 114(2), 229-246. https://doi.org/10.1093/aesa/saaa058

Online video editor by Microsoft Clipchamp. (n.d.). Clipchamp. Retrieved June 22, 2026, from

https://clipchamp.com/en/

Ospelt, C. (2022). A brief history of epigenetics. Immunology Letters, 249, 1-4.

https://doi.org/10.1016/j.imlet.2022.08.001

Panacer, K. S. (2023). Ethical Issues Associated With Direct-to-Consumer Genetic Testing.

Cureus, 15. https://doi.org/10.7759/cureus.39918

Pearson, N., Naylor, P.-J., Ashe, M. C., Fernandez, M., Yoong, S. L., & Wolfenden, L. (2020).
Guidance for conducting feasibility and pilot studies for implementation trials. Pilot and

Feasibility Studies, 6(1), 167. https://doi.org/10.1186/s40814-020-00634-w

Page 174 of 208



Pieters, J. J. P. M., Kooper, A. J. A., Smits, A. P. T., & de Vries, J. (2009). Parent’s attitudes
towards full-scale prenatal testing for genetic disorders. Journal of Psychosomatic

Obstetrics & Gynecology, 30(1), 42—47. https://doi.org/10.1080/01674820802545842

Pope, C., & Mays, N. (1995). Reaching the parts other methods cannot reach: An introduction to
qualitative methods in health and health services research. BMJ, 311(6996), 42—45.

https://doi.org/10.1136/bmj.311.6996.42

PRISMA 2020 flow diagram. (n.d.). PRISMA Statement. Retrieved June 22, 2026, from

https://www.prisma-statement.org/prisma-2020-flow-diagram

Rajaprakash, M., Palmore, M., Bakulski, K. M., Howerton, E., Lyall, K., Schmidt, R. J.,
Newschaffer, C., Croen, L. A., Hertz-Picciotto, 1., Volk, H., Ladd-Acosta, C., & Fallin,
M. D. (2024). DNA methylation signatures of prenatal socioeconomic position associated

with 36-month language outcomes. Research in Developmental Disabilities, 154,

104846. https://doi.org/10.1016/j.ridd.2024.104846

Ravelli, A. C., van der Meulen, J. H., Michels, R. P., Osmond, C., Barker, D. J., Hales, C. N., &
Bleker, O. P. (1998). Glucose tolerance in adults after prenatal exposure to famine.

Lancet, 351(9097), 173—177. https://doi.org/10.1016/s0140-6736(97)07244-9

Ravitsky, V. (2017). The Shifting Landscape of Prenatal Testing: Between Reproductive
Autonomy and Public Health. The Hastings Center Report, 47 Suppl 3, S34—-S40.

https://doi.org/10.1002/hast.793

Ravitsky, V., Birko, S., Le Clerc-Blain, J., Haidar, H., Affdal, A. O., Lemoine, M.-E., Dupras,

C., & Laberge, A.-M. (2021). Noninvasive Prenatal Testing: Views of Canadian Pregnant

Page 175 of 208



Women and Their Partners Regarding Pressure and Societal Concerns. AJOB Empirical

Bioethics, 12(1), 53—62. https://doi.org/10.1080/23294515.2020.1829173

Reed, Z. E., Suderman, M. J., Relton, C. L., Davis, O. S. P., & Hemani, G. (2020). The
association of DNA methylation with body mass index: Distinguishing between
predictors and biomarkers. Clinical Epigenetics, 12(1), 50.

https://doi.org/10.1186/s13148-020-00841-5

Reese, S. E., Zhao, S., Wu, M. C., Joubert, B. R., Parr, C. L., Haberg, S. E., Ueland, P. M.,
Nilsen, R. M., Midttun, @., Vollset, S. E., Peddada, S. D., Nystad, W., & London, S. J.
(2017). DNA Methylation Score as a Biomarker in Newborns for Sustained Maternal
Smoking during Pregnancy. Environmental Health Perspectives, 125(4), 760—766.

https://doi.org/10.1289/EHP333

Regulation of Genetic Tests. (n.d.). Retrieved June 22, 2026, from

https://www.genome.gov/about-genomics/policy-issues/Regulation-of-Genetic-Tests

Relton, C. L., Hartwig, F. P., & Davey Smith, G. (2015). From stem cells to the law courts: DNA
methylation, the forensic epigenome and the possibility of a biosocial archive.
International Journal of Epidemiology, 44(4), 1083—1093.

https://doi.org/10.1093/ije/dyv198

Richards, L. (2014). Handling Qualitative Data: A Practical Guide. SAGE.

Roseboom, T., de Rooij, S., & Painter, R. (2006). The Dutch famine and its long-term
consequences for adult health. Early Human Development, 82(8), 485-491.

https://doi.org/10.1016/j.earlhumdev.2006.07.001

Page 176 of 208



Roseboom, T. J., van der Meulen, J. H., Ravelli, A. C., Osmond, C., Barker, D. J., & Bleker, O.
P. (2001). Effects of prenatal exposure to the Dutch famine on adult disease in later life:
An overview. Molecular and Cellular Endocrinology, 185(1-2), 93-98.

https://doi.org/10.1016/s0303-7207(01)00721-3

Saldafa-Tejeda, A., & Wade, P. (2019). Eugenics, Epigenetics, and Obesity Predisposition
among Mexican Mestizos. Medical Anthropology, 38(8), 664—679.

https://doi.org/10.1080/01459740.2019.1589466

Sanderson, S., Zimmern, R., Kroese, M., Higgins, J., Patch, C., & Emery, J. (2005). How can the
evaluation of genetic tests be enhanced? Lessons learned from the ACCE framework and

evaluating genetic tests in the United Kingdom. Genetics in Medicine, 7(7), 495-500.

https://doi.org/10.1097/01.gim.0000179941.44494.73

Schaa, K. L., & Biesecker, B. B. (2024). Where is the “counseling” in prenatal genetic
counseling? Patient Education and Counseling, 124, 108278.

https://doi.org/10.1016/j.pec.2024.108278

Schulz, L. C. (2010). The Dutch Hunger Winter and the developmental origins of health and
disease. Proceedings of the National Academy of Sciences of the United States of

America, 107(39), 16757-16758. https://doi.org/10.1073/pnas. 1012911107

Segura, A.-G., Prohens, L., Julia, L., Amoretti, S., RIbero, M., Pino-Camacho, L., Cano-
Escalera, G., Mane, A., Rodriguez-Jimenez, R., Roldan, A., Sarro, S., Ibafez, A., Usall,
J., Lobo, A., Garcia-Rizo, C., Cuesta, M. J., Parellada, M., Gonzalez-Pinto, A.,

Berrocoso, E., ... De-la-Camara, C. (2025). Methylation profile scores of environmental

Page 177 of 208



exposures and risk of relapse after a first episode of schizophrenia. European

Neuropsychopharmacology, 94, 4—15. https://doi.org/10.1016/j.euroneuro.2025.02.003

Seisenberger, S., Peat, J. R., Hore, T. A., Santos, F., Dean, W., & Reik, W. (2013).
Reprogramming DNA methylation in the mammalian life cycle: Building and breaking
epigenetic barriers. Philosophical Transactions of the Royal Society B: Biological

Sciences, 368(1609), 20110330. https://doi.org/10.1098/rstb.2011.0330

Seyhan, A. A. (2019). Lost in translation: The valley of death across preclinical and clinical
divide — identification of problems and overcoming obstacles. Translational Medicine

Communications, 4(1), 18. https://doi.org/10.1186/s41231-019-0050-7

Shen, Y., Matsuno, Y., Fouse, S. D., Rao, N., Root, S., Xu, R., Pellegrini, M., Riggs, A. D., &
Fan, G. (2008). X-inactivation in female human embryonic stem cells is in a nonrandom
pattern and prone to epigenetic alterations. Proceedings of the National Academy of
Sciences of the United States of America, 105(12), 4709-4714.

https://doi.org/10.1073/pnas.0712018105

Shorey-Kendrick, L. E., Davis, B., Gao, L., Park, B., Vu, A., Morris, C. D., Breton, C. V., Fry,
R., Garcia, E., Schmidt, R. J., O’Shea, T. M., Tepper, R. S., McEvoy, C. T., Spindel, E.
R., & program collaborators for Environmental influences on Child Health Outcomes.
(2024). Development and Validation of a Novel Placental DNA Methylation Biomarker
of Maternal Smoking during Pregnancy in the ECHO Program. Environmental Health

Perspectives, 132(6), 67005. https://doi.org/10.1289/EHP13838

Smith, Z. D., & Meissner, A. (2013). DNA methylation: Roles in mammalian development.

Nature Reviews. Genetics, 14(3), 204-220. https://doi.org/10.1038/nrg3354

Page 178 of 208



Stewart, D. W., Shamdasani , P. N., & Rook, D. W. (2007). Recruiting Focus Group participants
and designing the interview guide. Focus Group, 51-68.

https://do1.0rg/10.4135/9781412991841.d22

Suarez, A., Lahti, J., Lahti-Pulkkinen, M., Girchenko, P., Czamara, D., Arloth, J., Malmberg, A.
L., Himélainen, E., Kajantie, E., Laivuori, H., Villa, P. M., Reynolds, R. M., Provencal,
N., Binder, E. B., & Réikkonen, K. (2020). A polyepigenetic glucocorticoid exposure
score at birth and childhood mental and behavioral disorders. Neurobiology of Stress, 13,

100275. https://doi.org/10.1016/j.ynstr.2020.100275

Suleri, A., Creasey, N., Walton, E., Muetzel, R., Felix, J. F., Duijts, L., Bergink, V., & Cecil, C.
A. M. (2024). Mapping prenatal predictors and neurobehavioral outcomes of an
epigenetic marker of neonatal inflammation—A longitudinal population-based study.

Brain, Behavior, and Immunity, 122, 483-496. https://doi.org/10.1016/j.bbi.2024.08.053

Toth, K., Sipos, F., Kalmér, A., Patai, A. V., Wichmann, B., Stoehr, R., Golcher, H., Schellerer,
V., Tulassay, Z., & Molnér, B. (2012). Detection of methylated SEPT9 in plasma is a
reliable screening method for both left- and right-sided colon cancers. PloS One, 7(9),

€46000. https://doi.org/10.1371/journal.pone.0046000

Valdez, N. (2021). Weighing the Future. University of California Press.

https://www.ucpress.edu/books/weighing-the-future/paper

Valdez, N., & Deomampo, D. (2019). Centering Race and Racism in Reproduction. Medical

Anthropology, 38(7), 551-559. https://doi.org/10.1080/01459740.2019.1643855

Page 179 of 208



Veach, P. M., Bartels, D. M., & Leroy, B. S. (2007). Coming full circle: A reciprocal-
engagement model of genetic counseling practice. Journal of Genetic Counseling, 16(6),

713-728. https://doi.org/10.1007/s10897-007-9113-4

Victoria Clarke. (2021, November 30). Thematic Analysis Braun et al PART 3 YOUTUBE

VIDEO [Video recording]. https://www.youtube.com/watch?v=BhL113ye9Ss

Visram, S., Rogers, Y., Molyneux, G., & Sebire, N. J. (2025). Technology adoption in
healthcare: Delphi consensus for the early exploration and agile adoption of emerging
healthcare technology conceptual framework. BMJ Health & Care Informatics, 32(1),

e101349. https://doi.org/10.1136/bmjhci-2024-101349

Voelkerding, K. V. (2000). Finding a Workable Balance. The Journal of Molecular

Diagnostics : JMD, 2(2), 57-59. https://doi.org/10.1016/S1525-1578(10)60616-2

Waddington, C. H. (2012). The epigenotype. 1942. International Journal of Epidemiology,

41(1), 10-13. https://doi.org/10.1093/ije/dyr184

Wadhwa, P. D., Buss, C., Entringer, S., & Swanson, J. M. (2009). Developmental origins of
health and disease: Brief history of the approach and current focus on epigenetic

mechanisms. Seminars in Reproductive Medicine, 27(5), 358-368.

https://doi.org/10.1055/s-0029-1237424

Wainstein, T. (2026). Qualitative research reporting in genetic counseling: A state-of-the-art
assessment and recommendations for enhancing methodological congruence and quality.

Journal of Genetic Counseling, 35(1), €70160. https://doi.org/10.1002/jgc4.70160

Page 180 of 208



Ware, E. B., Goode, J. A., Hornish, U. N., McNulty, D. P., Karadimas, T., Acedo, G., Birchmier,
J., Histed, A., Hsu, R., Jones, N., Tung, R., Ammous, F., Huntley, E. D., Meier, H. CS.,
& Mitchell, C. M. (2025). Child and adolescent internalizing and externalizing traits, and
epigenetic summary scores: A scoping review. Biological Psychology, 202, 109164.

https://doi.org/10.1016/j.biopsycho.2025.109164

Watson, J. D., & Crick, F. H. C. (1953). Molecular Structure of Nucleic Acids: A Structure for
Deoxyribose Nucleic Acid. Nature, 171(4356), 737-738.

https://doi.org/10.1038/171737a0

Wiley, K. S., Camilo, C., Gouveia, G., Euclydes, V., Panter-Brick, C., Matijasevich, A., Ferraro,
A. A., Fracolli, L. A., Chiesa, A. M., Miguel, E. C., Polanczyk, G. V., & Brentani, H.
(2023). Maternal distress, DNA methylation, and fetal programing of stress physiology in
Brazilian mother—infant pairs. Developmental Psychobiology, 65(1), €22352.

https://doi.org/10.1002/dev.22352

Wisman, G. B. A., Wojdacz, T. K., Altucci, L., Rots, M. G., DeMeo, D. L., & Snieder, H.
(2024). Clinical promise and applications of epigenetic biomarkers. Clinical Epigenetics,

16, 192. https://doi.org/10.1186/s13148-024-01806-8

Zerres, K., Rudnik-Schéneborn, S., & Holzgreve, W. (2021). Do non-invasive prenatal tests
promote discrimination against people with Down syndrome? What should be done?

Journal of Perinatal Medicine, 49(8), 965-971. https://doi.org/10.1515/jpm-2021-0204

Zhang, D., Wang, Y., & Yang, Q. (2021). A High Epigenetic Risk Score Shapes the Non-
Inflamed Tumor Microenvironment in Breast Cancer. Frontiers in Molecular

Biosciences, 8, 675198. https://doi.org/10.3389/fmolb.2021.675198

Page 181 of 208



Zuckerman, S. (2021). The emergence of the “genetic counseling” profession as a counteraction
to past eugenic concepts and practices. Bioethics, 35(6), 528-539.

https://doi.org/10.1111/bioe.12861

Page 182 of 208



APPENDICES

A.1: Systematized Literature Review Search Strategies

A.1.1 Scopus Search Strategy
TITLE-ABS-KEY (("methylation profile score" OR "polyepigenetic biomarker" OR

"methylation risk score" OR "epigenetic risk score" OR "epigenetic score" OR "methylation
score" OR "epigenetic risk predictor" OR ("epigenetic" AND "risk score")) AND ("prenatal
exposure" OR (development* W/2 (disorder* OR delay*)) OR neurodevelopment®* OR
neurobehav* OR praxi* OR dysprax* OR (global W/2 delay*) OR schizophreni* OR autis* OR
asd OR "attention deficit" OR adhd OR neurogen*))

A.1.2 Ovid MEDLINE Search Strategy

("methylation profile score*" or "polyepigenetic biomarker*" or "methylation risk score*" or
"epigenetic risk score*" or "epigenetic score*" or "methylation score*" or "epigenetic risk
predictor®" or "epigenetic signature*" or (epigenetic and "risk score*")).ti,ab. and (prenatal
exposure*.mp. or ((development™ adj2 (disorder® or delay*)) or neurodevelopment* or
neurobehav* or apraxi* or dysprax* or praxi* or (global adj2 delay*) or schizophreni* or autis*
or asd or ("attention deficit" or adhd) or neurogen*).ti,ab. or exp Neurodevelopmental Disorders/
or exp Autistic Disorder/ or exp Schizophrenia/ or exp Attention Deficit Disorder with
Hyperactivity/) [mp=title, book title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms, population supplementary concept word, anatomy supplementary

concept word.
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A.2: Data Extraction Template

Database STUDY METADATA STUDY POPULATION DETAILS OUTCOME AND/OR EXPOSURE DISCUSSION KEY FINIDNGS |Extracted Extractor
METHODOLOGY SUMMARY by Notes.
Article Year First Journal Country DOI |Score Epigenetic Sample Tissue/c patient genetic |Outcome Outcome Type of Exposure Exposure statistical  |Researchers’ According to
Title Author of Study created Platform/ Size ell-type sex ancestry |predicted (e.g. Measurement Exposure Measurement |Detection or method(s) |perspectives on the researchers and/or|
(Last Technology (Male or ASD, ADHD, Tool detected (e.g., Tool Outcome used (e.g., |utility of (their) ERS identified by the
Name) female) FASD) environmental Prediction linear extractor
toxins, maternal Power: How well regression,
diet, smoking, the ERS mixed
stress) identified or models)
associated with
exposures/outco
mes
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A.3: Recruitment Materials
A.3.1 Email invitation for NSGC’s research survey blast:

Study title: Share Your Views on an Emerging Prenatal Risk Tool

Are you a genetic counsellor with at least 1 year of experience in the prenatal setting? We’d love
to hear from you! This study at the University of Manitoba is conducting focus groups to explore
how a promising new tool, called epigenetic risk score, could help enhance prenatal counselling
for neurodevelopmental disorders in the future.

Next steps: If interested, please complete this quick eligibility questionnaire. [LINK HERE]

Questions?
Please contact Zahra Nasseri Moghaddam [LINK TO EMAIL], BSc, MSc candidate
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A.3.2 Email invitation for CAGC’s research survey blast:

Study title: Share Your Views on an Emerging Prenatal Risk Tool

Are you a genetic counsellor with at least 1 year of experience in the prenatal setting? We’d love
to hear from you! This study at the University of Manitoba is conducting focus groups to explore
how a promising new tool, called epigenetic risk score, could help enhance prenatal counselling

for neurodevelopmental disorders in the future.

Epigenetic risk score is an emerging approach that uses information about prenatal exposures

(like stress, alcohol, smoking, or pollutants) to help assess potential risks for neurodevelopmental

disorders. It could offer a new way to support risk assessment and patient counselling in the

future.

As part of my MSc thesis, I am conducting virtual focus groups to discuss realistic case scenarios

and your thoughts on the integration of this tool. Your input will help shape how this new
approach could be used to improve care for pregnant individuals and their families.

Who can participate?

Genetic counsellors (ABGC or CBGC certified) with at least 1 year of prenatal
experience (you don’t need to currently work in prenatal counselling).

Based in Canada or the United States.

Available for a 90-120 minute virtual focus group via Zoom.

Fluent in English.

Next steps: If interested, please complete this quick eligibility questionnaire [LINK HERE].

Questions?

This study has been approved by the University of Manitoba Health Research Ethics Board.
Questions about this survey can be directed to the Student Researcher, Zahra Nasseri
Moghaddam, or the Principal Investigators, Jessica Hartley and Meaghan Jones (contact
information below).

Zahra Nasseri Moghaddam, BSc, MSc candidate: [LINK TO EMAIL]

Jessica Hartley, MS, CGC: [LINK TO EMAIL]

Meaghan Jones, PhD: [LINK TO EMAIL]
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A.3.3 Email invitation for CCMG’’s research survey blast:
Study title: Share Your Views on an Emerging Prenatal Risk Tool

Are you a board-certified medical geneticist (CCMG) with at least 1 year of experience in
prenatal genetics? We’d love to hear from you! This study at the University of Manitoba is
conducting focus groups to explore how a promising new tool, called epigenetic risk score,
could help enhance prenatal genetics care for neurodevelopmental disorders in the future.

Epigenetic risk score is an emerging approach that uses information about prenatal exposures
(like stress, alcohol, smoking, or pollutants) to help assess potential risks for neurodevelopmental
disorders. It could offer a new way to support risk assessment and patient counselling in the
future.

As part of my MSc thesis, I am conducting virtual focus groups to discuss realistic case scenarios
and your thoughts on the integration of this tool. Your input will help shape how this new
approach could be used to improve care for pregnant individuals and their families.

Who can participate?

e Board-certified medical geneticists (CCMG) with at least 1 year of experience in
prenatal genetics (currently active or within the past 3 years).

e Based in Canada
e Available for a 90—120 minute virtual focus group via Zoom.
e Fluent in English.
Next steps: If interested, please complete this quick eligibility questionnaire [LINK HERE].

Questions?

This study has been approved by the University of Manitoba Health Research Ethics Board.
Questions about this survey can be directed to the Student Researcher, Zahra Nasseri
Moghaddam, or the Principal Investigators, Jessica Hartley and Meaghan Jones (contact
information below).

Zahra Nassert Moghaddam, BSc, MSc candidate: [LINK TO EMAIL]
Jessica Hartley, MS, CGC: [LINK TO EMAIL]

Meaghan Jones, PhD: [LINK TO EMAIL]
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A.3.4 Social Media Post: LinkedIn

Calling Prenatal Genetics Providers! Share Your Expertise in an Innovative Study

Are you a genetic counsellor or medical geneticist with at least 1 year of experience in the
prenatal setting? We’d love to hear from you! This study at the University of Manitoba is
conducting focus groups to explore how a promising new tool, called epigenetic risk score,
could help enhance prenatal counselling for neurodevelopmental disorders in the future.

Epigenetic risk score is an emerging approach that uses information about prenatal exposures
(like stress, alcohol, smoking, or pollutants) to help assess potential risks for neurodevelopmental
disorders. It could offer a new way to support risk assessment and patient counselling in the
future.

As part of my MSc thesis, I am conducting virtual focus groups to discuss realistic case scenarios
and your thoughts on the integration of this tool. Your input will help shape how this new
approach could be used to improve care for pregnant individuals and their families.

Who can participate?

e Medical geneticists (CCMG/ACMG) and genetic counsellors (ABGC/CBGC) with at
least 1 year of prenatal experience (you don’t need to currently provide prenatal genetic
care).

e Based in Canada or the United States.
e Available for a 90—120 minute virtual focus group via Zoom.
e Fluent in English

Check out our poster below for more information!

#GCChat #geneticcounselling #geneticcounseling #medicalgenetics #clinicalgenetics
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o«Manitoba

Calling
Prenatal (&
Genetics =

)
PE University

Providers!

Join a 90-120 minute virtual focus
group and share your perspectives on
the integration of a promising new risk
assessment tool

Eligibility:

* Medical geneticists
(CCMG/ACMG) and genetic
counselors (CBGC/ABGC) with

1+ year prenatal experience o
¢ Based in Canada or the US Soan the QR code of
¢ Fluentin EngllSh https://shorturl.gt[ﬁp\Fs
to check your eligibility!

This study has been approved by the University of Manitoba Health Research Ethics
Board. Questions about this survey can be directed to the Student Researcher,
Zahra Nasseri Moghaddam, BSc ; passeriz@myumanitoba.ca Version 2 - June 18, 2025
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A.4: REDCap Eligibility Questionnaire
Appendix A.4.1 For Medical Geneticists

Study Title: Assessing Genetics Providers’ Perceptions of Epigenetic Risk Scores for
Prenatal Exposures: A Feasibility and Scenario-Based Study

Dear Participant,

Thank you for accessing the eligibility questionnaire for the study titled “Assessing Genetics
Providers’ Perceptions of Epigenetic Risk Scores for Prenatal Exposures: A Feasibility and
Scenario-Based Study . This eligibility questionnaire will help determine whether you meet the
criteria to participate in the research. If eligible, the demographic information you provide here
will also be aggregated and presented in de-identified form to describe participant characteristics
in study findings. Before proceeding, please review the following consent information. You are
welcome to print or save this page for your records.

Participation in this questionnaire is completely voluntary and you may choose to exit this form
at any time. The risks associated with completing this form are minimal. Your email address will
be used exclusively to notify you of your eligibility status and, if applicable, to coordinate further
study activities (e.g., scheduling Zoom focus groups). All provided information will be de-
identified and stored securely on password-protected systems at the University of Manitoba. We
estimate that this form should take no longer than 10 minutes to fill out.

Questions?

This study has been approved by the University of Manitoba Health Research Ethics Board.
Questions about this survey can be directed to the Student Researcher, Zahra Nasseri
Moghaddam, or the Principal Investigators, Jessica Hartley and Meaghan Jones (contact
information below).

Zahra Nasseri Moghaddam, BSc, MSc candidate: [LINK TO EMAIL]
Jessica Hartley, MS, CGC: [LINK TO EMAIL]
Meaghan Jones, PhD: [LINK TO EMAIL]

By proceeding with and completing the online survey, you are consenting to participate in
this eligibility questionnaire.

Thank you for your interest in this project!

1) Email address:

“This email address will be used to contact you about all study-related activities.”
2) Please confirm your email address:

3) Are you board-certified medical geneticist (CCMG/ACMG)??
a) Yes
b) No [end survey]
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4)

5)

6)

7)
8)

9

Do you have at least one year of experience involving prenatal genetics (e.g., prenatal
diagnosis, fetal medicine consultations)?

a) Yes

1) Please specify the number of years:

b) No [end survey]
Have you been actively involved in prenatal genetics care or consultations within the past
three years?

a) Yes

1) Please specify the number of years:

b) No [end survey]
Do you provide medical assessments, risk counselling, or consultations regarding
prenatal exposures (e.g., smoking, alcohol, medications, environmental risks) in your
clinical practice?

a) Yes

b) No [end survey]
Which country do you currently live in?
What is your current time zone?

a) Atlantic Time

b) Central Time

c) Eastern Time

d) Mountain Time

e) Newfoundland Time

f) Pacific Time
Are you comfortable and proficient in English?

a) Yes

b) No

10) To confirm your attention, please select the answer that says “Not Applicable.”

a) Pre-test counselling
b) Post-test counselling
c) Not applicable

11) How would you describe the setting(s) where you are currently employed? (select all that

apply)
a) Hospital/medical facility — academic medical centre
b) Hospital/medical facility — Public
c) Hospital/medical facility — Private
d) Laboratory — commercial
e) University, college or training program
f) Other
1) Please specify:
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12) What sex were you assigned at birth?

a)
b)
©)
d)
e)

f)

Female
Male
Intersex
Don’t know
Other
1) Please specify:
Prefer not to answer

13) How would you describe your current gender identity?

a)
b)
c)
d)
e)
f)
g)
h)
)
J)

k)

Woman

Man

Transgender

Non-binary

Genderqueer

Gender fluid

Gender non-conforming

Agender

Questioning

Prefer to self-describe
1) Please describe:

Prefer not to say

14) How would you describe yourself? (select all that apply)

a)
b)
©)
d)
e)
f)

g)
h)

i)

White
Asian
Hispanic or Latine
Black, African American, or of African descent
Middle Eastern or North African (MENA)
American Indian, Alaskan Native, or Indigenous Peoples of Canada
Native Hawaiian or Other Pacific Islander
Other
1) Please specify:
Prefer not to answer

15) How did you hear about this project?

a)
b)
©)
d)
e)

CAGC listserv

NSGC listserv

CCMG

Genetics Journal Newsletter
Social media (e.g. LinkedIn)
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f) Sponsored Facebook ad
g) Forwarded by a colleague
h) Other

1) Please specify:
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Appendix A.4.2 For Genetic Counsellors

Study Title: Assessing Genetics Providers Genetic Counsellors’ Perceptions of Epigenetic
Risk Scores for Prenatal Exposures: A Feasibility and Scenario-Based Study

Dear Participant,

Thank you for accessing the eligibility questionnaire for the study titled “Assessing Genetics
Providers’ Perceptions of Epigenetic Risk Scores for Prenatal Exposures: A Feasibility and
Scenario-Based Study ”. This eligibility questionnaire will help determine whether you meet the
criteria to participate in the research. If eligible, the demographic information you provide

here will also be aggregated and presented in de-identified form to describe participant
characteristics in study findings. Before proceeding, please review the following consent
information. You are welcome to print or save this page for your records.

Participation in this questionnaire is completely voluntary and you may choose to exit this form
at any time. The risks associated with completing this form are minimal. Your email address will
be used exclusively to notify you of your eligibility status and, if applicable, to coordinate further
study activities (e.g., scheduling Zoom focus groups). All provided information will be de-
identified and stored securely on password-protected systems at the University of Manitoba. We
estimate that this form should take no longer than 10 minutes to fill out.

Questions?

This study has been approved by the University of Manitoba Health Research Ethics Board.
Questions about this survey can be directed to the Student Researcher, Zahra Nasseri
Moghaddam, or the Principal Investigators, Jessica Hartley and Meaghan Jones (contact
information below).

Zahra Nasseri Moghaddam, BSc : [LINK TO EMAIL]
Jessica Hartley, MS, CGC: [LINK TO EMAIL]
Meaghan Jones, PhD: [LINK TO EMAIL]

By proceeding with and completing the online survey, you are consenting to participate in
this eligibility questionnaire.

Thank you for your interest in this project!

1. Email address:

“This email address will be used to contact you about all study-related activities.”

2. Please confirm your email address:

3. Are you a board eligible or board-certified (ABGC or CBGC) genetic counsellor?
a. Yes
b. No [end survey]

4. Do you have at least one year of experience in the prenatal discipline?

a. Yes
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1. Please specify the number of years:
b. No [end survey]
5. Have you been practicing in the prenatal setting in any capacity within the last
three years?
a. Yes
i. Please specify the number of years:
b. No [end survey]
6. Do you assess and counsel on exposure risks in pregnancy (e.g. smoking, alcohol
consumption, hot tubs) within your scope of practice?
a. Yes
b. No [end survey]
7. Which country do you currently live in? [open text box]
Your response must be at least 2 characters long.
8. What is your current time zone?
a. Atlantic Time
Central Time
Eastern Time
Mountain Time

°© a0 o

Newfoundland Time
f. Pacific Time
9. Are you comfortable and proficient in English?
a. Ye
b. No
10. To confirm your attention, please select the answer that says “Not Applicable.”
a) Pre-test counselling
b) Post-test counselling
c) Not applicable
11. How would you describe the setting(s) where you are currently employed? (select
all that apply)
a. Hospital/medical facility — academic medical centre

b. Hospital/medical facility — Public
c. Hospital/medical facility — Private
d. Laboratory — commercial
e. University, college or training program
f. Other
1.Please specify:
12. What sex were you assigned at birth?
a. Female
b. Male
c. Intersex
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d. Don’t know

e. Other
i.

Please specify:

e. Prefer not to answer

13. How would y

S oo e op

o

k.
14. How would y
a.

© e a o

ou describe your current gender identity?
Woman

Man

Transgender

Non-binary

Genderqueer

Gender fluid

Gender non-conforming

Agender

Questioning

. Prefer to self-describe

1. Please describe:
Prefer not to say
ou describe yourself? (select all that apply)
White
Asian
Hispanic or Latine
Black, African American, or of African descent
Middle Eastern or North African (MENA)
American Indian, Alaskan Native, or Indigenous Peoples of

Canada

h.

1.

J-
15. How did you
a.
b.

g H o o o

Native Hawaiian or Other Pacific Islander
Other

1. Please specify:
Prefer not to answer
hear about this project?
CAGC listserv
NSGC listserv
Genetics Journal Newsletter
Social media (e.g. LinkedIn)
Sponsored Facebook ad
Forwarded by a colleague
Other
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A.5: Focus Group Case Scenarios

A.5.1 Scenario A: A Risk Distilled

Scenario A: A Risk Distilled

Emma is a 30-year-old female who drank 2-3 standard
drinks per week until 11 weeks’ gestation. A placental
alcohol-exposure methylation test at 13 weeks
classifies her fetus as high risk (test sensitivity 66%,
specificity 72%). Emma is notably anxious about the
potential of fetal alcohol spectrum disorder (FASD)
findings.

How might a clinician weigh Emma’s personal
history of alcohol consumption and the “high-risk”
placental methylation score when explaining her
risk?

A.5.2 Scenario B: Behind the Haze

Scenario B: Behind the Haze

Part 1: Sofia is a 34-year-old female referred at 28
weeks gestation for isolated intrauterine growth
restriction. She denies smoking, yet an epigenetic
tobacco-exposure risk score on amniocytes
classifies her as high exposure (sensitivity 74%,
specificity 58%). She discloses secondhand
exposure as a caregiver for her elderly parent, a
long-term smoker (3 hrs/day, 4x/week).

Would you be satisfied by this explanation on the
basis of this ERS result and late smoking
disclosure and close the diagnostic work-up for
IUGR?

Scenario B: Behind the Haze

Part 2: The same test produces an incidental
“support-needs score” of 75/100, which would predict
approximately 9 extra days of early-intervention
services per year (e.g., educational support, speech or
occupational therapy, behavioral counseling).

How might you address this additional
information with your patient and what
follow up might you recommend?
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A.5.3 Scenario C: Anxious Beginnings

Scenario C: Anxious Beginnings

Part 1: Maya, a 22-year-old female, presents significant
anxiety symptoms during pregnancy. She is referred for
prenatal genetic care and offered a cord-blood stress
methylation test at delivery. This epigenetic risk score
explains approximately 25% of the variability in toddlers'
early language skills.

The results predict that the newborn would be in the ERS
bottom 20% of their peers for expressive and
receptive language development, despite normal
newborn exam findings.

Multifactorial

How would this knowledge about language delay
alter your clinical management or counselling?

Scenario C: Anxious Beginnings

Part 2: The results predict that the newborn would
be in the bottom 20% of their peers for expressive
and receptive language development, despite
normal newborn exam findings.

Update: At 36 months, it’s revealed that Maya’s ERS
child has language delay.

Multifactorial

How does this new information influence your
interpretation of the score?
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A.6: Focus Group Discussion Guide

Timing: 10 min intro, 20 min each scenario, 20 min closing question, 5 end of session

Slide 1: Introduction

Research Team & Purpose:

o GC student (R.L.) studying epigenetic risk scores (ERS) for prenatal risk assessment.
o Goal: Understand clinicians’ perspectives on ERS utility and clinical integration.
Why Participants?

o Expertise in prenatal genetics is critical for shaping ERS’s future clinical use.

Focus Group Basics:

o No consensus needed—seeking diverse opinions.

o In-depth discussion preferred over surveys.

First 10 mins will be intro — ensure consistency in how I run the focus groups, then will
open it up the rest of the time is for discussion

Slide 2: Logistics

Duration: 90-120 minutes.

Participation: Encouraged—share different views, expand on others’ ideas.
Confidentiality:

o Recording for transcription; de-identified data only.

o Change Zoom names to protect privacy.

Slide 3: Goals for Today

1.
2.
3.

Brief overview of ERS (10 mins).
Case scenarios to explore ERS in prenatal care.

Discuss next steps for clinical integration.

Slides 5-7: Epigenetics & ERS Basics

Epigenetics:

o Heritable gene expression changes (e.g., DNA methylation) influenced
by environment (e.g., smoking, pollution).

ERS vs. PRS:

o PRS: Genetic risk (static, lifetime risk).
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o ERS: Epigenetic + environmental risk (dynamic, modifiable).
o ERS Measures:
o Exposures (stress, pollutants) or disease risk (autism, FASD).
o Higher score = higher risk (based on methylation patterns).
Slide 8: Sensitivity vs. Specificity
o Sensitivity: Detects true positives (correctly IDs risk/exposure).
e Specificity: Detects true negatives (correctly IDs no risk/exposure).
e Trade-off: Improving one may reduce the other.
Slide 9: Case Scenario Note
o Hypothetical but realistic examples to spark discussion.
e Focus on broader implications (patient/provider impact) vs. institutional details.
e Open-minded approach encouraged.
e Q&A before diving into scenarios
Slides 10: Scenario A (~20 minutes)

Main question: How might a clinician weigh Emma’s personal history of alcohol consumption

and the “high-risk” placental methylation score when explaining her risk?

Probing Question 1: Currently, diagnosing FASD at birth relies on clinical examination and

exposure history, which can be really challenging to assess. If we consider placental methylation
as a potential biomarker, what evidence would you need to trust its reliability for integration into
diagnostic criteria? Alternatively, do you see value in using it as a standalone tool?

Probing Question 2: Currently the only way to do this methylation test is at birth (cord blood).

This scenario is looking into the future by assuming that the test can be done early in the
pregnancy via CVS. Does this current limitation change how you feel about the utility of this
test? When do you think would be the most appropriate or useful time to receive this information
for your counselling?

Slide 11: Scenario B Part 1 (~10 minutes):
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Main Question: Would you be satisfied by this explanation on the basis of this ERS result and
late smoking disclosure and close the diagnostic work-up for [IUGR?

Probing Question 1: With a sensitivity of 74% and specificity of 58%, how does your comfort

level with this methylation test compare to other tests you use in practice, like NIPT (for
example non-invasive prenatal testing for 22q11.2 deletion screen which has a 75% sensitivity
and 99.5% specificity)?

Probing Question 2: This test has only been done on placental tissue for research studies, not via

amniocentesis. How would this change your counselling?

Slide 12: Scenario B Part 2 (~10 minutes)

Main Question: How might you address this additional information with your patient and what
follow up might you recommend?

Probing Question 1: Should early intervention services or closer observation be recommended

based solely on a methylation-derived support-needs score before any developmental signs

appear?

Probing Question 2: How valuable is a methylation score that doesn’t predict a formal diagnosis
but does predict greater treatment utilization?
Slide 13: Scenario C Part 1 (~10 minutes)

Main Question: How would this knowledge about language delay alter your clinical management

or counselling?

Probing Question 1: The test currently explains 25% of the toddler’s early language skills. Is
there a different percentage you would feel more comfortable with, higher or lower?
Slide 14: Scenario C Part 2 (~10 minutes)

Main Question: How does this influence your interpretation of the score?
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Probing Question 1: You learn Maya’s family speaks primarily Mandarin at home. Would this

information change your counselling?

Closing Remarks/Final Thoughts: (~20 minutes)

What’s missing from these epigenetic risk scores, in your view, for them to be useful in clinical
practice? What additional evidence, criteria, or information would you need to evaluate whether
or how these tools could be integrated into your work?

What are some technical aspects, clinical utility, ethical considerations, or other aspects of these

scores that you feel like need to be addressed that we haven’t already discussed?
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A.7: Focus Group Consent Form

N

University
o«Manitoba

CONSENT FORM FOR PARTICIPANT
Focus Groups

Study Title: Assessing Genetics Providers’ Perceptions of Epigenetic Risk Scores for Prenatal
Exposures: A Feasibility and Scenario-Based Study

Student Principal Investigator: Zahra Nasseri Moghaddam, Genetic Counselling Trainee
(LINK TO EMAIL)

Student Supervisors: Dr. Meahgan Jones (LINK TO EMAIL) and Jessica Hartley, MS CGC
(LINK TO EMAIL)

Funder: MSc in Genetic Counselling Program, Department of Biochemistry and Medical
Genetics, University of Manitoba

You are being asked to take part in a research study that will involve a focus group between you,
the Student Principal Investigator (PI), Zahra Nasseri Moghaddam, and other genetic counsellors
or medical geneticists. Please take your time to review this consent form. This consent form will
be reviewed with you in detail before the focus group, where you will have the chance to ask any
questions you may have before you make your decision. Please ask the study staff to explain any
information you do not clearly understand in this form.

The Student PI for this study is Zahra Nasseri Moghaddam, an MSc student in the Genetic
Counselling Program at the University of Manitoba. This research study is being completed as
part of the Student PI’s MSc Program. The study is supervised by Meaghan Jones, PhD, a
leading researcher in epigenetics and the developmental origins of health and disease, and Jessica
Hartley, MS, CGC, Program Director, and prominent researcher in the field of genetic
counselling.

PURPOSE OF STUDY

The purpose of this study is to gather perspectives of genetics providers (genetic counsellors and
medical geneticists) on the feasibility and clinical utility of epigenetic risk scores for prenatal
exposures for neurodevelopmental disorders. These insights will then be combined with and
compared to evidence from the published literature to highlight similarities and differences.

PARTICIPANT SELECTION
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You are being invited to participate in this study because you meet the criteria based on your
responses to the eligibility questionnaire. Specifically, you are a genetic counsellor or medical
geneticist with at least one year of experience in the prenatal setting, have practiced in prenatal
counselling the prenatal discipline within the last three years and are fluent in English. A
maximum of 30 participants will be enrolled in this study.

STUDY PROCEDURES

The focus group will take place over the University of Manitoba Zoom account (UM Zoom) and
will be facilitated by the Student Principal Investigator, Zahra Nasseri Moghaddam. There may
also be another research team member assisting as a notetaker and ensure that Zoom operations
run smoothly. You will be in a group of approximately three to four other participants. The focus
group will be approximately 90-120 minutes in length.

During the focus group, you will be guided through a series of hypothetical case scenarios
depicting the potential use of epigenetic risk scores in genetics, for an in-depth exploration of the
ethical challenges, decision-making processes, and limitations of epigenetic risk scores in a
“real-world” context. Your responses to the focus group guide and discussions raised in the
session will helps us better understand how we can translate research findings into clinical
practice and potentially improve patient care.

The focus group will be audio recorded. The audio recording will be transcribed word-for-word
by the Student Principal Investigator who may use Zoom’s automated transcription feature, or by
a confidential transcription service (Transcript Heroes) to ensure accurate reporting of the
information that you provide. No personal identifiers will be included in the interview transcript.
The transcription service will sign a non-disclosure agreement (NDA) stating that they will not
discuss any information included in the audio recordings with anyone other than the study staff.

At the start of the session everyone will be asked to respect the privacy of the other group
members. All participants will be asked not to disclose anything said within the context of the
discussion, but it is important to understand that other people in the group with you may not keep
all information private and confidential.

Upon the completion of the study, we will email you a summary of the study findings, in the
form of an executive summary or infographic, using the email address you provided in the
eligibility questionnaire.

WHAT ARE MY RESPONSIBILITIES?

By agreeing to participate in this study, you acknowledge that the session will be conducted via
Zoom, and it is your responsibility to inform the research team if you require any technical
support, such as internet access or Wi-Fi support. There are no correct or incorrect answers, and
we value hearing different viewpoints from all participants. We kindly ask that participants
respect one another and take turns speaking in the group. Additionally, we request that all
participants keep each other's responses confidential.
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You will be assigned a participant number which will be used in all transcripts, and in any
subsequent analysis or publications. You will be asked to keep your camera on for the duration
of the focus group, though you may utilize virtual background or blur features if you prefer
additional privacy.

POTENTIAL RISKS

This is a minimal-risk study and there are no anticipated physical risks to participants. You will
share your personal opinions and perspectives with other genetic counsellors or genetics
providers. Focus group members will be asked to keep the information provided in the groups
confidential; however, a potential risk that might exist for some would be that information about
you might be discussed outside the group by other participants and be traced back to you. It is
also important to acknowledge that due to the small and tightly-knit nature of the genetics
counselling community, there remains a possibility that you may recognize other participants
despite the use of pseudonyms and others may also recognize you. Should another participant
call you by name, the transcriber will remove all names from the transcription. No additional
physical risks are associated with this study.

SAFETY

If you require psychological support at any point during the focus group, you may notify the
Student Principal Investigator, who can assist in connecting you with appropriate support
services or external counselling resources. This may include a referral to the local crisis line (e.g.
Klinic 24-hour Crisis Line (1-888-322-3019)) by the Student PI or the study team will help the
participant find other counselling help. Please note that confidentiality may be breached if you
express intent to harm yourself or others, as required by law.

BENEFITS

There will be no direct benefit to you from participating in this study. However, your
contributions will help us better understand how epigenetic risk scores (ERS) can be made more
relevant to prenatal genetic care, including genetic counselling and risk assessment for prenatal
exposures associated with neurodevelopmental disorders. Your insights will inform future
research and clinical practices, potentially improving patient care in this area.

COSTS

There is no cost to you to attend the focus group discussion.
HONOURARIUM

There will be no payment or reimbursement for taking part in this study.

CONFIDENTIALITY

We will do everything possible to keep your personal information confidential. A list of names
and addresses of participants will be kept in a secure file so we can send you a summary of the
results of the study. If the results of this study are presented in a meeting, or published, nobody
will be able to tell that you were in the study. Please note that although you will not be identified
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as the speaker, your words may be used to highlight a specific point. The collection and access to
personal information will be in compliance with provincial and federal privacy legislations.

During the focus groups we ask that all participants respect and maintain the confidentiality of
the discussion; however, it is not possible for the researchers to guarantee that everyone will do
S0.

Audio recordings of the group discussion will be transcribed. All identifying information (names,
pronouns, clinic name) will be removed during the transcription process of the focus group. All
study records, including audio recordings, transcripts, and contact information, will be labelled
with a coded ID number, which will be assigned to you upon enrolment into the study. All
electronic files (audio recordings, transcripts) will be saved in a secure password-protected
computer drive at the University of Manitoba. Only the Student Principal Investigator and study
staff will have access to the study records. Study information will be retained for a minimum of
seven years after which an evaluation will be conducted on whether data will be destroyed, or a
subsequent study will be conducted.

Some people or groups may need to check the study records to make sure all the information is
correct. All of these people have a professional responsibility to protect your privacy.

These people are:

e The Health Research Ethics Board of the University of Manitoba which is responsible for
the protection of people in research and has reviewed this study for ethical acceptability.

e Quality assurance staff of the University of Manitoba who ensure the study is being
conducted properly

Y our research information may be shared outside of the University of Manitoba with researchers,
other organizations, and/or made publicly available. The information is being shared for further
analysis or testing, as part of the research study, and/or because it is required by a funder or
journal. It will not include your name or any information that could directly identify you.

Permission to Quote:

We may wish to quote your words directly in reports and publications resulting from this. With
regards to being quoted, you acknowledge: “In agreeing to participate in this study, I
acknowledge that I could be quoted directly or indirectly but will remain de-identified”.

WHAT IF SOMETHING GOES WRONG?

Signing this form does not remove any of your legal rights or legal claims you may have against
the study researchers, participating institutions, or any other people or entities involved in the
study.

VOLUNTARY PARTICIPATION AND WITHDRAWL

Page 206 of 208



Participation in this study is voluntary, and you may choose to skip any questions you do not feel
comfortable answering or withdraw from the study at any time. However, once the data has been
de-identified, it may not be possible to remove your responses from the dataset.

QUESTIONS

If any questions come up during or after the study, you may contact the Student Principal
Investigator, Zahra Nasseri Moghaddam, at [LINK TO EMAIL] or [PHONE NUMBER]. You
may also contact one of the Student Supervisors, Dr. Meaghan Jones, at [LINK TO EMAIL], or
Jessica Hartley, at [LINK TO EMAIL].

If you have questions about your rights as a research participant, you may contact the University
of Manitoba Bannatyne Research Ethics Board by phone at [PHONE NUMBER Jor by email at
[LINK TO EMALILY]. Please feel free to print a copy of this consent page to keep for your
records.

CONSENT SIGNATURES

1. Thave reviewed all six pages of the consent form with the Student Principal Investigator.

2. Tunderstand what this study entails, and I have had the opportunity to ask questions, all
of which have been answered to my satisfaction.

3. Tunderstand that my participation in this study is voluntary, and I do not have to
participate in this study if I do not wish to.

4. Tunderstand that any information collected about me during this study may be viewed by
the Student Principal Investigator, Zahra Nasseri Moghaddam, or a member of the study
team, as well as the University of Manitoba Research Ethics Board.

5. Tunderstand that by consenting to participate in this study, [ am consenting to be audio
recorded for the duration of the focus group.

6. I understand that [ may withdraw from the study at any time, and my data can be
removed prior to de-identification. Once the data has been de-identified, it will no longer
be possible to identify or remove my individual responses.

7. Tunderstand that by providing my consent to participate in this study, I have not waived
any of my legal rights.

8. Tunderstand I will be provided with a copy of the consent form for my records.

9. Tagree to participate in the study.

Participant name: Date (day/month/year)

Participant email address:

Page 207 of 208


mailto:jessica.hartley@umanitoba.ca
mailto:bannatynereb@umanitoba.ca

I, the undersigned, have fully explained the relevant details of this research study to the
participant named above and believe that the participant has understood and has
knowingly given their verbal consent.

Name: Date (day/month/year)

Signature: Role in the study:
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