Ethnic-Racial Diversity in Canadian Social Genomics Research 1

Taking Stock and Moving Forward: Synthesizing Ethnic-Racial Diversity in Canadian

Social Genomics Research

Yao Zheng, Ph.D., Zachary Meyer, M.S., Yiqun Wu, B.S.

Department of Psychology, University of Alberta, AB, Canada

December 171, 2023

Correspondence concerning this article should be addressed to Yao Zheng, Ph.D., Department of
Psychology, University of Alberta, P-217 Biological Sciences Building, Edmonton, AB, Canada

T6G 2EO9. (tel) 780-492-0187. Email: yao.zheng@ualberta.ca

This work is funded by a Knowledge Synthesis Grant from the Social Sciences and Humanities

Research Council of Canada in partnership with Genome Canada (Genome Alberta).

None of the authors have any potential conflicts of interest, real or perceived, or financial

disclosures to report.



Ethnic-Racial Diversity in Canadian Social Genomics Research 2

Table of Contents

EXECUTIVE SUMIMATY ...ttt et b et s ettt e bt e bt et e bt e st e enbesbeenbeeneenreas 4
Background and ODJECTIVES ........c.oiiiiiiieiiec e sreas 4
RESUITS ..ttt b bbbt b bbb bbbttt n e 4
KBY MBS SAGES ...ttt ettt ettt ettt ettt et e et e e s ab e e e Rt e e e ab e e Rb e e e bn e e bb e e e nr e e nnns 4
Y [=1 1 T o (o] (oo VAU PRSUSSSRSSRI 5

BACKGIOUN ...ttt ettt st et e st e b e et e s re e st e e st e sbeenbeeneenreas 6
Yo T T= L o T To] 1 ook USRS 6
The importance of racial-ethnic diversity in social genomICS ..........coccevvviieiiiinieere e, 8
Immigration and evolving ethnic-racial compositions in Canada.............cccccceeeveveivennenne. 10

(@] o] =101 (1Y USSTRS 11

Y [=1 g oo LTSRS 11
Registration, search strategy, inclusion and exclusion Criteria...........ccccoocevieiiieiiieiiecinens 11
Data extraction and quality aSSESSMENT ...........coiiiiiieieiie e 12

RESUITS ...t b bbbttt bbbttt 13

0] 0] 1o= 11 o] o 1S SR 16
Study characteristics: common designs and OULCOMES ..........cccverveivereeriesieeseerieseesieeee s 17
Geographic and demographic trends in Canadian social genomics research ................... 19

(@01 0 [od 1157 o] o 1R UP TSP PRURRTRN 20

Knowledge Mobilization ACHIVITIES..........cooiiiiiieeiie e 21



Ethnic-Racial Diversity in Canadian Social Genomics Research

BIDOGIAPNY .. ae e

N o] 0 1=] [0 [ Tod = SRRSO P TSP



Ethnic-Racial Diversity in Canadian Social Genomics Research 4

Executive Summary

Background and Objectives

Social genomics can identify modifiable environmental targets to offset genetic risks,
prevent adverse socioemotional outcomes, and promote well-being and resilience among
vulnerable populations. Contemporary literature on human genetics research, including social
genomics, has predominantly centered on populations of European descents. The inclusion of
diverse ethnic/racial populations into social genomics could further elucidate the mechanisms
that contribute to socioemotional developmental outcomes across the life cycle under various
environmental experiences and broader societal or cultural contexts. This project aims to perform
a systematic review to survey ethnic/racial diversity in Canadian social genomics research.
Results

Only a small number of studies examined outcomes that fell into the broad definition of
social genomics. The majority of them focused on psychiatric symptoms. Barely any studies
explored how different environmental experiences and broader societal or cultural contexts could
amplify genetic potentials or suppress genetic risks. Most studies examined White populations,
regardless of study design, province origin, study outcome, or sample age. Many studies failed to
report any relevant information on ethnic/racial composition at all. It is more challenging to
obtain intersectionality information (e.g., ethnic/racial minority women). Regardless of study
designs or other study characteristics, the average quality of ethnicity/race reporting as well as
the quality rating across studies was low to medium at best.
Key Messages

There is currently a limited number of Canadian social genomic research over the past

three decades, demonstrating a major research gap compared to research conducted in the US.
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We urgently need more research attention in future pertinent studies that extend from merely
investigating psychopathology and focus on a wide range of socioemotional and behavioral
outcomes. Particularly, research attention is sorely needed in understanding how different
broader societal and cultural contexts could modify genetic potentials among different groups.
Moreover, future research should take a developmental and life cycle approach to better
understand how genes and environment contribute to human development with the aid of
longitudinal designs. Marginalized ethnic/racial minority groups are poorly represented in extant
literature. Future research must extend from investigating predominantly White adult populations
onto ethnically/racially diverse child, adolescent, and adult populations. Rather than
indiscriminately aggregating marginalized ethnic/racial minority groups into the larger White
samples for analysis, more research should set out to specifically include and understand
marginalized racial/ethnic minority groups, in recognition of their differences in genetic
predispositions as well as their unique sociocultural systems and environmental experiences.
Greater transparency and intentionality are needed in ethnicity/race and intersectionality
reporting in future Canadian social genomics research.
Methodology

A systematic literature review was performed across Web of Science Core Collection,
Web of Science BIOSIS Citation Index, PubMed, Medline, PsycINFO, Embase, and Scopus.
Included studies had to be published, peer-reviewed empirical investigations that met pre-
established relevancy criteria on the study population, research method, and outcomes assessed,
examining relevant social genomics outcomes using either quantitative or molecular genetics

designs. Only studies containing unique samples were retained for review across study designs.
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Background
Social genomics

Different from medical genetics that focuses more on the evaluation, diagnosis, and
treatment of medical genetic diseases (e.g., birth defects, cancer genetics, prenatal diagnosis) or
agricultural genomics (e.g., food systems and consumptions), social genomics aims to clarify the
interplay between social experiences and broader societal and cultural contexts and genetic
potentials within people (Mills & Tropf, 2020; Robinson et al., 2005; Shanahan, 2013).
Centering on people, social genomics primarily focuses on socioemotional and behavioral
outcomes (e.qg., self-esteem, parent—child relationship, substance use) that largely fall outside the
medical or agricultural domains. Social genomics can identify modifiable environmental targets
(e.g., parenting) to offset genetic risks, to prevent adverse outcomes (e.g., substance abuse), and
to promote well-being and resilience among vulnerable populations (Leve et al., 2018).
Particularly, social genomics can elucidate how social processes (e.g., institutional, cultural
norms and beliefs, systemic racism and discrimination) can suppress or augment underlying
genetic potentials (Shanahan & Hofer, 2005).

Decades of accumulated evidence from social genomics research has robustly
demonstrated that genes influence every aspect of our lives, ranging from emotional, cognitive,
psychological to behavioral processes (Plomin et al., 2016; Polderman et al., 2015).
Consequently, a large portion of the commonly found associations in family studies and social
sciences more broadly (e.g., harsh discipline and child externalizing problems; Rothbaum &
Weisz, 1994) can be attributed to genetic confounding: parents who are genetically at risk for
externalizing problems also tend to use harsh discipline and pass on genes to their offspring. In

the absence of true experimental manipulation (i.e., randomization), as in the case of the majority
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of social sciences, the twin design represents a natural quasi-experiment with the capacity to
disentangle genetic effects from environmental effects by comparing similarity in various traits
between identical twins, who share all of their genes, and fraternal twins, who share on average
half of their segregating alleles (Leve et al., 2018; Pingault et al., 2018; Plomin at al., 2016).
Thus, the twin design represents an ideal way to bring us one step closer toward causal inference
in the role of genes and environment by simultaneously controlling for genetic and family-level
environmental confounding (Pingault et al., 2018; Plomin et al., 2016). Besides twin designs,
social genomics also employs various other techniques and designs. For instance, genome-wide
association studies (GWAS) use hypothesis free association testing to detect links between
genetic variants (single nucleotide polymorphisms, SNPs) across the entire genome and traits in
large samples (Tam et al., 2019). Candidate gene approaches involve identifying and testing the
influences of a few selected or pre-specified genetic variants on a given trait (Tabor et al., 2002).
Polygenic score approaches compile genetic variants linked with a given trait derived from
GWAS studies into a single score to test their cumulative influences (Anderson et al., 2019).

Extant Canadian social genomics research has made tremendous contributions to
advancing our understanding in gene-environment interplay in a wide variety of socioemotional
and behavioral outcomes that carry profound societal impacts. For instance, twin studies have
indicated that unique (i.e., person-specific) environmental influences primarily contribute to the
development of health anxiety in adult Canadian twins, suggesting that health anxiety is
predominately a learned outcome rather than being genetically transmitted (Taylor et al., 2006).
Candidate gene research has implicated polymorphisms in the SNAP25 gene with susceptibility
towards hyperactive and inattentive behaviors in Canadian families (Feng et al., 2005).

Polygenic score research exploring the interaction between early cannabis use and genetic risk
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for schizophrenia on brain maturation suggests that early cannabis use hastens cortical thinning
in Canadian adolescent males who are at high polygenic risk for schizophrenia (French et al.,
2015).

The importance of racial-ethnic diversity in social genomics

Much like the social sciences in general, contemporary literature on human genetics
research has predominantly centered on populations of European descent (Polderman et al.,
2015). Canadian social genomics research is no exception. For instance, in the aforementioned
candidate gene study (Feng et al., 2005), approximately 95% of the sample were White, while
the sample in the polygenic study (French et al., 2015) were entirely White. Taylor et al. (2006)
even failed to report the ethnic-racial composition of their twin sample.

Scant social genomics research has systematically included and represented Canadian
marginalized ethnic-racial populations. One “implicit” (mis)assumption is that findings from
White populations of European descent “naturally” generalize to marginalized ethnic-racial
populations. Such a misassumption ignores the differences in genetic predispositions of
marginalized ethnic-racial populations, as well as their unique sociocultural systems and
environmental experiences that could dynamically modify the expression of genetic
predispositions. Specifically, racial-ethnic diverse populations follow different genetic ancestries
and possess distinct inherited genetic predispositions, which could create differential genetic
vulnerabilities in different environmental contexts for evolutionary purposes. For instance, many
East Asians develop facial flushing due to the buildup of acetaldehyde as a result of genetic
variations responsible for faulty production of enzymes that process alcohol (Lee et al., 2014).
Additionally, genetic variations that grant resistance to malaria can be found in sub-Saharan

regions where malaria is prevalent (Hedrick, 2011). Moreover, the substantial sociocultural
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differences between racial-ethnic diverse populations could differentially amplify or offset their
genetic predispositions. For instance, considering that parent—child and peer relationships are
heavily influenced by culturally influenced socialization processes (Chen & French, 2008),
cross-cultural differences in these social processes may result in distinct gene—environment
interplay patterns in ethnic-racial diverse populations.

The inclusion of diverse ethnic-racial populations into social genomics could further
elucidate the mechanisms that contribute to social developmental outcomes across the lifecycle
under various environmental experiences and broader societal contexts. Human genetics research
has been increasingly calling for greater racial-ethnic diversity initiatives to address this research
disparity (Sirugo et al., 2019). Given the unique environmental experiences (e.g., systemic
racism and discrimination) that marginalized ethnic-racial populations encounter on a daily basis,
the US National Institute of Health has been increasingly funding more genomics research that
specifically targets marginalized ethnic-racial populations.

A small yet burgeoning body of literature has made progress accordingly in these
regards. For instance, examinations of the interplay between polygenic risk for alcohol use
disorder and experienced discrimination on alcohol use problems suggest greater representation
in social genomic research is needed to understand the role of gene—environment interactions in
alcohol use problems in Black youth (Su et al., 2022). Moreover, polygenic risk for depression
has been associated with elevated risk for major depression disorder in Mexican-origin
adolescents, demonstrating the utility of polygenic approaches in identifying genetically at-risk
Latino youth (Rabinowitz et al., 2020). Recent studies have also revealed distinct genetic and
environmental contributions to the development of Asian adolescents” ADHD, anxiety, and

depressive symptoms (Zheng et al., 2016, 2019) from typical findings in European populations.
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Notably, the relative environmental contributions originated from the shared family,
neighborhood, and community experiences are larger in Asian populations who follow a
collectivistic culture that emphasize interpersonal relationships, family harmony, and parent—
child relationships (Chen & French, 2008; Chen et al., 2015) as opposed to the individualistic
culture in most Western countries. These findings suggest that it is imperative to specifically
include marginalized ethnic-racial populations in social genomics to better promote well-being
among these vulnerable groups.
Immigration and evolving ethnic-racial compositions in Canada

Contrary to the growing emphasis on social genomics research in racial-ethnic diverse
populations advocated in the US, there is comparably a lack of concerted effort to promote such
initiatives in Canadian marginalized ethnic-racial populations. One looming and crucial literature
gap concerns the relative lack of information regarding the racial-ethnic diversity in extant
Canadian social genomics research. It is imperative to take stock of the strengths and limitations
in the pertinent literature, to steer the next generation of Canadian social genomics research.

Canada is in a unique position to tackle such research gaps compared to the US.
Immigration constitutes an evolving global phenomenon that constantly and rapidly shapes the
Canadian demographic landscape, notably its ethnic-racial composition, which has far-reaching
implications for Canadian society. Contemporary Canadian immigration and multicultural
integration policies are comparatively more supportive than those in many Western societies
(Trebilcock, 2019). Pro-immigration attitudes and initiatives have resulted in substantial
increases in immigrant populations in recent years (Hiebert, 2016). Roughly 23% of census
respondents in 2021 reporting being either a landed immigrant or permanent resident (Statistics

Canada, 2022a). This rising trend is only expected to continue, as the proportion of immigrants
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in Canada are estimated to increase to approximately 25-30% by 2041 (Statistics Canada,
2022a). Since 2010, immigrants coming to Canada have primarily come from Asia (62%),
followed by Africa (15%), Europe (10%), and Central and South America (9%; Statistics
Canada, 2022a). Marginalized ethnic-racial populations currently constitute a sizeable portion of
the Canadian population: South Asian (2.6 million people; 7.1% of the population), Indigenous
(1.8 million; 5.0%), Chinese (1.7 million; 4.7%), and Black (1.5 million; 4.3%). The remaining
9.1% of visible minorities being: Filipino, Arab, Latin American, Southeast Asian, West Asian,

Korean, and Japanese (Statistics Canada, 2022b, 2022c).

Objectives

To break systemic barriers in Canadian social genomics research, to include, incorporate,
and invite marginalized ethnic-racial populations historically excluded from these research foci
into the modern research agenda, synthesized evidence on the ethnic-racial diversity in extant
Canadian social genomics research is sorely needed. Hence, the primary research question of the
current study is to understand the extent to which marginalized ethnic-racial populations are
included and represented by extant Canadian social genomics research, especially in the last two
decades. Specially, what is the proportion (%) of various marginalized ethnic-racial populations
in each empirical study and over all studies? How do these proportions intersect with other key
factors (e.g., sex and age)? Are there any inequities and biases in investigated social outcomes
(e.g., marginalized ethnic-racial populations are disproportionally examined from a deficit [vs.

competence] approach on negative and adverse [vs. positive and beneficial] outcomes)?

Methods
Registration, search strategy, inclusion and exclusion criteria

The current systematic review was preregistered with the International Prospective
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Register of Systematic Reviews (PROSPERO) network and was assigned the registration
number CRD4202343140. The systematic review adhered to the recommendations and
guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA-S) statement, which requires transparent reporting of systematic reviews and meta-
analyses (Rethlefsen et al., 2021). A comprehensive search strategy was performed through
seven databases: the Web of Science Core Collection, Web of Science BIOSIS Citation Index,
PubMed, Medline, PsycINFO, Embase, and Scopus. Studies considered for inclusion had to be
published, peer-reviewed empirical investigations that met pre-established relevancy criteria on
the study population, research method, and outcomes assessed, examining relevant social
genomics outcomes (e.g., self-esteem, parenting—child relationship, substance use) using either
quantitative (e.g., twin) or molecular (e.g., GWAS, candidate gene, polygenic risk) genetics
designs.

Exclusion criteria for the current systematic review included studies focusing on
medically relevant outcomes (e.g., congenital disabilities, cancer genetics) and studies examining
Canadian samples residing abroad. As the review focused on assessing ethnic/racial inclusion,
only studies containing unique samples were retained for review across study designs, as
duplicate samples would not provide additional relevant information. Key terms included in
database search queries included “Canada” or “Canadian,” province-specific search terms (e.g.,
Ontario, Quebec, Alberta) and “gene” or “genomics” or “twin,” “GWAS” “candidate genes” or
“polygenic.”

Data extraction and quality assessment
Figure 1 displays the number of studies screened at each review stage and the reasons for

excluded articles. Two independent reviewers assessed all articles that could be relevant for their
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titles and abstracts. Full-text copies were obtained for all articles that met the initial inclusion
criteria, and any discrepancies between reviewers were resolved first through discussion among
reviewers or by a third reviewer if necessary. Both reviewers conducted the data extraction
process independently, followed by consensus agreement and subsequent approval by the
principal investigator. The studies eligible for review had various data extracted, including
sample characteristics such as mean age, age ranges, sex/gender distribution, ethnic-racial
composition (e.g., White, Asian, Black, Latino, Indigenous), geographic regions covered, study
design and outcomes, as well as years of publication and total sample sizes.

Since there was no pre-established protocol suitable for the purpose of the current study,
a specific rating framework was created to evaluate ethnic-racial inclusivity in included
genetically informed studies. Four criteria were considered important to assess the quality of the
studies with respect to sample demographic reports practices, including the reporting quality of
1) sample characteristics, 2) racial-ethnic compositions, 3) sample representativeness, and 4)
considerations of potential intersections between ethnicity/race and sample characteristics in the
study design (e.g., ethnicity by gender). Criteria were rated on a 3-point scale (1 = inadequate
reporting/consideration, 2 = partial reporting/consideration, 3 = comprehensive reporting/full
consideration). Both reviewers independently scored each criterion and an average score across
reviewers was created for each criterion. The scores across the four criteria were then averaged
to produce a composite quality assessment score for each study within the framework of the
rating system.

Results
During the literature identification phase of the review, a total of 2,290 studies were

initially retrieved across the seven databases. Among them, 1,254 studies were identified as
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duplicates by Covidence and additional 10 studies were deemed duplicates and removed
manually by reviewers, leaving 1,206 studies eligible for title and abstract screening. Of these,
936 studies did not meet eligibility criteria during title and abstract screening and were
subsequently excluded, leaving 90 studies for full-text review. Following the full-text review
process, 63 studies were excluded, primarily due to wrong study designs or duplicate samples, as
indicated in Figure 1. Ultimately, a total of 29 studies were deemed eligible for inclusion in the
current review. It is important to note that some of the studies included for review incorporated
multiple study designs (e.g., GWAS/polygenic risk) and pooled samples across multiple
provinces (e.g., Ontario and Quebec), as such, counts of study design, geographic region, and
outcomes are reported across each design where applicable.

Candidate gene studies were the most frequently employed research design (n = 15; see
Figure 2) with an average sample size of 837 and sample range of merely 77 to 4,386. Candidate
gene studies were conducted across many geographic regions, including Alberta (n = 3), British
Columbia (n = 1), Newfoundland (n = 1), Ontario (n = 4), and Quebec (n = 7). Most studies
focused on outcomes in adulthood (n = 9; see Figure 3). Study outcomes included ADHD (n =
2), opioid use disorder (n = 1), mania and depression (n = 1), bipolar disorder (n = 3), anxiety (n
= 1), suicide completion (n = 1), social orientation (n = 1), pathological gambling (n = 1),
depressive symptoms (n = 1), schizophrenia (n = 1), dyslexia (n = 1), and food addiction (n = 1).
On average, the reporting of ethnicity/race composition and study quality were medium (Ms =
2.27 and 2.02, respectively).

Seven studies employed genome-wide association designs (Figure 2) with an average
sample size of 3,237 and sample range of 624 to 16,361. Frequency of GWAS studies by

geographic region included national (n = 1), Newfoundland (n = 1), Ontario (n = 2), Quebec (n =
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2), and Not reported (n = 1). Genome-wide association studies most commonly assessed adult
samples as well (n = 5; Figure 3). Study outcomes included suicide completion (n = 1), anxiety
and pain problems (n = 1), food addition (n = 1), reading disabilities and genetic risk for
neurodevelopmental disorders (n = 1), autism spectrum disorder (n = 1), bipolar (n = 1), and
PTSD (n = 1). Average ethnicity/race reporting quality was medium (M = 2.2) and average study
quality was low (M = 1.8). An additional study was not formally classified into a specific
category given its unique study design using an epigenome wide approach, which assessed
epigenomic indices of aging as related to peer victimization, depression, and suicidal ideation in
children from Quebec. Ethnicity/race reporting and study quality for this study were low (Ms =1
and 1.5, respectively).

Seven studies utilized the polygenic risk/score designs (Figure 2) and had an average
sample size of 2,848 and sample range of 145 to 16,361. Polygenic risk geographic region
frequencies were as follows: national (n = 1), Manitoba (n = 2), Ontario (n = 2), Quebec (n = 2).
Like candidate gene research (Figure 3), most polygenic risk studies focused on outcomes in
adulthood (n = 4). Study outcomes included reading disabilities and neurodevelopmental
disorders (n = 1), PTSD (n = 1), bipolar and schizophrenia (n = 1), ADHD (n = 1), multiple
sclerosis and depression (n = 1), psychiatric comorbidity in irritable bowl disease (n = 1), social
withdrawal and genetic risk for mental health disorder (n = 1). Ethnicity/race reporting quality
was low (M = 1.57), and average study quality was also low (M = 1.54).

Three twin studies with unique samples were included for review (Figure 2) with an
average sample size of 1,163 and sample range of 614 to 1,578 and used samples from British
Columbia (n = 1), national (n = 1), and Quebec (n = 1). Unlike other study designs, adolescent

and adult developmental periods (Figure 3) were equally assessed (n = 2) for both periods,
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respectively. Reactive and proactive aggression (n = 1), antisocial personality traits and alcohol
misuse (n = 1), and obsessive compulsive (n = 1) outcomes were assessed across twin studies,

among many other relevant social genomic outcomes examined in other excluded studies using
the same samples (due to sample duplication). Ethnicity/race reporting and overall quality score

for twin studies were both medium (Ms = 2 and 2.08, respectively).

Implications

The current study represents the first effort to quantify the extent to which marginalized
ethnic/racial populations have been systematically included and considered in Canadian social
genomics research in different types of genetically informed research designs that has been
conducted on Canadian populations over the last three decades. Besides highlighting prominent
gaps in the literature, the current study provides insights into the demographic and geographic
trends present in contemporary Canadian social genomics research. Moreover, the current review
reveals the current poor state of sample reporting practices across various genetically informed
designs, highlighting the need for greater transparency and more detailed ethnicity/race reporting
practices in future research. The current findings offer several important implications to policy
and research as discussed in the following sections.

First and utmost, there is currently a limited number of Canadian social genomics
research over the past three decades, demonstrating a major research gap compared to research
conducted in the US. By directly focusing on proximal psychosocial processes as well as distal
societal and cultural contexts, social genomics has the capacity to promote well-being and
resilience, and prevent adverse outcomes, especially among vulnerable populations. Therefore,
we urge more policy in directing research funding and priorities to social genomic research.

Moreover, despite growing calls for more racial-ethnic diversity initiatives in human genetics
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research (Sirugo et al., 2019), few social genomics studies intentionally incorporate marginalized
ethnic/racial groups as a part of their research focus. Moreover, marginalized ethnic-racial
populations are often simply aggregated into the larger White samples for analysis. Quantifying
the extent to which racial/ethnic minorities have been systematically included into contemporary
social genomics literature constitutes a first step to addressing the growing diversity initiatives
within the field. The current findings further highlight the severe lack of relevant social genomic
research that specifically or exclusively focus on ethnic-racial minority populations. We call for
more relevant policies and funding priorities that especially encourage and promote social
sciences research with genetically informative designs to target marginalized ethnic-racial
groups.
Study characteristics: common designs and outcomes

Despite an initial large return of literature research through seven databases, only a small
number of studies examined outcomes that fell into the broad definition of social genomics.
Among those studies, only 29 Canadian social genomics studies used unique and independent
Canadian samples that were eligible for subsequent inclusion and analysis. Candidate gene (i.e.,
single gene approach) studies represented the most frequently used study design. Studies using
polygenic risk score designs (i.e., multiple genes) and genome-wide association designs (i.e.,
whole genome sequencing) were used to a lesser degree. Only three studies used the twin design
with unique Canadian samples, and one study used a design that could not be categorized into
the other study designs (i.e., epigenome-wide methylation). Sample sizes in these studies tended
to be large compared to common social science studies, on average exceeding one thousand
participants. Only one twin study design employed longitudinal designs where they followed

participants over multiple years. Genetically informative longitudinal designs offer the unique
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opportunity to unravel how genes and environment contribute to the onset, persistence, and
desistence of psychosocial development with a lifecycle approach. Thus, much more longitudinal
research is needed in future research practices.

Regardless of study designs, the majority of included studies focused on psychiatric or
psychopathology symptoms as their investigated outcomes, included ADHD, PTSD, anxiety and
depression, schizophrenia, substance use disorder, problem gambling, suicide,
neurodevelopmental disorders, obsessive-compulsive disorder, bipolar disorder, among others.
These investigated outcomes only covered a rather small and limited section of potential
outcomes that are frequently investigated in social genomics research, leaving out numerous
other important and socially-relevant outcomes, such as parent-child relationships and peer
relationships, parenting, self-esteem, personality, and academic achievement. In addition, a focus
on these adverse or negative outcomes are congruent with the conventional research practices
originated from a deficit view. We strongly encourage a competence-based perspective towards
genetic and environmental influences as implemented in social genomics to actively elucidate
how genes and environment could bring out competence, capacity, and prosperity in human
development. Moreover, and more importantly, few studies explored how different
environmental experiences and broader societal or cultural contexts could amplify genetic
potential or suppress genetic risks associated with these outcomes, the exception being in studies
using twin designs. This is a severe under-utilization of one of the major advantages of social
genomic research. We encourage more research practices in taking a social determinant
perspective to examine modifiable environmental targets that could inform future intervention in

both harm reduction as well as wellness promotion.
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Geographic and demographic trends in Canadian social genomics research

Most extant Canadian social genomics studies focused on populations from Quebec, a
predominately European founder population. Other Canadian provinces that contributed eligible
studies included Ontario, Alberta, British Columbia, Manitoba, and Newfoundland. Relevant
studies using national data or samples pooled across multiple Canadian provinces constitute a
minority of social genomics studies conducted in Canada. It would greatly enhance population
inclusion and representation if future research comes more from other less or rarely investigated
provinces or areas. National collaboration or consortium efforts in this regard would achieve
such a goal. In addition, the included studies overwhelmingly examined adult populations, with
much less attention given to earlier developmental periods (e.g., early childhood, adolescence)
except for studies using twin designs. People experience different environmental contexts across
their life stages, which could trigger or suppress the expression of different genetic
predispositions. Hence, a developmental and lifecycle approach towards social genomic research
could greatly serve the research community as well as the society.

Relating to one of the main goals of the current study, the current findings revealed that
most extant studies examined White populations, regardless of study design, province origin,
study outcome, or sample age. Furthermore, many studies failed to report any relevant
information on ethnic/racial composition at all, making it more challenging to draw meaningful
insights about the extent to which demographic intersections (e.g., ethnic/racial minority women)
were intentionally addressed in contemporary social genomics research. Regardless of specific
study designs or other study characteristics, the average quality of ethnicity/race reporting, as
well as the quality ratings across studies were low to medium, suggesting that the reporting of

informative sample characteristics (e.g., age, sex, ethnicity) are often missing or only partially
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included at best. These findings reveal major gaps in research practices in the inclusion of, as
well as the accurate reporting of ethnic-racial minority groups into Canadian social genomic

research, and highlight important areas and directions that research policy should prioritize.

Conclusions

There is currently a limited number of Canadian social genomic research over the past
three decades, demonstrating a major research gap compared to research conducted in the US.
We urgently need more research attention in future pertinent studies that extend from merely
investigating psychopathology and focus on a wide range of socioemotional and behavioral
outcomes. Particularly, research attention is sorely needed in understanding how different
broader societal and cultural contexts could modify genetic potentials among different ethnic-
racial groups. Moreover, future research should take a developmental and life cycle approach to
better understand how genes and environment contribute to human development with the aid of
longitudinal designs. Marginalized ethnic/racial minority groups are poorly represented in extant
literature. Future research must extend from investigating predominantly White adult populations
onto ethnically/racially diverse child, adolescent, and adult populations. Rather than
indiscriminately aggregating marginalized ethnic/racial minority groups into the larger White
samples for analysis, more research should set out to specifically include and understand
marginalized racial/ethnic minority groups, in recognition of their differences in genetic
predispositions as well as their unique sociocultural systems and environmental experiences.
Greater transparency and intentionality are needed in ethnicity/race and intersectionality

reporting in future Canadian social genomics research.
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Figure 1. PRISMA Flow Diagram
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Figure 2. Study counts, average ethnicity reporting and quality scores.
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Figure 3. Developmental periods of samples across study designs.
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Table 1. Study characteristics and quality assessment.
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