GxE = ‘p’? Using Hierarchical Measures of Psychopathology
to Capture the Effects of Environmental Stressors and Gene-Environment Interplay

by
Jonathan D. Schaefer
Department of Psychology & Neuroscience

Duke University

Date:

Approved:

Terrie Moffitt, Supervisor

Avshalom Caspi, Co-supervisor

Margaret Sheridan

William Copeland

Timothy Strauman

Dissertation submitted in partial fulfillment of
the requirements for the degree of
Doctor of Philosophy in the
Department of Psychology & Neuroscience
in the Graduate School of Duke University

2019



ABSTRACT

GxE = ‘p’? Using Hierarchical Measures of Psychopathology
to Capture the Effects of Environmental Stressors and Gene-Environment Interplay

by
Jonathan D. Schaefer
Department of Psychology & Neuroscience

Duke University

Date:

Approved:

Terrie Moffitt, Supervisor

Avshalom Caspi, Co-Supervisor

Margaret Sheridan

William Copeland

Timothy Strauman

An abstract of a dissertation submitted in partial
fulfillment of the requirements for the degree
of Doctor of Philosophy in the Department of
Psychology & Neuroscience in the Graduate School of
Duke University

2019



Copyright by
Jonathan D. Schaefer
2019



Abstract

Exposure to psychosocial stress is a robust predictor of subsequent
psychopathology. However, only a portion of individuals with these experiences will
develop psychiatric symptoms. The concept of gene-environment interaction (GxE) has
provided one theoretical framework for reconciling these observations, but the empirical
findings from this literature are mixed and often fail to replicate across studies. This
dissertation explores the use of a relatively new approach to measuring the mental-health
effects of environmental stress (the “p-factor”), and examines whether this approach has
the potential to advance and consolidate studies of gene-environment interaction and
psychopathology. First, | present lifetime prevalence data from The Dunedin
Multidisciplinary Health and Development Study indicating that mental disorder is near-
ubiquitous, consistent with the notion that liability to these conditions is distributed
quantitatively throughout the population. Second, | present analyses from the
Environmental Risk Longitudinal Twin Study showing that the mental-health effects of
victimization exposure (one of the most common and severe types of psychosocial stress)
are both non-specific and likely causal. These data suggest that stressful life experiences
increase risk of psychopathology largely through effects on general liability. Third, |
examine whether victimization’s effects on general psychopathology vary as a function
of multiple measures of genetic propensity. Results consistently indicate that they do not,
suggesting minimal gene-environment interaction. Implications for future research that
seeks to identify the genetic and non-genetic factors that determine vulnerability and

resilience to the mental-health effects of environmental stress are discussed.
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Chapter 1. General Introduction

It has long been recognized that exposure to traumatic stress or adversity is a
strong risk factor for the development of later psychopathology (Beards et al., 2013;
Hammen, 2005; Kendler & Karkowski-Shuman, 1997; Kessler, Zhao, Blazer, & Swartz,
1997; Klauke, Deckert, Reif, Pauli, & Domschke, 2010). Nevertheless, years of
accumulated research also suggest that not everyone exposed to these experiences will go
on to develop psychiatric symptoms (Collishaw et al., 2007).

One of the earliest etiological models of mental illness constructed to explain
these dual findings is the diathesis-stress model, which proposed that psychiatric
disorders result from of the interaction of predispositional vulnerability and stress
generated by life events (Monroe & Simons, 1991). This notion has featured prominently
in several conceptualizations of mental disorders including depression (Beck &
Bredemeier, 2016; Nolen-Hoeksema, 1991), suicidality (Nock, 2010), anxiety disorders
(Elwood, Mott, Williams, Lohr, & Schroeder, 2009; Zvolensky, Kotov, Antipova, &
Schmidt, 2005), alcoholism (Goldstein, Buchanan, Abela, & Seligman, 2000), and
schizophrenia (Walker, Mittal, & Tessner, 2008). Indeed, it is challenging to identify a
common mental disorder that has not been shown to correlate with multiple measures of
environmental stress.

The observation that some people seem to be more susceptible to the effects of
environmental stress than others has led to an enduring interest in devising ways to
predict how people will fare psychologically in stressful circumstances and in
understanding how factors determining risk or resilience might be manipulated to

improve population health. One potentially promising approach to estimating an
1



individual’s “diathesis,” or level of innate vulnerability to environmental stress, involves
the use of genetic data. Empirical support for this strategy comes from a series of studies
reporting evidence of “gene-by-environment interactions,” in which certain
environmental exposures are associated with increased rates of mental disorder, but only
in individuals with a particular genotype (e.g., Caspi et al., 2002, 2003). However, these
studies have been criticized for being underpowered and for generating results that do not
replicate across samples (Duncan & Keller, 2011). For these reasons, studies of gene-
environment interaction have largely failed to advance etiological theory and resilience
science in a fashion commensurate with initial expectations.

In this dissertation, | present evidence supporting the use of a relatively new
approach to measuring the mental health effects of environmental stress. | also attempt to
illustrate the ways in which this approach has the potential to advance and consolidate
research on the factors that allow some people to avoid developing psychopathology even
under conditions of severe stress (a phenomenon that | will henceforth refer to as
“psychological resilience”). This approach entails abandoning discrete, categorical
measures of psychopathology (e.g., presence or absence of Major Depressive Disorder) in
favor of a continuous, hierarchical measure of general liability to psychopathology
termed the “p-factor” (or “p”), after the “g-factor” of general intelligence. In this General
Introduction, | briefly review the historical trends that shaped early gene-environment
interaction research designs, as well as findings from more recent studies. | also review
the literature contributing to the development and validation of the p-factor and
summarize recent critiques. | end with an overview of the empirical chapters and the

specific empirical and methodological questions that this dissertation attempts to answer.



1.1 The many “Gs” in “GxE” research: from family history to candidate
genes to cumulative genetic risk measures

The relative importance of environmental stress versus genetic predisposition in
the etiology of various forms of psychopathology has long been debated (Rutter, Moffitt,
& Caspi, 2006). Early efforts to identify the genetic basis of psychiatric disorder focused
almost universally on identifying monogenic (i.e., single-gene) causes. However, the vast
majority of the initial claims identifying a gene “for” a particular disorder did not
replicate, leading many to be withdrawn. These failures set the foundation for our
modern-day understanding that the effects of almost all individual risk factors for mental
disorder can best be understood as probabilistic, rather than deterministic (Rutter et al.,
2006). Put more plainly: Not all individuals with a certain copy of a particular gene will
develop a mental disorder, just as not all individuals exposed to a particular environment
will develop a mental disorder. These realizations led many to speculate that the
phenomenon of gene-environment interaction might explain why so few genetic main
effects seemed to replicate across studies. Thus, the goal of psychiatric genetics shifted
from an exclusive focus on identifying individual causative genetic variants and towards
the specification of more nuanced models representing the ways in which genetic and

experiential factors might interact across development (Rutter, 1997; Sameroff, 2010).

1.1.1 Family history approaches

The earliest studies that tested for evidence of interplay between environmental
stress and a genetic “diathesis” in the development of mental illness used family history
of psychopathology to approximate an individual’s genetic risk. For example, one such

study demonstrated that women with a monozygotic co-twin with a history of depression



(the “high genetic risk” group) were significantly more likely to develop major
depression following exposure to a severe stressful life event than those with a
monozygotic co-twin without a depression history (the “low genetic risk group)
(Kendler et al., 1995). Because assembling large numbers of twins for this kind of
research is logistically challenging, other studies used parent mental health as a weaker
proxy for genetic risk instead. These studies generally reported that environmental risk
factors (e.g., family discord, stressful life events) were more strongly associated with
depression among offspring of parents with a history of mental disorder (high genetic
risk) compared to offspring of parents with no such history (low genetic risk) (Hammen,
Brennan, & Shih, 2004; Silberg, Rutter, Neale, & Eaves, 2001). Such family history
analyses thus provided initial evidence suggesting that psychological vulnerability to
environmental stressors is at least partially under genetic control.

However, the family history approach to estimating genetic propensity is also
characterized by several limitations. First, family mental health influences individual
mental health through both genetic and environmental pathways. For example, in
addition to passing on risk-associated genetic variants, parents with psychiatric disorders
are also more likely to provide a compromised rearing environment (e.g., Lovejoy,
Graczyk, O’Hare, & Neuman, 2000). This finding means that the increased vulnerability
to environmental stress shown by offspring raised by a parent with a history of
psychopathology could be largely environmentally-determined, rather than due to the
inheritance of illness-associated genetic variants. Second, because no genes are assessed
directly when ascertaining family history of psychiatric disorder, the potential for

misclassification or measurement error when estimating an individual’s genetic



propensity is increased. This problem is particularly pronounced for studies in which
participants are interviewed about the mental health histories of family members who are

not participating in the study, due to problems like recall failure.

1.1.2 Candidate gene approaches

To address these limitations, researchers interested in gene-environment
interaction turned next to studies in which genetic variation was measured directly. The
first and most basic of these designs is often referred to as a “candidate gene” or
“qualitative measured genetic risk” approach. In this paradigm, researchers first select a
single gene of interest based on existing knowledge regarding its behavioral and
biological effects, or because the gene resides in an area of the genome previously
associated with psychiatric disorder in family-based linkage studies (Moffitt, Caspi, &
Rutter, 2006; Wei & Hemmings, 2000). Researchers then test whether the relationship
between an environmental stressor and psychopathology appears to differ across
individuals with different variants of the selected gene.

The first of these “candidate-gene-by-environment” (abbreviated “cGXE”) studies
in psychiatry reported that individuals with a genotype conferring low expression of the
monoamine-oxidase A (MAOA) gene showed higher levels of adult antisocial behavior,
but only if they also experienced maltreatment as children (Caspi et al., 2002). This
MAOA paper was followed closely by a second, high-profile study reporting higher risk
of major depressive disorder in individuals with the short allele of a functional, repeat
length polymorphism (5-HTTLPR) on the serotonin transporter gene (SLC6A4), but only
if those individuals were exposed to a high level of stressful life events (Caspi et al.,

2003). Since these two landmark studies, a number of additional cGXE interactions have

5



also been reported involving genes for dopamine receptors D4 (DRD4) and D2 (DRD?2),
catechol-O-methyl transferase (COMT), and brain-derived neurotrophic factors (BDNF),
among others (for a review, see Assary, Vincent, Keers, & Pluess, 2017).

In the past decade, however, findings from cGXxE studies have been increasingly
called into question. The primary criticism of the cGxE literature is that few candidate
gene findings appear to replicate, possibly suggesting a high-false discovery rate. For
example, research on SLC6A4 and depression has spawned nearly equal numbers of
failed and successful replication attempts (reviewed in Assary et al., 2017; Halldorsdottir
& Binder, 2017), as well as dueling sets of opposing meta-analyses (Culverhouse et al.,
2018; Karg, Burmeister, Shedden, & Sen, 2011; Munafo, Durrant, Lewis, & Flint, 2009;
Risch et al., 2009; Uher & McGuffin, 2010). In addition, a recent, large-scale study that
examined associations between 18 of the most highly studied candidate genes for
depression and multiple depression phenotypes using data from the UK Biobank found
no evidence that any candidate genes contributed substantially to depression liability, as
well as no evidence of interaction with traumatic events or socioeconomic adversity
(Border et al., 2019).

One explanation that has been advanced to explain the low replication rates of
cGXE findings is that most studies have been severely underpowered to detect real
interactions—which, paradoxically, can also increase the probability of false positive
results (Duncan & Keller, 2011; Munafo & Flint, 2009). A review of all published studies
from the first decade of cGXE research reported that only 27% of replication attempts
garnered positive findings (compared to 96% of novel studies), and that positive

replication attempts had, on average, smaller sample sizes than negative attempts.



Combined, these patterns indicate potential publication bias (Duncan & Keller, 2011).
Some have also suggested that the large numbers of false-positive cGXE findings are
attributable to widespread use of inappropriate analytic methods and inadequate control
for population stratification (Border & Keller, 2017; Dick et al., 2015; Keller, 2014).
Because of these critiques, candidate-gene approaches to studying gene-environment
interaction have largely been pushed to the margins of the literature, with most modern-

day investigators choosing alternative analytic strategies.

1.1.3 Genome-wide approaches

One other significant criticism of candidate-gene approaches to studying gene-
environment interaction is that such studies are seen using single gene “stand-in” for
what are almost certainly highly polygenic traits (Kraft & Aschard, 2015). Evidence
suggesting that the genetic basis for nearly all psychiatric disorders is characterized by
thousands of risk variants, each with small effects, comes from genome-wide association
studies (GWASS). In psychiatry, GWASs test common genetic variants throughout the
human genome—most commonly, single-nucleotide polymorphisms, or “SNPs”—for
association with psychiatric disorders by assaying millions of loci simultaneously. To
date, individual genetic variants identified by these studies appear to contribute only
minimally to disorder risk, which some have interpreted as further evidence that most
cGXE studies have been vastly underpowered (Uher & Zwicker, 2017). For example, in
the most recent GWAS of depression (N = 135,458 cases and 344,901 controls), the
strongest individual SNP detected appeared to increase an individual’s risk of depression
by 4.4% (Wray et al., 2018). Detecting this effect with 80% power at an alpha level of p

= 0.05 would require a balanced case-control sample of about 34,100 individuals, which
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is orders of magnitude larger than all but a handful of positive, published cGXE studies
(Border et al., 2019).

Results from psychiatric GWASs spawned two novel approaches to examining
gene-environment interaction. The first approach, labeled “gene-by-environment
genome-wide interaction” or “GEWIS,” encompasses studies that test interactions
between the environment and millions of individual SNPs. Because both GEWIS and
standard GWAS designs involve millions of individual statistical tests, stringent
statistical corrections to protect against false positive results are required (Pe’er,
Yelensky, Altshuler, & Daly, 2008). The second “genome-wide” approach to gene-
environment interactions avoids the multiple-testing limitation of GEWIS by collapsing
the effects of multiple SNPs into a single polygenic score (PGS), and testing for a
significant interaction between this score and an exposure of interest. Individuals’ PGSs
for psychiatric disorders are computed by summing the number of disorder-associated
alleles they possess, weighted by their effect sizes from a discovery GWAS. The scores
can use only genome-wide significant variants or any of a series of less restrictive
thresholds (e.g., p < 0.0001, p <0.001, p <0.1).

To date, only a few GEWIS studies have been conducted, with most testing for
associations with depression (Arnau-Soler et al., 2019; Dunn et al., 2016b; Ikeda et al.,
2016; Otowa et al., 2016). Many of these studies report results from tests for genome-
wide significant gene-environment interaction effects, as well as tests of “joint effects,”
which test for both genetic main and gene-environment interaction effects
simultaneously. Thus far, only one genome-wide significant interaction (SNP

rs10510057, near gene RGS10) has been replicated in an independent sample.



Interestingly, however, results from both samples were presented in a same paper, and
came from samples of only three or four hundred individuals (Otowa et al., 2016), raising
concerns regarding the likelihood that this finding will replicate in larger, better-powered
analyses. Similarly, the largest GEWIS study of depression conducted to date reported
two significant interactions between stressful life events and individual SNPs as well as
two additional significant results from tests assessing joint effects. However, all four of
these results were found only in the Generation Scotland cohort (N = 4,919) and did not
replicate in the larger UK Biobank sample (N = 99,057) (Arnau-Soler et al., 2019).
GEWIS studies of alcohol use disorder have been marginally more fruitful. One
initial study reported the discovery and replication of a significant interaction between a
single PRKG1 SNP and trauma exposure in two African-ancestry cohorts (Polimanti et
al., 2018). This interaction was then replicated a third time in a second paper, albeit for
only one out of three outcome measures (Hawn et al., 2018). Although the detection of
some replicable genome-wide significant interaction effects is encouraging, the general
lack of reliable findings generated by GEWIS studies to date suggest that significantly
larger samples may be needed in order for this approach to reach its full potential.
Studies of gene-environment interaction that measure genetic risk using polygenic
score methods have also produced mixed findings. For example, two studies that have
used this approach to examine the interaction between the PGS for major depressive
disorder (MDD-PGS) and childhood maltreatment reported contradictory findings. The
first study, using a cohort of 1645 depression cases and 340 controls from the
Netherlands, reported a positive interaction between severity of childhood maltreatment

and the MDD-PGS, such that the depressogenic effects of maltreatment were greatest in



individuals with the highest PGSs (Peyrot et al., 2014). The second study used a larger
sample of 1605 depression cases and 1064 controls residing in the UK who were assessed
for their exposure to stressful life events, and a subset of 240 cases and 272 controls who
also had childhood maltreatment data. This study also found evidence for an interaction
of MDD-PGS with childhood maltreatment, but reported instead that the depressogenic
effects of maltreatment were greatest in individuals with the lowest PGSs (Mullins et al.,
2016). A meta-analysis combining both cohorts with seven other samples from the
Psychiatric Genomics Consortium (PGS) for a combined total of 3024 depression cases
and 2741 controls reported no interaction whatsoever (Peyrot et al., 2017).

Both GEWIS and PGS methods are characterized by important limitations.
Because of multiple testing concerns, GEWIS sample sizes must be very large, often
requiring meta- or mega-analyses backed by multi-site research consortia. At the same
time, the size of these samples also means that GEWIS must rely on relatively crude
measures of phenotyping often characterized by considerable measurement error. PGS
approaches, on the other hand, are limited in their effectiveness by the state of pre-
existing psychiatric GWASSs, and rest on the questionable assumption that the genes
identified by GWAS studies of psychiatric disorders are also those that interact most
strongly with a given environmental exposure. In addition, the proportion of variance in
most psychiatric disorders explained by these PGSs pales in comparison to the estimates
reported by twin studies. For example, the proportion of variance in depression explained
by genetic loci identified in the most recent depression GWAS (a measure of “SNP
heritability”) is 8.7% (Wray et al., 2018), whereas twin heritability estimates suggest

about 40% of variation in depression is attributable to additive genetic effects (Sullivan,

10



Neale, & Kendler, 2000). It is not currently known whether this gap in heritability
estimates (often referred to as “missing heritability”) is due to the imperfect tagging of
causal variants by common SNPs (Wainschtein et al., 2019) or other reasons such as
over-estimation of heritability from twin and pedigree studies caused by confounding
with common environmental effects or non-additive genetic variation (Manolio et al.,

2009).

1.1.4 Latent genetic propensity approaches

A final quantitative approach to testing for gene-environment interactions in the
development of psychopathology involves the use of latent, rather than measured, genetic
propensity. Estimates of latent genetic propensity are most commonly derived through
the application of behavioral genetics model-fitting techniques to data capturing the
variance and covariance structure of a given phenotype among monozygotic (MZ) and
dizygotic (DZ) twin pairs. The most common model in behavioral genetics is the “ACE
model”, in which “A” represents “additive genetic effects,” “C” represents “common” or
“shared environmental effects,” and “E” represents “unique” or “nonshared
environmental effects” on a given phenotype. The relative contributions of these
influences can be estimated because of known relationships among MZ and DZ twins;
namely, that MZ twins are genetically identical whereas DZ twins share, on average, half
their polymorphic genes. Thus, additive genetic effects are considered present for any
phenotype in which MZ twins are more similar than DZ twins, with larger MZ-DZ
differences indicating proportionally stronger genetic influences. Shared environmental

effects, in contrast, capture all nongenetic influences that work to make members of both
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MZ and DZ twin pairs more similar to one another, whereas unique environmental effects
capture all nongenetic influences that make twins different.

The standard univariate ACE model can also be modified to incorporate an
environmental moderator. This modification is useful in that it allows investigators to test
whether the strength of genetic and environmental influences on a phenotype are
dependent on a specific, measured environmental variable (Purcell, 2002). Perhaps the
best known example of this approach is the finding that genetic influences (A) on IQ are
smaller for children born into low socioeconomic status (SES) families compared to those
born into higher SES families. For these low SES children, this pattern suggests that
variance in 1Q is explained almost entirely by environmental factors (i.e., C and E)
(Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman, 2003). Because environmental
factors are generally considered to be more modifiable than genetic factors, this finding
generated significant interest and prompted multiple follow-up studies, with some
reaching the same conclusion and others not (Tucker-Drob & Bates, 2016).

A full review of findings from studies of gene-environment interaction that use
latent, twin-modeling approaches to estimating genetic propensity is beyond the scope of
this introduction. However, twin analyses of depression (Klengel & Binder, 2013;
Mandelli & Serretti, 2013), anxiety (Sharma, Powers, Bradley, & Ressler, 2016),
schizophrenia and bipolar disorder (Uher, 2014), alcohol/drug use (Barr et al., 2016;
Vink, 2016), and other psychiatric phenotypes have all found evidence to suggest that the
relative influence of genetic influences varies across different environments. Such
findings are mixed when it comes to determining whether the relative contribution of

genetic influences generally tend to increase or decrease under conditions of increasing
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environmental stress (Hicks, DiRago, lacono, & McGue, 2009; Hicks, South, DiRago,
lacono, & McGue, 2009; Vendlinski, Lemery-Chalfant, Essex, & Goldsmith, 2011).
These inconsistencies are reviewed in additional detail in Chapter 4.

The primary strength of latent estimates of genetic risk derived from twin models
is that they account for all unknown and unmeasured genetic influences on a phenotype,
thereby making them significantly stronger estimates (i.e., accounting for more variance
in psychiatric outcomes) than their candidate-gene and PGS counterparts. However,
assembling sufficient numbers of twins to make use of this approach is logistically
challenging, and the latent nature of these measures means that they provide virtually no
information regarding the specific genetic variants associated with an outcome of interest.
In addition, all twin modeling analyses rest on a set of difficult-to-prove assumptions,
including (1) that the environments of monozygotic and dizygotic twins are equally
similar, (2) that there is no misclassification of zygosity, and (3) that twins are
representative of the general population, and (4) there is no assortative mating. Any

violations of these assumptions can bias heritability estimates (Sahu & Prasuna, 2016).

1.2 Embracing “p”: The case for a transdiagnostic, continuous psychiatric
phenotype

The earliest gene-environment interaction studies of psychopathology examined
environmental moderation of genetic risk for either specific, DSM-defined disorders such
as major depression (Caspi et al., 2003), or a set of narrowly-defined behavioral
outcomes, such as antisocial behavior (Caspi et al., 2002). Although this focus on
relatively narrow, well-defined outcomes has largely persisted to the present day,

increasing numbers of researchers interested in capturing the mental health effects of
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environmental stressors have begun using more comprehensive, hierarchical measures
created through the quantitative aggregation of psychiatric syndromes based on the
covariation among them.

Attempts to organize child and adult psychiatric symptoms hierarchically appear
in the scientific literature as early as the 1960s. In these early models, the factors at the
highest label of abstraction were labeled “Internalizing” and “Externalizing” (Achenbach,
1966; Achenbach & Edelbrock, 1981; Krueger & Markon, 2006). Internalizing represents
conditions characterized by high levels of negative emotionality, including depression
and anxiety. Externalizing, on the other hand, represents conditions characterized by poor
behavioral and emotional control, including antisocial behavior and substance use in
adults, and conduct disorder, attentional-deficit/hyperactivity disorder, and oppositional
defiant disorder in children. Decades later, epidemiological research added to this two-
factor model by showing that subclinical psychotic symptoms are common enough in the
population to warrant inclusion as a separate “Thought Disorder” factor (van Os,
Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009), which represents liability to
experiences including dissociation, thought disorganization, unusual beliefs, and
hallucinations. Some have suggested that symptoms like mania, obsessions, and
compulsions belong on this dimension as well (Kotov et al., 2017; Wright et al., 2013).

The most recent addition to this hierarchical view of psychopathology is the “p-
factor,” which sits atop the Internalizing, Externalizing, and Thought Disorder spectra
(Caspi & Moffitt, 2018). The rationale for estimating a latent factor at this even broader
level of abstraction is based on five sets of empirical findings. The first two come from

epidemiological studies of mental disorder, which suggest that such psychiatric disorders
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are fundamentally dimensional in nature as well as highly comorbid. Together, these
qualities suggest that liability to mental disorder is quantitatively distributed in the
population, and that this liability rarely expresses itself in the form of a single DSM-
defined diagnosis. The third and fourth sets of findings supporting use of “p” are the high
levels of genetic overlap observed among psychiatric disorders, and the nonspecific
effects of most environmental stressors studied to date. These observations further
underscore the overlapping nature of most categorical diagnoses, and suggest that much
of the genetic and environmental factors relevant to mental disorder etiology exert their
effects at the level of a superordinate general factor, rather than at the level of an
individual disorder or even an individual psychiatric domain. They also suggest that “p”
may be uniquely well-suited to capturing the mental-health effects of environmental
stressors as well as uncovering patterns of gene-environment interaction. Fifth, support
for the use of a general factor comes from studies demonstrating its practical utility. In
much the same way that the g-factor of general intelligence has been shown to be one of
the best predictors of educational, occupational, and health outcomes (Deary, 2012),

studies of “p” indicate that it is one of the strongest psychiatric predictors of other

important life outcomes. These findings are reviewed in more detail below.

1.2.1 Dimensionality

In the current DSM-V nosology, mental disorders are characterized as categorical
entities (American Psychiatric Association, 2013). In other words, a disorder is either
present or absent, depending on whether the individual meets a certain numerical
threshold of diagnostic criteria. The conceptualization of “p” as a measure of

continuously-distributed latent liability to psychopathology and psychiatric analogue of
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the general intelligence challenges this notion, and evokes the image of a mental health
“bell curve” in which some people have very highly liability, some have very low
liability, and most fall somewhere in the middle. An important corollary of this
hypothesized normal distribution of “p” is that everyone has some liability, just as every
person capable of emitting behavior has some level of measurable intelligence.

But is this imaginary continuum of mental health actually supported by data? The
traditional understanding of mental health and disorder suggests that individuals with
diagnosable “disorder” are, in some way, qualitatively distinct from healthy people. It
also implies that the individuals who develop these afflictions are relatively rare in the
population. For the notion of “p” to hold water, there would need to be evidence
indicating both that liability to psychopathology is continuous rather than categorical, as
well as that this liability is normally distributed in the population.

The question of whether mental disorders represent qualitative or quantitative
breaks from “normal” human functioning has existed for some time, and is important
from an etiological perspective, as categories typically spring from “specific etiologies”
(i.e., single, discrete causal factors), whereas dimensions generally result from the
additive effects of multiple, small causal influences (Meehl & Golden, 1982). Taxometric
analyses, which directly compare categorical and dimensional models of disorder, have
generally found little persuasive evidence indicating that any single psychiatric diagnosis
represents a discrete category (or “taxa”) (for a review, see Haslam, Holland, & Kuppens,
2012). Diagnostic thresholds for specific psychiatric disorders may therefore be best
understood as corresponding to different levels of severity along a psychopathology

spectrum. For example, studies using Item Response Theory and similar methods to
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assess the “difficulty” of meeting certain diagnostic criteria have suggested that Specific
Phobias indicate comparatively lower levels of Internalizing than more severe indicators
like Panic Disorder and Generalized Anxiety (Krueger & Finger, 2001). Similarly,
dependence on legal substances (e.g., nicotine or alcohol), indicates lower levels of
Externalizing than dependence on illicit substances, or Antisocial Personality Disorder
(Markon & Krueger, 2005).

Finally, studies comparing the reliability and validity of categorical versus
dimensional measures of psychopathology have generally found that dimensional
measures are both more reliable and valid. This observation led the authors of one review
to conclude that “in the absence of a specific rationale for the contrary, continuous
measures of psychopathology should be preferred over discrete measures a priori”

(Markon, Chmielewski, & Miller, 2011, p. 868).

1.2.2 Comorbidity

Psychiatric comorbidity provides another argument in favor of the p-factor.
Comorbidity rates are very high in psychiatry, with most individuals who meet criteria
for one disorder also meeting criteria for two (and most who meet criteria for two, meet
criteria for three, and so on and so forth) (Kessler, Chiu, Demler, & Walters, 2005).
Researchers have long recognized that these rates are significantly higher than what
would be expected by chance (i.e., if psychiatric disorders were indeed independent of
one another) (Boyd et al., 1984). Importantly, the co-occurrence of disorders is observed
both among closely related disorders (e.g., depression and anxiety) as well as across
diagnostic families (e.g., depression and substance use disorder). These wide-ranging

comorbidity patterns are reflected at the level of higher-order latent factors by
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correlations among symptom domains that are typically around 0.5 (Wright et al., 2013).
Comorbidity is also an important clinical indicator of overall psychopathological

severity, predicting increased distress, functional and cognitive impairment, and

In addition to patterns of cross-sectional comorbidity, longitudinal studies of
psychopathology have also revealed strong patterns of sequential comorbidity, in which
individuals meet criteria for different disorders at different times. These studies indicate
that disorders at one time point predict both later onset of disorders within the same
psychiatric spectrum as well as onset of disorders belonging to different spectra (Kessler
et al., 2011). Such studies also demonstrate that the vast majority of individuals who
develop a disorder do not stay within a single diagnostic spectrum over time. In the
longitudinal Dunedin Study, for example, which assessed Study members for disorder
every few years from ages 11 to 45, 69% of individuals diagnosed with an Internalizing
disorder, 76% diagnosed with an Externalizing disorder, and 98% diagnosed with a
Thought Disorder met diagnostic criteria for at least one other psychiatric condition
falling into one of the other two diagnostic “families” (Moffitt, 2019). Part of the utility
of the p-factor thus comes from its unique ability to capture mental health problems as

they morph and change throughout development.

1.2.3 Genetic overlap
One prominent contributor to psychiatric comorbidity is the high levels of genetic
overlap observed among individual disorders. Twin study heritability estimates for most

psychiatric disorders range from 40-80%, indicating that these conditions are partly
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genetic in origin (Polderman et al., 2015). A variety of studies have now shown that
many genetic risk factors previously associated with only a single disorder actually
increase risk of multiple disorders simultaneously, suggesting that many genes
influencing psychopathology are pleiotropic in nature. Evidence that many different
disorders share much of the same illness-associated genetic variation comes largely from
three types of research: (1) family studies, (2) twin studies, and (3) molecular genetic
studies. Findings from these areas of research are summarized briefly in the section
below.

Family-based studies that provide evidence supporting “p” include both
investigations of parent and sibling mental health. Parent-child studies, which examine
the intergenerational transmission of psychopathology, indicate that parental mental
disorder is a strong predictor of mental disorder in offspring, but with very little
specificity (Hicks, Krueger, lacono, McGue, & Patrick, 2004; Martel et al., 2016;
McLaughlin, Gadermann, et al., 2012). This same pattern of familial resemblance is also
seen in sibling studies. For example, one recent study of national registry data from over
3 million siblings found that if a sibling displayed some kind of psychopathology, their
co-sibling was at increased risk of not only the same condition, but also all other forms of
psychopathology (Pettersson, Larsson, & Lichtenstein, 2016). Taken together, these
findings indicate that mental disorders do not seem to “breed true” within families,
providing preliminary evidence supporting the notion of non-specific genetic risk.

Twin studies provide a second source of evidence indicating substantial genetic
overlap among psychiatric conditions. Whereas the univariate twin model uses the known

genetic relatedness of twins to decompose the variance in a construct (e.g., depression)
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into additive genetic (A), shared environmental (C), and non-shared environmental
influences (E), the bivariate version of this model allow researchers to estimate the extent
to which these influences “overlap” across two separate constructs (e.g., depression and
anxiety). This estimate is typically expressed as a “genetic correlation” ranging from -1 to
+1, with high correlations usually interpreted as indicating that many of the same genetic
risk variants likely influence both phenotypes (although other interpretations are possible;
see Martin, Taylor, & Lichtenstein, 2018).

To date, twin studies using this approach have reported significant, positive
genetic correlations between a wide array of psychiatric disorders. These include anxiety
disorder subtypes (Mosing et al., 2009), anxiety and depression (Kendler, Gardner, Gatz,
& Pedersen, 2007; Mosing et al., 2009; Roy, Neale, Pedersen, Mathé, & Kendler, 1995;
Thapar & McGuffin, 1997), obsessive-compulsive disorder and anxiety (Lopez-Sola et
al., 2016), obsessive-compulsive disorder and anorexia nervosa (Cederlof et al., 2015),
obsessive-compulsive disorder and depression (Bolhuis et al., 2014), depression and
disordered eating (Slane, Burt, & Klump, 2011), depression and bipolar disorder (Song et
al., 2015), depression and psychotic symptoms (Zavos et al., 2016), and schizophrenia
and bipolar disorder (Cardno, Rijsdijk, Sham, Murray, & McGuffin, 2002; Lichtenstein et
al., 2009), among others.

Another set of methods for estimating genetic correlations uses molecular genetic
data. One advantage of these approaches over biometric twin analyses is that molecular
genetic studies can collect genotype information from anyone, and thus do not rely on the
availability of large samples of twins. A second advantage is that because such studies

measure genetic variation directly, they can help researchers to hone in on sources of
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shared genetic effects (indicating, for example, whether such effects seem driven by rare
variants versus common SNPs).

The first molecular genetic study to provide evidence of shared genetic influence
across two psychiatric disorders was an early schizophrenia GWAS. In this paper, the
authors used simple regression analysis to show that the PGS derived from their
schizophrenia case-control sample was a significant predictor of both schizophrenia and
bipolar disorder (Purcell et al., 2009). This initial finding was expanded in subsequent
work indicating that multiple “disorder-specific” PGSs showed cross-disorder
associations (Cross-Disorder Group of the Psychiatric Genomics Consortium, 2013).
Examples of such findings include shared genetic risk across different anxiety disorders,
and with major depressive disorder (Demirkan et al., 2011; Otowa et al., 2016). Higher
scores on the schizophrenia PGS have also been shown to predict a variety of non-
psychotic psychiatric phenotypes, including increased internalizing and externalizing
problems in childhood (Jansen et al., 2018; Nivard et al., 2017) as well as increased
anxiety symptoms in adolescence (Jones et al., 2016).

GWAS data also allow investigators to estimate the total variance in liability to a
phenotype explained by additive, common-variant contributions to genetic risk using a
method called Genome-Wide Complex Trait Analysis, or GCTA. The estimate of genetic
risk generated by this method is often referred to as “SNP heritability” or h’snp, and can
be thought of as a lower-bound estimate for “true” heritability, given that it does not
index contributions from variants not tagged by the measured SNPs (e.g., rare genetic
variants). A bivariate extension of this method permits estimation of the genetic

correlation between two disorders explained by common SNPs (rgsne), given data from
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case-control samples assessed independently for these phenotypes (Lee, Yang, Goddard,
Visscher, & Wray, 2012). Another, more recently-developed approach called cross-trait
linkage-disequilibrium score correlation (LDSC) circumvents the need for extensive
genotyping by using GWAS summary statistics to achieve the same aim (Bulik-Sullivan
et al., 2015). Studies using these methods have reported shared genetic risks across
schizophrenia, bipolar disorder, MDD, and ADHD (Anttila et al., 2018; Bulik-Sullivan et
al., 2015; Consortium et al., 2013); schizophrenia and anorexia nervosa (Bulik-Sullivan
et al., 2015); and between MDD and both anxiety disorders and anorexia nervosa (Wray
etal., 2018).

A final piece of evidence that has laid the groundwork for research focused on the
genetics of “p” are transcriptomic network studies, in which researchers examine patterns
of gene expression in postmortem brain tissue collected from subjects diagnosed with one
or more major psychiatric disorders. One recent transcriptomic analysis reported
considerable overlap in gene-expression profile for autism, schizophrenia, bipolar
disorder, depression, and alcoholism, with cross-disorder transcriptome correlations
closely approximating genetic correlations (Gandal et al., 2018).

In summary, much of genetic risk for psychopathology appears to be nonspecific,
suggesting the existence of a single genetic factor that contributes to multiple psychiatric
phenotypes. This realization has led to an increasing number of researchers using the
tools of psychiatric genetics to test this model directly. For example, analyses using
exploratory factor (EFA) analysis have reported that a general genetic factor accounts for
31% of the variance in childhood neurodevelopmental symptoms (Pettersson,

Anckarséter, Gillberg, & Lichtenstein, 2013), and between 10 and 36% of disorder
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liability across multiple psychiatric diagnoses (Pettersson et al., 2016). A subsequent
study adopted a multi-method approach, applying principal components analysis (PCA)
to 3 genetic correlation matrices of major psychiatric disorders estimated using family
study, GCTA, and LDSC methods, as well as a single matrix of correlations between
disorder-specific PGSs. Regardless of method, all disorders loaded positively on the first
principal component, which accounted for 57, 43, 35, and 22% of the total variance,
respectively, providing strong evidence for a genetic “p” factor (Selzam, Coleman, Caspi,

Moffitt, & Plomin, 2018).

1.2.4 Non-specific environmental effects

Given the breadth of evidence suggesting that many genetic variants increase risk
of multiple disorders simultaneously, it is reasonable to wonder whether the same
nonspecific associations can be observed between psychiatric disorders and stressful (or
otherwise pathogenic) environmental exposures. The identification of environmental risk
factors that show specific associations with individual disorders has a long history in
developmental psychopathology, and work in this area has led to the construction of
multiple conceptual frameworks for dividing life experiences according to their most
likely psychological sequelae. One such framework involves the rating of stressful life
events along four categories: loss, or the diminution of a sense of connectedness or well-
being; humiliation, or feeling devalued in relation to others or a core sense of self;
entrapment, or feeling “stuck” in ongoing circumstances of marked difficulty; and
danger, or the threat of a future dire outcome. Studies using this rating system to examine
associations between these dimensions and onset of major depressive disorder (MDD)

and generalized anxiety disorder (GAD) have reported that events involving humiliation
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predict onset of MDD but not GAD, and events involving threat predict GAD but not
MDD (Brown, Harris, & Hepworth, 1995; Kendler, Hettema, Butera, Gardner, &
Prescott, 2003). Furthermore, although events involving loss showed associations with
both disorders (as well as mixed episodes), events that combined aspects of both loss and
humiliation were found to be the most depressogenic (Kendler et al., 2003).

Another, more recent theoretical framework proposes dividing life events into the
categories of “inadequate” versus “harmful” inputs (Humphreys & Zeanah, 2015), or
along dimensions of “deprivation” versus “threat” (McLaughlin, Sheridan, & Lambert,
2014; Sheridan & McLaughlin, 2014). In this context, deprivation refers to the absence of
cognitive stimulation and learning opportunities, whereas threat encompasses experiences
that represent a threat to one’s bodily integrity. According to this theory, early
environments characterized by high levels of deprivation lead to different neural,
cognitive, and behavioral outcomes than early environments characterized by high levels
of threat. For example, measures of early-life deprivation such as low parental education
and child neglect—Dbut not threat—have been shown to predict greater parent-reported
problems with executive functioning, poor working memory performance, and inefficient
neural recruitment of cortical areas during high working memory load in adolescents
(Sheridan, Peverill, Finn, & McLaughlin, 2017). In addition, experiencing the
deprivations of poverty has been shown to predict poor cognitive control, but not poor
emotion regulation in adolescents, whereas exposure to violence predicts the opposite
pattern of deficits (Lambert, King, Monahan, & Mclaughlin, 2017; Machlin, Miller,

Snyder, McLaughlin, & Sheridan, 2019).
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Studies of potential mediators have also added to this conceptual model. For
example, one study of adolescents exposed to varying levels of interpersonal violence
and poverty reported that although both types of exposures were associated with
psychopathology, only interpersonal violence was associated with blunted cortisol and
HPA axis reactivity to the Trier Social Stress Test (Busso, McLaughlin, & Sheridan,
2017). Similarly, a longitudinal study of children reported that associations between
mother-reported deprivation at ages 5 and 6 and increased risk of externalizing problems
at age 17 appeared to be mediated by lower verbal ability in early adolescence. Mother-
reported exposure to threat, on the other hand, was associated with both internalizing and
externalizing problems independent of verbal abilities (Miller et al., 2018). Taken
together, these studies suggest the existence of two primary pathways from
environmental exposures to psychiatric symptoms. In one, deprivation exposure leads to
externalizing problems via cognitive deficits in working memory and verbal ability. In
the other, exposure to threat leads to both internalizing and externalizing problems
through its effects on emotion regulation and stress physiology.

Interestingly, although studies supporting the distinction between deprivation and
threat have continued to accumulate, they have done so alongside a second literature
reporting that the relationship between environmental stressors and psychopathology is
strikingly nonspecific. Perhaps the clearest evidence showing non-specificity comes from
research on child maltreatment, showing that prospectively-assessed exposure predicts
increased risk of a wide array of disorders, including mood, anxiety, and substance-use
problems (Scott, Smith, & Ellis, 2010). In addition, different forms of child maltreatment

(e.g., emotional abuse, neglect, physical abuse, and sexual abuse) have each been shown
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to have equivalently broad and significant psychiatric effects (Vachon, Krueger,
Rogosch, & Cicchetti, 2015). However, this pattern of findings is not limited solely to
maltreatment, nor even exposures in childhood. Major disasters have also been shown to
predict the development of a wide array of disorders (reviewed in North, 2014). For
example, proximity to the terrorist attack on the World Trade Center has been shown to
predict elevated risk mood, anxiety, and substance-use disorders in both children and
adolescents (Calderoni, Alderman, Silver, & Bauman, 2006; Chemtob, Nomura,
Josephson, Adams, & Sederer, 2009; Mann et al., 2014). Similarly, combat exposure in
young adulthood has been linked not only to PTSD, but also increased risk of mood and
substance-use problems (Dedert et al., 2009; Kehle et al., 2011; Prigerson, Maciejewski,
& Rosenheck, 2002). Even perceived discrimination, a common day-to-day stressor for
minority individuals, has been shown to increase risk of a wide array of mood, anxiety,
techniques from structural equation modeling has supported these non-specific findings
by showing that maltreatment (Keyes et al., 2012), the terrorist attack on 9/11 (Meyers et
al., 2015), combat (Koffel et al., 2016), and perceived discrimination (Eaton, 2014;
Rodriguez-Seijas, Stohl, Hasin, & Eaton, 2015) all exert their psychopathological effects
primarily by affecting liability to latent factors representing broad psychiatric spectra
(e.g., Internalizing and Externalizing) rather than specific disorders or clusters of
symptoms. Analyses using “p” have taken these findings a step further by documenting
increases in general psychopathology following exposures as diverse as maltreatment
(Weissman et al., 2019), early institutionalization (Wade, Fox, Zeanah, & Nelson, 2018),

and elevated blood-lead levels (Reuben et al., 2019).
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So how does one reconcile these studies documenting broad, nonspecific effects
with the literature suggesting specificity? The most likely explanation is that specific
effects may be observable only for certain experiences, and that single-disorder
consequences may be time-limited or apparent only during certain phases of
development. As reviewed earlier in this manuscript, longitudinal studies have shown
that individuals rarely stay with a single diagnosis over the life course. Cross-sectional
studies documenting specific psychiatric outcomes following specific exposures may
therefore be capturing only the initial manifestation of an environmentally-driven
elevation in general psychopathology. This hypothesis is perhaps most strongly supported
by research on the psychiatric effects of institutional deprivation conducted as part of the
Bucharest Early Intervention Project, which randomized children abandoned at birth to
either institutional “care-as-usual” or high-quality foster care. Early reports indicated that
the primary effect of institutional rearing at age 4.5 years was increased internalizing
problems, particularly among girls (Zeanah et al., 2009), whereas the effect at age 12 was
increased externalizing problems, particularly among boys (Humphreys et al., 2015).
When the authors factor-analyzed parent- and teacher-reported symptoms of
psychopathology measured at ages 8, 12, and 16 years to derive a p-factor, however, they
found that the overall effect of early institutionalization was to increase general liability
to all forms of psychopathology measured during this adolescent period (Wade et al.,

2018).

1.2.5 Predictive power
A final body of research supporting the increased use of “p” includes studies

demonstrating the superior predictive ability of the p-factor relative to lower-level latent
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factors and single indicators. Early studies of the Internalizing and/or Externalizing latent
factors demonstrated that specific mental illnesses contributed little to the prediction of
overall relationship adjustment (South, Krueger, & lacono, 2011); the development of
alcohol use problems (Kushner et al., 2012); or suicide attempts, angina, or ulcer
development (Eaton et al., 2013) once these higher-order factors were accounted for.
Subsequent studies that extended this approach to include “p” showed that general
psychopathology in adulthood correlated more strongly with measures of mental health
and life impairment such as suicide attempts, non-suicidal self-harm, risk of unintentional
injury, disability status, and duration of social welfare benefit use than lower-order
factors like Internalizing and Externalizing (Caspi et al., 2014; Lahey et al., 2012).
Similarly, studies of childhood p-factors derived using self- and parent-reported emotion
and behavioral problems have shown that “p” consistently outperforms its constitutive
indicators in predicting future risk of psychiatric diagnoses, prescription of anxiolytic or
antidepressant medication, criminality, and academic difficulties (Lahey et al., 2015;
Patalay et al., 2015; Pettersson, Lahey, Larsson, & Lichtenstein, 2018). Taken together,
these findings suggest that use of the p-factor in studies of the mental-health effects of
environmental stressors could potentially improve researchers’ ability to predict the

functional consequences of these exposures.

1.3 Criticisms of the p-factor

Although the p-factor has proliferated rapidly through the literature since the
construct of general psychopathology was first formally introduced (Caspi et al., 2014;
Lahey et al., 2012), a number of researchers have also raised concerns regarding its

interpretation, reproducibility, and underlying factor structure. In large part, these
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criticisms echo earlier critiques of “g,” although some involve considerations unique to
the measurement of psychiatric symptoms. These criticisms are summarized below,
alongside the empirical evidence that underlies—and, in most cases, assuages—related

concerns.

1.3.1 The interpretation of latent factors in hierarchical models of “p” are unclear

Similar to the processes that underlie the “g-factor” of general intelligence, the
mechanisms through which the positive manifold among psychiatric symptoms arises are
likely varied and complex. One of the more pronounced points of controversy in both the
fields of intelligence research and psychiatry thus concerns the “meaning” of each
general factor. A recent review identified four potential substantive explanations for “p,”
including (1) neuroticism or negative emotionality, (2) poor impulse control over
emotion, (3) deficits in intellectual functioning, and (4) disordered thought processes
(Caspi & Moffitt, 2018). In contrast to these possibilities, which suggest that the general
factor arises from one or more shared, quantitative biological or cognitive processes,
others have suggested that both “g” and “p” reflect nothing more than patterns of
reciprocal causation among cognitive processes or symptoms over the course of
development (e.g., Borsboom & Cramer, 2013; Van Der Maas et al., 2006). Combined,
these various possibilities have given rise to comments suggesting that the general factor
of psychopathology may be of limited utility, because the interpretation of high versus
low scores on “p” is, as of yet, unclear (Bonifay, Lane, & Reise, 2017).

Responses to this criticism to date have suggested that research on “p” can and

should embrace the multifactorial nature of mental disorder etiology. In other words, it is

likely that high scores on “p” reflect the influences of multiple, and perhaps interacting,
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risk factors (Snyder & Hankin, 2017). It is important to note, however, that this fact does
not necessarily diminish its utility as either (a) an outcome measure capable of
condensing information on multiple forms of psychopathology into a single, easy-to-
understand metric, or (b) a predictor of important future outcomes. Moreover, it is likely
that future mechanistic studies connecting environmental stressors to “p” will continue to
enrich our understanding of the nature of “p” moving forward. For example, the
association between maltreatment and “p” appears to be driven, in part, by greater
emotional reactivity and engagement in rumination among maltreated youth but not
decreased use of cognitive reappraisal (Weissman et al., 2019). This finding thus

provides additional clarity regarding the specific emotional regulation processes that are

most disrupted in children with high “p”.

1.3.2 The meaning of “p” likely differs depending on the underlying indicators used
Another criticism of the p-factor that echoes an early concern regarding the g-
factor of general intelligence is that the nature of the general factor might differ
substantially across samples depending on the measures used, making identification of
predictors and outcomes a “moving target.” In the intelligence literature, this concern was
addressed in a series of papers that compared g-factors derived from multiple, distinct
cognitive test batteries. The first of these papers, reassuringly titled “Just one g,” reported
that correlations among g-factors derived from three different test batteries were
correlated at r = 0.99-1.00 (Johnson, Bouchard, Krueger, McGue, & Gottesman, 2004).
These high correlations were then confirmed in subsequent replication studies (Johnson,

Nijenhuis, & Bouchard, 2008; Valerius & Sparfeldt, 2014). Thus, it appeared that most
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psychological assessments of mental ability were consistently identifying the same
common underlying component of general intelligence.

Similar to tests of intelligence, measures used to define “p” differ across studies in
several ways. One of the most common differences is the presence or absence of
indicators assessing thought disorder/psychotic symptoms. This inconsistency can be
seen in the literature as early as the initial two studies to identify the p-factor, with the
first presenting a “p” capturing shared variance across Internalizing (separated into
“Fears” and “Distress”) and Externalizing factors (Lahey et al., 2012), and the second
presenting a “p” reflecting shared variance across Internalizing, Externalizing, and
Thought Disorder factors (Caspi et al., 2014). Examination of factor loadings across these
two studies shows that, in the first study, “p” seemed most strongly defined by
generalized anxiety, depression, and panic symptoms (Lahey et al., 2012), whereas in the
second study, the highest loadings came from measures of depression, mania, and
thought disorder (Caspi et al., 2014). Thus, it seems that “p” is generally be best
represented by the most “severe” disorders assessed.

Studies also differ in the types of measures used to assess individual disorders,
with the most pronounced differences appearing across studies that assesses participants
from different developmental stages. For example, while most studies of adults have
tended to use similar, self-report or interview measures based on DSM-defined diagnostic
criteria (e.g., Caspi et al., 2014), studies of children and adolescents have employed a
wider range of instruments, including self-, parent-, and teacher-report questionnaires
(e.g., Patalay et al., 2015; Pettersson et al., 2018; Wade et al., 2018). Factors representing

general psychopathology at different ages are also likely to differ somewhat given that
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diagnosis of certain types of psychological problems are limited to childhood (e.g.,
conduct disorder, oppositional defiant disorder, autism), whereas others are typically
diagnosed in late adolescence or adulthood (e.g., personality or substance use disorders).
Despite these differences, “p”” has been computed with similar structure in studies
of children, adolescents, and adults; across studies from many different parts of the
world; and across studies that assess psychiatric symptoms using different measures,
including self-, parent-, and teacher-reports (Caspi et al., 2014; Castellanos-Ryan et al.,
2016; Gomez, Stavropoulos, Vance, & Griffiths, 2018; Laceulle, VVollebergh, & Ormel,
2015; Martel et al., 2016; Murray, Eisner, & Ribeaud, 2016; Neumann et al., 2016;
Patalay et al., 2015; Schaefer et al., 2018a; Snyder, Young, & Hankin, 2017). The p-
factor has also shown a remarkably stable pattern of correlations with external criteria.
For example, studies have shown that “p” is consistently increased following a variety of
transdiagnostic risk factors including family history of psychiatric disorder, (Caspi et al.,
2014; Lahey et al., 2012; Martel et al., 2016); maltreatment history (Caspi et al., 2014;
Lahey et al., 2012); and lower intelligence, executive functioning, and brain integrity
(Caspi et al., 2014; Lahey et al., 2015; Martel et al., 2016; Snyder & Hankin, 2016).
Taken together, these findings suggest that p-factors estimated using different indicators
generally behave similarly across studies. However, studies that explicitly compare
general factors computed in the same sample but using different symptom measures (e.g.,
that do or do not include thought disorders, or comparing self- to parent-/teacher-report)
would help to clarify this observation further by providing a more rigorous test of the

robustness of “p” across different sets of indicators.

1.3.3 Fit statistics are biased in favor of the bi-factor model
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A final criticism of both “g” and “p”” concerns the underlying statistical models
used to generate latent factors from manifest symptom measures. The vast majority of
studies that examine the underlying structure of both intelligence and psychopathology
have found that a bi-factor model fits the data best (Caspi et al., 2014; Golay & Lecerf,
2011; Laceulle, Vollebergh, & Ormel, 2015; Lahey et al., 2012, 2015; Murray &
Johnson, 2013; Olino, Dougherty, Bufferd, Carlson, & Klein, 2014; Patalay et al., 2015;
Watkins, 2010). This model decomposes covariation among indicator variables into two
types of factors: general and specific. The general factor is posited to influence all
individual indicator variables, whereas the specific factors capture residual covariation
among subsets of psychiatric disorders or intelligence tests that are similar in content
(Figure 1B). Other, alternative models that have also been frequently tested include a
correlated-factors and higher-order factor model. In the former, covariation among
indicator variables are explained only by correlated, first-order latent factors (e.g.,
Internalizing, Verbal Abilities, etc.), without input from a general factor (Figure 1A). In
the latter, this covariation among first-order latent factors is modeled as deriving from a
superordinate factor (“p” or “g”) (Figure 1C).

Concerns regarding the bi-factor specification for “p” initially arose following
publication of simulation studies examining the legitimacy of a bi-factor model of general
intelligence. These studies indicated that certain model fit statistics would identify the bi-
factor model as best fitting, even when samples were generated from a non-bi-factor
underlying structure (Morgan, Hodge, Wells, & Watkins, 2015; Murray & Johnson,

2013). Some have interpreted this as suggesting that the robustness of the bi-factor model
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in the literature on psychopathology has less to do with its conceptual accuracy and more
its tendency to accommodate nonsense response patterns (Bonifay et al., 2017).
However, in interpreting the significance of these observations for research on the
p-factor, it is important to note that statistical biases in favor of “p” seem to mislead
investigators only in the rare situations in which the data are generated from a true
higher-order factor structure. When simulation data were generated from a true
correlated-factors structure or bi-factor structure, fit statistics still tended to identify the
correct model solution (Morgan et al., 2015). More importantly, existing empirical
evidence seems to indicate that general factors calculated using a higher-order versus bi-
factor model are virtually identical (with r’s > 0.95) (Murray & Johnson, 2013); this is
confirmed in Chapter 3. These extremely high correlations suggest that statistical biases
in favor of the bi-factor model are likely only concerning in situations where
investigators are attempting to use the bi-factor solution make a statement about the
underlying structure of psychiatric symptoms. When researchers use “p” simply to
condense an array of disparate psychiatric indicators into a single transdiagnostic index,
on the other hand, the model used to define “p” should have a near-negligible impact on

most (if not all) substantive conclusions.

1.4 Specific study objectives

In the next three sections of this dissertation (Chapters 2, 3, and 4), | use data
from two genetically-informed, population-representative longitudinal cohort studies to
accomplish three primary aims. These are: (1) establish that risk of psychopathology is
quantitatively distributed in the population, (2) demonstrate that the p-factor is well-

suited to capturing the mental-health effects of environmental stress, and (3) illustrate
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how this measure can be used to test for evidence of gene-environment interaction in the
development of psychopathology. In addition to these methodological aims, each chapter
also attempts to answer one or more related substantive questions. In Chapter 2, for
example, | review epidemiological evidence indicating that only a small percentage of the
population makes it to midlife without meeting criteria for a well-specified mental
disorder. I then use this small group of individuals to explore the early-life characteristics
that might account for their enduring psychological wellness. In Chapter 3, | use the p-
factor to examine the nature of the relationship between adolescent victimization
exposure and mental health. Specifically, I show how “p” can be used to rule out
hypotheses regarding the mechanisms that underlie the association between these two
constructs, addressing the question of whether victimization is a true cause (or simply a
correlate) of mental health problems. Finally, in Chapter 4, | address the substantive
question of how genetic and victimization data should best be combined to make
predictions about an individual’s risk of mental health problems as a young adult. | end
with a discussion of the implications of these results for psychiatric genetics and

resilience science, a review of limitations, and recommendations for future research.
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2.1 Introduction

This chapter reports an investigation of individuals who manage to live for
decades without experiencing a mental disorder: the phenomenon of “enduring mental
health.” As stated earlier, it has been widely assumed that individuals who experience
mental disorder are relatively rare in the population, and, conversely, that individuals
whose lives remain free from mental disorder are highly prevalent, commonplace, and
therefore unremarkable. This assumption is reasonable if based on the point-prevalence
of mental disorder in a cross-section of the population at any single point in time.
However, new lifetime data are revealing that individuals who experience mental
disorder are highly prevalent in the population and as a result of this high lifetime
prevalence, individuals whose lives remain free from mental disorder are, in fact,
remarkably few in number. Within the past decade, estimates from an array of
population-representative samples have converged to suggest that a diagnosable
disturbance in emotional or behavioral functioning at some point in the life course is
near-universal. This novel observation led us to ask a question missing from the
discussion of mental disorders in contemporary society: If nearly everyone will
eventually develop a diagnosable mental disorder, what accounts for the distinct minority
of individuals who manage to avoid such conditions?

As a result of the lack of awareness that enduring mental health is so statistically
unusual, it has not previously attracted scientific interest, and thus it has not been a topic
of investigation as a phenotype. To our knowledge, there are no prior studies of it. The
consequent knowledge gap about enduring mental health should be filled by research,

because if individuals who sustain enduring mental health have special characteristics or
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life experiences that distinguish them from individuals with more commonplace
psychiatric histories, then such discerning characteristics might become interesting new
targets for prevention and treatment research. We note a potential parallel to
gerontologists' study of rare individuals with unusually enduring physical health:
centenarians. Much is being learned by comparing centenarians against individuals
whose aging histories are more commonplace (i.e., characterized by age-related physical
disorders). Researchers comparing centenarians to normative agers aim to uncover
secrets to successful aging and identify new therapeutic targets. New therapeutic targets
are likewise needed in mental health, because mental disorders are the leading cause of
years lost to disability worldwide (Whiteford et al., 2013), and are associated with higher
healthcare utilization, a more-than-doubled mortality rate, and a loss of life expectancy of
about 10 years (Walker, McGee, & Druss, 2015).

This chapter has two overarching aims. First, we aim to draw attention to just how
common mental disorders are, and, in doing so, inform discussions surrounding
etiological theories of mental disorder, societal perceptions of stigma, and prevention
efforts. Second, we aim to encourage researchers to shift scientific inquiry from an
exclusive focus on the etiology of mental illness towards investigation of the etiology of
enduring mental wellness. Just as research on the predictors and correlates of specific
mental disorders has contributed substantially to the prediction, prevention, and treatment
of these conditions, so too might research on the predictors of enduring mental health
provide insight into how clinicians and policymakers can promote its spread in order to
reduce both societal burden and individual suffering. This chapter addresses the

knowledge gap about enduring mental health by reporting basic descriptive information
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about its prevalence, predictors, and correlates. Because readers may reasonably doubt
our claim that the experience of diagnosable mental disorder is near universal, the first
section of this article reviews existing prevalence findings that document the high
lifetime prevalence of mental disorder and documents the logical basis for our claim that
enduring mental health warrants scientific study. The second section then presents an
empirical study in which we identified members of a repeatedly-assessed, longitudinal
cohort who experienced enduring mental health (i.e. an absence of disorder) for close to 3
decades, and analyzed their life circumstances, personal characteristics, and family

histories.

2.1.1 A qualitative review of the prevalence of not having a mental disorder

To date, researchers who have attempted to quantify the proportion of the
population that suffers from any kind of diagnosable mental health problem have used
data from three sources: (1) national registries, (2) retrospective surveys, and (3)
prospective cohort studies.

Lifetime prevalence estimates generated by national registry data are shown as
green bars in Figure 2. These (sex-specific) prevalence rates drawn from the Danish
Civil Registration System capture the proportion of the Danish population who received
treatment in a psychiatric setting between 2000 and 2012, placing the overall lifetime risk
of being treated for a mental disorder at approximately 1 in 3, in this country with a
national health system (Pedersen et al, 2014). However, because many people with a
mental disorder either do not seek treatment or do so in nonpsychiatric medical settings,

these estimates can be more accurately thought of as the lower boundary of the
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proportion of the population who experience a mental disorder during their lives (The
WHO World Mental Health Survey Consortium, 2004).

A second group of prevalence estimates comes from nationally-representative,
retrospective epidemiological surveys, such as the Epidemiological Catchment Area
(ECA) Study (Regier & Robins, 1991), the National Comorbidity Survey (NCS; Kessler
et al., 1994), the National Comorbidity Survey Replication (NCS-R; Kessler et al., 2005),
and the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC,;
Compton et al., 2007; Hasin et al., 2007). As shown by the blue bars in Figure 2, these
large surveys have reported that roughly half of all citizens will develop a diagnosable
mental disorder over the course of their lives (Kessler et al., 1994, 2005). An important
advantage of these studies is that, unlike national registers, they count all cases of
disorder irrespective of service use. However, because such surveys are cross-sectional
(i.e. rely on a single retrospective report), the lifetime prevalence estimates drawn from
these data are biased downwards by methodological limitations such as recall failure
(Simon & VonKorff, 1995). Moreover, this undercounting of disorder cases may be
exacerbated by selective participation, as individuals with mental disorders—particularly
severe mental disorders that result in homelessness, institutionalization, or survey
refusal—are less likely to be recruited and interviewed.

Finally, a third group of mental disorder prevalence estimates comes from
prospective, longitudinal studies, which interview participants repeatedly about
psychiatric symptoms and then aggregate disorders across multiple time points to
calculate lifetime rates. Although such studies involve fewer participants than

epidemiological surveys or national registers, they also boast several advantages that
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contribute to significantly higher prevalence estimates (Haeny, Littlefield, & Sher, 2014;
Moffitt et al., 2010; Takayanagi et al., 2014). Like surveys, longitudinal studies count
cases irrespective of service use. In addition, they typically employ shorter recall periods
(e.g. 6-12 months) than epidemiological surveys, thereby minimizing the odds of recall
failure. Finally, repeated contact with research staff in the context of a longitudinal study
may directly facilitate the disclosure of psychiatric symptoms through a heightened sense
of trust that accumulates over multiple interviews.

The red bars in Figure 2 display prevalence estimates drawn from 5 longitudinal
studies. In order to be included in Figure 2, longitudinal studies had to (1) report
cumulative mental disorder lifetime prevalence estimates aggregated across multiple
assessment waves, (2) administer at least 3 separate diagnostic assessments over time,
and (3) assess a wide variety of conditions, including those drawn from each of the three
most common disorder “families”: depressive disorders, anxiety disorders, and
substance-use disorders. As shown in Figure 2, the proportion of participants in these
studies diagnosed with a mental disorder ranged from 61.1% to 85.3%—between roughly
1.3 and 1.8 times as high as corresponding estimates drawn from the NCS/NCS-R, and
more than twice as high as estimates drawn from Danish registry data, with no overlap in
confidence intervals. There was also variation among longitudinal studies, with higher
lifetime prevalence estimates tending to come from studies with more frequent
assessments and lengthier follow-up periods (Table 1).

Estimates from retrospective surveys and prospective cohort studies have been
criticized for assessing only common Axis | disorders, omitting conditions such as

personality disorders. The impact of this limitation on estimates of the lifetime
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prevalence of any diagnosable mental health problem is likely fairly small, however,
given the high level of comorbidity between personality and common Axis | disorders
(Hayward & Moran, 2008).

Viewed together, the 3 types of studies represented in Figure 2 converge to
indicate that the proportion of the population who lives through adolescence and
adulthood without experiencing a mental disorder is surprisingly small. This observation
is particularly striking given that even the longitudinal prevalence estimates shown in
Figure 2 likely represent an underestimate of the true prevalence of mental disorders in
the population due to factors such as gaps between assessment periods and the possibility
of selective attrition. The experience of enduring mental health, therefore, may be
substantially rarer than was previously thought. This realization prompted us to ask the
following questions: Who, exactly, are these individuals who lead lives untouched by
mental disorders? What sorts of environments did they grow up in? And does enduring
mental health matter? That is, is a life free from mental disorders associated with more
desirable life outcomes (i.e. greater attainment, increased life satisfaction, and higher-

quality relationships)?

2.1.2 Empirical study of individuals with enduring mental health

The second section of this article reports an analysis of early-life demographic,
family-environment, physical health, cognitive, temperamental/personality, and family-
history characteristics of individuals who have never been diagnosed with a mental
disorder during the course of the Dunedin Longitudinal Study. In the absence of prior
research or theory on enduring mental health, we selected from our data set measures

available to us that have the best published evidence base as important risk factors for
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mental disorder. It has previously been shown that several of these measures correlate
with scores on the “p-factor” (Caspi et al., 2014). We reasoned that individuals with
enduring mental health (and, consequently, very low scores on “p”) thus ought to be
exceptionally well-advantaged on these measures. We hypothesized, for example, that
they would have well-to-do socioeconomic origins, exceptionally positive parent-child
relations, robust physical health, high intelligence, adaptive personality styles from
childhood, and nil histories of psychiatric illness in their families. To add to our
descriptive data about individuals with enduring mental health, we also tested the
hypothesis that they would enjoy exceptionally positive life outcomes (in the domains of
educational attainment, socioeconomic status, life satisfaction, and the quality of their
most recent romantic relations), as assessed at the end of our study observation period.

The Dunedin Study assessed Study members for a variety of common mental
disorders beginning when they were 11 years of age, and repeated these assessments
every few years up until the most recent wave, when Study members were all age 38.
Because the predictors of most forms of severe and/or chronic mental disorders are well
established, we chose to focus our analyses on the predictors and outcomes of
extraordinary mental health—that is, what distinguishes Study members who were never
diagnosed with a mental disorder (hereafter referred to as the “enduring-mental-health”
group) from those who experienced a mental health history that could fairly be

characterized as typical (i.e., at the mode) for the Dunedin cohort.

2.2 Methods

2.2.1 Sample
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Participants are members of the Dunedin Multidisciplinary Health and
Development Study (DMHDS), a 4-decade, longitudinal investigation of health and
behavior in a complete birth cohort. Study members (N = 1,037; 91% of eligible births;
52% male) were all individuals born between April 1972 and March 1973 in Dunedin,
New Zealand who were eligible for the longitudinal study based on residence in the
province at age 3, and who participated in the first follow-up assessment at age 3. The
cohort represented the full range of SES in the general population of New Zealand’s
South Island. On adult health, the cohort matches the NZ National Health & Nutrition
Survey (e.g., body mass index, smoking, general practitioner visits) (Poulton et al. 2015).
The cohort is primarily white; fewer than 7% self-identify as having partial non-
Caucasian ancestry, matching the South Island. Assessments were carried out at birth and
atages 3,5, 7,9, 11, 13, 15, 18, 21, 26, 32, and, most recently, 38 years, when 95% of
the 1,007 Study Members still alive took part. At each assessment wave, each Study
member is brought to the Dunedin research unit for a full day of interviews and
examinations. This article examines Study members who were assessed for mental
disorders at ages 11, 13, 15, 18, 21, 26, 32, and 38 years of age. The Otago Ethics
Committee approved each phase of the Study and informed consent was obtained from

all Study members.

2.2.2 Assessment of mental disorders

Mental disorders were ascertained in the Dunedin Study longitudinally using a
periodic sampling strategy: Every 2 to 6 years, Study members were interviewed about
past-year symptoms in a private in-person interview at the research unit by trained

interviewers with tertiary qualifications and clinical experience in a mental health-related
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field such as family medicine, clinical psychology, or psychiatric social work (i.e. not lay
interviewers). Interviewers used the Diagnostic Interview Schedule for Children (DIS-C)
at the younger ages (11-15 years) and the Diagnostic Interview Schedule at the older ages
(18-38 years). At each assessment, interviewers were kept blind to Study members’
previous data, including mental health status. At ages 11, 13, and 15, diagnoses were
made according to the then-current DSM-I111 and grouped for this article into a single
wave reflecting the presence or absence of a juvenile mental disorder. At ages 18 and 21,
diagnoses were made according to the DSM-I1I-R (American Psychiatric Association,
1987) and at ages 26, 32, and 38 diagnoses were made according to the DSM-1V
(American Psychiatric Association, 1994). This method led to 6 waves in total
representing ages 11-15, 18, 21, 26, 32, and 38. In addition to symptom criteria, diagnosis
required impairment ratings > 2 on a scale from 1 (some impairment) to 5 (severe
impairment). Each disorder was diagnosed regardless of the presence of other disorders.
Variable construction details, reliability and validity, and evidence of life impairment for
diagnoses have been reported previously. Of the original 1,037 Study members, we
included 988 (95.3%) Study members who had participated in at least half of the six
mental health assessment waves from ages 11 to 38. Of these Study members, 849
(85.9%) contributed data to all 6 waves, 88 (8.9%) contributed data to 5 waves, 32 (3.2%)

contributed data to 4 waves, and 19 (1.9%) contributed data to 3 waves.

2.2.3 Candidate childhood predictors
To test what distinguishes Study members who experienced enduring mental
health from their peers, we report on 13 different measures, selected because they are

thought to be associated with risk of developing a mental disorder: parental
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socioeconomic status, the Moos Family Relations Index, parental discipline,
maltreatment, parental loss, perinatal complications, childhood health, preschool 1Q,
middle childhood IQ, emotional difficulties, social isolation, self-control, and family
psychiatric history. These measures are described in Table 2. We expected Study
members with enduring mental health to come from backgrounds virtually free of these

risk factors.

2.2.4 Midlife outcomes

Educational attainment. Educational attainment at age 38 was measured on a
four-point scale relevant to the New Zealand educational system: 0 = no secondary
school qualifications, 1 = school certificate, 2 = high school graduate or equivalent, 3 =
bachelor’s degree or higher.

Socioeconomic attainment (SES). At age 38, Study members were asked about
their current or most recent occupation. The SES of the study members was measured on
a 6-point scale that assessed self-reported occupational status and allocates each
occupation to 1 of 6 categories (1 = unskilled laborer, 6 = professional) on the basis of
the educational levels and income associated with that occupation in data from the New
Zealand census. Homemakers and those not working were pro-rated based on their
educational status according to criteria included in the New Zealand Socioeconomic
Index (Barry J. Milne, 2012).

Life satisfaction. At age 38, Study members completed the 5-item Satisfaction
with Life Scale (e.g., “In most ways my life is close to ideal”; “So far | have gotten the

important things | want in life”’) (Pavot & Diener, 1993).
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Relationship quality. At age 38, Study members who reported being in a
relationship for at least one month during the past year reported on a 28-item scale about
their current or most recent relationship, covering relationship characteristics such as
shared activities and interests, the balance of power, respect and fairness, emotional
intimacy and trust, and open communication. Each of these items was coded on a 3-point
scale (0 = “Almost never”, 1 = “Sometimes”, 2 = “Almost always”). We summed these
ratings across items to create a composite measure reflecting overall relationship quality
(o0 =0.93). Of the 988 Study members who had participated in at least half of the Six
mental health assessments from ages 11 to 38, 841 (85.1%) reported a current or recent

relationship at age 38.

2.3 Results
2.3.1 Defining mental-health histories over the first half of the life course

Figure 3 displays the number of waves (from 0 to 6) in which Study members
met criteria for one or more mental disorders. On average, cohort members met criteria
for a mental disorder on 2.3 of the six assessment waves, but there was a great deal of
variation. The most common mental-health history in the cohort appeared to be one
characterized by a relatively brief, episodic course of disorder, in which Study members
met diagnostic criteria for a disorder at only 1 or 2 assessment waves (N = 409). We also
included in this group 9 Study members who were not diagnosed with a mental disorder

by Dunedin Study staff, but reported receiving a psychiatric diagnosis while using mental
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health services in the gaps between assessment waves.! Study members who experienced
enduring mental health (i.e. met diagnostic criteria at 0 waves), in contrast, were a
distinct minority, comprising only 17.3% of the cohort (N = 171).2 The remainder of the
cohort were Study members who had met criteria for one or more mental disorder
diagnoses at 3+ waves (N = 408). Importantly, Study members were not classified as
having enduring mental health simply because they participated in fewer waves: On
average, Study members with enduring mental health had complete data on 5.7 (out of 6)
waves, whereas Study members who met diagnostic criteria at 1-2 waves had complete
data on 5.8 waves, and Study members who met diagnostic criteria at 3-6 waves had
complete data on 5.8 waves.

Figure 4 displays the temporal pattern of psychiatric diagnoses across the life
course of the cohort, from ages 11 to 38 years. The figure shows that the diagnosed
groups were not dominated by any particular developmental pattern.

Table 3 displays indicators of disorder type, age-of-onset, and severity for

individuals as a function of mental-health-history group. Relative to the Study members

1 Because it is possible that past-year reports separated by 1 to 5 years miss episodes of
mental disorder occurring only in gaps between assessments, we reviewed life-history
calendar interviews of Study members to ascertain indicators of mental disorder
occurring in these gaps, including inpatient treatment, outpatient treatment, or spells
taking prescribed psychiatric medication (indicators that are salient and recalled more
reliably than individual symptoms). Life-history calendar data indicated that all but 9
Study members who experienced a disorder consequential enough to be associated with
treatment (many of whom had a brief postnatal depression) were detected in our net of
past-year diagnoses made at ages 11 to 38.

2 Four of these 171 Study members met symptom criteria for a mental disorder at some
point during the Study, but rated their impairment as a 1 out of 5, thus avoiding a
diagnosis.
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diagnosed at 3+ waves, those with typical mental health histories (i.e. diagnosed at 1-2
waves) presented with a narrower set of disorders (primarily depression, anxiety, and
substance dependence), an older age of onset, less comorbidity, and lower scores on a

general factor of psychopathology (Caspi et al., 2014).

2.3.2 Informant reports: To what extent do they confirm the enduring mental health
of never-diagnosed Study members?

Given the high lifetime prevalence of mental disorders, it is reasonable to wonder
whether Study members classified as experiencing “enduring mental health” are, in fact,
simply those with a tendency to down-play or deny genuine past-year psychiatric
symptoms during clinical interviews. As an additional “check” for evidence of mental
disorder, we reviewed informant reports to see if these Study members showed any
outwardly perceivable signs of common mental disorders. At ages 18, 21, 26, 32, and 38,
we asked Study members to nominate someone who knew them well (e.g. best friends,
partners, or other family members). These informants were mailed questionnaires which

asked them “To the best of your knowledge, did have any of these problems

over the last 12 months?” Items included “Feels depressed, miserable, sad, or unhappy,”
“Has unreasonable worries or fears,” “Has alcohol problems,” “Marijuana or other drug
problems,” and (at ages 26, 32, and 38), “Talks about suicide”. Informants were asked to
rate these items on a 3-point scale (0 = “Not a problem”, 1 = “Bit of a problem”, 2 =
“Yes, a problem”). In analyzing these data, we took a conservative approach, treating a
rating of “2” by any informant during any assessment wave as evidence of symptomatic
behavior. Informant report data were available for 987 (99.9%) of the 988 Study

members reported here.
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Although informant reports provide a useful complement to self-reported
symptoms, endorsements of symptomatic behaviors must be interpreted with caution. The
informant questionnaire was not designed to correspond directly with DSM diagnoses or
diagnostic criteria. Therefore, many informants may have been inclined to endorse Study
member “problems” (e.g. “feels depressed, miserable, sad, or unhappy”) even when these
issues were not of sufficient severity to meet diagnostic criteria for a DSM-defined
mental disorder (e.g. major depression).

As shown in the bottom panel of Table 3, informant reports largely confirmed the
absence of mental health problems among Study members with enduring mental health.
From ages 18 to 38, only 36 (21.1%) Study members with enduring mental health had an
informant report that they showed evidence of problems with depression, unreasonable
fears, alcohol, drugs, or had talked about suicide (compared to 38.9% and 63.4% of Study
members diagnosed at 1-2 and 3+ waves, respectively). According to informants, the
most common problem for these Study members was feeling depressed (15.8%), with
only a small handful of informants reporting problems with unreasonable fears (8.2%),

alcohol (1.8%), drugs (1.8%), or talking about suicide (0.6%).

2.3.3 What distinguishes Study members who experienced enduring mental health
from those who experienced “typical” mental health histories?

It has been repeatedly demonstrated that individuals with severe, persistent, or
recurrent mental disorders differ from individuals without such disorders in multiple
ways. This well-established finding was confirmed in our study: Table 4 shows that

Study members diagnosed at 3+ waves had more childhood risk factors across each
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domain compared to both Study members with enduring mental health and Study
members diagnosed at 1-2 waves.

The key comparison in this article, however, is between Study members who were
never diagnosed with a mental disorder, and those who experienced a mental health
history that resembles the histories of the majority of other Study members (i.e. the “1-2
wave” group). By comparing Study members with enduring mental health to those with
more typical mental health histories across candidate predictor variables hypothesized to
discriminate between them, we can distinguish factors predictive of enduring mental
health from those that simply predict the absence of a severe, persistent, or recurrent
disorder.

Although we had expected to find that Study members with enduring mental
health were significantly advantaged across all 13 of our candidate predictors relative to
Study members with typical histories, this hypothesis received only mixed support. First,
we found that Study members with enduring mental health were surprisingly similar to
Study members who met diagnostic criteria at 1-2 waves in terms of parental
socioeconomic status, childhood physical health, and childhood cognitive ability. This
finding contradicted our assumption of a dose-response relationship between these
variables and severity of lifetime psychopathology. Second, although we found some
evidence to suggest that Study members in the two groups differed in their upbringing,
analyses using these variables returned mixed results. Third, Study members with
enduring mental health showed statistically significant advantages in childhood
temperament/personality relative to Study members diagnosed at 1-2 waves, including

fewer emotional difficulties, less social isolation, and superior self-control. Finally, Study
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members with enduring mental health also had significantly fewer first- and second-
degree relatives who showed signs of mental disorder (Table 4).

Thus far, we have characterized Study members' mental health histories as a
function of persistence or recurrence; that is, by the number of waves in our longitudinal
study during which they received a diagnosis. We found that a mental health history in
which the Study member met diagnostic criteria for a mental disorder at 1 or 2 waves was
the most common pattern. Another way to characterize mental health histories, however,
is as a function of comorbidity; that is, by the number of different types of disorder
categories or “families” represented in Study members' accumulated diagnostic histories.
To ensure that the results in Table 4 were not dependent on the particular way in which
we classified the severity of Study members' mental health histories, we repeated these
analyses using a classification scheme based on comorbidity rather than recurrence or
persistence. As shown in Figure 5, the same group of 171 Study members received no
diagnosis throughout the course of the study, and were thus considered to experience
enduring mental health by virtue of having no psychiatric comorbidity. Our new
comparison group, however, consisted of 540 Study members who were diagnosed with
disorders from 1-2 different diagnostic families, the cohort “comorbidity mode”.
Similarly, our most severe group consisted of the 277 remaining Study members with
mental health histories characterized by unusually high comorbidity, or diagnoses from
3+ different diagnostic families. Our substantive conclusions regarding the most and least
effective predictors of enduring mental health remained almost entirely unchanged under
this alternate classification scheme (Table 5). This stability is largely attributable to the

fact that comorbidity and number of waves with disorder are highly correlated (r = .80, p
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<0.001), as are most indicators of disorder severity. The most common mental health
history in our data thus appears to be characterized not only by disorders of relatively
short duration but also those that are diagnostically "purer” (that is, with limited lifetime

comorbidity).

2.3.4 Is enduring mental health associated with more desirable life outcomes (i.e.
greater educational and occupational attainment, increased life satisfaction, and
higher-quality relationships)?

As shown in Figure 6, despite their comparable socioeconomic background,
Study members with enduring mental health achieved higher levels of educational and
socioeconomic attainment by age 38 than Study members who had experienced 1-2
waves of disorder. Study members with enduring mental health also expressed higher
levels of life satisfaction when interviewed at age 38 than Study members diagnosed at 1-
2 waves. Interestingly, although Study members with enduring mental health were just as
likely to report being in a relationship at age 38 as Study members diagnosed at 1-2
waves (91.1% vs. 92.8%, respectively; x* = 0.40, p = 0.528), they rated these

relationships as being of higher quality.

2.4. Discussion

Far from being the aberrant experience of a small, stigmatized subgroup, data
from both the Dunedin Study and other longitudinal studies suggest that experiencing a
diagnosable mental disorder at some point during the life course is the norm, not the
exception. In our cohort, whose members have been repeatedly assessed for common
mental disorders by trained professionals over a span of close to three decades, only 17%
of repeatedly-assessed Study members managed to reach midlife (age 38) without
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experiencing the psychiatric symptoms and resulting functional impairment necessary to
meet criteria for the diagnosis of a mental disorder.

To some, the proportion of Dunedin Study members diagnosed with at least one
mental disorder may seem unusually high, raising concerns about the representativeness
of our sample. However, we have shown elsewhere that the past-year prevalence rates of
mental disorders in the Dunedin cohort are similar to prevalence rates in nationwide
surveys of the United States and of New Zealand. This observation indicates that the
higher Axis-1-disorder lifetime prevalence rate in our study is due primarily to the
advantage of our prospective assessment method rather than to an overabundance of
mental disorder in New Zealand, or in our cohort (Moffitt et al., 2010). Similarly,
although Axis-I-disorder lifetime prevalence estimates drawn from the Dunedin Study
and Christchurch Study are modestly higher than those of other longitudinal studies with
similar methodologies (Figure 2), this discrepancy is likely due to differences in study
design. To our knowledge, the Dunedin Study is the only prospective, longitudinal study
with nearly three decades of mental health assessments that stretch from late childhood
(when the earliest cases of most mental disorders first onset) through adolescence and
young adulthood (the time of peak onset for many of these same disorders) and into
midlife. The Christchurch Study captures a similar period of development with the
additional advantage of mental health assessments that cover the full time period between
assessments (rather than just counting symptoms experienced within the past 12 months).
We anticipate that Axis-I-disorder lifetime prevalence estimates drawn from similar

studies of younger cohorts (e.g. Copeland, Shanahan, Costello, & Angold, 2011) will
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eventually mirror (or exceed) the values obtained from these New Zealand studies as
these cohorts are followed forward.

There is an extensive literature linking childhood attributes and experiences to
later mental disorder. Usually, it is implicitly assumed that individuals without the
disorder (“controls”) represent “normality,” whereas those who do develop the disorder
(“cases”) represent “abnormality”. However, data reported here indicate that the
statistically “typical” Study member is a person with at least some transient history of
diagnosable psychopathology. Consequently, we sought to identify early-life variables
that differentiated between those with “typical” mental-health histories and those with
extraordinary histories marked by no episodes of diagnosable mental disorder whatsoever
(at least, as far as we know).

Given the remarkably low prevalence of enduring mental health in the Dunedin
cohort, we expected Study members with enduring mental health to come from
backgrounds virtually free of each of our 13 well-established risk factors. This
expectation was strongly supported when we compared Study members with enduring
mental health to Study members diagnosed at 3+ waves, but unsupported when
comparing Study members with enduring mental health to Study members diagnosed at
1-2 assessment waves (Table 4).

We identified only two childhood factors that clearly differentiated between Study
members with enduring mental health and those diagnosed only at 1 or 2 waves: (1) a
suite of advantageous personality traits and (2) a relative absence of family psychiatric
history. Consistent with research that names a neurotic personality style as a risk factor

for multiple different mental disorders (Kendler, Gatz, Gardner, & Pedersen, 2006;

56



Lahey, 2009), we found that Study members who showed little evidence of strong
negative emotions in childhood were more likely to experience enduring mental health
into their late 30s. Similarly, consistent with research that names abundant social support
and sociability as “buffers” against stress (e.g. Ozbay et al., 2007), we also found that
Study members with enduring mental health were significantly less socially isolated in
childhood than peers with typical histories (or, alternatively, these exceptionally well-
adjusted children were more attractive to peers, and thus acquired more childhood
friends). In addition, we found that Study members with enduring mental health showed
significantly higher levels of childhood self-control, in line with previous reports from
this cohort demonstrating that higher self-control in childhood predicts other
advantageous adult outcomes such as superior physical health, fewer financial problems,
less criminal offending, and lower risk of substance dependence (Israel et al., 2014;
Moffitt et al., 2011). Finally, consistent with research indicating substantial familial
aggregation of common psychiatric and substance-use disorders (K. S. Kendler, Davis, &
Kessler, 1997), we found that Study members who experienced enduring mental health
had fewer first- and second-degree relatives with mental health issues relative to Study
members diagnosed at 1-2 waves.

Our analyses of family factors returned mixed results. We found evidence to
indicate that, relative to Study members with typical mental health histories, those with
enduring mental health experienced a family environment characterized by less negative
discipline and a reduced likelihood of parental loss. Surprisingly, however, the remainder
of our childhood predictors did not seem to differ between the two groups. For example,

we found that individuals with enduring mental health were not more socioeconomically
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advantaged than those with typical histories, despite evidence linking low childhood
socioeconomic status to multiple mental disorders (Reiss, 2013). In addition, Study
members with enduring mental health showed no evidence of fewer perinatal
complications or superior physical health in childhood, despite evidence linking perinatal
complications and poor health in childhood to multiple mental disorders (Buka & Fan,
1999; Foley, Thacker, Aggen, Neale, & Kendler, 2001; Merikangas et al., 2015). And
finally, Study members with enduring mental health were not found to possess higher
childhood intelligence than Study members with modal mental health, even though
multiple studies have confirmed low 1Q as risk factors for a wide array of psychiatric
conditions (Batty, Mortensen, & Osler, 2005; Gale et al., 2008; Koenen et al., 2009).
These observations suggest that although childhood poverty, compromised physical
health, and low cognitive ability are robust predictors of persistent mental disorder, their

absence is unlikely to guarantee enduring mental health.

2.4.1 Limitations

The present study is characterized by several limitations. First, although findings
about the low prevalence of enduring mental health have appeared across studies, our
findings regarding the correlates of enduring mental health were drawn from a single,
largely Caucasian, New Zealand cohort born in the 1970s, and thus may not generalize to
other populations. Second, assessment of mental disorder in the Dunedin cohort is both
left- and right-hand censored, which means we cannot count episodes of disorder that
occurred prior to age 11, or future cases that may onset after our most recent assessment
at age 38. Third, gaps between the Dunedin Study’s 12-month assessment windows did

not allow us to count individuals who experienced an episode of disorder between
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windows. Although we were able to use life history calendar interviews to reclassify 9
Study members who were not diagnosed by Study staff but reported being diagnosed and
treated during these gaps into the “1-2 wave” group, the number of cohort members we
classified incorrectly because their only episodes of disorder occurred between study
windows and went untreated is unknown. However, it is worth noting that the Dunedin
Study’s Axis-I-disorder lifetime prevalence estimate is very similar to the Axis-I-disorder
lifetime prevalence estimate drawn from the Christchurch Study (Figure 2), which asks
Study members at each assessment to extend their recall of psychiatric symptoms back to
the previous assessment (thus avoiding gaps in assessment windows). This observation
suggests that the number of Dunedin Study members who did experience a mental
disorder but were “missed” by our eight 12-month assessments is likely to be relatively

small.

2.4.2 Implications and future directions

Replication of this study is needed. However, the study of enduring mental health
poses a challenge for researchers, since classifying individuals as having experienced
“enduring mental health” on the basis of a single clinical interview assessing lifetime
psychiatric symptoms may result in substantial misclassification. One possibility
suggested by our results is to further refine phenotyping by screening this group to also
be free of a family history of psychiatric disorder.

The comparative rarity of the enduring-mental-health phenotype has implications
for etiological research into mental disorders. Studies of individuals with enduring mental
health can complement studies of mental disorders in much the same way studies of

centenarians complement studies of age-related disease (e.g. Galioto et al., 2008;
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Sebastiani & Perls, 2012). One way is by identifying targets for prevention. For example,
our study suggests the hypothesis that interventions to promote children’s development of
self-control skills might prevent subsequent mental disorder. Nonetheless, a limitation of
the Dunedin Study is that it was not originally designed to study predictors of enduring
mental health, because no one anticipated that it would be so rare as to be an interesting
phenotype. As a result, our investigation was constrained by our set of pre-existing early-
life risk factors for mental disorder, suggesting that studies with richer sets of early-life,
mental-health-promoting factors are needed.

Our finding that precursors of enduring mental health are already apparent in
children’s personalities suggests that the path to enduring mental health begins early in
development, as is the case with many mental disorders (Kessler et al., 2005; Kim-Cohen
et al., 2003). Remarkably, children who went on to manifest enduring mental health were
not distinguished from peers with typical mental health histories by their families’
socioeconomic status, their physical health, or their early cognitive ability. Instead, the
strongest predictor of enduring mental health appeared to be a sort of psychological
“sturdiness”—an advantageous personality style that may have allowed these children to
cope successfully with stressors that predispose to mental disorder, or to avoid such
stressors altogether. Because absence of mental disorder appeared to cluster in families,
future studies should aim to better clarify the genetic and environmental mechanism(s) of
intergenerational transmission.

A final, intriguing question is whether enduring mental health is associated with
exceptional psychological “well-being”, in addition to minimal psychological distress.

Research in the fields of positive psychiatry and psychology indicates that measures of
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“mental health” and “mental illness” are at best moderately correlated (Keyes, 2005), and
that true well-being or “flourishing” (i.e. feeling good about and functioning well in life)
is more than merely the absence of a diagnosable disorder (Jeste, Palmer, Rettew, &
Boardman, 2015; Keyes, 2002; Seligman & Csikszentmihalyi, 2000). Our data suggest
that Study members with enduring mental health (as defined here) share many similarities
with individuals who are described as “flourishing” in other studies, including superior
adult functioning (as measured by midlife educational and occupational attainment) as
well as greater life satisfaction and higher-quality relationships. This overlap suggests the
hypothesis that the absence of disorder may facilitate the acquisition of other desirable
psychosocial traits and outcomes across the life course. Nevertheless, it is worth noting
that our never-diagnosed Study members were not universally satisfied with life—indeed,
approximately one quarter (22.5%) scored below the cohort mean on our measure of life
satisfaction. This observation indicates that “enduring mental health” and “flourishing”
should not be used interchangeably, and suggests that additional research is needed to

clarify the nature of the relationship between these two constructs.

2.4.3 Conclusions

In conclusion, the observations that mental disorder affects the overwhelming
majority of persons at some point in life and that its course is often transient suggest a
need to alter our conception of what it means to be mentally ill. For many, an episode of
mental disorder is like influenza, bronchitis, anemia, kidney stones, or a fractured bone—
these conditions are highly prevalent, sufferers experience impaired functioning in social
and occupational roles, and many seek medical care, but most recover. Put another way,

such research affirms that discussions of “abnormal psychology” should recognize that
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“normality” refers to the absence of a diagnosable disturbance in emotional or behavioral
functioning at the present time—not across the life course. It is our hope that increased
public recognition of this fact will reduce the stigma and accompanying sense of isolation
experienced by individuals diagnosed with a mental disorder, perhaps leading to higher

rates of treatment uptake as well as better clinical outcomes.
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Figure 2: Proportion of cohort members in each study with a lifetime diagnosis of one or more mental disorders

(see Table 1 for Study characteristics).

Notes. Error bars represent 95% confidence intervals. Green bars represent estimates drawn from Danish registry data. Blue
bars represent estimates from cross-sectional epidemiological surveys. Red bars represent estimates from prospective
longitudinal studies with repeated mental health assessments. The estimates shown for the Christchurch Study and Dunedin
Study are based on subsets (N = 1041 and 988, respectively) of the full cohorts (N = 1265 and 1037, respectively) who
contributed data to 3+ assessment waves. Age Range = age of cohort members at first mental health assessment, presented as a
single number, range, or as “mean (SD)” where appropriate. No. of Assessments = number of assessment waves in each
longitudinal study. Length of follow-up = duration of longitudinal follow-up across assessments.



Table 1: Characteristics of studies included in Figure 2.

Notes. ‘Estimates for the Christchurch Health and Development Study were provided by L. J. Horwood, October 7%, 2015

Source Cohort Assessment Instrument Classification System
Registry Data
Federsen et al. (2014) Danish Registry Data. All Danish residents (N = approx. 5.6 Individuals were classified with 2 mental disorder if they  1CD-8, ICD-9, ICD-10
million) hzd been admitted to a psychiatric hospital, received

outpatient psychiatric care, or visited a psychiatric
EMErgency unit.

Epidemiclogical Surveys
Kessler et al. (19594) National Comorbity, Survey (NCS). Stratified, multistage area hodified version of the Compaosite International DEM-I-R
probability sample of persons aged 15 to 54 in the Diagnostic Interview (CID)
noninstitutionalized civilian population in the 48 coterminous
United States (N = 8098).

Kessler et al. (2005) National Comorbity, Survey Replication (NC5-R). Natignall- ‘Waorld Mental Hesalth Survey Initiative \Version of the DSM-1V
[ERFEsEniAtive.sample of English-spezking household residents World Health Organization Compasite International
sged 18 years or older in the coterminous United States [V = Diagnostic Interview {WMH-CIDI).
9282).
o)) Longitudingl Studies
» Copeland et al. (2011) Great 5moky Mountains Cohort. A representative sample of Child and Adolescent Fsychiatric Assessment [CAPA] DEM-IV
three cohorts of children 2ges 9, 11, and 13 years on intake until age 15; Young Adult Psychiatric Assessment [YAPA)
from 11 counties im western Morth Caroling [N = 1420). stages 15and 21.
Farmer et al. [2013) Oregon Adolescent Depression Project. Cohort of high schoaol Schedule for Affective Disorders and Schizophrenia for DEM-I-R, DSM-IY
students randomly selected from nine high schools in western Zchool-Age Children (K-SADS), Longitudinzl Interval
Orezon (N = B16). Follow-Up Evaluation (LIFE), Structured Clinical
Interview for DSM-IV (3CID).
Angst et al. (2015) The Zurich Cohort Study of Young Adults. Community-bazed Structured Psychapatholegical Interview and Rating of DEM-10, DSM-1IR, DEM-IV
cohort of 4,547 people aged 19-20 from Zurich Switzerland. A the 3ocial Consequences of Psychological Disturbances

stratified subsample was selected for interview, with two-thirds for Epidemiology’ [SPIKE), 2 semi-structured interview.
consisting of high scorers on the global severity index of the
SCL-90-R (N = 551).
Honwood (2015)° The Christchurch Health and Development Study. Fopulation Diagnostic Interview Schedule for Childran (DISC), DSM-1-R, DEM-IW
representative, Christchurch Mew Zealand birth cohort, born Composite International Diagnostic Interview (CIDI).
1377 [N=12565)

Present Study Dunedin Multidisciplinary Health & Human Development Diagnostic Interview Schedule {DIS-111, DI3-1V). DEM-I, DEM-IV
Study. Populstion-representative Dunedin, Mew Zealand birth
cohort, born 1972-1373 (N = 1037)
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Table 2: Candidate predictor variables of enduring mental health

Domain

Description

Parental socioeconomic
status (SES)

Family Environment
Moos Family Relations
Index

Negative Discipline

The socioeconomic status of Study members’ parents was measured with
the Elley-Irving scale (Elley & Irving, 1976), which assigned
occupations into 1 of 6 SES groups (from 1 = unskilled laborer to 6 =
professional). The higher of either parents' occupation was averaged
spanning the period from Study members’ birth to age 15 (M = 3.75, SD
=1.14).

When children were age 7 and 9, mothers completed the three-subscale
Family Relations Index of the Family Environment Scales (FES; Moos &
Moos, 1981), an instrument that assesses the family atmosphere (o =
0.69) (Belsky, Jaffee, Hsieh, & Silva, 2001).

When children were age 7 and 9, mothers were interviewed about the
discipline practices used on the day before the interview, about their own
and their husband's or partner's consistency in disciplining the child, and
about consistency across mother and father in disciplining the child.
Negative discipline was created by combining four scores obtained at
ages 7 and 9: mother's rating of (1) her consistency in disciplining the
child (i.e., changeable vs. always the same), (2) her husband's or
partner's consistency in disciplining the child, (3) the degree of
consistency across mother and father in disciplining the child, and (4) the
number of negative discipline behaviors (e.g., smacking, shouting,
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Childhood maltreatment

Parental Loss

Physical Health
Perinatal complications

threatening) used on the day before the 7- and 9-year-old interviews (o =
0.62) (Belsky et al., 2001).

As previously described (Caspi et al., 2002), the measure of childhood
maltreatment up to age 11 includes evidence of (1) maternal rejection
assessed at age 3 years by observational ratings of mothers’ interaction
with the study children, (2) harsh discipline assessed at ages 7 and 9
years by parental report of disciplinary behaviors, (3) 2 or more changes
in the child’s primary caregiver, and (4) physical abuse and (5) sexual
abuse reported by study members once they reached adulthood. For each
child, our cumulative index counts the number of maltreatment indicators
during the first decade of life; 64.2% of children experienced no
maltreatment, 26.7% experienced 1 indicator of maltreatment
(“probable” maltreatment), and 9.2% experienced 2 or more indicators of
maltreatment (“definite” maltreatment).

At each assessment from age 3 to 11, parents were asked about changes
in family structure, and these reports were coded for evidence of parental
loss due to separation, divorce, or death. 14.6% of children suffered the
loss of at least one parent (Jaffee et al., 2002).

We created a composite index of perinatal complications for each Study
member by combining prenatal information drawn from hospital records
with findings from a physical examination performed shortly after birth.
The obstetric complications assessed in this Study have been described
previously (Shalev et al., 2014), and include maternal diabetes,
glycosuria, epilepsy, hypertension, eclampsia, antepartum hemorrhage,
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Childhood health

accidental hemorrhage, placenta previa, having had a previous small
baby, gestational age younger than 37 weeks, birth weight less than 2.5
kg, small for gestational age, major or minor neurologic signs, Rh
incompatibility, ABO incompatibility, nonhemolytic hyperbilirubinemia,
hypoxia at birth (idiopathic respiratory distress syndrome or apnea), and
low Apgar score at birth. Based on evidence that the effects of adverse
conditions are cumulative (Molfese, 2013), each condition was weighted
equally and summed to yield an obstetric complications index. 62.7%
had 0 perinatal complications, 26.1% had 1 perinatal complication, and
11.2% had 2 or more.

Information about Study members’ childhood medical status was
gathered every 2 years via standardized medical assessments and parent
reports. Examinations included assessment by a neurologist, motor tests,
and otological and opthalmological assessments. Parents were
interviewed about milestones, accidents and poisonings, loss of
consciousness, infections, and disease. In addition, home visits were
conducted by a Health Department nurse, and a pediatrician conducted a
general medical examination at the research unit. We compiled two
“medical portfolios” for each child covering two developmental periods:
ages 3 to 5 years (early childhood), and, separately, ages 7 to 11 years
(middle childhood). These portfolios were independently evaluated by
two staff members kept blind to all other information about the Study
member. For each developmental period, each child’s health was coded
on a 5-point scale (1 = “poor”, 5 = “excellent”), with inter-rater
agreement = 0.85. We then averaged ratings across the two
developmental periods to generate a composite measure reflecting
childhood health through ages 3 to 11 (M = 3.74, SD = 0.91).



89

Cognitive Ability
Early childhood 1Q

WISC 1Q

Personality/Temperament
Childhood emotional
difficulties

At ages 3 and 5, Study members were administered 3 tests. These
measures have been described previously (Schaefer et al., 2015), and
include the Peabody Picture Vocabulary Test (Dunn, 1965), the
Receptive Language Scale from the Reynell Developmental Language
Scales (Reynell, 1969), and the Stanford-Binet Intelligences Scales (L.
M. Terman & Merrill, 1960). We averaged standardized versions of
Study members’ scores on these tests to create a single measure
capturing intelligence in early childhood.

Atages 7, 9, and 11, the Wechsler Intelligence Scale for Children—
Revised (WISC-R; Wechsler, 1974) was administered to Study members
individually according to standard protocol. We report the average of
participants’ total scores over the three assessment points to represent
intelligence in middle-to-late childhood.

Emotional functioning in childhood was measured with the Rutter Child
Scales (M. Rutter, Tizard, & Whitmore, 1970), using items that inquired
about the major areas of a child's emotional functioning during the past
year (e.g., “worries about many things,” “often appears miserable,”
“unhappy,” “tearful”). These were completed by parents and teachers at
age 5, 7,9, and 11 using a 3-point scale (0 = “doesn’t apply”, 1 =
“applies somewhat”, 2 = “certainly applies”). We created a composite
measure averaging these ratings across the four age periods and two
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Childhood social isolation

Childhood low self-control

Family history of mental
illness

reporting sources to derive a measure indexing each Study member’s
early-life emotional functioning across different settings (o = 0.72).

Social isolation in childhood was measured using two items from the
Rutter Child Scales (M. Rutter et al., 1970): "not much liked by other
children" and “tends to do things on his own, rather solitary”. Each of
these items was completed by parents and teachers at ages 5, 7, 9, and 11
using a 3-point scale (0 = “doesn’t apply”, 1 = “applies somewhat”, 2 =
“certainly applies”). We created a composite measure averaging these
ratings across the four age periods and two reporting sources to derive a
measure indexing each Study member’s level of peer rejection during the
primary school years (a = 0.77).

Self-control in childhood was measured using nine measures of low self-
control: observational ratings of children’s lack of control (at 3 and 5
years of age), parent and teacher reports of impulsive aggression,
hyperactivity, lack of persistence, inattention, and impulsivity (at 5, 7, 9,
and 11 years of age), and self-reports at age 11 years. The nine measures
were positively and significantly correlated. Based on principal
components analysis, the standardized measures were averaged into a
single composite score (M =0, SD = 1), comprising multiple ages and
informants (o = 0.86). This measure has been described previously (T. E.
Moffitt et al., 2011).

Family histories were collected in 2003 - 2005, when the study members
were 30 - 33 years of age, by interviewing the Study members as well as
both of their parents. As previously described (Barry J. Milne et al.,
2009), family psychiatric history data were collected about each
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participant's biological parents, grandparents, and siblings. Data on
7,856 family members of the Study members were used (average of 8
family members; range 3 - 16) to construct family histories, assessed by
means of the Family History Screen (FHS; Weissman et al., 2000) and
supplemented with items to broaden coverage of substance-use disorders
and psychosis. A family member was considered to have a positive
history of disorder if the majority of informants reported that the family
member displayed at least one indicator of mental illness. Indicators
included: (1) suffering from a “serious mental illness, emotional
problem, or nervous breakdown,” (2) ever receiving medical or
psychological treatment for a mental health issue, or (3) suffering from
marked functional impairment due to a mental health issue. The family
history of mental illness for each Study member was calculated as the
proportion of members in the family with a positive history of disorder,
taking into account genetic relatedness.
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Figure 3: Number of waves in which Dunedin Study members met criteria for a DSM diagnosis.

Notes. The 6 waves represent ages 11-15, 18, 21, 26, 32, and 38. The red bar represents Study members with enduring mental
health (those diagnosed at 0 waves). The light blue bars represent Study members with typical mental health histories (those
diagnosed at 1-2 waves). The dark blue bars represent Study members diagnosed at 3+ waves.
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Figure 4: Distribution of DSM diagnoses across assessment waves.

Notes. Each thin horizontal line represents an individual Study member’s mental health history. Blue indicates that the Study
member met criteria for a past-year DSM-defined psychiatric disorder during this assessment. Red indicates that the Study
member did not meet criteria for a past-year DSM-defined psychiatric disorder during this assessment. This figure indicates
that the diagnosed groups were not dominated by any particular developmental pattern.



Table 3: Demographic and diagnostic characteristics of each mental health group in
the Dunedin cohort.

Notes. ®The p-factor, derived from confirmatory factor analysis of symptom-level data
collected between ages 18 and 38, represents an individual’s propensity to develop any
and all forms of common psychopathologies (Caspi et al., 2014).

Total Full Cohort 0 waves 1-2 waves 3+ waves
N (N=988) (N=171) (N=409) (N=408)
% % % %

Demographics

Sex (% male) 988 51.3 56.7 52.6 47.8
Type of Disorder (ages 11-38)

ADD 953 6.2 0 4.7 10.1

Conduct Disorder 953 17.6 1] 12.2 30.0

Any Anxiety 988 57.5 0 53.3 85.8

Depression 988 43.3 ] 39.1 7.7

Substance Abuse/Dependence 988 41.2 0 354 64.2

PTSD 983 2.9 0 3.5 17.9

Schizophrenia 953 3.9 0 0 3.3

Mania 947 1.0 0 0 2.3
Age of Onset

First diagnosis before age 15 973 34.6 0 24.6 58.8

First diagnosis at age 38 973 2.6 0 6.3 0

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Indicators of Mental Disorder Severity
Comorbidity

Different lifetime diagnoses (mean) 988 1.8(1.3) 0(0) 1.5(0.7) 2.8(1.0)
Persistence

Waves in which they received a diagnosis 988 2.3(1.8) 0(0) 1.5(0.5) 4.1(1.0)
Impairment

Rating of functional impairment (max ever) 974 3.7 (1.2) - 3.5(1.1) 4.4(0.8)
Symptom Score

p-factor (z-score)® 988 0(1.0) -1.0 (0.6) -0.3 (0.7) 0.7 [0.9)

% % % %

Informant Reports

Problems with depression (ages 18-38) 987 32.3 15.8 25.7 46.0

Problems with unreasonable fears (ages 18-38) 987 23.0 8.2 18.1 34.2

Problems with alcohol (ages 18-38) 987 144 1.8 103 23.8

Problems with drugs (ages 18-38) 987 12.2 18 6.4 224

Talks about suicide (ages 26-38) 974 3.5 0.6 1.7 6.5

Any problem {ages 18-38) 987 45.9 21.1 38.9 63.4

73
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Table 4: Childhood predictors of lifetime mental health history in the Dunedin Cohort.

Notes. “Risk” of membership in the group diagnosed at fewer waves was calculated by entering each predictor into a poisson
regression predicting age 38 mental health group membership (0 waves vs. 1-2 waves, 0 waves vs. 3+ waves, and 1-2 waves
vs. 3+ waves), controlling for sex. To facilitate comparison across predictors, all variables were standardized to a mean of 0
(representing the mean of the full cohort) and a standard deviation of 1. Significant differences at p < .05 are in bold.

0 waves vi. 1-2 waves 0 waves vi. 3+ waves 1-2 waves vs. 3+ waves

Risk Ratio {95% Cl) P Risk Ratio [95% C1) o Risk Ratio (95% Cl) [

Demographic Information

Parental SES 0.95 (0.84-1.07) 0.399 1.13 (1.00-1.28) 0.053 1.13 (1.06-1.21) <0.001
Family Environment

Maoos Family Relations Index [ages 7-3) 1.07 (0.92-1.24) 0.382 1.20 (1.04-1.38) 0.012 1.10 (1.01-1.18) 0.017

Negative Discipline (ages 7-9) 0.85 (0.73-1.00) 0.044 0.72 (0.62-0.83) <0.001 0.87 (0.81-0.94) =0.001

Maltreatment (ages 3-11) 0.80 (0.63-1.02) 0.077 0.68 (0.58-0.81) <0.001 0.85(0.79-0.92) <0.001

Parental Loss (ages 3-11) 0.72 (0.57-0.91) 0.006 0.64 (0.50-0.81) <0.001 0.92 (0.86-1.00) 0.038
Physical Health

Perinatal Complications [birth) 0.98 (0.86-1.12) 0.755 0.92 (0.80-1.06) 0.261 0.96 (0.89-1.04) 0.323

Childhood Health [ages 3-11) 1.08 (0.94-1.25) 0.261 1.25 (1.08-1.43) 0.002 1.11 (1.03-1.19) 0.006
Cognitive Ability

Early Childhood 10 (ages 3-5) 1.10 (0.96-1.26) 0.176 1.27 (1.18-1.44) <0.001 1.11 (1.03-1.19) 0.004

WISC 1 [ages 7-11) 1.00({0.87-1.16) 0.958 1.22 (1.07-1.39) 0.003 1.16 (1.08-1.25) <0.001
Temperament/Personality

Emotional Difficulties (ages 5-11) 0.80 (0.70-0.92) 0.002 0.71 [0.62-0.81) <0.001 0.92 (0.86-0.99) 0.024

Social Isolation (ages 5-11) 0.82 (0.70-0.96) 0.013 0.76 (0.66-0.88) <0.001 0.94 {0.88-1.01) 0.058

Low Self-Control [ages 3-11) 0.73 (0.60-0.89) 0.002 0.60 (0.49-0.72) <0.001 0.34 (0.78-0.92) <0.001
Family History

Proportion of 1st degree relatives with 0.79 (0.69-0.92) 0.002 0.64 [0.55-0.74) <0.001 0.87 (0.81-0.94) <0.001

indicators of mental disorder
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Figure 5: Number of different diagnostic families represented in Dunedin Cohort members’ diagnostic histories

Notes. “Diagnostic families” in the context of this Study include depressive disorders, anxiety disorders, substance use
disorders, attention-deficit/hyperactivity disorder, conduct disorder, and psychotic disorders. “Number of diagnostic families”
reflects the number of different diagnostic families represented in Study members’ accumulated psychiatric diagnostic history
between the ages of 11 and 38 years. The red bar represents Study members with enduring mental health (those with 0
psychiatric comorbidities). The light blue bars represent Study members with typical mental health histories (those with
psychiatric comorbidities from 1-2 diagnostic families). The dark blue bars represent Study members with psychiatric
comorbidities from 3+ diagnostic families.
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Table 5: Childhood predictors of lifetime psychiatric comorbidity in the Dunedin Cohort

Notes. “Risk” of membership in the group with fewer psychiatric comorbidities was calculated by entering each predictor into
a poisson regression predicting age 38 mental health group membership (0 diagnostic families vs. 1-2 diagnostic families, 0
diagnostic families vs. 3+ diagnostic families, and 1-2 diagnostic families vs. 3+ diagnostic families), controlling for sex. To
facilitate comparison across predictors, all variables were standardized to a mean of 0 (representing the mean of the full cohort)
and a standard deviation of 1. Significant differences at p < .05 are in bold.

0 diagnostic families vs.

1-2 diagnostic famnilies

0 diagnostic families vs.

3+ diagnostic families

1-2 diagnostic families vs.

3+ diagnostic families

Risk Ratio (35% Ci) o Risk Rotio (95% Ci) 5] Risk Rotio (35% Ci) o

Demographic Information

Parental SES 0.95 (0.83-1.08) 0.397 1.20(1.07-1.35) 0.002 1.12 (1.07-1.18) <0.001
Family Environment

Moos Family Relations Index (ages 7-2) 1.08 (0.93-1.26) 0.332 1.22(1.07-1.39) 0.003 1.08 (1.02-1.14) 0.006

MNegative Discipline (ages 7-9) 0.82 (0.70-0.97) 0.017 0.73 (0.64-0.83) <0.001 0.90 (0.86-0.95) <0.001

Maltreatment (ages 3-11) 0.83 (0.70-0.99) 0.036 0.68 (0.59-0.80) <0.001 0.88 (0.83-0.93) <0.001

Parental Loss (ages 3-11) 0.73 (0.57-0.92) 0.008 0.61 (0.48-0.77) <0.001 0.90 (0.85-0.96) 0.001
Physical Health

Perinatal Complications (birth) 0.97 (0.84-1.12) 0.676 0.92 (0.81-1.05) 0.210 0.97 (0.92-1.02) 0.219

Childhood Health (ages 3-11) 1.12 (0.97-1.30) 0.133 1.23 (1.08-1.40) 0.002 1.07 (1.02-1.13) 0.012
Cognitive Ability

Early Childhood 10 {ages 3-5) 1.08 (0.94-1.24) 0.294 1.34 (1.20-1.51) <0.001 1.14 (1.08-1.20) <0.001

WISC 10 (ages 7-11) 1.01 (0.86-1.17) 0.937 1.30 (1.14-1.48) <0.001 1.15 (1.09-1.21) <0.001
Temperament/Personality

Emotional Difficulties (ages 5-11) 0.77 (0.66-0.89) <0.001 0.73 (0.64-0.83) <0.001 0.95 (0.90-1.00) 0.040

Social Isclation (ages 5-11) 0.81 (0.69-0.95) 0.010 0.76 (0.67-0.87) <0.001 0.94 (0.89-0.99) 0.029

Low Self-Control (ages 3-11) 0.74 (0.59-0.91) 0.005 0.57 (0.48-0.69) <0.001 0.80 {0.75-0.86) <0.001
Family History

Proportion of 1st degree relatives with 0.77 (0.66-0.90) <0.001 0.63 (0.55-0.73) <0.001 0.88 (0.84-0.93) <0.001

indicators of mental disorder
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Figure 6: Comparison of midlife outcomes for Dunedin cohort members in the 0 wave vs. 1-
2 wave mental health history groups.

Notes. Error bars represent 95% confidence intervals. All outcome variables were standardized
on the full cohort to a mean of 0 (representing the mean of the full cohort) and a standard
deviation of 1. Asterisks represent the statistical significance of the difference between groups,
adjusted for sex (*p <0.05).
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3.1 Introduction

Few problems in the psychological sciences have been as simultaneously
important and intractable as establishing a causal relationship between victimization
exposure and psychopathology. Because it is ethically impermissible to randomly assign
human participants to varying levels of victimization exposure, observational studies
have struggled to disentangle the effects of victimization exposure from a host of other
individual and environmental factors (e.g. poverty, parent mental illness) known to be
correlated with such exposure. Approaches using nonhuman models are likewise
complicated by the fact that although experimenters can more easily control the level of
exposure to stressful events in organisms like rodents and primates, the nonhuman
analogues of “victimization” and “psychopathology” remain significantly divorced from
their human counterparts, making it difficult to conclude that the results of these studies
will generalize to the human condition.

Despite these challenges, studies reporting robust associations between
victimization and various forms of psychopathology have continued to accumulate.
According to this literature, exposure to victimization and other adverse life events
(measured either retrospectively or prospectively) predicts increased risk of a wide array
of psychiatric conditions, including mood, anxiety, substance use, disruptive-behavior,
and psychotic disorders (Anda et al., 2006; Green et al, 2010; Scott, Smith, & Ellis,
2010). Victimization exposure also predicts earlier onset, higher comorbidity, and greater
numbers of symptoms among individual disorders, as well as poorer response to both
pharmaceutical treatment and psychotherapy (Agnew-Blais & Danese, 2016; Nanni et al.,

2012; Nemeroff, 2016; Putnam et al., 2013; Widom et al., 2007), leading some
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investigators to suggest that disorders arising after a history of victimization form their
own clinically and biologically distinct subtype (Teicher & Samson, 2013).

Nevertheless, our understanding of the relationship between victimization and
later mental health is characterized by at least four important gaps. First, it is difficult to
determine whether observed associations between individual types of victimization and
psychopathology reflect direct effects, or arise solely due to the high rates of poly-
victimization (i.e. exposure to multiple different types of victimization) among victimized
children (Finkelhor et al., 2007a, 2009). In other words, it is possible that the statistical
association between exposure to one victimization type (e.g., family violence) and mental
disorder exists solely because of one or more additional types of exposure associated with
the exposure of initial interest (e.g., physical or sexual abuse). This “third variable
problem” is significant because it limits the ability of researchers and policymakers to
determine whether interventions that target a specific type of victimization will actually
reduce the incidence of mental disorder. A potential solution is to ascertain multiple
victimization types within the same sample (e.g., Fisher et al., 2015). This design allows
investigators to examine both the shared and unique effects of different victimization
types as well as the cumulative effects of poly-victimization.

A second limitation of the literature on victimization exposure and
psychopathology is that previous studies have tended to focus on establishing
associations between victimization exposure and an individual disorder. However, an
emerging body of research indicates that the effects of victimization are strikingly non-
specific, predicting a wide range of both internalizing and externalizing symptoms

(Edwards et al., 2003; Green et al., 2010; Putnam et al., 2013; Scott et al., 2010; Vachon
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et al., 2015). Indeed, one study that examined associations between child maltreatment
and multiple psychiatric disorders found that the effects of child maltreatment on mental
health were mediated entirely through latent factors representing internalizing and
externalizing psychopathology rather than diverse, specific mechanisms (Keyes et al.,
2012). These findings suggest that maltreatment influences broad, general factors
common to multiple different types of disorders (e.g., distress, negative emotionality)
rather than those that give rise to specific disorders or clusters of symptoms.

One latent liability dimension that may be particularly suitable for testing the
relationship between victimization exposure and later mental health is the “p factor,” a
hierarchical measure of general psychopathology that accounts for the high levels of
comorbidity observed across different psychiatric disorders. Conceptually similar to the
“g factor” of general intelligence, “p” represents shared liability common to mental
disorders captured by the internalizing, externalizing, and thought disorder spectra of
psychopathology (Caspi et al., 2014; Lahey et al., 2012, 2017). Computation of a general
factor of psychopathology thus allows investigators to examine associations between
victimization exposure and broad vulnerability to multiple common mental disorders,
while computation of its constituent psychiatric spectra permits testing for specificity in
these associations (e.g., examining whether the mental health effects of victimization
exposure are stronger for particular psychiatric spectra).

A third limitation of the existing literature on victimization exposure and
psychopathology is that most of the research on the mental health effects of victimization
has focused on childhood exposures. It is important to complement this literature with

studies of adolescent exposures for two reasons. First, accumulating evidence
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demonstrates that adolescence is a crucial period of brain development, as well as a time
of peak onset for many common mental disorders (Kessler et al., 2005; Kim-Cohen et al.,
2003). These findings have led to calls for research that will enhance our understanding
of how experiences in adolescence contribute to disorders in adulthood (Davidson et al.,
2015). Experimental and neuroimaging studies suggest that the increased incidence of
psychopathology in adolescence may be partially attributable to the elevated stress
reactivity and impaired extinction learning that emerges during this period (Pattwell et
al., 2012; Spear, 2009), as well as the lagged development of cortical regions that play a
key role in emotion regulation (e.g., the prefrontal cortex; Gogtay et al., 2004).
Combined, these findings suggest that exposure to victimization during adolescence may
be associated with a physiological response that is both larger in magnitude and more
difficult to downregulate than an equivalent exposure in childhood, perhaps leading to a
relatively stronger relationship between victimization during the adolescent period and
the development of psychiatric symptoms. However, the relative contribution of
victimization experiences in childhood versus those in adolescence has rarely been tested
in one study.

Another reason to study victimization in adolescence is that exposure to many
types of victimization—including sexual victimization, relational aggression, internet
harassment, and serious violent crime—also peaks during this period (Brown et al., 2005;
Peskin et al., 2006; Sickmund & Puzzanchera, 2014). Because of the increased autonomy
and greater internet and cell phone use that characterize the adolescent period,
adolescents are, on average, victimized by a more diverse set of actors and across a wider

range of environments than children (Sickmund & Puzzanchera, 2014). Moreover, most
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victimization experiences in childhood are shared by siblings, especially twins (Jaffee et
al., 2004), making it difficult to assess whether victimization exposure exerts an
environmentally-mediated effect on mental health using a discordant twin design. In
adolescence, however, exposure to victimization becomes more divergent as members of
twin pairs spend more time apart and outside of the shared family environment with
increasing age, making this analytical approach significantly more viable.

A fourth limitation of the existing literature on victimization exposure and
psychopathology is the elephant in the room: Is the intuitive assumption that exposure to
victimization exerts a causal effect on later mental health validated by empirical data
(Moffitt et al., 2013)? Although causality cannot be proven by observational studies,
these designs can allow researchers to rule out alternative, non-causal explanations,
making the existence of causal relationship incrementally more likely. One of the
strongest observational designs for approaching causal inference in this fashion is the
longitudinal twin study, which allows investigators to control for all of the unmeasured
shared environmental or genetic factors that might impact both that exposure and the
outcome of interest. To date, however, twin studies conducted using twin pairs discordant
for victimization exposure have returned conflicting results, with some studies reporting
an increased risk of emotional or behavioral problems in the more-victimized twin
(Arseneault et al., 2006, 2011; Brown et al., 2014; Capusan et al., 2016; Kendler &
Aggen, 2014; Silberg et al., 2016), and others reporting little to no effect (Berenz et al.,
2013; Bornovalova et al., 2013; Dinkler et al., 2017; Dinwiddie et al., 2000; Shakoor et

al., 2015; Young-Wolff et al., 2011). These studies are particularly difficult to reconcile
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because they studied different victimization types and different disorders in different
populations assessed at different ages.

We used data from a longitudinal twin study (the Environmental Risk
Longitudinal Twin Study; “E-Risk”) where we have ascertained multiple forms of
victimization to test associations between adolescent victimization exposure and multiple
forms of psychopathology (internalizing, externalizing, and thought disorders), including
a general liability factor (“p”; Caspi et al., 2014; Lahey et al., 2012, 2017). In conducting
such tests, we extend previous work, which examines a limited range of exposures (most
often victimization by family members, including physical maltreatment, neglect, or
sexual abuse), to examine a larger range of exposures occurring both inside and outside
the home (e.g., peer victimization, internet/mobile phone victimization, exposure to
conventional crime), including a cumulative measure of poly-victimization between ages
12 and 18 years. We examined the specificity of effects in our data, testing (a) whether
each separate form of victimization uniquely predicts early-adult psychopathology and
(b) whether victimization exposure predicts some forms of psychopathology more
strongly than others. We then carried out four analyses aimed at approaching causal
inference by ruling out non-causal explanations. First, we tested for mono-method
reporting bias—or the possibility that the association between victimization exposure and
early-life psychopathology exists solely because both rely on self-report data—by
examining whether “p” can also be predicted by informant-reported victimization
exposure, provided by Study members’ parents and co-twins. Second, we addressed the
possibility of reverse causation by testing whether adolescent victimization predicts “p”

only because children with pre-existing vulnerabilities to psychiatric problems (such as
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early-life emotional and behavioral problems, or a family history of mental disorder) are
more likely to be victimized. Third, we tested whether adolescent victimization makes its
own contribution to psychopathology apart from the contribution of child victimization
(i.e., re-victimization). Fourth, we exploited our twin study design to test whether the
observed relationship between victimization and psychopathology is attributable to
shared genetic propensity, shared family-wide environmental factors (e.g., family
poverty), and pre-existing differences between twins in their vulnerability to later

psychopathology.

3.2 Methods
3.2.1 Study sample

Participants were members of the Environmental Risk (E-Risk) Longitudinal
Twin Study, which tracks the development of a birth cohort of 2,232 British children.
The sample was drawn from a larger birth register of twins born in England and Wales in
1994-95 (Trouton et al., 2002). Full details about the sample are reported elsewhere
(Terrie E. Moffitt & the E-Risk Study Team, 2002). Briefly, the E-Risk sample was
constructed in 1999-2000, when 1,116 families (93% of those eligible) with same-sex 5-
year-old twins participated in home-visit assessments. This sample comprised 56%
monozygotic (MZ) and 44% dizygotic (DZ) twin pairs; sex was evenly distributed within
zygosity (49% male). Of the full sample, 7% self-identified as Black, Asian, or mixed-
race. Families were recruited to represent the UK population with newborns in the 1990s
based on maternal age and geographic location to both ensure adequate numbers of
children in disadvantaged homes and to avoid an excess of twins born to well-educated

women using assisted reproduction. The study sample represents the full range of
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socioeconomic conditions in Great Britain, as reflected in the families’ distribution on a
neighborhood-level socioeconomic index (ACORN [A Classification of Residential
Neighborhoods], developed by CACI Inc. for commercial use) (Odgers et al., 2012):
25.6% of E-Risk families live in “wealthy achiever” neighborhoods compared to 25.3%
nationwide; 5.3% vs. 11.6% live in “urban prosperity” neighborhoods; 29.6% vs. 26.9%
live in “comfortably off” neighborhoods; 13.4% vs. 13.9% live in “moderate means”
neighborhoods; and 26.1% vs. 20.7% live in “hard-pressed” neighborhoods. E-Risk
underrepresents “urban prosperity” neighborhoods because such households are likely to
be childless.

Follow-up home visits were conducted when participants were aged 7 (98%
participation), 10 (96% participation), 12 (96% participation), and most recently, 18 years
(93% participation). At age 18, 2,066 participants were assessed, each twin by a different
interviewer. The average age at the time of assessment was 18.4 years (SD=0.36); all
interviews were conducted after the 18" birthday. There were no differences between
those who did and did not take part at age 18 in terms of socioeconomic status (SES)
assessed when the cohort was initially defined (X?=0.86, p=0.65), age-5 1Q scores
(t=0.98, p=0.33), age-5 internalizing or externalizing behavior problems (t=0.40, p=0.69
and t=0.41, p=0.68, respectively), or childhood poly-victimization (z=0.51, p=0.61).

The Joint South London, Maudsley, and Institute of Psychiatry Research Ethics
Committee approved each phase of the study. Parents gave informed consent and twins

gave assent between 5-12 years and then informed consent at age 18.

3.2.2 Measures

The remainder of the methods section is divided into four parts. Part | describes
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the measurement of victimization across the Study participants’ first two decades of life
(birth to age 18 years). Part 11 describes the measurement of psychiatric symptoms at age
18 years. Part I11 describes our creation of factor scores for the Internalizing,
Externalizing, and Thought Disorder spectra, as well as for the “p-factor,” corresponding
to Study members’ general liability to psychopathology at age 18 years. Part IV describes
covariates used in our analyses. The design of the sample and data for this article are
diagrammed in Figure 7.

3.2.2.1 Assessment of victimization exposure

Childhood victimization. These measures have been described previously (Danese

et al., 2016; details are provided in Appendix A). Briefly, exposure to several types of
victimization was assessed repeatedly when the children were 5, 7, 10, and 12 years of
age. These were exposure to domestic violence between the mother and her partner;
frequent bullying by peers; physical maltreatment by an adult; sexual abuse; emotional
abuse and neglect; and physical neglect. Exposure to each type of victimization was

2 “1’) b

coded on a 3-point scale, in which “0” indicated “no exposure, indicated “probable”
or “less severe” exposure, and “2” indicated “definite” or “severe” exposure.

Childhood poly-victimization. We study poly-victimization because previous

studies have indicated that it is a considerably more powerful predictor of psychiatric
symptoms than the presence or absence of any particular exposure, with poly-victimized
children tending to experience more symptoms than even children who were repeatedly
exposed to one kind of victimization experience (Finkelhor et al., 2007a). Following
Finkelhor et al., 2007a, we used the most straightforward and reproducible method to

define poly-victimization, operationalized as the simple count of forms of victimization
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experienced by a child (exposure to domestic violence between the mother and her
partner; frequent bullying by peers; physical maltreatment by an adult; sexual abuse;
emotional abuse and neglect; and physical neglect). This variable was derived by
summing all childhood victimization experiences coded as 2: 1,641 (73.5%) of children
had zero severe victimization experiences; 448 (20.1%) had 1; 85 (3.8%) had 2; 39
(1.8%) had 3; 17 (0.8%) had 4; and 2 (0.1%) had 5 severe victimization

experiences. Next, we winsorized the poly-victimization distribution into a 4-category
variable (representing 0, 1, 2, 3+ severe experiences). In addition, we conducted a
sensitivity test by analyzing the data using both the winsorized and non-winsorized
exposure variables, and observed the same results.

Adolescent victimization. These measures have been described previously (Fisher

et al., 2015; details are provided in Appendix A). Briefly, at age 18, participants were
interviewed about exposure to a range of adverse experiences between 12-18 years using
the Juvenile Victimization Questionnaire, 2™ revision (JVQ-R2) (Finkelhor et al., 2011;
Hamby et al., 2004), adapted as a clinical interview. Each co-twin was interviewed by a
different research worker, and each JVQ question was asked for the period ‘since you
were 12°. Age 12 is a salient age for our participants because it is the age when British
children leave primary school to enter secondary school. The JVQ has good psychometric
properties (Finkelhor et al., 2005) and was used in the U.K. National Society for the
Prevention of Cruelty to Children (NSPCC) national survey (Radford et al., 2011, 2013),
thereby providing important benchmark values for comparisons with our cohort. Our
adapted JVQ comprised 45 questions covering 7 different forms of victimization:

maltreatment, neglect, sexual victimization, family violence, peer/sibling victimization,
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internet/mobile phone victimization, and crime victimization. Like childhood
victimization, exposure to each type of adolescent victimization was also coded on a 3-

2 661”

point scale, in which “0” indicated “no exposure, indicated “probable” or “less
severe” exposure, and “2” indicated “definite” or “severe” exposure.

The adolescent poly-victimization variable was derived by summing all

victimization experiences that received a code of “2”: (i.e., severe exposure): 1,332
(64.6%) of adolescents had zero severe victimization experiences; 396 (19.2%) had 1,
195 (9.5%) had 2; 93 (4.5%) had 3; 30 (1.5%) had 4; 11 (0.5%) had 5; and 5 (0.2%) had
6 severe victimization experiences. Poly-victimization is common among adolescents in
our sample; of Study members who experienced at least one type of severe victimization,
nearly half (46%) also reported exposure to multiple different types of victimization.

As with childhood victimization, we winsorized the adolescent poly-
victimization distribution into a 4-category variable (0, 1, 2, 3+ severe experiences). In
addition, we conducted a sensitivity test by analyzing the data using both the winsorized
and non-winsorized exposure variables, and observed the same results.

Informant reports of adolescent victimization. At age 18, each Study member’s

co-twin and parent (usually mother) were asked to reply to a confidential questionnaire
which used a 7-item checklist to inquire whether the Study member had ever been the
victim of each of the 7 different forms of victimization included in the JVQ interview:
maltreatment, neglect, sexual abuse, exposure to family violence, peer bullying, internet
harassment, or a violent crime. We summed affirmative responses to these questions,
within each reporter. The correlation between co-twin and parental reports was r=0.38;

between co-twin and Study members’ JVQ reports, r=0.38; and between parental and
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Study members’ JVQ reports, r=0.34.
3.2.2.2 Assessment of symptoms of mental disorders

At age 18, Study members were assessed in private interviews about symptoms of
mental disorders (see Table 6). We assessed past-year symptoms of 5 externalizing-
spectrum disorders: DSM-IV symptoms of alcohol dependence and cannabis dependence
were assessed via the Diagnostic Interview Schedule (DIS) (Robins et al., 1995); conduct
disorder was measured by inquiring about DSM-IV symptoms (APA, 1994); symptoms
of tobacco dependence were assessed with the Fagerstrom Test for Nicotine Dependence
(Heatherton et al.,1991); and attention-deficit hyperactivity disorder (ADHD) was
measured by inquiring about DSM-V symptoms (Agnew-Blais et al., 2016). We also
assessed past-year symptoms of 4 internalizing-spectrum disorders: DSM-1V symptoms
of depression, generalized anxiety disorder, and post-traumatic stress disorder (PTSD)
were assessed via the Diagnostic Interview Schedule (DIS) (Robins et al., 1995); and
symptoms of eating disorder were assessed with the SCOFF (Morgan et al.,1999). We
assessed symptoms of thought disorder in two ways: First, each Study member was
interviewed about delusions and hallucinations (e.g., “have other people ever read your
thoughts?”, “have you ever thought you were being followed or spied on?”, “have you
ever heard voices that other people cannot hear?””). This interview was also administered
at an earlier age to E-Risk participants and its scoring system is described in detail
elsewhere (Polanczyk et al., 2010b). Second, each Study member was asked about
unusual thoughts and feelings (e.g., “My thinking is unusual or frightening,” “People or
places | know seem different”), drawing on item pools since formalized in prodromal

psychosis instruments, including the PRIME-screen and SIPS (Loewy et al., 2011).
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3.2.2.3 The structure of psychopathology at age 18

Using confirmatory factor analysis (CFA), we tested three standard models
(Brunner et al., 2012; Rindskopf & Rose, 1988) that are frequently used to examine
hierarchically structured constructs: a correlated-factors model with 3 factors
(representing Internalizing, Externalizing, and Thought Disorder; Figure 1A), a bi-factor
model specifying a general psychopathology factor (labeled “p”) and residual
Internalizing, Externalizing, and Thought Disorder factors (Figure 1B), and a higher-
order factor model specifying a second-order general psychopathology factor and first-
order, correlated Internalizing, Externalizing, and Thought Disorder factors (Figure 1C).
All three models included the 11 observed variables described in the Measures section
(i.e. alcohol dependence, cannabis dependence, tobacco dependence, conduct disorder,
ADHD, anxiety, depression, eating disorders, PTSD, psychotic-like experiences,
prodromal symptoms). We were guided in decisions regarding which disorders loaded on
which factors by the Hierarchical Taxonomy of Psychopathology (HiTOP) consortium

(https://medicine.stonybrookmedicine.edu/HITOP/AboutHiTOP; Kotov et al., 2017). As

such, symptoms corresponding to disorders of substance use (i.e., Alcohol, Marijuana,
Smoking) and oppositional behavior (i.e., Conduct Disorder and ADHD) loaded on the
Externalizing factor; symptoms corresponding to disorders of distress (i.e., MDE, GAD
and PTSD) and eating pathology (i.e., Eating Disorder) loaded on the Internalizing factor;
and symptoms corresponding to disorders associated with psychosis loaded on the
Thought Disorder factor.

In CFA, latent continuous factors are hypothesized to account for the pattern of

covariance among observed variables. Our confirmatory factor analyses were run as two-
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level clustered models to account for the nesting of twins within families. Because
symptom-level data are ordinal and have highly skewed distributions, we used polychoric
correlations when testing our models. Polychoric correlations provide estimates of the
Pearson correlation by mapping thresholds to underlying normally distributed continuous
latent variables that are assumed to give rise to the observed ordinal variables. As
expected, all disorder/symptom scales were positively correlated, with correlations
ranging from 0.10 to 0.66 (Figure 8).

All CFA analyses were performed in MPlus v7.4 (Muthen & Muthen, 1998-2013)
using the robust maximum likelihood estimator (MLR). The MLR estimator uses a
sandwich estimator to provide standard errors that are robust to non-normality and non-
independence of observations. We assessed the relative fit of each model in
Figure 1 using the Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC) and the Sample Adjusted BIC. We followed the steps outlined at:

https://www.statmodel.com/chidiff.shtml to calculate chi-square difference tests for

models using the MLR estimator in MPlus.

3.2.2.3.1 Do symptoms of mental disorders form three dimensions?

Our first model, a correlated-factors model (see Figure 1A), has been consistently
used in prior research about the structure of psychopathology. This model tests the
hypothesis that there are latent trait factors, each of which influences a subset of the
measured diagnoses or symptoms. The model assumes that the Externalizing,
Internalizing and Thought Disorder factors may be correlated.

Table 7 shows this model with standardized factor loadings and the correlations

between the three factors. The model fit statistics were as follows: AIC=42987.116,
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B1C=43488.486, Sample Adjusted BIC=43205.726. Loadings on each of the three factors
were all positive, generally high (all p’s <.001) and averaged 0.680 (Externalizing:
average loading=0.638; Internalizing: average loading=0.654; Thought Disorders:
average loading=0.836). Correlations between the three factors were all positive and
ranged from 0.552 between Externalizing and Thought Disorders to 0.756 between
Internalizing and Thought Disorders. Thus, this model confirmed that three correlated
factors (i.e., Internalizing, Externalizing, and Thought Disorders) explained the structure

of the 11 symptom scales examined in the E-Risk twins at age 18.

3.2.2.3.2 Is there one general psychopathology factor?

Our second model, the bi-factor model (see Figure 1B), tested the hypothesis that
the symptom measures reflect both general psychopathology and narrower symptom
styles of psychopathology. In the bi-factor model, general psychopathology (labeled “p”
on Figure 1B) is represented by a factor that directly influences all of the symptom
measures (Lahey et al., 2017). The additional symptom styles are represented by three
symptom-style factors (i.e., Internalizing, Externalizing, and Thought Disorders) in
addition to the general factor. Table 7 shows this bi-factor model with standardized
factor loadings. Fit statistics were as follows: AIC=42897.350, BIC=43443.787, Sample
Adjusted BIC=43135.609. Loadings on the general factor (“p”) were all positive,
generally high (all p’s <.001) and averaged 0.519; the highest standardized loadings
were for psychotic symptoms (0.759 and 0.592), MDE (0.718), eating disorders (0.574),
and GAD (0.567). Similarly, the loadings for the three style factors were all positive and
averaged 0.507 for Externalizing, 0.270 for Internalizing, and 0.496 for Thought

Disorder. Because the correlated-factors model and the bi-factor model are not nested, we
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could not directly compare them, but AIC and BIC were slightly lower for the bi-factor

model.

3.2.2.3.3 Testing an additional specification

In addition to the correlated-factors and bi-factor models described above, we also
considered a higher-order factor model that specifies “p” as a second-order factor arising
from the Internalizing, Externalizing, and Thought Disorder first-order factors (Figure
1C). Table 7 shows this model with standardized factor loadings. The model fit statistics
were as follows: AIC=42988.345, BIC=43489.715, Sample Adjusted BIC=43206.954
Loadings on each of the three factors were all positive, generally high (all p’s <.001) and
averaged 0.681 (Externalizing: average loading=0.638; Internalizing: average
loading=0.656; Thought Disorders: average loading=0.842). Similarly, first-order factor
loadings on “p” averaged 0.782 (Externalizing=0.648; Internalizing=0.858; Thought
Disorders=0.841). However, this model fit the data significantly worse than the bi-factor
specification (cd = 1.02, %2 diff = 105.26, df = 6, p < 0.001).

The correlation between “p” derived from the bi-factor model and from the
higher-order factor model is 0.98. The substantive conclusions reported in this chapter
were therefore unaffected by our choice of p-factor. Accordingly, we present results in
the main text using only the bi-factor and correlated-factors models. Presenting these two
models enables us to address questions of specificity, and test whether the p-factor might
offer a more parsimonious account of any nonspecificity observed using the factors
representing Internalizing, Externalizing, and Thought Disorder symptoms from the
correlated-factors model. For expository purposes, we scaled Study members’ scores on

each factor to a mean of 100 and standard deviation of 15.
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3.2.2.3.4 How are disorder-liability factor scores correlated across models?

We output factor scores from the correlated-factors model and the bi-factor
model, saved them, and calculated their correlations with each other. All three factors
from the correlated-factors model were highly correlated with General Psychopathology
(r’s range from 0.79 for Externalizing to 0.97 for Internalizing), suggesting that, to some
extent, all three factors in the correlated-factors model reflected General

Psychopathology (Table 8).

3.2.2.4 Covariates

Mental health and substance problems in early adolescence (age 12). We assessed

7 different signs of mental health difficulties at age 12. These were summed to create an
index of the number of different types of early-adolescent mental health problems,
ranging from 0-7. As previously described (e.g. Polanczyk et al., 2010a), attention-

deficit/hyperactivity disorder (ADHD) and conduct disorder were ascertained using

DSM-1V criteria on the basis of mother and teacher reports of symptoms shown within
the past 6 months. Clinically-significant anxiety was considered present if children scored
above the 95" percentile (score>=13) on the 10-item Multidimensional Anxiety Scale for
Children (MASC; March et al., 1997). Clinically-significant depression was considered
present if children scored>=20 on the Children’s Depression Inventory (CDI; Kovacs,

1992). Children were considered to engage in harmful substance use if they reported that

they had tried drinking alcohol or smoking cigarettes on more than two occasions, or had

tried cannabis, taken pills to get high, or sniffed glue/gas on at least one occasion.

Children were coded as having engaged in self-harm/suicidal behavior if their primary

caregiver reported that the child had deliberately harmed him/herself or attempted suicide
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in the previous 6 months (Fisher et al., 2012). (We asked only mothers to report at this
age because of ethical considerations.) We ascertained the presence of psychotic
symptoms in a private interview conducted with the children (Polanczyk et al., 2010b).
Our protocol took a conservative approach to designating a child's report as a symptom.
(a) When a child endorsed any symptom, the interviewer probed using standard prompts
designed to discriminate between experiences that were plausibly real (e.g., “I was
followed by a man after school”) vs. potential symptoms (e.g., “I was followed by an
angel who guards my spirit”). (b) Two psychiatrists and a psychologist reviewed all
written narratives to confirm the codes (but without consulting other data sources about
the child or family). (c) Because ours was a sample of twins, experiences limited to the
twin relationship (e.g., “My twin and I often know what each other are thinking”) were
coded as “not a symptom.”

Emotional and behavioral problems in early childhood (age 5). We assessed

internalizing and externalizing problems at age 5 by using the Child Behavior Checklist
in interviews with mothers and the Teacher Report Form by mail for teachers
(Achenbach, 1991a, 1991b). The internalizing problems scale is the sum of items in the
Withdrawn and Anxious/Depressed subscales, and the externalizing problems scale is the
sum of items from the Aggressive and Delinquent behavior subscales. We summed and
standardized mothers’ and teachers’ reports of each of these measures to create a single
cross-informant scale representing total emotional and behavioral problems.

Family history of psychiatric disorder was ascertained at the age-12 assessment

from reports by biological parents conducted as part of a family history interview (B. J.

Milne et al., 2008). Family history of psychiatric disorder was defined as a report of

96



treatment or hospitalization for a psychiatric disorder or substance-use problem, or
attempted or completed suicide for any of the child’s biological mother, father,
grandparents, or aunts and uncles. We report the proportion of family members with any

of these conditions.

3.3 Results
3.3.1 Does victimization in adolescence predict early-adult psychopathology?

We examined the extent to which adolescent victimization predicted early-adult
psychopathology (“p”) using four sets of linear mixed models, which control for the
clustering within families.

First, we tested whether Study members’ scores on each of the three factors (i.e.
Internalizing, Externalizing, and Thought Disorder) from the correlated-factors model
could be predicted by an omnibus measure of victimization exposure—adolescent poly-
victimization. This measure reflects the number of different types of severe victimization
experiences to which each Study member had been exposed. As shown in Figure 9,
increasing levels of poly-victimization were associated with significant elevations across
all three factor scores.

Second, we tested whether severe exposure to each individual type of
victimization in adolescence (i.e. maltreatment, neglect, sexual victimization, family
violence, peer/sibling victimization, internet/mobile phone victimization, and crime
victimization) was also associated with significant elevations across all three factor
scores. We found that it was (Figure 10). Importantly, the magnitude of these

associations within each victimization type was also roughly similar across factors. This
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pattern suggests that all seven types of adolescent victimization have negative but largely
nonspecific associations with early-adult mental health.

Third, we tested whether poly-victimization in adolescence predicted Study
members’ scores on “p” from the bi-factor model, a measure of general liability to
multiple forms of psychopathology. In our cohort, poly-victimization during adolescence
was positively associated with “p” (b=7.74, p<0.001), with each additional severe
victimization type predicting an approximately 0.5 SD increase (Figure 11). This finding
suggests that the non-specific effects of victimization exposure on multiple psychiatric
spectra are likely attributable to its association with this higher-order general liability
factor.

Fourth, we tested the predictive relationship between exposure to each
victimization type and scores on the p-factor, both separately and in a model where all
seven victimization types were entered simultaneously. These analyses allowed us to test
whether each type of victimization was associated directly with “p” independent of its co-
occurrence with other forms of victimization. As shown by the full bars in Figure 12,
severe exposure to each individual type of adolescent victimization was significantly
associated with increased “p” at age 18. We also observed significantly stronger effects
for maltreatment, neglect, and sexual victimization relative to other victimization types.
As shown by the shorter, red bars in Figure 12, when the seven types of adolescent
victimization were simultaneously entered to predict p-factor scores, all remained
significant, indicating that each exposure type exerted its own unique effect on general
psychopathology. In addition, the effects of maltreatment, neglect, and sexual

victimization were significantly attenuated in this simultaneous model, bringing the effect
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estimates for severe maltreatment and neglect roughly in line with estimates for the other
exposures. This attenuation suggests that the greater increases in “p” associated with
these exposures are likely attributable to higher levels of poly-victimization also
associated with these exposures.

We found no consistent pattern of sex-differences in our sample. There was no
significant gender interaction in the association between adolescent poly-victimization
and early-adult “p” (b=0.23, p=0.722); the association between adolescent poly-
victimization and early-adult “p” was comparable for males (b=7.57, p<0.001), and
females (b=7.87, p<0.001). Similarly, only one significant gender interaction was noted
in the relationship between each type of victimization and “p” at age 18; Crime

Victimization had a slightly stronger association with “p” for females (b=15.51, p<0.001)

than for males (b=10.35, p<0.001), binteraction=5.15, p=0.001 (Table 9).

3.3.2 What accounts for the predictive relationship between adolescent victimization
and “p”?

Although our results demonstrated that Study members exposed to more
victimization in adolescence tended to score higher on the p-factor, this statistical
relationship could arise from one of several distinct, non-causal processes. We next
describe and systematically test four of the most plausible non-causal explanations.
3.3.2.1 Is the relationship between adolescent victimization and “p” a spurious artifact
of two single-source measures?

It is possible that the relationship between adolescent poly-victimization and “p”
occurs only because both measures rely on self-report data, generating an inflated

association due to shared method variance (Bank et al., 1990). For example, exclusive
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reliance on self-report measures raises the possibility that the higher levels of
victimization exposure reported by participants with psychiatric symptoms may, in fact,
reflect the effects of phenomena such as mood-congruent recall rather than greater
exposure to such experiences per se (Reuben et al., 2016; Susser & Widom, 2012).

We tested this possibility by using a linear mixed model to predict “p” as a
function of either self- or informant-reported victimization exposure during adolescence.
If the relationship between poly-victimization and “p” were a result of self-report bias,
we would expect to find a significant association between self-reported adolescent poly-
victimization and the p-factor, but little to no association between co-twin-reported or
parent-reported victimization and this outcome. Instead, however, we found both self-
and informant-reported adolescent exposure to be significant predictors, with each
additional type of parent-reported victimization (b=5.64, p<0.001) and co-twin-reported
victimization (b=5.14, p<0.001) predicting an approximately 0.3 SD increase in general
psychopathology. This pattern of results suggests that the observed association between
self-reported adolescent victimization and “p” (b=7.74, p<0.001) cannot be explained
solely by mono-method reporting biases. The effect size was smaller for informant
reports, perhaps because they were collected via questionnaire checklists uncoded for
severity, whereas self-reports were collected via clinical interviews and coded for
severity.
3.3.2.2 Does adolescent victimization predict poorer early-adult mental health because
pre-existing psychiatric vulnerabilities increase the risk of victimization? (The “reverse

causation” hypothesis.)
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If mental disorders are neurodevelopmental conditions that have their roots in
early life, it is possible that Study members’ psychiatric symptoms at age 18 were also
present in childhood, and that their higher levels of adolescent victimization exposure are
a consequence of these symptoms. Rather than suggest a causal effect of adolescent
victimization on general psychopathology, this “reverse-causation” explanation instead
proposes that the statistical relationship between these two constructs arises because
children with more mental health problems are more likely to be victimized when they
enter adolescence.

We tested this possibility using two sets of linear mixed models. In the first set,
we tested whether adolescent poly-victimization was predicted by each of three different
measures of early-life vulnerability to adult psychiatric disorder. These three measures
were (a) a count of mental health problems assessed at age 12, (b) a score representing
parent- and teacher-reported emotional and behavioral problems at age 5, and (c) family
history of psychiatric disorder. Our results indicated that higher scores on each type of
childhood psychiatric vulnerability was associated with greater adolescent victimization
exposure as well as higher scores on “p” (Table 10).

Consequently, our next set of analyses tested whether adolescent poly-
victimization predicted “p” above and beyond the effects associated with these pre-
existing psychiatric vulnerabilities. We conducted four linear mixed model regressions
predicting “p” at age 18 as a function of adolescent poly-victimization, controlling for
each measure of early-life vulnerability separately, and then controlling for all three
simultaneously. Our results indicated that adolescent poly-victimization continued to

predict “p” in each of these models (Table 11). Together, the results in these tables
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suggest a cyclical relationship between victimization and psychopathology, wherein
children with early-life emotional/behavioral problems and greater family history of
mental disorder are at higher risk of being victimized in adolescence, and children
victimized in adolescence are at higher risk of developing additional psychiatric
symptoms by the time they reach age 18. Importantly, these results also indicate that the
association between adolescent poly-victimization and early-adult psychopathology
cannot be solely explained by greater pre-existing vulnerability to adult disorder among
victimized adolescents.

3.3.2.3 Is the relationship between adolescent victimization and “p” accounted for by
childhood victimization? Or do victimization in adolescence and victimization in
childhood each contribute uniquely to “p”’?

Another possibility, suggested by research on “sensitive period effects” (e.g.,
Andersen et al., 2008; Dunn et al., 2013; Kaplow & Widom, 2007), is that victimization
in early life increases both a child’s risk of re-victimization as well as his or her risk of
psychopathology. Consequently, the association between adolescent victimization and
adult mental health may arise simply because victimized children are at increased risk of
both re-victimization in adolescence (Finkelhor et al., 2007b) and psychiatric disorders in
adulthood. Like the previous two models, this model also posits a non-causal relationship
between adolescent exposure and psychopathology, suggesting instead that most early-
adult psychiatric problems are attributable to victimization in childhood.

Alternatively, both childhood victimization and adolescent victimization could
make independent contributions to early-adult mental health, consistent with research

indicating a dose-response relationship between the accumulation of adverse life

102



experiences and risk of psychiatric illness (e.g., Anda et al., 2002, 2006). This model
suggests that victimization exposure exerts a deleterious effect on early-adult mental
health regardless of whether it occurs before or after the transition into adolescence.

We tested these two possibilities using a linecar mixed model, predicting “p” at age
18 as a function of adolescent poly-victimization, controlling for poly-victimization in
childhood. Our model indicated that both poly-victimization in childhood (b=1.68,
p<0.001) and poly-victimization in adolescence (b=6.78, p<0.001) made unique
contributions to the prediction of “p”, suggesting that Study members with higher levels
of victimization exposure during each time period tended to score higher on “p” than
Study members with less exposure. This result suggests that both childhood victimization
and adolescent victimization exert independent effects on young-adult mental health,

consistent with existing literature indicating that the best predictor of adult

psychopathology is an individual’s cumulative exposure.

3.3.3 Is the association between victimization and psychopathology wholly
accounted for by shared genetic and environmental influences?

Our inclusion of statistical controls for childhood victimization and psychiatric
vulnerability allowed us to rule out two plausible “third variables” that might explain the
association between adolescent victimization and young-adult psychopathology.
However, the association could be attributable to other factors shared by children
growing up in the same family, including socioeconomic, neighborhood, or cultural
conditions. In addition, a second prominent challenge to interpreting the association
between victimization and psychopathology is that both are under genetic influence. For

example, in E-Risk, monozygotic (MZ) twin pairs are more highly correlated in their “p-
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factor” scores than are dizygotic (DZ) twins (rs=0.51 vs. 0.26). This is expected, given
the well-known heritability of most psychiatric disorders (Polderman et al., 2015). More
surprising is that MZ twin pairs are also more highly correlated in their victimization
experiences than are DZ twins (rs=0.50 vs. 0.32). This suggests the presence of genetic
effects on environmental exposures, a gene-environment correlation (G-E). (Table 12
provides the within-twin-pair correlation coefficients for measures of adolescent poly-
victimization and psychopathology).

We used the twin design of the E-Risk Study to account for shared environmental
and genetic confounding effects on the association between victimization and
psychopathology. Specifically, a test of the association among twins reared together
examines whether victimization and psychopathology covary solely because of
environmental factors shared by the siblings. A test of this association limited to MZ
twins reared together, who share 100% of their genes in common, can go one step further
and also examines whether victimization and psychopathology covary due to shared
genetic propensity. Figure 13 shows the extent of phenotypic discordance as a function
of victimization discordance in the E-Risk cohort.

We parsed the effect of adolescent poly-victimization on “p” into between-twin
pair effects and within-twin pair effects using a linear regression model with the

following specification:

E(Yi)) = Bot+ Pw(Xij- Xi) + PeXi

where i is used to index twin pairs and j represents individual twins within pairs, so E(Yjj)
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and Xjjrepresent, respectively, the predicted score on “p” and the adolescent poly-
victimization score for the j* twin of the i"" pair, whereas Xi represents the mean
adolescent poly-victimization score for both twins within the i pair. The between-twin
pair regression coefficient (Bg) estimates whether pairs of twins with higher average poly-
victimization tend to have higher “p” at age 18 years. In contrast, the within-twin pair
regression coefficient (Bw) estimates whether the twin with higher poly-victimization than
his or her co-twin tends to also have higher “p” than his or her co-twin (Carlin et al.,
2005).

As shown in Table 13, within twin-pair differences in victimization among both
DZ and MZ twins were significantly associated with differences in p-factor scores, such
that the co-twin who experienced more adolescent poly-victimization had a higher “p” at
age 18 (b=5.96, p<0.001). We found a similar pattern when the analysis was repeated
using only MZ twins (b=4.95, p<0.001). These findings indicate that the association
between victimization and “p” could not be fully explained by shared family-wide
environmental factors or genetic factors, suggesting the possibility of an
environmentally-mediated pathway from greater victimization exposure in adolescence to
more psychiatric symptoms in early adulthood.

While the twin-difference model effectively rules out the confounding effects of
shared environmental influences (and genetic influences, in the case of MZ twins) on the
association between victimization and the p-factor, it does not rule out the possibility that
twin-idiosyncratic differences account for this association. Thus, we went one step
further and added additional covariates to the regression models to account for twin-

specific (environmentally-mediated) differences in pre-existing vulnerabilities to
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psychiatric problems; specifically, we added two covariates that measured, respectively,
within-pair twin differences in childhood emotional and behavioral problems and in a
count of mental health problems assessed at age 12. After accounting for these twin-
idiosyncratic differences, we continued to observe associations between twin differences
in victimization and twin differences in “p” in the full sample (b=5.62, 95% CI: 4.43-
6.80, p<0.001) and, importantly, among MZ twins (b=4.60, 95% CI: 2.92-6.28,
p<0.001).

We also used bivariate biometric twin modeling to decompose phenotypic
variation in adolescent poly-victimization, the p-factor, and their association into three
components: additive genetic (A), shared-environmental (C), and non-shared
environmental influences (E) (Figure 14). The results of the bivariate model show that
63% (95% CI: 32-94%) of the association between victimization and psychopathology is
a function of shared genetic variation—i.e., the same genes influencing both variables—
8% (95% CI: 0-36%) is accounted for by shared environmental factors, and 29% (95%
Cl: 21-37%) is accounted for by nonshared-environmental factors. Taken together, these
results indicate that the association between victimization and psychopathology is
complex, with the majority of the association accounted for by shared genetic factors, but
some that is also attributable to an independent environmentally-mediated effect. This
finding of a significant contribution of non-shared environmental effects (E) is consistent
with the results of our discordant-twin analyses, in that it suggests part of the association
between adolescent poly-victimization and “p” is attributable to factors other than shared

environmental and genetic risk factors.

3.3.4 What about the residual factors from the bi-factor model of “p”?
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Whereas the correlated-factor model identifies higher-order propensities to
distinct forms of psychopathology (e.g., Internalizing, Externalizing, and Thought
Disorder symptoms and disorders) (Figure 1A), the hierarchical bi-factor model suggests
that there is one common liability to all these forms of psychopathology and also a set of
residual factors which influence a smaller subset of symptoms and disorders (Figure
1B). But the meaning and significance of these residual factors has yet to be clarified in
the emerging literature about a general factor of psychopathology. Thus far, we have
shown that the associations between victimization and each of the three higher-order
propensities (Internalizing, Externalizing, and Thought Disorder) are similar and non-
specific, and this non-specificity is parsimoniously captured in the association between
victimization and the general factor “p”. This leaves the question: Is there any association
between victimization and the residual factors from the Bi-factor model? Table 14 shows
that the associations between victimization and the residual (i.e., independent of “p”)
Internalizing, Externalizing, and Thought Disorder factors from the bi-factor model
specification of psychopathology are 44%, 48%, and 21% the size of the associations
between victimization and these higher-order factors from the correlated-factor model
(which are not independent of “p”). Moreover, in the stringent MZ twin-difference
model, we find no significant associations between victimization and the residual
Internalizing (b=0.26, 95% CI: -1.73-2.24, p=0.799) and Thought Disorder (b=1.28, 95%
Cl: -0.92-3.48, p=0.255) factors. We do, however, find a significant association with the
residual Externalizing factor (b=2.88, 95% CI: 1.48-4.28, p<0.001), suggesting that
victimization may be related to young adults’ antisocial and substance-use problems

independently of their general propensity to psychopathology. These results are
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consistent with the hypothesis that “p” accounts for most of the shared variation between

victimization and multiple different forms of psychopathology.

3.4 Discussion

The present study makes two contributions to understanding the relationship
between victimization exposure and compromised mental health. First, we addressed the
issues of exposure equivalence and outcome specificity by showing (a) that all forms of
adolescent victimization studied predicted poorer young-adult mental health with similar
effect sizes, and (b) that each form elevated general liability to disorder across multiple
psychiatric spectra. Second, we used our longitudinal twin design to rule out four of the
most plausible, non-causal explanations for the association between victimization and
psychopathology, increasing confidence that causal effects are likely present, although
not proving causation.

Some readers may reasonably question the necessity of research that aims to test a
causal link between victimization exposure and psychopathology, perhaps wondering
how their association could be non-causal. In fact, however, the assumption that such
experiences necessarily mold the person is not an open-and-shut case. A series of
influential public addresses (e.g. Scarr, 1992) and popular science books (Harris, 2009;
Pinker, 2003; Rowe, 1995) have suggested that that “the nurture assumption” may be
exaggerated and deserves to be empirically scrutinized. Taking up the challenge, a
companion report to this article from the E-Risk cohort failed to find evidence of a direct,
environmentally-mediated effect of victimization exposure on cognitive functioning

(Danese et al., 2016).
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In the domain of mental health, several recent empirical tests have reported that
much (if not all) of the association between victimization and psychopathology may be
attributable to common shared environmental and/or genetic risk factors (Berenz et al.,
2013; Bornovalova et al., 2013; Dinkler et al., 2017; Dinwiddie et al., 2000; Shakoor et
al., 2015; Young-Wolff et al., 2011). These findings are partially confirmed by the
present study, as our bivariate twin analysis indicated that the majority of the phenotypic
correlation was attributable to genetic influences. Thus, the phenotypic covariation of
adolescent poly-victimization with young-adult psychopathology seemed to be driven
substantially by shared genetic liability. Nevertheless, the present study diverges from
these previous reports in finding that the association between victimization and
psychopathology was also partly attributable to common, non-shared environmental
influences. This finding suggests two possibilities: (1) that part of the covariation is
driven by one or more unique environmental “third variables”, or (2) that part of the
covariation reflects an environmentally-mediated, causal effect of adolescent
victimization on adult psychopathology.

In addition to ruling out the possibility that the association between victimization
and psychopathology might be wholly attributable to shared genetic or family-wide
influences, the present study also leveraged informant-report data and analyses of within-
individual change to rule out additional alternatives. First, we used reports from co-twins
and parents to rule out the possibility that Study members’ reports of victimization in
adolescence were solely driven by psychiatric symptoms at the time of victimization
recall (ruling out mono-method bias). Second, longitudinal within-individual analyses

showed that victimization predicted worse mental health in early-adulthood controlling
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for pre-existing psychiatric vulnerabilities (ruling out reverse-causation). And third,
adolescent victimization made unique contributions to worse mental health in early
adulthood, apart from childhood victimization (ruling out re-victimization).

Together, these findings add to a growing literature suggestive of a causal
relationship between victimization exposure and poor mental health. Table 15 lists the
Hill Criteria (Hill, 2015), which are used in epidemiology for evaluating causality. The
Table summarizes the current state of knowledge and the new contributions made by the
E-risk analyses.

Although much of the previous research on the mental health effects of
victimization has focused on victimization in childhood (e.g. maltreatment, neglect,
sexual abuse), the present study extends this research by directing attention to
victimization in adolescence, and examining the mental health effects of a wider array of
exposures perpetrated by a wider range of actors. Our findings contribute to research on
adolescent victimization in two ways. First, we show that adolescent victimization and
childhood victimization each make independent contributions to the prediction of early-
adult mental health, consistent with “allostatic load” or “cumulative effects” models of
mental and physical disease (e.g., Danese & McEwen, 2012). Second, our results suggest
that adolescent poly-victimization exerts a relatively stronger effect on early-adult mental
health than childhood poly-victimization, as indicated by a significantly larger effect size
with no overlap in confidence intervals (b = 6.78; 95% CI: 6.20-7.36 vs. b = 1.68; 95%
Cl: 1.05, 2.3, respectively). The reason for this difference in effect size is unclear. One
possibility is that exposures in adolescence are better predictors of early-adult

psychopathology because they happened more recently. A second possibility is that our
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self-report measure of adolescent victimization may more accurately capture
victimization exposures than our parent-report measures of victimization in childhood
(which may have under-detected these experiences). A third possibility is that our self-
report measures of adolescent victimization may have been influenced by
contemporaneous psychiatric symptoms, thereby inflating associations to some degree.
We have shown, however, that parental and co-twin reports of adolescent victimization
also predicted early-adult psychopathology, which argues against this explanation. A
final, intriguing possibility is that our results arise due to developmental differences in
vulnerability to the negative mental health consequences of adverse events. This
explanation would be consistent with both the epidemiological literature, which shows a
relative peak in the onset of mental disorder during adolescence (Kessler et al., 2005;
Kim-Cohen et al., 2003), as well as empirical research suggesting that adolescence may
function as a “sensitive period” for the development of neural circuitry known to play a
role in the generation of psychiatric symptoms (Fuhrmann et al., 2015; Paus et al., 2008).
These results contribute to ongoing debate regarding whether or not the
psychiatric sequelae of victimization exposure differ as a function of exposure type.
Consistent with previous studies demonstrating that poor mental health is similarly
influenced by a wide array of different types of adverse exposures (Edwards et al., 2003;
Green et al., 2010; Kessler et al., 1997; Putnam et al., 2013; Scott et al., 2010; Vachon et
al., 2015), we found that severe exposure to each of the 7 types of adolescent
victimization assessed in our study was associated with significantly higher “p” scores at
age 18 years. Thus, our study replicates previous results concerning the negative mental

health effects of abuse, neglect, and maltreatment, and extends these findings to show
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that novel, less-studied forms of victimization in the modern world (i.e., internet/phone
victimization) also appear to be harmful. Although the results show that some types of
adolescent victimization (i.e., maltreatment, neglect, sexual abuse) were associated with
larger increases in “p” than other types of victimization, it appears that these differences
are largely attributable to the excess of poly-victimization associated with these
exposures.

The finding that each severe exposure predicted increased symptomatology across
all three of the correlated factors subsumed by “p” (Internalizing, Externalizing, and
Thought Disorder) adds additional support to the notion that the negative mental health
effects of victimization exposure are generally nonspecific and tend to increase risk of
multiple different psychiatric disorders (Keyes et al., 2012; Vachon et al., 2015). It also
may help to explain why individuals diagnosed with a psychiatric disorder who have a
history of victimization typically endorse greater numbers of symptoms and experience
higher psychiatric comorbidity than non-victimized individuals with the same diagnosis
(Agnew-Blais & Danese, 2016; Putnam et al., 2013; Widom et al., 2007). Although we
note some heterogeneity in the magnitude of the association between specific exposures
and individual factor scores (e.g., severe neglect or sexual victimization seem to predict
larger increases in Internalizing and Thought Disorder symptoms relative to Externalizing
symptoms), the magnitudes of these differences are fairly small relative to the magnitude
of the overall effects, suggesting that the psychiatric disturbance attributable to
victimization exposure is manifest with little specificity (Figure 10).

Findings from this study should be interpreted in light of several limitations. First,

our data were collected from a single cohort born in the United Kingdom in the 1990s.
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Future research is needed to assess whether these results can be generalized to
populations born at different times and in different locations. Second, the sample
comprised twins, and thus our results may not generalize to singletons. However, the
prevalence of psychopathology and victimization does not differ between singletons and
twins (Fisher et al., 2015; Gjone & Ngvik, 1995). Third, our data include only individuals
reared in a family environment. Exposure to particularly severe or unusual victimization
experiences may lead to different patterns of emotional and behavioral problems than
those analyzed here (see Sheridan & McLaughlin, 2014). Fourth, our sample did not
contain sufficient numbers of victimized twin-pairs for us to test whether twins
discordant for individual types of adolescent victimization exposures differed on the p-
factor. This limitation means that although we demonstrated that each of seven types of
adolescent victimization predicted “p” controlling for exposure to the six other
victimization types, we cannot comment on the extent to which any individual type of
victimization assessed by our study predicts early-adult psychopathology independent of
shared family-wide and genetic risk. Fifth, our assessment of psychiatric outcomes was
limited to a single assessment wave at age 18. The implications of this design feature for
our findings are not clear. On the one hand, many young adults who experience
psychiatric symptoms following victimization may experience symptom remission as
they age, suggesting that our estimates of the effect of adolescent victimization on adult
mental health may be biased upwards. On the other hand, many victimized individuals
may also develop and then recover from mental disorder between the ages of 12 and 18,
or develop frank psychiatric symptoms only later in life, in which case our estimates of

the effect of adolescent victimization on later mental disorder may be biased downward.

113



Future studies that employ repeated assessments of mental disorder over time can address
this issue.

Finally, only observational studies can ethically test the association between
victimization and psychopathology; experiments are not possible. Therefore, proving a
causal effect of victimization on mental health is methodologically challenging (Jaffee,
2017). The present study has been able to rule out mono-method bias, reverse causation,
confounding by genetic factors and by family-wide environmental factors and, although
we cannot rule out all possible confounds due to possible twin-idiosyncratic
environmental differences, we were able to also rule out twin-specific differences in pre-
existing vulnerability to mental health problems through which these twin-idiosyncratic
environmental differences would most likely operate. Although total confounding is
increasingly a more remote possibility, causation remains unproven.

Despite these limitations, our findings have several implications for clinical
practice and public health. First, they suggest that programs aimed at reducing the rates at
which adolescents experience victimization may be an effective means of reducing the
burden of mental disorder in early adulthood (which, hopefully, will translate into a lower
incidence of mental disorder across the life course). Second, our findings highlight the
importance of developing harm-reduction programs designed to help victimized children
and adolescents cope with their adverse experiences in a way that minimizes risk of
subsequent psychopathology. These interventions may be particularly beneficial for
adolescents exposed to multiple forms of victimization, as these individuals develop the
widest array of psychiatric symptoms by early adulthood. Importantly, such interventions

are likely to be effective even if victimization exposures are merely epiphenomena that
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do little more than “tag” individuals at high risk for subsequent psychopathology due to
other causes.

Third, the relatively homogenous effects of severe exposure to each type of
victimization ascertained in our study suggest that clinicians may wish to ask psychiatric
patients about past exposure to multiple different types of victimization, rather than
limiting their assessment to only common, physical exposures such as abuse or
maltreatment. Similarly, the broad and relatively nonspecific associations between
victimization and mental health suggest that interventions aimed at minimizing
victimization exposure—or reversing any deleterious changes in neurobiology and
behavior following victimization exposure—may have equally broad and comprehensive
benefits.

Finally, in addition to supporting the development of targeted interventions for at-
risk adolescents, our results also encourage research aimed at understanding the proximal
processes through which victimization might exert psychopathological effects. Because
even very different types of victimization appear to predict similarly poor mental health,
finding biomarkers (e.g., alterations in brain activity, cognitive task performance,
hypothalamic-pituitary-adrenal axis hormones, or immune biomarkers) specific to an
individual type of victimization will likely be challenging. Consequently, our research
suggests that future transdiagnostic studies should focus on understanding the biological
and psychological sequelae common to many forms of victimization exposures. We hope
that continued progress in this area will set the stage for a substantial reduction in

psychiatric morbidity.
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Assessment period for Assessment period for

childhood victimization adolescent victimization
+ » >
. - Maltreatment
Physical domestic violence Neglect

Bullying victimization
Physical or sexual harm by an adult
Emotional abuse
Physical neglect

Sexual victimization
Family violence
Peer/sibling victimization
Internet/mobile phone victimization
Crime victimization

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Birth 5 years 12 years 18 years
Early childhood emotional & behavior problems Early-adolescent mental health problems Early-adult psychopathology (“p”)
Family history of mental health problems

Figure 7: Schedule of victimization and psychopathology assessments in the Environmental Risk (E-Risk) Study.



Table 6: Assessment of symptoms of mental disorders in the E-Risk cohort at age 18

years.

Notes. We assessed the following 11 disorder/symptoms: alcohol dependence, cannabis
dependence, tobacco dependence, conduct disorder, attention-deficit hyperactivity

disorder (ADHD), major depression, generalized anxiety disorder, post-traumatic stress
disorder, disordered eating, psychotic-like experiences, prodromal symptoms. N = # of
Study members assessed for each condition; Mean, SD, and range all refer to the number

of symptoms endorsed by the full cohort.

Symptom Scale N Mean SD Range Example Svimptoms
Tolerance
Alcohol A Withdrawal symptoms
Dependence 2063 112 1.66 0-9 Unable to cut down
Role interference
Tolerance
Cannabis 5 Withdrawal symptoms
Dependence 2066 031 1.24 0-3 Unable to cut down
Role interference
# of cigarettes per day
Tobacco 2062 0.66 1.59 0.7 Hard to rgﬁmn from s_mok{ng
Dependence Hate to give up morming cigarette
Smoke when sick
Fighting
C-_:mduct 2053 210 222 0-9 S‘Eeals (wﬂ‘:h and without confrontation)
Disorder Lies, deceives
Destroys property
Can't concentrate, mind wanders
ADHD 2061 579 429 -1y  Disoreanized
Fidgety, squirmy. very restless
Always on the go, 1n a hurry, as 1f driven by a motor
Depressed mood
Major 2063 181 297  0-9 Sleep change
Depression Fatigue
Weight or appetite change
Restless or keyed up
Generalized A Multiple worries
Anxiety Disorder 2066 1.13 215 0-7 Muscle tension
Easily tired
Lost control over amount eaten
Disordered 5 Food dominates life
- 2064 0.45 0.88 0-5 . .
Eating Became sick due to eating to uncomfortably full
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Post-traumatic
stress disorder

Psychotic-Like
Experiences

Prodromal
Symptoms

2064

2063

2062

0.74

0.04

0.52

1.74

027

Flashbacks
Sleep disturbences

Avoidance

People have read my thoughts
Watched, followed, or spied on
Heard voices

Under control of some special power

Thinking 15 unusual or frightening
People or places I know seem different
Can't trust anyone

Has special abilities or powers
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ALC CANN SME CD ADHD GAD MDE EAT PTSD PSYCH

CANN 0.285

SME 0271

cD

ADHD

GAD 0.145 0.143 0.103

MDE 0.298 0294 0298
EAT 0239 0210 03258 0252
PTSD 0.167 0.180 0243

PSYCH 0131 0240 0180

PDS 0.156 0.283

Figure 8: Polychoric correlations between psychiatric disorder symptom scales in the E-risk cohort.

Notes. Higher correlations between some disorders (but not others) support the construction of latent “factor” scores
representing the externalizing, internalizing, and thought disorder spectra, whereas the positive correlations between all
symptom scales supports the construction of a higher-order factor of liability to general psychopathology (which we label “p”).
ALC = alcohol dependence; CANN = cannabis dependence; SMK = tobacco dependence; CD = conduct disorder; ADHD =
attention-deficit hyperactivity disorder; MDE = major depressive episode; GAD = generalized anxiety disorder; EAT = eating
disorder; PTSD = post-traumatic stress disorder; PSYCH = psychotic-like experiences; PDS = prodromal symptoms.
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Table 7: Model fit indices and standardized factor loadings for 3 models of early-adult psychopathology.

Notes. 1The classic bi-Factor and higher-order factor models generally assume that the specific factors are uncorrelated; thus,
we set model-estimated correlations between factor scores in each model to 0. Traditional SEM model fit indices such as the
chi-square, the comparative fit index (CFl), the Tucker-Lewis index (TLI), and the root-mean-square-error-of-approximation
(RMSEA) were unavailable in our clustered model because the frequency table for the latent class indicator model was too
large. Factor loadings and correlations in bold are significant at p < 0.05. ALC = alcohol dependence; CANN = cannabis
dependence; SMK = tobacco dependence; CD = conduct disorder; ADHD = attention-deficit hyperactivity disorder; GAD =
generalized anxiety disorder; MDE = major depressive episode; EAT = eating disorder; PTSD = post-traumatic stress disorder;
PSYCH = psychotic-like experiences; PSD = prodromal symptoms.
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Correlated-Factors Bi-Factor Higher-Order-Factor
N 2066 2066 2066
# Free Parameters 2o 87 89
LL 21404.558 -21351.673 _21405.172
Scaling factor (c) 1.049 1057 1.060
AIC 42987.116 42897.350 42088 343
BIC 43488 486 43443787 43489.715
Sample Adjusted BIC 43205.726 43135.609 43206.954
Extern- Intern- Thought Extern- Intern- Thought Extern- Intern-  Thought
alizing  alizine Disorders P alizing alizing Disorders P alizing  alizing  Disorders
ALC 0.487 0.307 0.371 0.486
CANN 0.776 0.356 0.715 0.776
SME 0.586 0.338 0.483 0.586
CD 0.733 0.409 0.667 0.734
ADHD 0.608 0.539 0.301 0.607
GAD 0.661 0.567 0.368 0.662
MDE 0.822 0.718 0.448 0.828
EAT 0.571 0.574 0.083 0.569
PTSD 0.563 0.517 0.179 0.563
PSYCH 0.761 0.592 0.673 0.750
PD3 0.911 0.759 0.219 0.934
Externalizing 0.648
Internalizing 0.858
Thought Disorders 0.841
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Table 8: Correlations among extracted factor scores from the correlated factors, bi-factor, and higher-order-factor

models of early-adult psychopathology.

Correlated Factors Bi-Factor Higher-Order-Factor
Ext Int, ThD Ext Int, ThD P Ext Imt ThD P
Externalizing: Correlated Factors -
Internalizing: Correlated Factors 0.71 -
Thought Disorders: Correlated Factors 0.72 091 -
Externalizing: Bi-Factor 0.80 0.19 0.23 --
Internalizing: Bi-Factor 0.09 0.60 0.29 -0.24 --
Thought Disorders: Bi-Factor 0.038 0.14 0.438 -0.10 -0.25 --
P: Bi-Factor 0.79 087 0.54 0.24 0.41 0.24 --
Externalizing: Higher-Order Factor 1.00 0.71 0.72 0.80 0.09 0.08 0.79 -
Internalizing: Higher-Order Factor 0.71 1.00 0.90 0.18 0.61 0.15 097 0.7 -
P: Higher-Order Factor 0.81 097 0.97 0.32 0.42 029 098 081 go7 ogos -
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Figure 9: Mean scores on Internalizing, Externalizing, and Thought Disorder at age
18 by extent of poly-victimization.

Notes. Factor scores drawn from the correlated-factors model. All factor scores are scaled
to a sample mean of 100 and a standard deviation of 15.
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Figure 10: Average difference in Internalizing, Externalizing, and Thought Disorder factor scores between exposed vs.
non-exposed Study members

Notes. Factor scores drawn from the correlated-factors model. Estimates reflect coefficients from separate linear mixed
models, which control for clustering by family. Each coefficient is expressed in standardized units, where 15 points equals one

standard deviation. Error bars represent 95% confidence intervals.
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Figure 11: Mean scores on “p” for Study members exposed to 0, 1, 2, or 3+
types of severe adolescent victimization.

Notes. We scaled “p” to a sample mean of 100 and a standard deviation of 15.
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Full bar height = effect size of victimization type
Red bars = effect size net of other victimization types

Maltreatment Neglect Sexual Family Violence Peer/sibling Internet/mobile Crime
(N=67) (N = 46) Victimization (N = 250) Victimization phone Victimization

(N =33) (N =323) (N =133) (N =398)
Types of Victimization

15 L

10

Increase in “p” associated
with each exposure

9C1

Figure 12: Average difference in “p” between exposed vs. non-exposed Study members

Notes. Estimates here represent coefficients from separate and simultaneous linear mixed models, which control for clustering
by family. Each coefficient is expressed in standardized units, where 15 points equals 1 standard deviation. The height of each
full bar depicts the effect size of the association between exposure to each victimization type and “p” scores. The height of the
red bars depicts the unique association between exposure to each victimization type and “p” scores, while controlling for
exposure to each of the other 6 victimization types. Ns reflect the number of Study members who were exposed to severe

forms of each victimization type. Error bars represent 95% confidence intervals.



Table 9: Tests of sex differences in the effect of severe exposure to each adolescent
victimization type on early-adult psychopathology (“p”).

Notes. Estimates here represent coefficients from a series of separate linear mixed models
that each predict “p” as a function of sex, severe exposure to a specific type of adolescent
victimization, and the interaction between severe exposure to a specific type of
adolescent victimization and sex. Because “p” is scaled to a sample mean of 100 and a
standard deviation of 15, we report each estimate in standardized units where 15 points
equals one standard deviation. Cl = confidence interval.

Type of Victimization Estimate 9535 CT p-value
MMale 1.68 0.20,3.16 0.026
Maltreatment 19.91 14 84, 24 99 =0.001
Male * Maltreatment -0.53 -7.64, 6.57 0.883
MMale 1.61 0.12,3.10 0.034
Neglect 20.38 1395, 26.80 =0.001
Male * Neglect -2.63 -11.04, 579 0.541
Male 1.09 -0.38, 2.56 0.147
Sexuval Victimization 21.57 1239 3075 =0.001
Male * Sexual Victimization -1.14 -11.21, 893 0.825
MMale 1.65 0.13,3.18 0.034
Family Violence 11.28 8.56,13.909 =0.001
Male * Family Vielence 0.34 -3.38, 4.07 0.836
MMale 1.49 -0.04,3.01 0.030
Peer/sibling Victimization 11.30 8.76, 13.84 =0.001
Male * Peer/sibling Victimization -1.38 -4.72,1.97 0.420
Male 1.17 -0.36,2.70 0.134
Internet/'mobile phone 12.52 7.58.17.46 =0.001
MMale * Internet‘mohbile phone -2.01 -8.61,2.79 0317
Male 1.82 031,332 0.018
Crime Victimization 10.35 835 1236 =0.001
Male * Crime Victimization 5.135 211,820 0.001
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Table 10: Associations between pre-existing psychiatric vulnerabilities and adolescent poly-victimization (left
half)/early-adult psychopathology (right half).

Notes. In all linear mixed models, the 3 pre-existing psychiatric vulnerabilities and adolescent poly-victimization were all

standardized to a z-score with mean of 0 and a standard deviation of 1 to facilitate comparison across measures, whereas “p
remains scaled to a mean of 100 with a standard deviation of 15. 95% confidence intervals are reported in parentheses.

Pre-existing psychiatric Adolescent poly-victimization (ages 12-18) Early-agu'llt_ psyfhopatholo_gy (age 18)
vulnerabilities (z-scored) (z-scored) ("p": M =100, SD = 15)
0] (2) (3) (4) 0] (2) 3) 4)

Mental health problems 0.16™ - - 0.14™ 3.39™ - - 2.88™
(age 12) (0.11,0.20) (0.09,0.18) (2.73, 4.05) (2.20, 3.55)
Emotional and behavioral - 0.11%* 0.04 - 2.48% 1.19™
problems (age 5) (0.07, 0.16) (-0.01, 0.09) (1.81,3.15) (0.46, 1.92)
Proportion of family - - 0.15™* 0.11™ - - 298" 2.14™

members with any disorder (0.09, 0.20) (0.05,0.15) (2.23,3.74) (1.37,2.90)
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Table 11: Associations between adolescent victimization and early-adult psychopathology controlling for pre-existing

psychiatric vulnerabilities.

Notes. In all linear mixed models, the 3 pre-existing psychiatric vulnerabilities and adolescent poly-victimization were all

€ _ %

standardized to a z-score with mean of 0 and a standard deviation of 1 to facilitate comparison across measures, whereas “p

remains scaled to a mean of 100 with a standard deviation of 15. 95% confidence intervals are reported in parentheses.

Predictors (z-scored)

Early-adult psychopathology (age 18)
("p"; M =100, SD = 15)

(1) 2) 3) 4) (5)

Adolescent victimization (ages 12-18) 7.097 6.63™" 6.90™" 6917 6.46™"
(6.51,7.66) (6.02,7.24) (6.33,7.47) (6.33,7.49) (5.85,7.07)

Mental health problems (age 12) 237 2.00™"
) (1.78, 2.97) ) (1.39, 2.62)

Emotional and behavioral problems (age 5) 1.72% 0.92*

) (1.13,231) (0.27, 1.57)

Proportion of family members with any disorder i i 2.027 1.487
(1.37,2.67) (0.81,2.15)




Table 12: Twin correlations between (a) psychiatric disorder symptoms and (b)
adolescent poly-victimization in the E-risk cohort.

Notes. The table shows polychoric correlations for all variables, except the
psychopathology factors and ADHD, which are reported as Pearson correlations.

All Twins MZ Twins DZ Twins
(N's=1019to (N's=579t0  (N's =440

1044) 586) to 458)
Alcohol Dependence 0370 0.442 0.268
Cannabis Dependence 0558 0.741 0277
Tobacco Dependence 0.687 0.792 0.535
Conduct Disorder 0.506 0.565 0.419
ADHD 0.246 0.356 0.093
Generalized Anxiety Disorder 0.286 0.405 0.111
Depreassion 0326 0.472 0.104
Eating Disorder 0.325 0.435 0112
PTSD 0.356 0471 0.178
Psychotic-like Experiences 0.324 0.452 0.142
Prodromal Symptoms 0.350 0427 0.238
P-factor (Bi-Factor Model) 0.408 0.513 0.257
Internalizing (Bi-Factor Model) 0.163 0.251 0.045
Externalizing (Bi-Factor Model) 0493 0.580 0.368
Thought Disorders (Bi-Factor Model) 0.095 0.014 0.050
Internalizing (Correlated-Factors Model) 0.399 0.504 0.248
Externalizing (Correlated-Factors Model) 0.497 0.587 0368
Thought Disorders (Correlated-Factors Model) 0363 0.444 0.249
Adolescent poly-victimization 0.522 0.619 0.389
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Mean difference in “p”

MZ DZ MZ DZ MZ DZ MZ DZ

358 239 166 134 39 46 16 21
0 1 2 3+

Figure 13: Mean differences in early-adult psychopathology within monozygotic and
dizygotic twin pairs discordant for adolescent victimization exposure.

Notes. The numbers beneath the x-axis convey the extent of discordance (bold) as well as
the number of twin pairs contributing data to each group mean (italics). For twin pairs
with discordance >= 1, we calculated mean difference in "p" as the p-factor score of the
twin exposed to greater poly-victimization minus the p-factor score of the twin exposed
to less poly-victimization. For twin pairs with discordance = 0, we randomly determined
which twin's p-factor score was subtracted from the other. Error bars represent a 95%
confidence interval. We scaled “p” to a mean of 100 and a standard deviation of 15. MZ
= monozygotic. DZ = dizygotic.
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Table 13: Results from discordant twin models of adolescent poly-victimization and
early-adult psychopathology (“p”).

({4

Notes. Results from two discordant twin models that predict “p” as a function of both
within-twin and between-twin differences in adolescent poly-victimization. Estimates are
reported in standardized units where 15 points equals one standard deviation. MZ =
monozygotic. DZ = dizygotic. “Family-wide” indicates between-twin pair difference;
“unique,” within-twin pair difference.

All twins MZ Twins
(Npaiss = 1,019) (Npaiss = 579)
Effects ') 95% CI P s 95% CI )
Family-wide (fg)  8.98 (8.06, 9.90) <0.001 9.64 (8.35,10.93)  <0.001
Unique (Pw) 597 (4.84,7.09) <0.001 4.95 (3.36, 6.53) <0.001
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re = 0.59 (-1.00, 1.00)

rs = 0.75 (0.49, 1.00) P S rg = 0.29 (0.22. 0.37)
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Figure 14: Results from bivariate biometric twin models of adolescent poly-
victimization and early-adult psychopathology (“p”).

Notes. The bivariate twin model allows for calculation of the extent to which genetic,
shared environmental, and non-shared environmental factors contribute to the phenotypic
correlation between victimization and psychopathology. Path coefficients represent the
proportion of variance in each phenotype that can be attributed to genetic (A), shared
environmental (C), and non-shared environmental factors (and measurement error) (E).
Correlations ra, rc, and re represent the genetic, shared environmental, and non-shared
environmental correlations between corresponding components of victimization and “p”.
95% confidence intervals for each estimate are in parentheses. The proportion of the
association accounted for by A, C, and E, can be calculated by multiplying the two path
coefficients associated with each type of influence by their respective correlations and

dividing by the phenotypic correlation (rpn = 0.50). For example, the proportion of the

phenotypic correlation attributable to A is calculated as [v0.38 * /0.47 * 0.75]/0.50, or
0.63. Expressed as percentages, the proportion of the phenotypic correlation attributable
to A, C, and E is 63% (95% CI: 32-94%), 8% (95% CI: 0-36%), and 29% (95% CI: 21-
37%), respectively.
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Table 14: Associations between victimization and Internalizing, Externalizing, and
Thought Disorder factors from the correlated-factors and bi-factor models.

Notes. Panel A: The associations between victimization and the residual (i.e.,
independent of “p”) Internalizing, Externalizing, and Thought Disorder factors from the
bi-factor model specification of psychopathology are 44%, 48%, and 21% the size of the
associations between victimization and these higher-order factors from the correlated-
factors Model (which are not independent of “p”). Panel B: In the stringent MZ twin-
difference model, we find no significant within-twin associations between victimization
and the residual Internalizing and Thought Disorder factors, although there is a
significant within-twin association with the residual Externalizing factor, suggesting that
victimization may be related to young adults’ antisocial and substance-use problems
independently of their general propensity to psychopathology. Est. = estimate. Cl =
confidence interval.

A Individual-level analysis

Higher-order dimension from Residual factor from Bi-Factor Model of
Correlated-Factor Model General Psychopathology
Est. 95% CI p-value Est. 95% CI p-value
Internalizing 7.74 (7.11.837) <0001 340 (2.69, 4.11) <0.001
Externalizing 6.53 (5.90.7.17) <0001  3.11 (2.43,3.79) <0.001
Thought Disorder 7.35 (6.71.7.99) <0001 153 (0.81,2.25) <0.001

B. Twin-level analysis

Higher-order dimension from Residual factor from Bi-Factor Model of
Correlated-Factor Model General Psychopathology
Est. 95% CI p-value Est. 95% CI p-value
Internalizing 467 (334, 6.00) <0.001 1.04 (-0.62.2.71) 0219
Externalizing 480  (3.60,5.99) <0.001 284 (1.60, 4.09) <0.001
Thought Disorder 494  (3.54,635) <0.001  1.00 (-0.38.2.68) 0.243
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Table 15: Hill Criteria for causation as applied to the relationship between
victimization and psychopathology.

Strength. The larger the
association, the more
likely that it is causal.

As shown in our study, exposure to each additional type of
severe victimization is associated with approximately one-
half of a standard deviation increase in “p”, an omnibus
measure of early-adult psychopathology. This suggests that
the magnitude of the average difference in “p” between a
Study member who is not victimized in adolescence and a
Study member exposed to 3 or more types of severe
victimization is akin to the difference in 1Q between a
person of average intelligence (IQ = 100) and another
person with a borderline mental disability (1Q = 77).

Consistency. Consistent
findings across different
samples in different
places and with
different characteristics
strengthens the
likelihood of a causal
effect.

Associations between victimization and psychopathology
are robust to differences in sample characteristics (age,
location, racial/ethnic demographics) (Anda et al., 2006;
Green et al., 2010; Scott et al., 2010; Vachon et al., 2015;
Widom et al., 2007).

Specificity. The more
specific the association
is, the more likely that it
is causal.

As shown in our study, the relationship between
victimization and psychopathology is largely nonspecific. It
is not clear how this Hill criterion relates to our finding.
There are several explanations for non-specificity. First, the
lack of specificity could stem from transdiagnostic
mechanisms with very generalized effects. Second, the lack
of specificity may be due to the fact that it is difficult to
isolate specific effects of individual types of victimization,
given the high levels of poly-victimization among
victimized individuals. It is likely that our ability to
demonstrate specificity will improve alongside our ability to
measure and categorize these exposures (see Sheridan &
McLaughlin, 2014 for an example of progress in this area).

Temporality. The effect
must occur after the
cause.

Because children cannot be “assigned” to victimization and
because the association between victimization and
psychopathology may be reciprocal, the best available
methods for establishing the temporality of victimization
and psychopathology include using childhood measures of
psychopathology or pre-existing psychiatric vulnerabilities
as covariates in models that predict future psychopathology
as a function of victimization. As shown in our study,
adolescent victimization predicts psychopathology net of
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these controls, consistent with the notion that victimization
at T1 increases psychopathology at T2.

Biological gradient.
Greater exposure should
lead to higher incidence
of the effect.

As shown in our study, there is clear evidence of a dose-
response relationship between victimization and
psychopathology, with greater poly-victimization predicting
higher “p” in what appears to be a linear fashion (see Figure
2A).

Plausibility. A plausible
mechanism between
cause and effect is
helpful.

Several plausible neurobiological and psychological
mechanisms have been proposed to explain the effects of
victimization on psychopathology (Nemeroff, 2016;
Sheridan & McLaughlin, 2014; Teicher, 2002).

Coherence.
Concordance between
epidemiological and
laboratory evidence
strengthens the
likelihood of a causal
effect.

Although “victimization” is difficult to replicate in an
experimental context, laboratory studies of animals show
that variations in maternal care can affect the development
of stress and fear circuitry in offspring (C. S. Barr et al.,
2004; Liu et al., 1997). Similar alterations have also been
seen in children exposed to maltreatment (Harmelen et al.,
2013; Herringa et al., 2013). Both sets of findings are
consistent with the epidemiological finding of higher rates
of psychopathology among victimized individuals.

Experiment.
Occasionally it is
possible to appeal to
experimental evidence.

Because of the ethical and practical dilemmas inherent in
“randomizing” individuals to varying levels of
victimization, experimental evidence supporting the
association between victimization and psychopathology
remains weak. However, studies from the Bucharest Early
Intervention Project (BEIP), have shown that
institutionalized children randomized to early placement in a
family caregiving environment (truncating their exposure to
profound material and social neglect) show more
“normalized” sympathetic nervous system and
hypothalamic-pituitary axis activity (McLaughlin et al.,
2015) and lower incidence of childhood internalizing
symptoms (Humphreys et al., 2015; Zeanah et al., 2009).

Analogy. Evidence of a
relationship between a
similar cause and effect
is helpful.

It is now widely accepted that aspects of both child and
brain development are dependent on early experience.
Perhaps the most striking demonstration of this principle
came from studies of visual development, which
demonstrated that depriving animals of normal sight in early
life led to enduring alterations in visual perception and
visual cortex development (e.g., Wiesel & Hubel, 1963).

136



Just as an abnormal visual environment contributes to long-
lasting disruptions in visual processing, exposure to an
abnormally deprived or threatening environment during
certain sensitive periods is hypothesized to lead to
persistent, pathological changes in emotion and/or behavior.

Genetic confounding.
Ability to rule out the
alternative hypothesis of
gene-environment
correlation.

This was not one of Hill’s criteria. However, emerging
understanding of the important role of gene-environment
correlations in driving health and development makes it
critical to design studies that have the capacity to rule out
familial confounds. We leveraged the genetically-
informative E-risk Study to show that the association
between victimization and psychopathology was not
attributable to shared environmental or genetic risk factors,
suggesting either (1) that part of the covariation is driven by
one or more unique environmental “third variables”, or (2)
that part of the covariation reflects an environmentally-
mediated, causal effect of adolescent victimization on
young-adult psychopathology.
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4.1 Introduction

As reviewed earlier in this dissertation, psychopathology is widely understood as
resulting from a combination of genetic and environmental influences. These influences
are often assumed to work independently from one another; however, this is not
necessarily the case. Broadly speaking, research on the relationship between genetic
propensity to disorder and environmental stress has suggested four competing hypotheses
regarding the nature of gene-environment interaction in the development of mental health
problems.

First, a number of studies have reported that greater exposure to environmental
stressors is associated with increases in the heritability of psychiatric disorder (Lau &
Eley, 2008; Lau, Gregory, Goldwin, Pine, & Eley, 2007; Rice, Harold, Shelton, &
Thapar, 2006; Silberg et al., 2001). This pattern, labeled “genetic innovation,” suggests
that the effects of genetic propensity are more pronounced in individuals exposed to
higher levels of environmental stress (Kendler, Gardner, & Lichtenstein, 2008) and is
consistent with the classic “diathesis-stress” model of mental disorder etiology.

A second group of studies has reported that greater stress exposure actually
decreases the heritability of psychopathology, suggesting that the effects of genetic
propensity are less pronounced in individuals exposed to higher levels of environmental
stress (Button, Scourfield, Martin, Purcell, & McGuffin, 2005; Tuvblad, Grann, &
Lichtenstein, 2006). This effect has been labeled “genetic attenuation,” and suggests that
certain environmental exposures may be so deleterious or traumatic that they “attenuate”
or “override” the effects of genetic predisposition (Kendler et al., 2008). This perspective

is consistent with the widely-cited “bioecological model” of human development
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(Bronfenbrenner & Ceci, 1994), which implies that phenotypic differences among
individuals exposed to low levels of environmental stress should be primarily genetic in
origin (Rutter et al., 2006).

In a third group of studies, the authors examined how genetic and environmental
influences on latent factors representing Internalizing and Externalizing changed across
varying levels of six environmental risk factors. For externalizing symptoms—including
conduct problems, antisocial behavior, and alcohol or drug misuse—genetic factors
became more influential with increasing environmental adversity (Hicks, South, et al.,
2009), suggesting genetic innovation. However, genetic factors for internalizing
symptoms, including depression and anxiety, became less influential (Hicks, DiRago, et
al., 2009), suggesting genetic attenuation. These two findings thus raise the possibility
that the innovation or attenuation of genetic influences by environmental stressors may
depend on the type of psychopathology in question.

A final possibility is that genetic influences on psychopathology are not
moderated by environmental stress. As reviewed earlier, despite high initial enthusiasm
for gene-environment interaction, null findings are relatively common in the literature,
particularly in studies that examine interactions between environmental stressors and
These findings are consistent with at least two different interpretations: (a) that the effects
of environmental stress and genetic propensity are largely additive in nature, and that
gene-environment interactions account for a negligible proportion of the variance in
psychiatric phenotypes, or (b) that interactions between genetic propensity and

environmental stress are idiosyncratic and generally not well-captured by simple two-way
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interactions. One possibility consistent with the latter interpretation is that high levels of
environmental stress may reduce the impact of some genes that increase liability to
mental disorder, while simultaneously allowing or increasing the expression of others.

Similarly, it is also possible that certain gene-environment interactions may be apparent

4.1.1 Limitations to the current literature on gene-environment interaction

For many investigators in psychiatry, the four different types of gene-environment
relationships observed across studies to date—genetic innovation, genetic attenuation,
both, and no interaction—should be troubling, as they suggest that gene-environment
interactions may not be as straightforward as their prominence in the literature might
suggest. There are at least three factors that likely contribute to this heterogeneity.

One factor is the range of environmental exposures assessed. To date, studies of
gene-environment interaction have operationalized “environmental stress” as exposure to
both common developmental risk factors (e.g., poverty, negative parenting behaviors, and
martial or family conflict), as well as severe, traumatic events (e.g., sexual abuse and
combat exposure). Across studies, investigators will also typically select only a single
indicator of environmental stress for use in their analyses. Although this practice allows
gene-environment relationships to be examined in datasets without comprehensive
measures of multiple environmental stressors, it is at-odds with research showing that
cumulative exposure tends to outperform individual environmental risk factors in

predicting subsequent psychopathology (Anda et al., 2006).
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A second possible contributing factor to the heterogeneity of existing findings is
the range of approaches used to estimate genetic propensity across studies. Given that
each approach is associated with particular strengths and weaknesses, the best way to
derive replicable results may be to use multiple measures of genetic propensity within the
same study, and compare results across these measures. To our knowledge, only one
study has attempted to estimate genetic risk using multiple methods to date, and it has
reported conflicting findings. Specifically, the authors found that child internalizing
problems appeared to be more heritable for children at low (vs. high) levels of
environmental risk when co-twin mental health was used to estimate genetic risk, but less
heritable for children exposed to low levels of environmental risk when parent mental
health was used to estimate genetic risk (Vendlinski et al., 2011). These opposing results
observed within the same sample thus combine with inconsistencies observed across
studies to indicate that more rigorous approaches to testing gene-environment interaction
are needed.

A third possible contributing factor to the heterogeneity of existing findings is the
range of outcomes assessed. Many studies of gene-environment interaction have tested
for effects using narrow, disorder-specific outcome measures, such as scores on measures
of depressive symptoms or antisocial behavior. In addition to making it harder to
compare results across studies, this practice is problematic because it does not account for
accumulating evidence (reviewed earlier) that most stressful life experiences increase risk
of multiple forms of psychopathology simultaneously (Keyes et al., 2012; Vachon et al.,

2015; Wade et al., 2018). These findings suggest that these disorder-specific outcomes
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may also reduce investigators' power to detect gene-environment interaction because they

only capture part of the mental-health effects of the exposure of interest.

4.1.2 Innovations of the present study

The present study addresses the limitations listed above through a number of
methodological innovations. First, we use adolescent poly-victimization as our measure
of environmental stress in adolescence. This measure represents a strength of this study
because it has already been shown that poly-victimization is linked to later
psychopathology in a robust, dose-response fashion, and that this association is likely
causal in nature (Chapter 3). Poly-victimization also combines information about
multiple types of experiences that the young study participants encountered during
development, both inside and outside the family. Although some specificity could be lost
by combining multiple environmental stressors into a single index, our findings in
Chapter 3 indicate that each type of victimization has similarly broad and non-specific
effects on mental health, suggesting that it is appropriate to combine them in order to
better estimate Study members’ overall level of adolescent stress exposure.

Second, the present study adopts a methodologically rigorous approach to testing
for genetic moderation of victimization stress by using three different methods to
estimate genetic propensity. First, we tested whether family history of psychopathology
interacts with poly-victimization to become a stronger or weaker predictor of
psychopathology in Study members exposed to high levels of victimization stress.
Second, we repeated this analysis using measured genetic risk (in the form of polygenic
scores) in place of family history. Third, we estimated changes in the proportion of

phenotypic variance attributable to latent genetic propensity across different levels of
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victimization exposure using biometric twin modeling. This multi-method design thus
allowed us to compare results across methods, providing a better sense of the robustness
of any observed interaction.

Finally, to account for our findings in Chapter 3, which suggest that the mental-
health effects of victimization are largely non-specific, we again used a hierarchical
measure of general psychopathology (the p-factor) as our primary outcome (Figure 1B).
As reviewed earlier, there is an abundance of research suggesting that much of genetic
risk for psychopathology is non-specific in nature, which provides further support for
using “p” in this context. Given that there exists at least some evidence suggesting that
patterns of gene-environment interaction may differ for internalizing versus externalizing
symptoms (Hicks, DiRago, et al., 2009; Hicks, South, et al., 2009), we also tested
whether the interaction between victimization and genetic propensity differed across
psychiatric spectra by conducting separate analyses using Internalizing, Externalizing,

and Thought Disorder factors from the correlated-factors model (Figure 1A).

4.2 Method
4.2.1 Study sample
Participants were members of the Environmental Risk (E-Risk) Longitudinal

Twin Study, which is described in detail in Chapter 3.

4.2.2 Measures
4.2.2.1 Assessment of adolescent victimization exposure
We derived an adolescent poly-victimization variable using the same methods

described in Chapter 3.
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4.2.2.2 Assessment of adolescent victimization exposure

At age 18, Study members were assessed in private interviews about symptoms of
mental disorders (see Table 6). For a more detailed description of the interview
measures, see Chapter 3.
4.2.2.3 The structure of psychopathology at age 18

Latent factors representing “p” (from the bi-factor model) and Internalizing,
Externalizing, and Thought Disorder (from the correlated-factors model) were estimated
following the same methods described in Chapter 3.
4.2.2.4 Approaches to estimating genetic propensity to psychopathology

Family history of psychiatric disorder was ascertained at the age-12 assessment

from reports by biological parents conducted as part of a family history interview (Milne
et al., 2008). Family history of psychiatric disorder was defined as a report of treatment
or hospitalization for a psychiatric disorder or substance-use problem, or attempted or
completed suicide for any of the child’s biological mother, father, grandparents, or aunts
and uncles. Study members’ genetic propensity to psychopathology was estimated as the
proportion of family members with any of these conditions.

Because we have previously demonstrated that family history of psychopathology
predicts both adolescent poly-victimization and “p” in this cohort (Chapter 3), the
relationship between family history of psychopathology and “p” was tested using a single
linear mixed model, which controls for clustering by family. Specifically, we tested for

an interaction between family history and adolescent poly-victimization in predicting “p”,

co-varying for the main effects of both predictor variables.
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Polygenic scores. For all polygenic scores, we used Illumina HumanOmni

Express 12 BeadChip arrays (Version 1.1; lllumina, Hayward, CA) to assay common
single-nucleotide polymorphism (SNP) variation in the genomes of cohort members. We
imputed additional SNPs using the IMPUTE?2 software (Version 2.3.1;

https://mathgen.stats.ox.ac.uk/impute/impute_v2.html; Howie, Donnelly, & Marchini,

2009) and the 1000 Genomes Phase 3 reference panel (Abecasis et al., 2012). Imputation
was conducted on autosomal SNPs appearing in doSNP (Version 140;
http://www.ncbi.nIm.nih.gov/SNP/; Sherry et al., 2001) that were “called” in more than
98% of the samples. Invariant SNPs were excluded. Because the E-Risk cohort contains
monozygotic twins, who are genetically identical, we empirically measured genotypes of
one randomly-selected twin per pair and assigned these data to their monozygotic co-
twin. Prephasing and imputation were conducted using a 50-million-base-pair sliding
window. The resulting genotype databases included genotyped SNPs and SNPs imputed
with 90% probability of a specific genotype among the European-descent members of the
E-Risk cohort (N=1,999 participants in 1,011 families). We analyzed SNPs in Hardy-
Weinberg equilibrium (p > .01).

Polygenic scoring was conducted following the method described by Dudbridge
(Dudbridge, 2013) using PRSice (Euesden, Lewis, & O’Reilly, 2015). Briefly, SNPs
reported in the largest GWAS results for each disorder were matched with SNPs in the E-
Risk and Dunedin databases. For each SNP, the count of risk-associated alleles was
weighted according to the effect estimated in the GWAS. Weighted counts were summed

across SNPs to compute polygenic scores. We used all matched SNPs to compute
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polygenic scores irrespective of nominal significance for their association with the
psychiatric phenotype.

To control for possible population stratification, we conducted a principal
components analysis of our genome-wide SNP database using PLINK v1.9 (Chang et al.,
2015). One twin was selected at random from each family for principal components
analysis. SNP-loadings for principal components were applied to co-twin genetic data to
compute principal component values for the full sample. For each analysis, we
residualized polygenic scores for the first ten principal components estimated from the
genome-wide SNP data. The residualized score was normally distributed. We
standardized residuals to mean = 0, standard deviation = 1 for analysis.

Because there exists no published GWAS reporting effect sizes for genetic
variants on general psychopathology (“p”), we attempted to capture measured genetic
risk of “p” using PGSs selected from the available literature according to published work
on the nature and correlates of the p-factor. The first PGS we used captures genetic risk
for schizophrenia (Ripke et al., 2014). We selected this PGS based on previous findings
suggesting that “p” may reflect the elements of thought disorder present at the extreme of
nearly every form of severe mental illness (Caspi et al., 2014; Caspi & Moffitt, 2018).
Because schizophrenia is the arguably the mental disorder most strongly associated with
disordered thinking, a schizophrenia PGS may therefore also capture genetic risk for
general psychopathology. The second PGS we used, calculated using summary statistics
from Okbay et al. (2016), captures genetic risk for neuroticism. We selected this PGS
because another hypothesis regarding the nature of “p” is that it reflects a diffuse

unpleasant affective state, such as neuroticism or negative emotionality (Caspi & Moffitt,
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2018; Lahey et al., 2017). Indeed, twin studies reveal common genetic influences on
negative emotionality and a general factor of psychopathology (Tackett et al., 2013),
suggesting that a PGS capturing genetic risk for neuroticism may be a reasonable “stand-
in” for the p-factor. Finally, the third PGS we used captures genetic risk to multiple forms
of psychopathology (Cross-Disorder Group of the Psychiatric Genomics Consortium,
2013). We selected this PGS because “p” is hypothesized to capture the elements shared
among multiple, common mental disorders. Consistent with our expectations, we found
that all three individual PGSs were significant predictors of “p” in our data, with each
standard-deviation increase in score predicting an increase in “p” of between 0.82
(Schizophrenia PGS) and 1.08 (Cross-Disorder PGS) points.

The relationship between our three PGSs, victimization, and “p” were tested using
three sets of linear mixed models, which control for clustering by family. Our first set of
linear mixed models examined the extent to which each PGS acted as a genetic predictor
of the p-factor, comparing effect sizes across analyses. To examine possible gene-
environment correlations (i.e., instances in which a PGS predicted exposure to
victimization as well as higher scores on “p”), we next conducted a second set of linear
mixed models using each PGS to predict adolescent poly-victimization. Finally, we tested
for interactions between each PGS and adolescent poly-victimization using a third set of
linear mixed models, each modeling the combined effects of a single PGS and adolescent
poly-victimization on “p” co-varying for the main effects of both predictors.

Latent genetic propensity. Building on the bivariate ACE model results presented

in Chapter 3, we next tested whether the contribution of genetic, shared environment,

and unique environmental influences on “p” varied as a function of poly-victimization
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exposure, following the recommendations of Purcell (2002) and van der Sluis et al.
(2012). When investigating GXE interactions in twin samples, van der Sluis et al. (2012)
suggest first using a bivariate model described in Purcell (2002). This model captures the
extent to which the same versus different genetic and environmental factors contribute to
the moderator (victimization) and the outcome (psychopathology), and is most
appropriate when there is temporal ordering of the moderator and phenotype (e.g.,
victimization measured before psychopathology), which is the case in our data. The
bivariate model therefore accounts for this gene-environment correlation (ree) by parsing
the genetic and environmental factors influencing poly-victimization and
psychopathology into direct and cross paths. Direct paths to a moderator or phenotype
represent influences that are unique to that construct, whereas cross paths represent
influences that are shared in common between both moderator and phenotype (see Figure
15A).

If results from the bivariate model indicate no significant moderation of cross
paths between moderator and phenotype, then a univariate model can be used. While the
univariate biometric model has been used primarily to estimate heritability—or the
proportion of variance in a phenotype attributable to genetic influences—extension of the
univariate model allows for the modeling of gene-environment interaction through the
inclusion of parameters that capture the effects of the moderator on the paths for each
component (A, C, and E) (Purcell, 2002). This model controls for ree by regressing the
phenotype (psychopathology) on the moderator (victimization) for both twins, and
allowing these regression coefficients to vary across MZ and DZ twins (Figure 15B). It

has previously been shown that this approach reduces the risk of false-positive interaction
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effects when the moderator and phenotype are correlated and the moderator is also
correlated across twins, which is the case in these data. However, a drawback of the
extended univariate model is that, in the presence of moderation of the covariance
between moderator and phenotype, the model detects moderation of the variance
components unique to the phenotype, thereby misspecifying the actual location of
moderation. This is why it is recommended that researchers first examine the results of
the bivariate moderation model to see if the presence of moderation of the covariance
between moderator and phenotype can be ruled out (van der Sluis et al., 2012).

In either model, if victimization exposure heightens the role of genetic propensity
in predicting psychopathology (genetic innovation), we would expect the magnitude of
additive genetic effects (A) on these outcomes to be greater among individuals exposed
to higher levels of poly-victimization. If, on the other hand, victimization exposure
overrides the effects of genetic propensity (genetic attenuation), we would expect the
magnitude of additive genetic effects (A) on these outcomes to be lower and
environmental effects (C and E) to be higher among individuals exposed to higher levels

of poly-victimization.

4.3 Results

We present our results in three sections, which correspond to our three approaches
to calculating genetic propensity to psychopathology: (1) the proportion of family
members with a history of mental disorder, (2) scores on one or more disorder-related

PGSs, and (3) latent genetic propensity as estimated by biometric twin models.
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4.3.1 How does adolescent victimization exposure interact with genetic propensity to
predict general psychopathology when genetic propensity is estimated using family
history data?

As reported previously (Chapter 3), both adolescent victimization exposure
(b=7.74, p<0.001) and family history of mental disorder (b=2.98, p<0.001) were
predictive of “p” at age 18. Family history of mental disorder was also associated with
victimization exposure, with each standard deviation increase in the proportion of family
members with indicators of disorder predicting exposure to approximately one-tenth
additional severe victimization types (b=0.13, p<0.001). When entered into the same
linear mixed model, both adolescent poly-victimization and family history were
independently associated with “p”. However, an interaction term representing the
interaction of victimization exposure and family history added to the model was non-
significant (b=-0.16, p=0.623; Table 16A), suggesting that victimization exposure does
not moderate the effect of family history on the p-factor. This lack of interaction is
depicted graphically in Figure 16. We also observed no significant interaction between
victimization exposure and family history in predicting Internalizing, Externalizing, or

Thought Disorder symptoms (Table 16B-D).

4.3.2 How does adolescent victimization exposure interact with genetic propensity to
predict general psychopathology when genetic propensity is estimated using
polygenic scores (PGSs)?

The PGSs for schizophrenia, neuroticism, and cross-disorder risk were weakly
predictive of “p” in the E-risk cohort, with each additional standard deviation increase in

score predicting a 0.82-1.08 point increase in “p” (all p’s < 0.05). The schizophrenia (b =
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0.01, p = 0.726) and cross-disorder PGSs (b = 0.02, p = 0.373) were not significantly
associated with adolescent victimization exposure, whereas the neuroticism PGS was
weakly predictive (b = 0.05, p = 0.023), suggesting modest gene-environment correlation.
Although each PGS remained a significant predictor of “p” controlling for victimization
exposure in separate linear mixed models, interaction terms representing the interaction
of victimization with each PGS were non-significant, suggesting that victimization
exposure does not moderate the effect of each PGS on “p” (Table 17A). These
interactions are depicted graphically in Figure 17 (Schizophrenia PGS), Figure 18
(Neuroticism PGS), and Figure 19 (Cross-Disorder PGS). When testing for interactions
between each PGS and victimization exposure in predicting Internalizing, Externalizing,
and Thought Disorder (Table 17B-D), we observed only one significant interaction
between the schizophrenia PGS and victimization in predicting Externalizing symptoms
(b=-0.72, p=0.027) (Table 17C). However, this interaction did not survive correction
for multiple testing, leading us to conclude there is little to no evidence of interaction

between victimization and each polygenic score.

4.3.3 How does adolescent victimization exposure interact with genetic propensity to
predict general psychopathology when genetic propensity is estimated using
biometric twin modeling?
4.3.3.1 Twin and bivariate correlations

Twin and bivariate correlations are presented in Table 18. For each measure,
comparing within-twin pair correlations can approximate initial estimates for genetic and
environmental influences. The observation that all within-trait MZ twin correlations are

less than 1 indicates unique environmental influences on all phenotypes. Similarly, higher
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within-trait twin correlations in MZ twins relative to DZ twins indicates that all
phenotypes are influenced by additive genetic factors. The observation that the ratio of
MZ to DZ twin correlations is lowest (i.e., furthest from a ratio of 2:1) for adolescent
victimization and externalizing symptoms suggests that these phenotypes are most
strongly influenced by shared environmental effects. Bivariate correlations indicate
significant differences in all psychopathology outcome measures (i.e., “p”, INT, EXT,
and THD) across varying levels of victimization exposure, consistent with results from
Chapter 3.
4.3.3.2 Univariate twin models

The results of univariate biometric modeling-fitting analyses indicated that the
univariate models of both adolescent poly-victimization and “p” could be constrained
such that means and variances were equal across twin order and zygosity with no
significant loss of model fit. We also found that shared environmental influences (C)
could be dropped from both models without a significant decrease in model fit (poly-
victimization: Ay? = 2.01, d.f. =2, p = 0.37; “p”: Ay?> = 0.35, d.f. = 2, p = 0.84); however,
we chose to retain (C) in both models for the sake of completeness. Results from each
fully saturated ACE model are presented in Figure 20.
4.3.3.3 Modeling moderation of A, C, and E by adolescent victimization

We next tested whether the contribution of genetic (A), shared environment (C),
and unique environmental influences (E) on “p” varied as a function of poly-
victimization exposure. First, we computed a bivariate GXE model to test for moderation
of cross-paths. Results of our model-fitting tests indicated that dropping moderation of

the cross-paths from the model significantly worsened model fit. Therefore, following
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van der Sluis et al. (2012), we present results from the bivariate model (Figure 15A)
only.

Model-fitting results from this model are provided in Table 19A. Tests of
individual cross paths indicated significant moderation of only the unique environment
cross path (Ec), with path estimates suggesting that unique environmental influences
shared by adolescent victimization and “p” explain a slightly greater portion of the
variance of “p” in individuals exposed to higher levels of poly-victimization. Importantly,
dropping moderation of either genetic influences shared by adolescent victimization and
“p” (Ac) or genetic influences unique to “p” (Au) had virtually no impact on model fit,
suggesting that the influence of genetic factors on “p” remained relatively constant across
varying levels of victimization exposure. The moderated effects from the bivariate model
are depicted graphically in Figure 21.

To examine whether this pattern of findings was consistent across psychiatric
spectra, we next repeated these analyses for the Internalizing, Externalizing, and Thought
Disorder factors from the correlated factors model. Model-fitting results from bivariate
GXE models using these phenotypes are provided in Table 19B-D. In each case, we
found that dropping all of the moderation effects from the model resulted in a significant
decrease in model fit. In addition, for Internalizing (p = 0.030) and Thought Disorder (p =
0.026), we found significant moderation of the unique environmental cross-path (Ec),
indicating that unique environmental influences shared by adolescent victimization and
each of these phenotypes explain a greater portion of the symptom variance in individuals
exposed to higher levels of poly-victimization. This effect was not found for

Externalizing (p = 0.125), suggesting that the proportion of variance in Externalizing
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symptoms explained by unique environmental factors shared by adolescent poly-
victimization and Externalizing (Ec) remains relatively constant over varying levels of
poly-victimization. Overall, however, our results did not differ dramatically across
correlated factors, suggesting little to no moderation of genetic factors (Acor Ay)
contributing to psychopathology by victimization across internalizing, externalizing, and

thought disorder symptoms.

4.4 Discussion

This study tested for evidence of interaction between genetic propensity to
psychopathology and exposure to multiple types of adolescent victimization in the
prediction of psychiatric symptoms assessed at age 18. Because the E-risk Longitudinal
Twin Study was designed explicitly to examine genotype-victimization relationships, our
analyses are characterized by several strengths. First, we used a multi-measure, multi-
method approach to capture gene-environment interaction, operationalizing genetic
propensity in three different ways. Second, following guidelines laid out in Rutter et al.
(2006), we selected a measure of environmental risk (i.e., victimization) that is a robust,
proximal, and likely causal predictor of psychopathology, which should have bolstered
our ability to adequately test for interaction effects. Third, given (1) the well-
documented, non-specific effects of victimization on psychopathology (Green et al.,
2010; Vachon et al., 2015; Chapter 3) and (2) evidence suggesting that the nature of
gene-environment interplay may differ across psychiatric spectra (Hicks, DiRago, et al.,
2009; Hicks, South, et al., 2009), we used latent factor outcomes representing both
general liability to psychopathology (“p”) as well as more specific Internalizing,

Externalizing, and Thought Disorder symptom domains. To our knowledge, the gene-
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environment interaction analyses reported in this paper are thus the first to integrate
multiple measures of genetic propensity, multiple risk factors, and multiple disorders.

Remarkably, we consistently found no evidence of significant interaction between
adolescent victimization and genetic propensity in the prediction of psychiatric symptoms
at age 18, regardless of whether genetic risk was estimated using (a) family history of
psychopathology, (b) polygenic scores, or (c) biometric twin models. Although it seemed
initially possible that this null result might reflect two opposing patterns of interaction for
internalizing versus externalizing disorders (as documented in Hicks, DiRago, et al.,
2009; Hicks, South, et al., 2009), secondary analyses testing this possibility directly
indicated that this was not the case. The present study thus joins a growing literature
suggesting that the proportion of variance in psychopathology attributable to gene-
environment interplay is likely to be small, and that main effects of genetic and
environmental risk are far stronger predictors of psychiatric symptoms than their
interaction.

Nevertheless, we acknowledge that there are several studies of gene-environment
interaction reporting that these effects do explain a significant proportion of variance in
mental health-related outcomes. A key question, then, is how should our results be
interpreted given this relatively large body of seemingly contradictory findings? We can
think of several potential explanations that might explain or contribute to this
discrepancy.

First, it is possible that the lack of interactions detected in this study represents a
false negative (Type Il error). It has long been recognized that the detection of interaction

effects is significantly more difficult in observational (versus experimental) designs

156



(McClelland & Judd, 1993). The two most common methodological challenges facing
epidemiological studies of gene-environment interaction include (1) lack of variability in
exposure, and (2) exposure measurement error or misclassification (Stenzel, Ahn,
Boonstra, Gruber, & Mukherjee, 2015). To ensure adequate variability in victimization
exposure, E-risk constructed one-third of the cohort to include a 160% over-sample of at-
risk children born to young mothers (age 15-20 years at first birth). Nevertheless, the
distribution of our winsorized poly-victimization variable in the full cohort was still fairly
skewed towards no/low exposure (see Chapter 3), suggesting that future studies testing
for genotype-victimization interaction may be able to increase statistical power through
the use of an even more extreme oversampling strategy. To minimize risk of Study
member misclassification, we used an unusually comprehensive set of reliable, valid, and
age-appropriate methods to assess victimization exposure. However, the retrospective
nature of these measures means that we cannot rule out the possibility of
misclassification due to recall failure, or differential misclassification by
psychopathology severity at the time of assessment. Given these challenges, it is possible
that detection of gene-environment interaction using our measures of genetic and
environmental risk would require a significantly larger sample size. We note, however,
that the size of the E-risk Twin Study (N = 1116 twin pairs) compares favorably to

samples of twins used in several other studies reporting positive interaction findings (Lau

Another possible explanation for our null findings is that our measures of genetic

risk were inadequate. As noted elsewhere, there are limitations to each of the three
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measures of genetic risk used in our study. For example, family psychiatric history
provides an admittedly crude estimate of participant’s own genetic propensity to
psychopathology, albeit one that (a) did predict offspring psychopathology in this cohort

and (b) has been used repeatedly to show evidence of gene-environment interaction in

risk of “p” in this study were all significant predictors of “p” in our cohort, they
explained only a relatively small proportion of the variance in this outcome. Previous

studies that have used PGSs to test for evidence of gene-environment interaction have

possibly because PGS “risk™ alleles are weighted according to the size of their “main
effect” (i.e., one averaged over multiple different environments) and therefore are
unlikely to capture genes that interact strongly with stressful exposures. Nevertheless,
future studies may be able to conduct more rigorous tests of “PGS-by-environment
interaction” by using newer versions of disorder-specific PGSs that explain more
variance in their respective phenotypes. Alternatively, analyses could also be conducted
using a PGS that more directly captures genetic risk of general psychopathology (see
Grotzinger et al., 2018, for one promising estimation approach), rather than single-
disorder PGS “stand-ins,” as was done here.

A final possibility is that some previous reports of GXE contain false-positive
findings. Many GXxE studies conducted to date have been relatively small, raising the

possibility that effect sizes for statistically significant associations could be
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overestimated. In addition, few studies have tested whether their results replicate across
multiple samples or multiple measures of genetic propensity. The potential for Type |
error seems particularly pronounced for studies using biometric twin models. Simulation
studies have shown that the basic univariate twin model used to test for moderation of
genetic and environmental influences (Purcell, 2002) is prone to identifying false-positive
moderation effects in situations where the moderator and outcome are correlated, absent
use of a computational extension (van der Sluis et al., 2012).

The present study is also characterized by several limitations. First, the results of
this study come from a single, predominantly white cohort born in the 1990s, and thus
may not generalize to populations with different distributions of environmental risk (e.g.,
institutionalized children) or psychopathology (e.g., clinical samples). It is also unclear
whether the present results would generalize to cohorts in which victimization or
psychopathology were assessed during other developmental periods, such as early
childhood or middle age. Future studies that employ repeated, comprehensive
assessments of environmental risk and psychopathology over time are needed to address
this issue. Second, the present study tested for evidence of statistical moderation only,
rather than examining whether experiences interact with genes at the molecular level
(e.g., through changes in DNA sequence, chromatid structure, or gene expression).
However, we note that previous work in this cohort testing whether victimization stress
was associated with systematic changes in DNA methylation also found little evidence to
support such an effect (Marzi et al., 2018), consistent with the results reported here.

Despite these limitations, the lack of gene-environment interplay observed in this

large, longitudinal twin study has several implications for future research in psychiatric
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genetics. First, it suggests that although gene-environment interactions are conceptually
interesting and likely theoretically important to our understanding of mental disorder
etiology, the presence of a significant interaction between genetic propensity and a
specific environmental exposure needs to be tested, rather than assumed. Second, our
results highlight the importance of maximizing statistical power and minimizing the
possibility of Type Il error through both careful, comprehensive measures of
environmental stress and use of sampling strategies that ensure studies capture adequate
numbers of individuals at all points along the full range of exposure severity. The use of
creative sampling strategies may be particularly important for exposures that are non-
normally distributed in the population (e.g., severe victimization stress).

Third, previous reviews of gene-environment interaction studies have emphasized
the importance of validating the interactions observed in epidemiological studies through
corroborating neuroimaging, endocrine, and molecular studies (Halldorsdottir & Binder,
2017). In addition to providing further support for this assertion, results from the present
study also highlight the potential utility of first testing whether interactions in
epidemiological studies replicate across multiple measures of genetic propensity. If they
do, it suggests that investigators can be more confident in moving to these next steps. If
not, investigators may wish to examine the interaction more closely in order to develop
testable hypotheses regarding the reasons for observed inconsistencies.

In summary, results from this comprehensive, multi-method, epidemiological test
for gene-environment interaction do not support the hypotheses (1) that the magnitude of
the association between genetic propensity and general psychopathology is strongly

influenced by victimization stress, nor (2) that the magnitude of the association between
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victimization stress and general psychopathology depends significantly on genetic
propensity. Importantly, however, our conclusion is not that gene-environment
interaction is unimportant in the development of psychopathology. Rather, it is that
epidemiological studies of these interactions need to move away from single-method,
isolated reports and towards more systematic examinations. Because interaction effects in
epidemiological studies of psychopathology are generally small, studies in larger cohorts
or consortia will likely be necessary. In addition, investigators must work diligently to
maximize variability in risk variables and minimize measurement error through
thoughtful sampling strategies and comprehensive phenotypic assessments. Such
methodological innovations will likely be key to both understanding the role of gene-
environment interplay in the development of mental disorders, as well as laying the

foundation for work developing targeted interventions.
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Figure 15: Biometric twin models used to test for gene-environment interaction

Notes. Figures show a simplified bivariate model with only the genetic components
included for ease of display (Panel A), and an extended univariate model (Panel B).
Moderation is estimated through the B on each of the a, ¢, and e paths. In the bivariate
case, the moderation can act on both the cross path (a21) between the moderator
(“Victimization”) and behavioral trait (“p”’), and the path unique to “p” (az2). In the
extended univariate model, all shared paths between the moderator and trait are collapsed
into the means portion of the model (“M”).
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Table 16: Tests of interaction between family history of psychopathology and adolescent victimization exposure.

Notes. In all linear mixed models, family history was standardized to a mean of 0 and standard deviation of 1, whereas
victimization remains a count of severe victimization exposures. 95% confidence intervals are reported in parentheses.
“p<0.05, “p<0.01, "“p<0.001.

A General Psychopathology (“p™)

General PS}-‘ChopaﬂlDlogy (-rp u}

Predictors (M =100, SD =15)
1 2 3 4
Family History (z-scored) 298" 2027 212"
(2.19,3.78) (1.34,2.70) (1.36,2.87)
Victimization 7747 755 758"
) (7.03,8.46) (6.82.829) (6.93,822)
Family History * Victimization -0.16
i i ) (-0.78, 0.46)
B. Internalizing
Internalizing
Predictors (M =100, SD=15)
1 2 3 4
Family History (z-scored) 3.03" 206" 212"
(2.24.3.82) (1.38,2.74) (1.37,2.88)
Victimization 7.74% 7.55% 757
) (7.03,8.46) (6.82,828) (6.92,822)
Family History * Victimization -0.10

(-0.72, 0.52)
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C. Externalizing

Externalizing
Predictors (M =100, SD =15)
1 2 3 4
Family History (z-scored) 283" 2017 227
(2.02.3.64) (1.27,2.75) (1.46,3.08)
Victimization 6.54"* 6.43"* 6.50"*
] (5.88.7.20) (5.74,7.11) (5.84.7.16)
Famuly History * Victimization -0.41
) ) ' (-1.04,0.22)
D. Thought Disorder
Thought Disorder
Predictors (M =100, SD = 15)
1 2 3 4
Family History (z-scored) 292 200" 207
(2.14.3.70) (1.33,2.68) (1.31,2.82)
Victimization 7.36" 7.15% 7.16™
) (6.59.8.12) (6.37,7.92) (6.51,7.82)
Family History * Victimization -0.10

(-0.73, 0.53)
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Figure 16. Associations between family history of psychiatric disorder and *"'p'* at each level of adolescent victimization
exposure.

Notes. There was no significant interaction between family history and adolescent victimization exposure in predicting Study
members’ scores on “p” (Dinteraction = -0.16, p = 0.623). The colored lines show the line of best fit for the association between
family history and “p” within each level of victimization exposure. The shaded areas around each line represent 95%
confidence intervals. The histograms above and to the right of the scatterplot show the distribution of the family history and p-
factor score variables, respectively.



Table 17: Tests of interaction between individual polygenic risk scores and adolescent victimization exposure.

Notes. In all linear mixed models, each PGS was standardized to a mean of 0 and standard deviation of 1, whereas
victimization remains a count of severe victimization exposures. 95% confidence intervals are reported in parentheses.

997

*p<0.05, **p<0.01, *"p<0.001.

A_ General Psychopathology (“p™)

General Psychopathology ("p")

Predictors (M =100, SD = 15)
1 2 3 4
Schizophrenia PGS (z-scored) 0.82" 0.79* 1.01*
(0.06.158) (0.12.1.46) (0.27.1.76)
Victimization 774" 7717 770"
) (7.03,8.46) (6.97,844) (6.93,8.22)
Schizophrenia PGS * Victimization -0.38
(-1.10, 0.35)
Neuroticism PGS (z-scored) 1.06" 0.64 0.46
(031.181) (0.04,124) (-0.23.1.14)
Victimization 774 768" 7665
_ (7.03.8.46) (6.93.841) (6.91.8.40)
Neuroticism PGS * Victimization 031
] ] ] (-0.42.1.03)
Cross-Disorder PGS (z-scored) 1.08" 0.99** 1.03*
(0.24,1.92) (0.29,1.68) (0.26. 1.80)
Victimization 7.74% 7.70% 7707
) (7.03.846) (696.843) (6.96,843)
Cross-Disorder PGS * Victimization -0.07

(-0.84, 0.70)
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B. Internalizing

Internalizing
Predictors (M = 100, SD = 15)
1 2 3 4

Schizophrenia PGS (z-scored) 0.¢0* 0.86* 1.04*

(0.14,1.65) (0.19,1.53) (0.29,1.78)
Victimization 7.74% 771 7.70"

) (7.03,846) (697.844) (6.96.844)
Schizophrenia PGS * Victimization -0.30

i i i (-1.04, 0.44)
Neuroticism PGS (z-scored) 1.22* 0.81% 0.65

(0.46,1.99) (0.20,1.43) (-0.03,1.33)
Victimization 7.74% 767 765

) (7.03,8.46) (6.93,841) (6.91,8.39)
MNeuroticistn PGS * Victimization 028

i i i (-0.44, 1.00)
Cross-Disorder PGS (z-scored) 1.10* 1.01* 1.06*

(0.28.193) (032,1.70) (0.29,183)
Victimization 7740 770" 7700

) (7.03,846) (696, 843) (6.96.843)
Cross-Disorder PGS * Victimization -0.08

(-0.84, 0.68)
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C. Externalizing

Externalizing
Predictors (M = 100, SD = 15)
1 2 3 4

Schizophrenia PGS (z-scored) 0.91° 0.87 1.29*

(0.16,1.66) (0.19,1.55) (0.53.2.06)
Victimization 6.54% 6.56"" 6.54%

) (5.88,7.20) (5.88,7.23) (5.88,7.21)
Schizophrenia PGS * Victimization -0.72°

] ] ] (-1.35,-0.08)
Neuroticism PGS (z-scored) 0.89" 0.53 0.55

(0.15,1.63) (-0.14,1.19) (-0.20, 1.29)
Victimization 6.54% 6.53%" 6.54%

) (5.88.720) (5.86.721) (586, 722)
Neuroticismn PGS * Victimization -0.03

) i i (-0.72, 0.66)
Cross-Disorder PGS (z-scored) 1.29* 1.18** 0.94"

(0.49.2.09) (0.48,1.88) (0.16,1.72)
Victimization 6.54% 654" 6,54

) (5.88,720) (587.721) (588 721)
Cross-Disorder PGS * Victimization 0.40

(-0.27, 1.07)
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D. Thought Disorder

Thought Disorder
Predictors (M= 100, SD = 15)
1 2 3 4

Schizophrenia PGS (z-scored) 090" 0.85" 0.92*

(014, 166) (0.18.153) (0.17,1.68)
Victimization 736" 723" 723"

] (659.8.12) (6.45.8.02) (644, 802)
Schizophrenia PGS * Victimization -0.12

i ) ) (-0.89, 0.65)
MNeuroticisin PGS (z-scored) 0.86" 0.45 027

(0.14,158) (-0.14, 1.04) (-0.40, 0.94)
Victimization 736" 721 719"

] (659.8.12) (6.43.8.00) (6.40.7.98)
Neuroticism PGS * Victimization 0.31

i ) ) (-0.45,1.06)
Cross-Disorder PGS (z-scored) 1.09* 0.96™ 1.04*

(024,1.94) (0.24.1.68) (0.26,1.82)
Victimization 736 7.22% 7.22%*

_ (6.59,8.12) (6.44,8.01) (6.43,8.01)
Cross-Disorder PGS * Victimization -0.13

(-0.97, 0.71)
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Figure 17. Associations between schizophrenia polygenic score and "p** at each level of adolescent victimization
exposure.

Notes. There was no significant interaction between genetic risk for schizophrenia and adolescent victimization exposure in
predicting Study members’ scores on “p”” (Dinteraction = -0.38, p = 0.308). The colored lines show the line of best fit for the
association between genetic risk and “p” within each level of victimization exposure. The shaded areas around each line
represent 95% confidence intervals. The histograms above and to the right of the scatterplot show the distribution of the
schizophrenia polygenic score and p-factor score variables, respectively.



TLT

Hfm

1701 Extent of poly-victimization

1601 — (1)

1501 = 2

1401

1301

1201

110+

1001
901
801
701

P-factor Scores

3 2 1 0 1 2 3

Neuroticism Polygenic Score

Figure 18. Associations between neuroticism polygenic score and *'p** at each level of adolescent victimization exposure.

Notes. There was no significant interaction between genetic risk for neuroticism and adolescent victimization exposure in
predicting Study members’ scores on “p” (Dinteraction = 0.31, p = 0.408). The colored lines show the line of best fit for the
association between genetic risk and “p” within each level of victimization exposure. The shaded areas around each line
represent 95% confidence intervals. The histograms above and to the right of the scatterplot show the distribution of the
neuroticism polygenic score and p-factor score variables, respectively.
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Figure 19. Associations between cross-disorder polygenic score and *"p** at each level of adolescent victimization
exposure.

Notes. There was no significant interaction between cross-disorder genetic risk and adolescent victimization exposure in
predicting Study members’ scores on “p” (Dinteraction = -0.07, p = 0.866). The colored lines show the line of best fit for the
association between genetic risk and “p” within each level of victimization exposure. The shaded areas around each line
represent 95% confidence intervals. The histograms above and to the right of the scatterplot show the distribution of the cross-
disorder polygenic score and p-factor score variables, respectively.
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Table 18: Twin and bivariate correlations

Notes. MZ = “monozygotic”’; DZ = “dizygotic”’; INT = "Internalizing™; EXT = "Externalizing"; "THD" = Thought Disorders.
“*p<0.001.

Twin correlations

(by zvgosity) Bivariate correlations

Variables MZ DZ Victimization "p" INT EXT THD

Victimization 0.51 0.33 1.00 - - - -

"p" 0.52 0.26 0.49%** 1.00 - - -
INT 0.51 0.25 0.49% 0.97° 1.00 - -
EXT 0.59 0.37 0.447 0.78% 0.72% 1.00 -
THD 0.45 0.25 0.47° 0.95"* 0.92% 0.72° 1.00

N (twin pairs) 623 493




. Victimization

Figure 20: Results from univariate biometric twin models of adolescent poly-
victimization and early-adult psychopathology (separately)

Notes. The univariate twin model allows for calculation of the extent to which genetic,
shared environmental, and non-shared environmental factors contribute to variation in
each phenotype. Path coefficients represent the proportion of variance in each phenotype
that can be attributed to genetic (A), shared environmental (C), and non-shared
environmental factors (and measurement error) (E). 95% confidence intervals for each
estimate are in parentheses.
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Table 19: Tests of interaction between latent genetic risk and adolescent victimization exposure.

Notes. Results from model-fitting tests compare the full moderation model to a series of more parsimonious specifications.
Tests in which computation of a more parsimonious model led to a significant decrease in model fit (suggesting the presence of
moderation) are highlighted in bold. EP = number of estimated parameters.

A General Psychopathology (“p™)

Model
Model ep -2LL AIC 3sBIC Comparison Ay2(AdD) P
1 Full moderation 10 2123535 1312135 21306.61 - - -
2 No moderation 13 21274.98 13148.98 21323.74 1vs.2 39.63 (6) <0.001
3 Common ACE moderated paths to 0 14 2124497 13124.97 21304.98 1vs.3 9.62 (3) 0.022
4 Common moderated A path to 0 18 2123564 1311964 21303.15 1vs. 4 0.29 (1) 0.580
5 Common moderated C path to 0 18 2123829 1312220 21305.80 1vs. 5 204 (1) 0.086
6 Common moderated E path to 0 18 21239.68 13123.68 21307.19 1vs. 6 4.33 (1) 0.037
7 "p"-specific moderated A path to 0 18 2123543 13119.43 21302.94 1vs.7 0.08 (1) 0.780
8 "p"-specific moderated C pathto 0 18 2123535 1311935 21302.86 1vs. 8 0.00 (1) 0.998
9 "p"-specific moderated E path to 0 18 21230.09 13123.00 21306.60 1vs. 9 374 (1) 0.053
B. Internalizing
Model
Model ep -2LL AIC sBIC Comparison Ay2(AdD) P
1 Full moderation 10 2124261 13128 .61 2131387 - - -
2 No moderation 13 21279.02 13153.02 21327.78 Ivs.2 36.41 (6) <f.061
3 Common ACE moderated paths to 0 16 21252.83 13132.83 21312.34 I1vs.3 10.22 (3) 0017
4 Common moderated A path to 0 18 2124307 13127.07 21310.58 1vs. 4 045 (1) 0.301
5 Common moderated C path to 0 18 21246.10 13130.10 21313.61 1vs. 5 349(1) 0.062
6 Common moderated E path to 0 18 21247.31 13131.31 21314.82 1vs. 6 4.70 (1) 0.030
7 "p"-specific moderated A pathto 0 18 21242.63 13126.63 21310.14 1vs. 7 0.02 (1) 0.590
& "p"-specific moderated C pathto 0 18 2124265 13126.685 21310.16 1vs. 8 0.04 (1) 0.851
9 "p"-specific moderated E path to 0 18 2124540 1312940 2131291 1vs. 9 278 (1) 0.093




C. Externalizing

Model
Model ep -2LL AIC 3sBIC Comparison Ay2(AdD) r
1 Full moderation 19 2124761 13133.61 21318.87 - -
2  No moderation 13 2126816 13142.16 21316.92 1vs.2 20.55 (6) 0.002
3 Common ACE moderated paths to 0 16 21256.11 13136.11 21316.12 1vs.3 8.50 (3) 0.037
4 Common moderated A path to 0 18 2124018 1313318 21316.69 1vs. 4 1.57 (1) 0.211
5 Common moderated C path to 0 18 2124860 13132.60 21316.11 1vs. 5 0.99(1) 0319
6 Common moderated E path to 0 18 21249 96 13133.96 2131747 1vs. 6 235(1) 0125
7 "p"-specific moderated A path to 0 18 2124876 1313276 21316.27 1vs.7 1.15 (1) 0.283
8 "p"-specific moderated C path to 0 18 21247.61 13133.61 21315.12 1vs. 8 0.00 (1) 1.000
9  "p"-specific moderated E path to 0 18 21250.88 13134.88 2131839 1vs. 9 327(1) 0.071
D. Thought Disorder
= Model
[)) Model ep -2LL AIC 3sBIC Comparison Ay2{(AdD) r
1 Full moderation 10 21316.10 13202.10 21387.36 - -
2  No moderation 13 2138231 13256.31 21431.07 L1vs.2 66.21 (6) <001
3 Common ACE moderated paths to 0 16 21326.18 13206.18 21386.18 1vs.3 10.0% (3) 0.018
4 Common moderated A path to 0 18 2131612 13200.12 21383.63 1vs. 4 0.02 (1) 0.503
5 Common moderated C path to 0 18 21318.19 13202.19 21385.70 1vs. 5 210(1) 0.148
6 Common moderated E path to 0 18 21321.08 13205.08 21388.59 1vs. 6 4.08 (1) 0.026
7 "p"-specific moderated A path to 0 18 21316.34  13200.34 21383.84 1vs.7 0.24 (1) 0.626
8 "p-specific moderated C path to 0 18 2131610 1320010 2138370 1vs 8 000(1) 0765
0 "p"-specific moderated E path to 0 18 2132613 13210.13 21393.63 lvs. 0 10.03 (1) 0.002
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Figure 21: Estimates of genetic, shared environmental, and unique environmental variation
in “p” across levels of victimization exposure.

Notes. Panels A and B show how raw variance in “p” attributable to additive genetic (red),
shared environmental (green), and nonshared environmental (blue) influences changes across
varying levels of victimization exposure, whereas Panels C and D show the same changes in
terms of proportion (i.e., with total variance in “p” fixed to 1). Within each row, the leftmost
graph shows change in the genetic and environmental influences common to both victimization
and “p” (A¢, Cc, and Ecin Figure 15A), whereas the rightmost graph shows change in the genetic
and environmental influences unique to “p” (Au, Cu, and Eyin Figure 15A). In each graph, the

black line representing total variance in “p” is equal to the sum of these unique and common
influences (i.e., Ay + Cy + Eu+ Ac + Cc + Eo).
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Chapter 5. General Discussion
5.1 Overview

Fundamentally, the three empirical chapters in this dissertation all touch upon the
same core questions. How do environmental stressors influence mental health? Why is it
that only some people develop mental health problems following exposure to these
stressors? And how can we tell who is at risk for developing these problems and who is
likely to remain resilient? Answering these questions has the potential to transform
etiological theories of mental disorder. But, more importantly, these answers also have
profound practical implications, including (1) informing the development of new
intervention/prevention strategies, and (2) facilitating the identification of at-risk and
resilient individuals in contexts where such screening is important (e.g., selection of
military recruits or first-responder personnel; “triaging” among individuals recently
exposed to trauma).

The phenomenon of gene-environment interaction, first popularized nearly two
decades ago, provides one possible framework for arriving at some of these answers.
However, studies of gene-environment interaction conducted to date have only just begun
to deliver on their promise of replicable, actionable information regarding which
environments are most deleterious to whom. Accumulating genetic and epidemiological
studies of mental disorder suggest that part of problem may be that single, categorical
psychiatric diagnoses are ill-suited to capturing the additive, incremental effects of most
genetic polymorphisms as well as the broad, non-specific effects of most environmental
stressors. The goal of the current work was thus to explore whether a latent, hierarchical

measure of psychopathology (i.e., the p-factor) could be used in place of conventional
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diagnostic outcomes to generate novel insights regarding the relationship between mental
illness and one of the most common and severe sources of human stress (i.e.,
victimization exposure).

The chapters within this dissertation each contribute to the burgeoning literature
on psychosocial stress and “p” in several ways. First, Chapter 2 reviewed literature on
the lifetime prevalence of diagnosable psychopathology, providing evidence that these
mental health problems are ubiquitous in the general population and form a near-normal
distribution when scored on indicators of overall severity (i.e., persistence, comorbidity).
Chapter 2 also examined the early-life characteristics of the small proportion of
individuals who managed to avoid these conditions until at least 38 years of age, finding
that the strongest predictors of this “enduring mental health” phenotype were a suite of
advantageous childhood personality traits and a negligible family history of disorder.
These observations provide further support for transitioning from a case-control
conceptualization of disorder to one that relies on continuous measures of latent liability.
In addition, they also point to early-life personality characteristics as one of the strongest
observable predictors of enduring mental wellness.

Chapter 3 used twin data to examine the relationship between victimization and
multiple latent measures of psychopathology, including the general factor (“p”), and
correlated factors representing Internalizing, Externalizing, and Thought Disorder
symptoms. Results showed that multiple forms of severe stress (i.e., victimization types)
were each associated with nonspecific increases in psychopathology, and that these
associations were likely casual in nature. These results thus join previous work in

indicating that most environmental stressors affect latent liability to multiple types of
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psychiatric problems rather than individual disorders or clusters of symptoms. They also
suggest a general mechanism—a hypothesis that is now being further investigated in
subsequent mediation studies (e.g., Weissman et al., 2019).

Finally, Chapter 4 used a multi-method approach to test whether genetic
propensity to mental disorder appeared to moderate the effects of victimization exposure
on general psychopathology (“p”). Surprisingly, results consistently indicated little to no
gene-environment interaction, regardless of the measure of genetic propensity used.
These findings suggest that it is appropriate to view previously-reported, strong
interaction findings with a critical eye, and that the best way to predict the development
of psychopathology may be to combine genetic and environmental risk in an additive
fashion. However, as will 1 will discuss below, these null results should be viewed as
tentative until they are replicated across different samples and using more rigorous study
designs. Findings from this dissertation join other studies of gene-environment
interaction in the literature to suggest several avenues for improving the strength and

replicability of future findings.

5.2 Implications and contributions

The assembled chapters of this dissertation have several implications for both
future research and clinical practice. Because the clinical implications of these findings
have already been delineated in their respective chapters, in this section | will focus
primarily on the broader implications for future work that seeks to capture the mental
health effects of environmental stress and identify factors (both genetic and non-genetic)
contributing to psychological resilience following stressor exposure. Specifically, I will

(a) review lessons gleaned from this dissertation regarding the optimal measurement of
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psychopathology in these contexts and (b) discuss the utility of both enduring mental

health and “p” as putative resilience measures.

5.2.1 Moving towards more optimal measurement of psychopathology in studies
assessing the mental health effects of environmental stress

The empirical chapters of this dissertation suggest that studies aiming to assess
the mental health effects of environmental stress and identify predictors of resilience to
psychopathology should possess at least three qualities. First, the non-specific, general
effects of victimization on psychopathology captured in Chapter 3 suggest that
measuring resilience after severe stress requires equivalently broad and comprehensive
measures of mental disorder or health. Single-disorder, diagnostic outcomes (e.g., major
depressive disorder) are poor substitutes in these situations because they capture only one
possible manifestation of the elevations in general psychopathology that most severe
environmental stressors seem to cause. In studies that seek to simply establish a
connection between a given stressor and psychopathology, use of single-disorder
outcomes is a problem because it means investigators are likely missing a substantial part
of the environmental effect. In studies of resilience this becomes particularly problematic,
because individuals who appear “resilient” on one measure (e.g., of depressive
symptoms), could very easily be “non-resilient” on another (e.g., of substance use or
conduct problems).

A second characteristic that the assembled studies suggest is important for
measuring resilience is the ability to detect “subthreshold” mental health problems.
Patterns of disorder onset presented in Chapter 2 suggest that individuals tend to move

in an out of diagnosable disorders in almost random patterns (Figure 4); this does not
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mean, however, that they are entirely symptom-free during this time. Consistent with the
notion that most (if not all) psychiatric disorders are, fundamentally, dimensional
constructs, an abundant literature has demonstrated that psychiatric symptoms both above
and below diagnostic thresholds are associated with greater risk of comorbidity, life
impairment, and mortality (e.g., Chachamovich, Fleck, Laidlaw, & Power, 2008; Cuijpers
et al., 2013; Fehm, Beesdo, Jacobi, & Fiedler, 2008; Rucci et al., 2003). This raises the
possibility that individuals considered “resilient” from the perspective of “not meeting
diagnostic criteria for any well-specified mental health problem” could actually be quite
impaired if they endorse several symptoms across multiple diagnoses or psychiatric
spectra. Studies that aim to accurately differentiate between resilient and non-resilient
(or, ideally, “more and less resilient”) participants would thus benefit from using
measures that are sensitive enough to detect these presentations.

A third and final characteristic of the ideal outcome measure in studies of
resilience is repetition. As demonstrated in Chapter 2, repeated measures of
psychopathology are often necessary to approach full capture of mental health problems
that arise over the course of longitudinal cohort studies. Evidence supporting this view
can also be found in the literature that examines the psychiatric consequences of specific
environmental stressors. For example, animal research is replete with studies linking
early stressful experiences (e.g., maternal separation) to long-term alterations in gene
expression, HPA-axis activity, and behavior that vary over the course of development
(reviewed in Daskalakis, Bagot, Parker, Vinkers, & de Kloet, 2013). Although
experimental studies like these cannot be conducted in humans, quasi-experimental

analogues like the Bucharest Early Intervention Project paint a similar picture, indicating
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that the non-specific psychiatric effects of early institutional rearing manifest differently
throughout the life course (Humphreys et al., 2015; Wade et al., 2018; Zeanah et al.,
2009). While anything approaching complete coverage of broad swaths of the human life
course is, of course, infeasible for all but the smallest handful of longitudinal studies,
cross-sectional studies or studies that follow individuals for only a short period of time
following stressor exposure should be cognizant of the limitations of these designs.
Increasing awareness of these limitations, in turn, may be sufficient to trigger allocation

of additional funding to support more frequent and longer-term follow-up assessments.

5.2.2 Enduring mental health and “p” as candidate measures of resilience

Historically, “measures of resilience” have taken either one of two forms. On the
one hand are scales that purport to measure baseline resiliency, which typically focus on
assessing the assets and resources that facilitate resilience (e.g., social support) or
individuals’ sense of personal agency regarding their ability to recover (Windle, Bennett,
& Noyes, 2011). For example, one widely used measure, the Brief Resilience Scale,
includes items such as “I usually come through difficult times with little trouble,” or “I
have a hard time making it through stressful events” (Smith et al., 2008). These measures
are most commonly administered before stressor onset and used to make predictions
regarding which individuals will make it through the experience with their general
functioning more-or-less intact.

A second type of “resilience” measure focuses on the capture and quantification
of functioning across the study period. These indicators thus provide direct measures of
individuals’ ability to “bounce back” from a specific stressor or trauma, rather than

surveying their perceptions regarding their general adaptability under these
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circumstances. A considerable amount of research has used measures of psychiatric
symptoms in this capacity (although it is worth noting that other studies have also defined
resilience in terms of broader “competencies” such as positive social and academic
outcomes) (Masten, 2001).

How do enduring mental health and “p” compare to other putative measures of
psychological resilience? As discussed in Chapter 2, individuals with enduring mental
health are, in some ways, like the “centenarians” of resilience—individuals who “beat the
odds” and avoid bad outcomes for much longer than their average-mental-health peers.
Similarly, individuals with unusually low “p” following a severe psychosocial stressor
(like victimization) are also doing “better,” psychiatrically, than we might expect. What
advantages do these measures have relative to existing psychiatric outcomes?

The study of enduring mental health is based on the premise that the predictors of
exceptional, long-lasting mental health are likely not entirely the same as the predictors
of psychiatric disorder. Replication studies of enduring mental health conducted to date
have largely confirmed the results presented in Chapter 2, highlighting the predictive
importance of adaptive personality traits and nil family history of disorder. These studies
have also identified novel correlates, including a lack of physical health problems in
adults (Schneider, Holingue, Roth, & Eaton, 2019), and high intelligence and enjoyment
of school in children (Deighton, Lereya, & Wolpert, 2019). Such research thus suggests
that the attributes most protective of mental health problems may change across the life
course, with scholastic aptitude contributing to robust mental health during the primary
school years and good physical health guarding against psychopathology in adulthood.

Alternatively, it could also be that these indicators reflect consequences of enduring
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mental health, in that those with few mental health problems are more likely to succeed
academically in childhood and report better physical health as adults. The enduring
mental health phenotype also opens the door to studies that aim to assess the biological
basis of psychological resilience through identification of its genetic and neuroimaging
correlates.

The enduring mental health “framework” for studying resilience is also
characterized by two important drawbacks. First, it is an outcome measure that (so far)
has been defined without reference to a particular stressor. This contradicts one of the
major tenets of resilience science, which has long emphasized that individuals are not
considered “resilient” if there has never been a serious threat to their development (e.g.,
Masten, 2001). This perspective suggests that the group of individuals who experience
enduring mental health are likely a combination of two types of people, both those who
have skated through life with minimal exposure to adversity (the “lucky”) and those who
have surmounted serious challenges with their mental health intact (the “truly resilient”).
However, it is important to consider how many people likely fall into the former
category. Just as the findings presented in Chapter 2 suggest that mental disorder is near-
ubiquitous in the population, epidemiological studies conducted in the U.S. and
elsewhere place the lifetime prevalence of trauma (which is often cited as a putative
“threat to development” in resilience studies) between 70 and 90% (Kessler et al., 2017;
Kilpatrick et al., 2013; Vries & OIff, 2009). These statistics suggest that the percentage of
individuals who experience enduring mental health on the strength of “luck™ alone may
therefore be quite small. Nevertheless, studies that test this hypothesis directly are

needed.
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The second major drawback to the construct of “enduring mental health” is that,
like the vast majority of psychiatric disorders, it almost certainly arises from the
imposition of a relatively arbitrary cut-point on the continuum of mental disorder and
health. This intuition is supported by the informant-report and mid-life outcome findings
presented in Chapter 2, which indicate (1) that even members of the enduring mental
health group have experienced some instances of transient or subthreshold psychiatric
symptoms, and (2) that close to one-quarter of these individuals fall below the cohort
mean on a measure of life satisfaction. Indeed, the distribution of “p” in the Dunedin
Study (initially presented in Caspi et al., 2014) show that as the measurement of
psychopathology becomes more and more fine-grained, shifting from waves-with-
diagnoses in Chapter 2 to a p-factor based on counts of symptom criteria, the
distribution becomes more and more normal. This observation indicates that individuals
with enduring mental health likely differ quantitatively—rather than qualitatively—from
their average-mental-health peers. Consequently, use of the categorical “enduring mental
health” designation may leave investigators with less power to detect associations with
putative resilience factors than a more continuous measure of psychopathology like the p-
factor.

Overall, the studies contained within this dissertation suggest that “p” may be
particularly well-suited to the task of identifying genetic and non-genetic factors
associated with psychological resilience. The primary advantage that the p-factor holds
over conventional measures of psychopathology is its improved capacity to capture the

broad-spectrum, non-specific mental-health effects of most environmental stressors. The

graded, continuous nature of “p” also means that the p-factor has the capacity to capture
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symptom presentations that fall below established diagnostic cut-offs, and permits
investigators to employ sophisticated analytical techniques capable of examining
trajectories in psychiatric symptoms over time (see Wade et al., 2018, for an example).
This approach is consistent with the modern conceptualization of psychological
resilience, which portrays resilience as a dynamic process that unfolds gradually over

time following stressor exposure (e.g., Masten & Tellegen, 2012).

5.3 Limitations and suggestions for future research

As | hope this dissertation has conveyed, the chapters assembled within represent
only a small fraction of the burgeoning research on psychosocial adversity, psychiatric
genetics, and the p-factor. They are also characterized by several shared limitations,
which suggest multiple avenues for future research. Accordingly, | review both of these

topics together below.

5.3.1 Limited variability in psychopathology outcomes

As discussed above, the distribution of “p” in the Dunedin Study is very close to
normal. The distribution of “p” in E-risk, on the other hand, is noticeably more skewed
(Figure 22). This difference is likely because the p-factor estimated by Caspi et al.
(2014) had the advantage of being based on several waves of psychiatric assessment data
from adult participants, whereas “p” in E-risk was based on a single psychiatric
assessment of participants at age 18. As suggested in Chapter 2, repeated assessments
are preferred in longitudinal studies of mental health because they allow investigators to
maximize their capture of psychiatric symptoms. Unfortunately, not every study of

mental health has the luxury of repeated assessments, and avoidance of “flooring” effects
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when estimating “p” in these samples is often difficult. Importantly, this reduction in
variance can have non-trivial implications. For example, clustering at the lower end of
“p” may have reduced our ability to detect patterns of gene-environment interaction in
Chapter 4.

Fortunately, there are measurement strategies that future studies of “p” can
employ to alleviate this problem. One promising approach involves the incorporation of
personality data into p-factor models. Although some might worry that this practice
would fundamentally change the meaning of “p,” the notion that “normal” levels of
certain personality traits might reflect lower-severity manifestations of the same core
processes that lead to diagnosable disorder has been around for decades, and is one of the
foundational hypotheses contributing to interest in dimensional models of
psychopathology. For example, the observation that disinhibitory traits like aggression
and impulsivity are consistently associated with externalizing forms of psychopathology
led investigators to propose the Externalizing Spectrum Model (ESM), which placed
these traits on the same continuum as substance use problems and antisocial behavior
(Krueger et al., 2002; Krueger, Markon, Patrick, Benning, & Kramer, 2007; Krueger,
Markon, Patrick, & lacono, 2005). Within the past few years, researchers have begun to
apply the same logic to the p-factor, with what seem to be promising results. Results from
exploratory factor analysis suggest that the standard bi-factor model of “p” can be
updated to derive a general factor with nearly uniform loadings across all disorders
assessed, 5 maladaptive personality traits (negative emotionality, detachment,
antagonism, disinhibition, and psychoticism), and 3 normative personality dimensions

(neuroticism, disagreeableness, and lack of conscientiousness) (Rosenstrom et al., 2018).
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Because significant variation in personality can be seen across both clinical and “healthy”
populations, incorporation of these measures into studies using “p” will likely increase
the amount of variation observed in the general factor, thereby also increasing statistical

power.

5.3.2 Retrospective assessments of environmental stressors

Chapters 3 and 4 in this dissertation join a large body of research that studies
victimization exposure in order to answer questions regarding the relationship between
stress and mental health. There are many reasons why victimization exposure seems to be
an ideal exposure to study for these purposes. One reason is that victimization is quite
common. For example, United States population-based studies estimate that between one
in ten and one in four children will experience physical, sexual, or emotional abuse, or
exposure to some other form of violence within the family by the time they reach
adulthood (Finkelhor, Shattuck, Turner, & Hamby, 2014; Finkelhor, Turner, Shattuck, &
Hamby, 2013; McLaughlin, Green, et al., 2012). Similarly, nearly 20% of E-risk Study
participants reported exposure to at least one type of severe victimization by age 18. The
commonplace nature of victimization means that it is relatively easy to assemble large
samples with adequate numbers of victimized participants—especially compared to other
severe stressors, such as combat exposure or natural disasters. Another reason that
victimization is often used in studies of psychopathology and resilience is that constituent
exposures like maltreatment, peer victimization, and family violence are among the most
well-established, proximal risk factors for the development of later psychopathology. As
discussed in Chapter 4, these robust main effects suggest that investigators will

generally need fewer participants to detect potential moderators.
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Nevertheless, there are also several reasons why victimization may not be an ideal
exposure for this purpose. For example, although victimization exposure in E-risk was
assessed at the tail end of the adolescent period (and therefore in close temporal
proximity to the ages of exposure), the measurements used to assess victimization were
still retrospective in nature. Retrospective assessment is often considered necessary in
research on psychopathology because many important exposures occur years before
psychiatric symptoms emerge. Nevertheless, retrospective measurement of stressors like
victimization is generally considered non-optimal because of well-studied phenomena
(e.g., normal forgetting, revisionist recall, mood-congruent reporting, and telescoping of
recalled events) known to reduce accuracy and increase measurement error (Hardt &
Rutter, 2004; Simon & VonKorff, 1995). Indeed, results from a recent meta-analysis of
studies comparing prospective and retrospective assessments of child maltreatment found
that more than half of individuals with prospective observations of maltreatment will not
report it retrospectively (Baldwin, Reuben, Newbury, & Danese, 2019), suggesting
considerable rates of recall failure or non-disclosure.

Although we made efforts to account for these biases in Chapter 3, it is likely
that these processes still introduced some amount of error into our classification of E-risk
Study participants and perhaps reduced our ability to detect gene-environment
interactions in Chapter 4. For example, we demonstrated that associations between
victimization and “p” were still detectable when we used measures of informant-reported
(rather than self-reported) victimization in Chapter 3. However, we did not use these
informant-report measures to test for gene-environment interaction in Chapter 4 because

informant-reported victimization is characterized by its own, different set of potential
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biases, which likely contribute to the relatively modest levels of agreement observed
between participant- and informant-reported victimization measures (r = 0.34-0.38).
Similarly, although we controlled for participants’ age-12 mental health in within-
individual analyses in Chapter 3, these analyses did not allow us to rule out the
possibility that our ratings of victimization exposure for certain participants might be
biased by phenomena like mood-congruent recall.

Considered alongside the findings presented in Chapter 4, these limitations
suggest that detection of replicable patterns of gene-environment interaction using a
retrospectively-assessed environmental exposure may be difficult at best. Fortunately,
gene-environment interaction studies conducted within the past few years suggest several
avenues for improving statistical power in these contexts. One option, the “brute force”
approach, involves increasing power through the recruitment of extremely large samples,
likely backed by research consortia similar to those currently participating in GWAS and
GEWIS studies relevant to psychopathology. However, this approach is often difficult for
practical and logistical reasons, and typically involves an unfavorable trade-off between
increasing "N" and decreasing the quality of phenotypic assessments (Moffitt, Caspi, &
Rutter, 2005).

A second option, unique to studies of “PGS-environment interaction,” involves
waiting for GWAS studies of psychiatric phenotypes to produce PGSs that explain a
greater proportion of variance in their respective outcomes. For example, investigators’
power to detect interaction effects relevant to depression may have improved following
publication of a new depression GWAS in 2018, which increased the proportion of

variance in depression explained by the MDD-PGS from 0.9% (Ripke et al., 2013) to
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8.7% (Wray et al., 2018). Whereas previous studies found no evidence of interaction
between the 2013 PGS and measures of life stress in predicting depression (Peyrot et al.,
2017), a more recent paper published using the 2018 PGS reported a positive interaction
between this score and stressful life events experienced within the past 12 months
(Colodro-Conde et al., 2018). .

A third strategy, hearkening back to earlier in the discussion, involves the
repeated assessment of psychopathology over time, such that participants are assessed at
least once before and after stressor exposure. This design permits tests of within-
individual change, which allow investigators to adjust for a number of potential third
variables by using an individual as his or her own control. Although the prospective
assessment of psychopathology and environmental stressors can be logistically
challenging, recent gene-environment interaction studies illustrate two strategies for
achieving this design. In one article, the authors used data from a longitudinal study that
repeatedly administered a measure of depression to a group of individuals at high risk of
a potential stressor (i.e., older adults at high risk of losing a spouse due to age-related
disease). This approach allowed the authors to assemble a relatively large sample of
individuals who had shared the same stressful experience with both pre- and post-
exposure mental health data. Results indicated that increases in depressive symptoms
following the loss of a spouse were highest in individuals with high scores on a PGS for
major depressive disorder or low scores on a PGS for subjective well-being (Domingue,
Liu, Okbay, & Belsky, 2017). A second recruitment strategy involves the identification of
individuals known to be entering a high-stress environment, recruitment of these subjects,

and collection of both genetic information and pre- and post-exposure measures of
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psychopathology. This approach was used in a recent study examining the genetic
predictors of psychological resilience among medical students completing their highly
stressful internship year, which found that the PGS for major depressive disorder was a
significant predictor of depressive symptoms developed under training stress (Fang,

Scott, Song, Burmeister, & Sen, 2019).
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Chapter 6. Conclusion

In summary, the present dissertation suggests that there is much to be gained by
abandoning traditional, categorical mental health outcomes and adopting a “p-factor”
approach to measuring psychopathology. In addition to demonstrating that such an
approach is consistent with how psychopathology manifests in the population, results
from this dissertation also show that “p” effectively aggregates information across
multiple measures of psychiatric symptoms, facilitates the use of sophisticated analytical
techniques, and potentially simplifies the interpretation of complex results. Given its
unique ability to capture the non-specific mental-health effects of environmental stress,
the p-factor also seems ideally suited to probing the factors associated with vulnerability
and resilience to these effects. Although the current results do not provide support for the
notion that “p” aids in the detection of gene-environment interactions, they do suggest
that incorporation of the p-factor might increase the consistency and replicability of these
findings, alongside other methodological innovations. Such innovations will likely be
crucial to understanding why some people are more vulnerable to developing mental

disorders than others and how we can protect vulnerable people from lasting harm.
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Appendix A

This Appendix contains additional details about the measurement of victimization
experiences in childhood and adolescence in the Environmental Risk Longitudinal Twin

Study.
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A.1 Assessment of victimization in childhood

Information regarding the reliability and validity of E-risk childhood
victimization measures have been reported previously (Danese et al., 2016). The section
below summarizes the method.

A team of interviewers visited each family at home when the twins reached ages
5,7, 10 and 12 years. Each home-visit interview was guided by a series of questions in a
booklet. Based on these interviews with the mothers, each interviewer coded in the
booklet her initial impression of whether or not she thought a child had been maltreated.
The interviewers also recorded notes about their experiences in the home, and if an
interviewer was worried about a child, she met with the fieldwork coordinator to debrief,
(Sometimes, the Study had to make a referral to help a child.) Codes, notes, and the
fieldwork coordinator’s narratives from the debriefs have been saved over the years to
create a dossier for each child with cumulative information about exposure to domestic
violence between the mother and her partner; frequent bullying by peers; physical
maltreatment by an adult; sexual abuse; emotional abuse and neglect; and physical
neglect. All the component measures are outlined briefly below.

Physical domestic violence. Mothers reported about perpetration by and

victimization of 12 forms of physical violence (e.g., slapping, hitting, kicking, strangling)
from the Conflict Tactics Scale (CTS) (Straus & Gelles, 1990), on three assessment
occasions during the child’s first decade of life (when the children were 5, 7, and 10 years
of age). Reports of either perpetration or victimization constituted evidence of physical
domestic violence. The CTS has between-partner inter-rater reliabilities of 0.76 for

perpetration and 0.82 for victimization (Magdol, Moffitt, Caspi, & Silva, 1998). Families
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in which no physical violence took place were coded as 0 (55.2%); families in which
physical violence took place on one occasion were coded as 1 (28.0%); and families in
which physical violence took place on multiple occasions were coded as 2 (16.8%).

Bullying by peers. Experiences of victimization by bullies were assessed using

both mothers’ and children’s reports. During the interview, the following standard
definition of bullying was read out: “Someone is being bullied when another child (a)
says mean and hurtful things, makes fun, or calls a person mean and hurtful names; (b)
completely ignores or excludes someone from their group of friends or leaves them out
on purpose; (c) hits, kicks, or shoves a person, or locks them in a room; (d) tells lies or
spreads rumors about them; and (e) other hurtful things like these. We call it bullying
when these things happen often, and when it is difficult to make it stop. We do not call it
bullying when it is done in a friendly or playful way.” Mothers were interviewed when
children were 7, 10, and 12 years old and asked whether either twin had been bullied by
another child, responding never, yes, or frequently. We combined mothers’ reports at
child age 7 and 10 to derive a measure of victimization during primary school. Mothers’
reports when the children were 12 years old indexed victimization during secondary
school. During private interviews with the children when they were 12 years old, the
children indicated whether they had been bullied by another child during primary or
secondary school. When a mother or a child reported victimization, the interviewer asked
them to describe what happened. Notes taken by the interviewers were later checked by
an independent rater to verify that the events reported could be classified as instances of
bullying operationally defined as evidence of (a) repeated harmful actions, (b) between

children, and (c) where there is a power differential between the bully and the victim.
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Although inter-rater reliability between mothers and children was only modest (kappa =
0.20-0.29), reports of victimization from both informants were similarly associated with
children’s emotional and behavioral problems, suggesting that each informant provides a
unique but meaningful perspective on bullying involvement (Shakoor et al., 2011). We
thus combined mother and child reports of victimization to capture all instances of
bullying victimization for primary and secondary school separately: reported as not
victimized by both mother and child; reported by either mother or child as being
occasionally victimized; and reported as being occasionally victimized by both
informants or as frequently victimized by either mother or child or both (Bowes et al.,
2013). We then combined these primary and secondary school ratings to create a bullying
victimization variable for the entire childhood period (5-12 years). Children who were
never bullied in primary or secondary school or occasionally bullied during one of these
time periods were coded as 0 (55.5%); children who were occasionally bullied during
primary and secondary school, or frequently bullied during one of these time periods
were coded as 1 (35.6%); and children who were frequently bullied at both primary and
secondary school were coded as 2 (8.9%).

Physical and sexual harm by an adult. When the twins were aged 5, 7, 10 and 12,

their mothers were interviewed about each twins’ experience of intentional harm by an
adult. At age 5 we used the standardized clinical protocol from the MultiSite Child
Development Project (Dodge et al., 1990; Lansford et al., 2002). At ages 7, 10, and 12
this interview was modified to expand its coverage of contexts for child harm. Interviews
were designed to enhance mothers’ comfort with reporting valid child maltreatment

information, while also meeting researchers’ responsibilities for referral under the U.K.
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Children Act. Specifically, mothers were asked whether either of their twins had been
intentionally harmed (physically or sexually) by an adult or had contact with welfare
agencies. If caregivers endorsed a question, research workers made extensive notes on
what had happened, and indicated whether physical and/or psychological harm had
occurred. Under the U.K. Children Act, our responsibility was to secure intervention if
maltreatment was current and ongoing. Such intervention on behalf of E-Risk families
was carried out with parental cooperation in all but one case. No families left the study
following intervention. Over the years of data collection, the study developed a
cumulative profile for each child, comprising the caregiver reports, recorded debriefings
with research workers who had coded any indication of maltreatment at any of the
successive home visits, recorded narratives of the successive caregiver interviews, and
information from clinicians whenever the Study team made a child-protection

referral. The profiles were reviewed at the end of the age—12 phase by two clinical
psychologists. Inter-rater agreement between the coders was 90% for cases for whom
maltreatment was identified (100% for cases of sexual abuse), and discrepantly coded
cases were resolved by consensus review. These were coded as: 0 = no physical harm at
any age; 1 = probable physical harm at any age; and 2 = definite physical harm at any
age. There were 15.0% of children coded as probably being exposed to physical harm and
5.1% as definitely physically harmed by 12 years of age. There were 1.5% of the children
coded as being exposed to sexual abuse.

Emotional abuse and neglect were coded from research workers’ narratives of the

home visits at ages 5, 7, 10, and 12. We coded quite severe examples of parental behavior

observed. For example, a mother who had schizophrenia screamed and swore at the
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children throughout the home visit. As another example, a father who was drunk during
the home visit repeatedly spoke abusively to the children in front of the research workers.
We found that coders could not empirically separate emotional abuse and emotional
neglect in a reliable way and thus such experiences were coded together as emotional
abuse/neglect. Inter-rater agreement between the coders exceeded 85% for cases with
emotional abuse and neglect, and discrepant cases were resolved by consensus review.
Children with no evidence of emotional abuse/neglect were coded as 0 (88.3%), those
where there was some indication of emotionally inappropriate/potentially abusive or
neglectful behavior were coded as 1 (8.7%), and where there was evidence of severe
emotional abuse/neglect the children were coded as 2 (3.0%).

Physical neglect. The cumulative observations of the physical state of the home

environment documented by the research workers during home visits to the twins at ages
5, 7, 10 and 12 were reviewed by two raters for evidence of physical neglect. This was
defined as any sign that the caretaker was not providing a safe, sanitary, or healthy
environment for the child. This included the child not having proper clothing or food, as
well as grossly unsanitary home environments. (However, this did not include a family
living in a deprived or crime-ridden neighborhood.) Inter-rater agreement between the
coders was 85%, and discrepantly coded cases were resolved by consensus review.
Children with no evidence of physical neglect were coded as 0 (90.9%), those for whom
there was an indication of minor physical neglect were coded as 1 (7.1%), and where

there was evidence of severe physical neglect the children were coded as 2 (2.0%).

201



A.2 Assessment of victimization in adolescence

We have previously reported evidence on the reliability and validity of our
measurement of adolescent victimization (Fisher et al., 2015). Here we summarize the
method.

Within each pair of twins in our cohort, co-twins were interviewed separately at
age 18 by a different research worker and were assured of the confidentiality of their
responses. The participants were advised that confidentiality would only be broken if
they told the research worker that they were in immediate danger of being hurt, and in
such situations the project leader would be informed and would contact the participant to
discuss a plan for safety.

Our adapted version of the JVQ comprised 5 questions asking about
maltreatment, 5 about neglect, 7 about sexual victimization, 6 about family violence, 10
about peer/sibling victimization, 3 about internet/mobile phone victimization, and 9 about
crime victimization. Each JVQ question was asked for the period ‘since you were 12°.
Participants were given the option to say “yes” or “no” as to whether each type of
victimization had occurred in the reporting period. Research workers could rate each item
“maybe” if the participant seemed unsure or hesitant in their response or they were not
convinced that the participant understood the question or was paying attention. Iltems
rated as “maybe” were recoded as “no” or “yes” by the rating team based on the notes
provided by the research workers. When insufficient notes were available, these
responses were recoded conservatively as a “no”. Consistent with the JVQ manual
(Finkelhor et al., 2011; Hamby et al., 2004), participants were coded as 1 if they reported

any experience within each type of victimization category, or 0 if none of the experiences
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within the category were endorsed. If an experience was endorsed within a victimization
category, follow-up questions were asked concerning how old the participant was when it
(first) happened, whether the participant was physically injured in the event, whether the
participant was upset or distressed by the event; and how long it went on for (by marking
the number of years on a Life History Calendar; Caspi et al., 1996). In addition, the
interviewer wrote detailed notes based on the participant’s description of the worst event.
If multiple experiences were endorsed within a victimization category, the participant
was asked to identify and report about their worst experience.

All information from the JVQ interview was compiled into victimization dossiers.
Using these dossiers, each of the seven victimization categories was rated by an expert in
victimology and 3 other members of the E-Risk team who were trained on using the
rating criteria. Ratings were made using a 6-point scale: 0 = not exposed, then 1-5 for
increasing levels of severity. The anchor points for these ratings were adapted from the
coding system used for the Childhood Experience of Care and Abuse interview (CECA,
Bifulco et al., 1994a; Bifulco et al., 1994n), which has good inter-rater reliability (Bifulco
et al., 1994a; Bifulco et al., 1997). The CECA is a comprehensive semi-structured
interview whose standardized coding system attempts to improve the objectivity of
ratings by basing them on the coder’s perspective (rather than relying on the participant’s
judgment) and focusing on concrete descriptions rather than perceptions or emotional
responses to the questions, together with considering the context in which the adverse
experience occurred.

In our adapted coding scheme, the anchor points of the scale differ for each

victimization category, with some focused more on the severity of physical injury that is
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likely to have been incurred during victimization exposure (crime victimization, family
violence, maltreatment), while others are more focused on the frequency of occurrence of
victimization (peer/sibling victimization and internet/mobile phone victimization), the
physical intrusiveness of the event (sexual victimization), or the pervasiveness of the
effects of victimization (neglect). This reflects the different ways in which severity has
previously been defined for different types of victimization (Barnett et al., 1993; Bifulco
et al., 1994a). (Given that our sample comprises twins, we also coded if any of the
victimization events experienced by each twin had been perpetrated by their co-twin, as it
is possible that growing up with a genetically related, same-age child could increase or
decrease sibling victimization rates.) Each twin’s dossier was evaluated separately and
we did not use information provided in the co-twin’s dossier about their own or shared
victimization experiences to rate direct or witnessed violence exposure for the target
twin. High levels of inter-rater reliability were achieved for the severity ratings for all
forms of victimization: crime victimization (intra-class correlation coefficient [ICC] =
0.89, p < 0.001), peer/sibling victimization (ICC = 0.91, p < 0.001), internet/maobile
phone victimization (ICC = 0.90, p < 0.001), sexual victimization (ICC = 0.87, p <
0.001), family violence (ICC =0.93, p < 0.001), maltreatment (ICC = 0.90, p < 0.001),
and neglect (ICC =0.74, p < 0.001).

The ratings for each type of victimization were then grouped into three classes: 0
— no exposure (score of 0), 1 — some exposure (score of 1, 2 or 3), and 2 — severe
exposure (score of 4 or 5) due to small numbers for some of the rating points. Combining

ratings of 4 and 5 is also consistent with previous studies using the CECA, which have
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collapsed comparable scale values to indicate presence of “severe” abuse (e.g., Bifulco et

al., 1994; Bifulco et al., 1997; Bifulco et al., 1998; Fisher et al., 2011).
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