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Abstract

Background: The interaction of polygenic risk (PRS) and environmental effects on
development of bipolar disorder (BD) is understudied, as are high-risk offspring
perceptions of their family environment (FE). We tested the association of
offspring-perceived FE in interaction with BD-PRS on liability for BD in offspring at
high or low familial risk for BD.

Methods: Offspring of a parent with BD (oBD; n = 266) or no psychiatric disorders
(n = 174), aged 12-21 at recruitment, participated in the US and Australia.
Empirically-derived profiles of FE classified offspring by their perceived levels of
familial cohesion, flexibility, and conflict. Offspring BD-PRS were derived from
Psychiatric Genomics Consortium BD-GWAS. Lifetime DSM-IV bipolar disorders
were derived from the Schedule for Affective Disorders and Schizophrenia for
School-Aged Children. We used a novel stepwise approach for latent class modeling
with predictors and distal outcomes.

Results: Fifty-two offspring were diagnosed with BD. For those with well-
functioning FE (two-thirds of the sample), higher BD-PRS tracked positively with
liability for BD. However, for those with high-conflict FEs, the relationship be-
tween BD-PRS and liability to BD was negative, with highest risk for BD observed
with lower BD-PRS. In exploratory analyses, European-ancestry offspring with
BD had elevated history of suicidal ideation in high-conflict FE compared
to well-functioning-FE, and of suicide attempt with low-BD-PRS and high-
conflict FE.

Conclusions: The data suggest that the relationship of BD-PRS and offspring liability
for BD differed between well-functioning versus high-conflict FE, potentially in line
with a multifactorial liability threshold model and supporting future study of and

interventions improving family dynamics.
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Decades of genetic inquiry have demonstrated that bipolar disorder
(BD) is a complex disorder with genetic and environmental risk fac-
tors, and family history remains its strongest known predictor
(Craddock & Sklar, 2013). One model that has been proposed for in-
heritance of complex disorders is the multifactorial liability threshold
model. The assumption, building on diathesis-stress models, is that
liability for a disorder is a continuum, and that when an individual's
combined liability from multiple factors crosses an unobserved
threshold, he or she will develop the disorder (Gottesman &
Shields, 1967; McGue et al., 1983). Genetic susceptibility may vary for
an individual depending on gene expression and the environment to
which they are exposed. However, disambiguation of the relative ef-
fects of genes and environment in family studies is challenging, and
there is little literature on polygenic-environmental interaction ef-
fects on liability (Uher & Zwicker, 2017; Visscher & Wray, 2015).

Genetics have been shown to play a substantial role in conferring
risk for BD (Craddock & Sklar, 2013; Mullins et al., 2021; Stahl
et al.,, 2019). Common single-nucleotide polymorphism (SNP) variants
associated with BD are of small individual effect at the population-
level, but they additively increase risk and together are estimated
to account for 17%-23% of the genetic variance in risk for BD
(Mullins et al., 2021; Stahl et al., 2019). In turn, these BD-associated
SNPs may be used to create a polygenic risk score (PRS), which may
be used as a measure of genetic burden (Fullerton & Nurn-
berger, 2019; Wray et al., 2014), although PRS alone are not suffi-
ciently informative to predict future disorders. While PRS have their
limitations—explaining 4%-5% of the phenotypic variance on the li-
ability scale for BD (Mullins et al., 2021; Stahl et al., 2019) and
typically ignoring higher-order gene-gene and gene-environment in-
teractions and other classes of genetic variation—they can be a useful
tool to quantify genomic risk load and to explore relationships with
other risk factors.

Among non-genetic influences, family environment (FE) is pivotal.
Parental care has been shown to influence brain and neuroendocrine
development including stress responsivity, and excessive interper-
sonal stress has been implicated in the onset, recurrence, severity, and
excess morbidity associated with BD (Hodgins et al., 2002; Lippard &
Nemeroff, 2020; Miklowitz & Chung, 2016; Post & Leverich, 2006;
Shakiba et al., 2020). Offspring of BD parents are at 8-10 fold
increased risk of developing BD (Craddock & Sklar, 2013) and overall
increased risk of developing mood and psychiatric disorders (Hodgins
et al., 2002; Rasic et al., 2014) compared to offspring of parents
without psychiatric disorders, yet most high-risk offspring do not
themselves develop BD. Thus parent-child relationships, and FE more
generally, may elucidate environmental influences on risk of psycho-
pathology, and modifiable targets for prevention. Findings from a
systematic review of prospectively-measured FE and offspring psy-
chiatric disorders demonstrated that parents with BD report lower
family cohesion than parents without psychiatric disorders, as well as
higher conflict when offspring have BD rather than being unaffected,
however offspring perceptions of the FE have been understudied
(Stapp, Mendelson et al., 2020). We sought to clarify these relation-
ships in a multi-site collaborative study of adolescent and emerging
adult offspring of parents with BD and of controls, by testing the
relationship of offspring-perceived FE in interaction with BD-PRS on

liability for offspring BD.

Key points

e Family history is the strongest known predictor of bi-
polar disorder (BD), with genetics and family environ-
ment (FE) being key influences on high-risk offspring.

e We demonstrate that FE and polygenic risk for BD (BD-
PRS) interact to confer liability for BD, especially among
offspring identifying paternal-conflict compared to well-
functioning FE.

o Affected offspring with low-BD-PRS/high-conflict-FE
had increased suicidal ideation and attempt

e A small but converging body of evidence is consistent
with the liability threshold model, whereby lower poly-
genic burden in the presence of interpersonal environ-
mental risk (i.e., multifactorial) is associated with
increased mood disorder liability; replication is needed.

e Clinically, these results support focusing on modifiable
domains of FE, such as reducing communication conflict
and improving family cohesion and adaptability.

METHODS
Participants and procedures

The study sample consists of 440 participants in the US and Australia
aged 12-21 years at time of recruitment from 2006 to 2013 into a
prospective study of adolescents at high (n = 266) or low (n = 174)
familial risk for BD (Nurnberger et al., 2011; Perich et al., 2015).
Offspring at familial high-risk for BD were identified through pro-
bands with DSM-1V bipolar | disorder (BD-I), bipolar Il disorder (BD-
11), or schizoaffective disorder bipolar type (SAB) from the NIMH
Genetics Initiative bipolar sample and other genetic studies, specialty
clinics, and the general public. Control participants were recruited
from general practitioners, motor vehicle records, and advertising,
excluding individuals with a parent or sibling with BD-I, BD-II, recur-
rent major depression (MDD), schizoaffective disorder, schizophrenia,
recurrent substance abuse, or any psychiatric hospitalizations, or
whose parent had a first-degree relative with a history of psychosis or
hospitalization for a mood disorder. Parent diagnostic status was
confirmed using the Diagnostic Interview for Genetic Studies (Nurn-
berger et al., 1994). Although participants in the primary study also
included siblings and second-degree relatives of BD probands, the
current analysis focuses specifically on offspring (“oBD”) because of
our interest in the parent-child relationship. In some families, multiple

offspring participated, and this was accounted for in analyses.

Ethical considerations

Institutional Review Boards approved the research at each of the
four US sites, and the University of New South Wales Human
Research Ethics Committee approved the research at the Australian

site. Written informed consent was obtained for all adult participants,



BIPOLAR POLYGENIC-FAMILY ENVIRONMENT RISK

or assent with parental consent for participants under age 18 in the
US and 17 in Australia, after receiving a complete description of the
study.

Measures
Outcome: Offspring bipolar disorder

Offspring were interviewed by extensively trained clinicians using the
Schedule for Affective Disorders and Schizophrenia for School-Aged Chil-
dren, bipolar disorder version (K-SADS-BP) (Nurnberger et al., 2011).
Lifetime DSM-IV disorders were confirmed by best-estimate
consensus of two clinicians using direct interviews of offspring and
parents and medical history records. A binary primary outcome vari-
able of BD was created using all available information, which included
BD-I, SAB, BD-II, and BD not otherwise specified (BD-NOS) subtypes.
Generally BD-NOS was diagnosed only if the participant approached
criteria for BD-ll but had one fewer symptom in hypomanic and
depressive categories; diagnoses of mania were made by consensus,
with strict adherence to DSM-IV criteria (Nurnberger et al., 2011).

Diagnoses were available for 93% of the offspring.

Exposure: Family environment profiles

We previously identified three latent profiles of offspring-perceived
FE (Stapp et al., 2019), accounting for within-family clustering. The
FE profiles were derived from children's reports on conflict with their
mothers and fathers using the Conflict Behavior Questionnaire (CBQ)
(Prinz et al., 1979); family adaptability and cohesion subscales using
the Family Adaptability and Cohesion Evaluation Scales, version Il
(FACES-II) (Olson et al., 1982); and factor scores for maternal warm
engagement and permissiveness from the Home Environment Inter-
view for Children (HEIC) (Reich & Earls, 1984). For the HEIC, youth
reported on the past year if currently living with their biological
parent(s), or the last year they lived together if currently living apart.
For the CBQ and FACES, the timeframe for describing family or
relationships was current at assessment, without an exact period
specified. High-risk and control offspring were modeled together and
present in all FE profiles. The largest group of offspring (67.7%)
perceived FE characterized by nurturance, flexibility, and low conflict
(“well-functioning”), whereas the two smaller profiles were charac-
terized by low warmth and cohesion, rigidity, and high conflict. Of
the latter, a medium-sized group (20.8%) clustered together based on
high conflict with father and low family cohesion and flexibility
(“paternal-conflict”), and the smallest group (11.5%) clustered
together based on very high conflict and rigidity in the mother-child

relationship (“maternal-conflict”).

Exposure: Genetic risk

Genotyping
DNA extraction and genotyping of the cohort has been described
elsewhere (Fullerton et al., 2015; Wilcox et al., 2017). Peripheral

blood samples were collected from offspring for DNA extraction, and
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genome-wide SNP genotyping was conducted using the Infinium
PsychArray BeadChip (lllumina). Standard PGC pipelines were
employed for genotype calling and quality control, and successfully
genotyped SNPs had a pass rate of 99.6%. Genotype imputation
procedures are detailed in the Supplemental Methods in the Sup-
porting Information S1.

Principal component analysis (PCA) was performed in PLINK
v1.90 (Purcell et al., 2007) using 164,680 independent SNPs, and
genetic ancestry was defined based on the first two principal com-
ponents (C1 and C2). Individuals with C1 and C2 values within one
standard deviation (SD) of the mean of 1000 Genomes reference
populations (EUR, EAS, AFR) were categorized as originating from
those populations, whereas participants with PCA values between
those defined groups were described as mixed-ancestry. Genotype-
derived ancestry was available for 91% of the sample, with the

genotyped sample being predominantly European (82%; Table 1).

Bipolar disorder polygenic risk scores (BD-PRS)

Disease-associated SNPs and effect sizes were obtained from the
PGC2-BD discovery sample (Stahl et al., 2019), after excluding cohorts
known to contain relatives of this study's participants (i.e., BMAU,
GAIN, MICH, FAT2), in inverse-variance weighted meta-analysis using
METAL (Willer et al., 2010), retaining 18,106 BD cases and 27,403
controls of European descent. PRSice v2 software (Choi et al., 2020)
was used to create the additive PRS score for independent SNPs,
weighted by the log odds ratio of disease-association. The p-value
threshold that best distinguished BD-status in a larger European-
ancestry adult cohort (n = 216 BD cases vs. n = 120 controls) was
pr < 0.03, which included 60,993 SNPs (R? = 0.046, p = 8.35e—05).
Genotype data were available for 91% of the offspring. The BD-PRS
was standardized separately within the European-ancestry subgroup
for main latent analyses presented herein, and in the full offspring
sample for sensitivity analyses (“diverse-ancestry” models; see Sup-
porting Information S1). We controlled for offspring genotype-derived
ancestry using PCA C1 and C2 in all models, as well as categorical
PCA-derived ancestry (European, Mixed Asian, Asian, Mixed African,
and African) in diverse-ancestry models to account for differences in
linkage disequilibrium structures, in addition to genetic admixture

within and across ancestries.

Statistical analysis

We performed latent modeling in Mplus version 8.7 (Muthén &
Muthén, 1998-2017), using full information maximum likelihood and
accounting for familial clustering. Sample statistics and regression
using generalized estimating equations (GEE) to account for sibling
relatedness were calculated using Stata Version 15 (StataCorp,
2017). Data on self-reported demographic characteristics were
complete (Table 1).

To test effects of FE and BD-PRS on offspring BD, we used a
stepwise approach for latent class modeling with predictors and
distal outcomes (Masyn, 2017). This approach builds on the manual
“BCH” method (Asparouhov, 2014) for auxiliary outcomes in Mplus.
In contrast to one-step approaches, this three-step approach adjusts
for covariate effects on both the categorical latent classes (exposure)

and dichotomous outcomes. After the final unconditional latent
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TABLE 1 Sample characteristics for offspring in the bipolar high-risk study.

Total sample (n = 440)

Age, mean years + SD 16.74 + 2.85
Sex, n (%)
Male 226 (51.36)
Female 214 (48.64)
Country, n (%)
United States 320 (72.73)
Australia 120 (27.27)
Self-reported race, n (%)
White 392 (89.09)
Non-white 48 (10.91)
PCA-derived ancestry, n (%) n = 399
European 327 (81.95)
Mixed Asian 19 (4.76)
Asian 8 (2.01)
Mixed African 12 (3.01)
African 33 (8.27)
Bipolar polygenic risk score n =399
zBD-PRS, mean + SD 1.82e-09 + 1

By PCA-derived ancestry

European —0.35959 + 0.2015069
Mixed Asian —0.1487443 + 0.3721557
Asian 0.3340818 + 0.1202569

Mixed African 1.403639 + 0.5593152

African 3.057447 + 0.3064666
n =410
Bipolar disorders, n (%) 52 (12.68)
Bipolar-1 13 (25.00)
Schizoaffective disorder bipolar type 1(1.92)
Bipolar-II 17 (32.69)
Bipolar not otherwise specified 21 (40.38)

High-risk (n = 266) Controls (n = 174)

16.59 + 2.84 16.96 + 2.87
136 (51.13) 90 (51.72)
130 (48.87) 84 (48.28)
194 (72.93) 126 (72.41)
72 (27.07) 48 (27.59)
243 (91.35) 149 (85.63)
23 (8.65) 25 (14.37)
n =244 n =155
218 (89.34) 109 (70.32)
9 (3.69) 10 (6.45)

0 (0) 8 (5.16)

10 (4.10) 2(1.29)

7 (2.87) 26 (16.77)
n =244 n =155

-0.17017 £+ 0.72081 0.26788 + 1.2831

—0.3613794 + 0.187475 —0.3560112 + 0.2278782
—0.0714711 £+ 0.3270439 —0.2182901 + 0.4130146
= 0.3340818 + 0.1202569

1.587564 + 0.3955563 0.4840152 + 0.0573329

3.146703 £ 0.2577897 3.033417 + 0.3184954

n =250 n = 160
47 (18.80) 5(3.12)

12 (25.53) 1 (20.00)
1(2.13) 0(0)

15 (31.91) 2 (40.00)
19 (40.43) 2 (40.00)

Note: BD-PRS, bipolar disorder polygenic risk score based on disease associated SNPs from Psychiatric Genomics Consortium Wave 2 (Stahl et al., 2019)

at p-value threshold <0.03. Percentages are within column.

Abbreviations: PCA, principal components analysis; SD, standard deviation.

profile analysis model is specified, individuals are classified into their
most likely profiles using posterior probabilities and classification
errors are calculated (modal classification). Then, the modal latent
profiles with fixed classification errors are regressed on covariates
and distal outcomes, adjusting for the effects of those covariates on
the distal outcomes (Masyn, 2017) (see Figure S1).

We conducted Wald and pairwise tests of model significance for
differences in prevalence of offspring BD across FE profiles, adjusting
for the influence of age, sex, genetic ancestry, and BD-PRS. Inter-
action models additionally tested associations of within-profile BD-
PRS on BD. Models adjusting for site (US vs. Australia), self-
reported race, or family history of parental BD were not appre-
ciably different in patterns and directionality of findings, and these

were excluded from main analyses. Alpha was set at 0.05 using two-
tailed tests. Analyses presented in the main text were run in
European-ancestry offspring (n = 327) using BD-PRS standardized
within European-ancestry offspring to ensure results were not
influenced by population stratification, and parallel analyses in the
full diverse-ancestry sample are presented in full in the Supporting

Information S1 and briefly discussed herein.

Post-hoc analyses of clinical features

In European-ancestry offspring with BD, we explored prevalence of

baseline history of DSM-IV alcohol or drug abuse or dependence
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(Hulvershorn et al., 2017) and lifetime suicide ideation or attempt
(Wilcox et al., 2017) by their FE and/or BD-PRS exposure. Offspring
were dichotomized based on BD-PRS as high (top two quintiles) or
low (bottom three quintiles) (see Figure S2); in dichotomizing by
BD-PRS, we conducted these analyses in European-ancestry only to
avoid potential population stratification (see Figure S3 for graphical
BD-PRS distributions in each of 5 genetic ancestry categories).
Offspring were assigned to their most likely FE profile (“hard clas-
sifying”) in Mplus, and then dichotomized as well-functioning
or “high-conflict” (combining paternal- and maternal-conflict pro-
files) in Stata. Frequency of clinical features were compared
across combinations of exposures and tested using Pearson's chi-
square (all offspring with BD were unrelated, thus GEE was not

used).

RESULTS
Sample characteristics

The study sample included 440 participants (representing 292 fam-
ilies) modeled together: 266 oBD and 174 controls (Table 1). Par-
ticipants ranged in age from 12 to 22 years at time of initial interview
(mean = 16.74, SD = 2.85), approximately half were male, and oBD
and controls did not differ significantly on age, sex, or self-reported
race. Fifty-two offspring received a diagnosis of BD (47 oBD, 5
control). The Supporting Information S1 contains mean BD-PRS
stratified by parent group (p = 0.281) and offspring affected status
(see Table S1).

Effects of family environment and BD-PRS on
offspring bipolar disorder

In the gene-environment interaction model (Table 2, right), 11.8%
of offspring with well-functioning FE, 22.5% with paternal-conflict, and
18.6% with maternal-conflict were diagnosed with BD (Wald =
4290, p = 0.117). A notably larger proportion of offspring with
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paternal-conflict had BD compared to offspring with well-functioning
FE (z=0.857, p = 0.055).

Directionality between BD-PRS and BD among offspring with
well-functioning FE (odds ratio [OR] = 1.28, 95% confidence interval
[Cl] = 0.80-2.05, p = 0.302) differed from those with paternal-
conflict, in whom a 1SD increase in BD-PRS was marginally
inversely associated with offspring BD (OR = 0.54, 95% CI| = 0.27-
1.11, p = 0.093); for maternal-conflict the effect was similar though
not significant (OR = 0.61, 95% Cl = 0.16-2.28, p = 0.458). Thus, with
lower BD-PRS, highest risk for BD was among those with high-
conflict FEs, in stark contrast to those with well-functioning FE

(Figure 1).

Sensitivity analyses

In diverse-ancestry offspring, general patterns and directionality
persisted (see Table S2 and Figure S4). As would be expected given
the increase in sample size, effects were stronger for the overall
gene-environment interaction (Wald = 8.118; p = 0.017) and be-
tween BD-PRS and paternal-conflict compared to well-functioning
FE (z = 5.013, p = 0.011) on offspring BD. Additionally, interaction
analyses in European-ancestry offspring further adjusted for self-
reported race and parental BD are displayed in Figure S5, with
attenuation of liability among offspring with well-functioning FE but

overall similar findings.

Clinical features of offspring BD

In European-ancestry offspring with BD, we observed a pattern of
significantly elevated prevalence of suicidal ideation in those with
high-conflict-FE compared to well-functioning-FE, irrespective of
BD-PRS (see Table S3). We also found a pattern of significantly
elevated suicide attempt in those with low-BD-PRS, which was more
pronounced in the presence of high-conflict-FE but also elevated in
the context of well-functioning-FE (see Table S3). History of SUDs
was not different across FE/BD-PRS groups.

TABLE 2 Family environment and its interaction with bipolar polygenic risk score on offspring bipolar disorders in European-ancestry

offspring.

Model Significance tests
Overall Wald and pairwise z

Proportion

Family environment profile Main effect of FE

Wald = 3.117, p = 0.2104
Well-Functioning -
Paternal Conflict z=0.796,p =0.112

Maternal Conflict z=0.752,p =0.198

BD-PRS x FE interaction (n) with diagnosis

Wald = 4.290, p = 0.1171

= 0.118 (26)
z=0.857, p =0.055% 0.225 (15)
z = 0.748, p = 0.300? 0.186 (7)

Note: BD-PRS based on disease associated SNPs from Psychiatric Genomics Consortium Wave 2 (Stahl et al., 2019) at p-value threshold p < 0.03
standardized in European-ancestry offspring only. Main effects model adjusted for offspring age, sex, genetic ancestry (first two components of
continuous PCA-derived genetic ancestry), and BD-PRS. Interaction models adjusted for offspring age, sex, and genetic ancestry. N's are estimates

based on posterior probabilities rounded to the nearest whole number.

Abbreviations: BD-PRS, bipolar polygenic risk score; FE, family environment; PCA, principal component analysis.

Statistical test of the significance of the interaction term of specific FE class with mean BD-PRS.
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FIGURE 1 Estimated probability of bipolar disorder diagnosis by zBD-PRS across three latent profiles of family environment in European-
ancestry offspring, adjusted for age, sex, and genetic ancestry. BD-PRS, bipolar polygenic risk score.

DISCUSSION

In offspring at high or low familial risk for BD, our data suggest that
family environment and polygenic risk for BD interact to increase
liability for offspring BD. Importantly, BD-PRS tracked inversely with
liability for BD among offspring identifying high-conflict FE, partic-
ularly paternal-conflict (low cohesion and flexibility, high father-child
conflict), in contrast to offspring reporting well-functioning FE (warm,
flexible, low conflict). Additionally, among European-ancestry
offspring with BD, suicidal ideation was elevated in those with
high-conflict-FE, and suicide attempt was elevated in those with
lower BD-PRS.

Our finding of a negative interaction between FE and BD-PRS is
consistent with the report of a negative gene-environment interac-
tion between MDD-PRS and history of childhood trauma on
depression. Mullins and colleagues (Mullins et al., 2016) found that
individuals with depression and a history of moderate or severe
childhood trauma tended to have lower PRS than other cases or
controls, and suggested that problematic environmental exposure
(childhood trauma) may be more important in the development of
depression among individuals with lower genetic risk than for those
with higher genetic risk. A subsequent meta-analysis suggested
trauma-genetic interactions in the depression literature may have

been due to chance, although re-analysis of the Mullins sample
individually using a larger discovery sample for PRS confirmed the
original findings (Peyrot et al., 2018). Additionally, in over 400 adults
with BD, higher reported levels of childhood emotional abuse were
associated with lower BD-PRS, and an interaction was observed such
that patients with both higher total maltreatment and lower BD-PRS
presented with a higher risk of rapid cycling (Aas et al., 2020). Our
multi-measure construct of FE focused on familial climate overall, not
limited to abuse, per se—the latter of which is at the extreme
negative end of caregiving behaviors. That being said, some youth in
our study who experienced high levels of conflict, rigidity, and low
warmth may conceivably be experiencing FE that overlaps with
maltreatment, which has been shown to have detrimental effects on
health over the life course (Lippard & Nemeroff, 2020; Palmier-Claus
et al., 2016; Stapp, Williams et al., 2020). Taken together, a small but
converging body of evidence is consistent with the liability threshold
model, in which lower genetic burden, in the presence of environ-
mental stress (i.e., multifactorial), is associated with increased mood
and psychotic disorder liability (Schick et al., 2022; Tonini
et al, 2022). These findings are also somewhat consistent with
studies demonstrating the importance of early adversity and parent-
child relationship quality on differential stress responsivity and mood
(Rudolph et al., 2020; Shakiba et al, 2020). Further research,
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including independent replication, is needed to elucidate the role of
polygenic risk with interpersonal environmental impacts on youth
development and psychopathology (Uher & Zwicker, 2017).

The modest associations we observed may be due to the rela-
tively small number of offspring with BD, including a nontrivial
number with well-functioning FE. Maternal-conflict was not signifi-
cantly associated with offspring BD, possibly due to low represen-
tation of this FE corresponding with few diagnosed youth, although
the pattern of association aligned with paternal-conflict. Our sample
had not fully passed the mean age of onset for BD in the population
(Merikangas et al., 2011), warranting future clinical follow-up. Early-
onset BD, such as is captured herein, is associated with poorer
prognosis and clinical correlates compared to adult-onset BD (Perlis
et al., 2004). Consistent with this, we found that European-ancestry
offspring with BD with high-conflict-FE had elevated history of sui-
cidal ideation compared to well-functioning-FE, suggesting a poten-
tial buffering effect of positive FE. Additionally, while those with low-
BD-PRS had higher prevalence of suicide attempt in the presence of
high-conflict-FE, suicide attempt was slightly less prevalent among
those with well-functioning-FE. Though exploratory, our observa-
tions align with prior work highlighting the importance of severe
environmental stressors on suicide attempt in those at risk for BD
(Wilcox et al., 2017), and of poorer relationship quality with parents
being longitudinally associated with increased risk of suicide ideation
and attempt in youth with BD (Sewall et al., 2020).

The ability to identify features of the family environment, such as
communication conflict, that are modifiable and to harness that
knowledge for interventions that may prevent, lessen, or heal inter-
generational risk processes is a public health priority (Raballo
et al., 2021; Stapp, Mendelson et al., 2020). For example, family-
focused therapy (FFT) has been shown to hasten recovery and
reduce mood symptom severity and recurrence in BD, particularly
among families high in expressed emotion (high criticism, hostility,
and enmeshment) (Miklowitz & Chung, 2016). In symptomatic youth
at familial high-risk for BD, FFT was associated with longer intervals
to depression relapse (Miklowitz, Schneck et al., 2020) and without
suicidal behaviors compared to enhanced care (Miklowitz, Merranko
et al., 2020). Youth receiving FFT perceived significantly less conflict
with their mothers, and family conflict significantly mediated the
effects of treatment on suicide ideation at follow-up, even when
adjusting for current depression symptom severity. Our multi-
method measurement of FE, though not identical to expressed
emotion, is easily obtained via offspring-report.

By definition, our measure of genetic burden encompasses only
common SNP-based genetic variation, however different classes of
genomic variation may contribute to BD risk and differentially
mediate relationships with environmental factors. For example, BD is
associated with increased rare variant burden (Goes et al., 2016), and
epigenetic mechanisms likely mediate alterations in gene expression
due to early life adversity (Lippard & Nemeroff, 2020). It is possible
that common variants that are protective in a well-functioning family
may be vulnerability factors in a conflicted family. Likewise, there
may be genetically-influenced characteristics such as enhanced
threat-detection or altered perceptions thereof that are initially
protective in high-conflict environments (Shakiba et al., 2020).
Disease-associated SNPs used to create PRS are based on their main

effect, but variants involved in gene-environment interactions may
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underestimate effect sizes within specific environmental contexts,
impacting predictive power of PRS in gene-environment studies
(Mullins et al., 2016); future research should seek to disentangle this.
Further, most of our affected offspring had BD-Il or BD-NOS,
whereas our BD-PRS was primarily derived from patients with BD-I|
(Stahl et al., 2019). Separate risk scores for mania and bipolar
depression or BD subtypes may therefore be informative, as there is
mounting evidence that factors influencing BD-I and BD-Il are
different (Merikangas et al, 2014; Mullins et al, 2021; Song
et al,, 2018; Stahl et al,, 2019; Vandeleur et al., 2014).

While we attempted to include a diverse genetic ancestry in this
work, employing PCA-derived ancestry variables in analyses, a pri-
mary limitation is the predominance of European-ancestry partici-
pants. This limited our ability to conduct sensitivity analyses in non-
European-ancestry participants and potentially limits generalizability,
though patterns and directionality of findings from European-
ancestry analyses largely paralleled diverse-ancestry analyses. This
lack of diversity affects the entire field of psychiatric genetics, with
transferability of European-centric GWAS findings to other pop-
ulations impacted by many factors (e.g., linkage disequilibrium, allele
frequencies, genetic architecture); however, there is growing effort
to increase diversity in large-scale genomics discovery (Peterson
et al, 2019). We also employed a p-value threshold approach in
generating PRS, but it is unclear exactly how many or which gene
combinations may serve as a tipping point in the pathway of devel-
oping BD; the gene effects need not be the same in different in-
dividuals and gene interactions may not be additive (Visscher &
Wray, 2015). Our family measures were self-rating scales and not
direct observations, which may provide alternative perspectives.
Additionally, our FE was measured at a single time point, prohibiting
causal attributions regarding directionality of FE and offspring mood.
Future research should address timing of family function in relation
to offspring BD due to reciprocal relations between family members.
Finally, over one-third of the offspring with BD received a diagnosis
of BD-NOS, which may affect interpretation of our findings when
considering potential subsequent transition to other BD subtypes or
disorders. However, BD-NOS deserves inclusion given its prepon-
derance in oBD, demonstrated impairment, and common transition to
BD-I or BD-Il (Axelson et al., 2011; Birmaher et al., 2021; Nurnberger
et al,, 2011).

CONCLUSION

Family dynamics are heterogeneous among youth at familial risk for
BD (Stapp et al., 2019; Stapp, Mendelson et al., 2020). These data,
from a well-characterized, international high-risk sample, suggest
different ways of crossing the liability threshold to develop early-
onset BD consistent with a multifactorial liability threshold model—
conflicted FE and lower BD-PRS were associated with significantly
higher liability for BD compared to well-functioning FE. Notably,
European-ancestry youth with BD and high-conflict-FE/low-BD-PRS
had increased history of suicidality compared to well-functioning FE.
While much previous work has focused on maltreatment, and others
have demonstrated different patterns of illness course linked to BD-
PRS by maltreatment interaction (Aas et al., 2020), we capture FE
more broadly and are the first to present the differential effect of
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BD-PRS on liability for BD in the high-risk context depending on FE.
These results support focusing on modifiable domains of FE, such as
reducing communication conflict and improving family cohesion and
adaptability, with the goal of contributing to adolescents' resilience
and reducing burden associated with BD.

AUTHOR CONTRIBUTIONS

Emma K. Stapp: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Project administration; Visualization;
Writing - original draft; Writing - review & editing. Janice M. Full-
erton: Funding acquisition; Methodology; Resources; Writing - re-
view & editing. Rashelle J. Musci: Methodology; Supervision;
Visualization. Peter P. Zandi: Conceptualization; Funding acquisition;
Supervision; Writing - review & editing. Melvin G. Mclnnis:
Conceptualization; Funding acquisition; Investigation; Resources;
Writing - review & editing. Philip B. Mitchell: Funding acquisition;
Investigation; Resources; Writing - review & editing. Leslie A. Hul-
vershorn: Resources; Writing - review & editing. Neera Ghaziuddin:
Investigation; Writing - review & editing. Gloria Roberts: Resources;
Writing - review & editing. Alessandra G. Ferrera: Investigation;
Writing - review & editing. John I. Nurnberger: Conceptualization;
Data curation; Funding acquisition; Investigation; Resources; Super-
vision; Writing - review & editing. Holly C. Wilcox: Conceptualiza-
tion; Funding acquisition; Investigation; Resources; Supervision;

Writing - review & editing.

CONFLICT OF INTEREST STATEMENT

John I. Nurnberger, MD, is an investigator for Janssen. Philip Mitchell
has received remuneration from Janssen (Australia) and Sanofi
(Hangzhou) for advisory board membership or lectures. The
remaining authors have declared that they have no competing or

potential conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study may be available on
request from the senior investigators. The data are not publicly
available due to privacy or ethical restrictions.

ETHICAL CONSIDERATIONS

Institutional Review Boards approved the research at each of the
four US sites, and the University of New South Wales Human
Research Ethics Committee approved the research at the Australian
site. Written informed consent was obtained for all adult participants,
or assent with parental consent for participants under age 18 in the
US and 17 in Australia, after receiving a complete description of the
study.

ORCID

Emma K. Stapp https://orcid.org/0000-0003-0628-0704

REFERENCES

Aas, M., Bellivier, F., Bettella, F., Henry, C., Gard, S., Kahn, J. P., Lagerberg,
T. V., Aminoff, S. R., Melle, 1., Leboyer, M., Jamain, S., Andreassen,
0. A, & Etain, B. (2020). Childhood maltreatment and polygenic risk
in bipolar disorders. Bipolar Disorders, 22(2), 174-181. https://doi.
org/10.1111/bdi.12851

Asparouhov, T. M. B.,, & Muthen, B. (2014, May 14). Auxiliary variables
in mixture modeling: Using the BCH method in Mplus to estimate

a distal outcome model and an arbitrary secondary model. Web
Note, 21.

Axelson, D. A., Birmaher, B., Strober, M. A., Goldstein, B. I., Ha, W, Gill,
M. K, Goldstein, T. R, Yen, S., Hower, H., Hunt, J. I, Liao, F., lyengar,
S., Dickstein, D., Kim, E., Ryan, N. D., Frankel, E., & Keller, M. B.
(2011). Course of subthreshold bipolar disorder in youth: Diagnostic
progression from bipolar disorder not otherwise specified. Journal of
the American Academy of Child & Adolescent Psychiatry, 50(10),
1001-1016.€3. https://doi.org/10.1016/j.jaac.2011.07.005

Birmaher, B., Merranko, J., Hafeman, D., Goldstein, B. I., Diler, R., Lev-
enson, J. C., Monk, K., lyengar, S., Hickey, M. B., Sakolsky, D., Axel-
son, D., & Goldstein, T. (2021). A longitudinal study of psychiatric
disorders in offspring of parents with bipolar disorder from pre-
school to adolescence. Journal of the American Academy of Child &
Adolescent Psychiatry, 60(11), 1419-1429. https://doi.org/10.1016/j.
jaac.2021.02.023

Choi, S. W., Mak, T. S., & O'Reilly, P. F. (2020). Tutorial: A guide to per-
forming polygenic risk score analyses. Nature Protocols, 15(9),
2759-2772. https://doi.org/10.1038/s41596-020-0353-1

Craddock, N., & Sklar, P. (2013). Genetics of bipolar disorder. The Lancet,
381(9878), 1654-1662. https://doi.org/10.1016/50140-6736(13)
60855-7

Fullerton, J. M., Koller, D. L., Edenberg, H. J., Foroud, T., Liu, H., Glowinski,
A. L., Mclnnis, M. G., Wilcox, H. C., Frankland, A., Roberts, G,
Schofield, P. R., Mitchell, P. B., & Nurnberger, J. |., Bipolar High Risk
Study Group, & BiGS Consortium. (2015). Assessment of first and
second degree relatives of individuals with bipolar disorder shows
increased genetic risk scores in both affected relatives and young at-
risk individuals. American Journal of Medical Genetics. Part B, Neuro-
psychiatric Genetics, 168(7), 617-629. https://doi.org/10.1002/ajmg.
b.32344

Fullerton, J. M., & Nurnberger, J. I. (2019). Polygenic risk scores in psy-
chiatry: Will they be useful for clinicians? F1000Res, 8, 1293. https://
doi.org/10.12688/f1000research.18491.1

Goes, F. S., Pirooznia, M., Parla, J. S., Kramer, M., Ghiban, E., Mavruk, S.,
Chen, Y. C., Monson, E. T., Willour, V. L., Karchin, R., Flickinger, M.,
Locke, A. E., Levy, S. E., Scott, L. J., Boehnke, M., Stahl, E., Moran, J. L.,
Hultman, C. M., Landen, M,, ... Potash, J. B. (2016). Exome sequencing
of familial bipolar disorder. JAMA Psychiatry, 73(6), 590-597. https://
doi.org/10.1001/jamapsychiatry.2016.0251

Gottesman, I. I., & Shields, J. (1967). A polygenic theory of schizo-
phrenia. Proceedings of the National Academy of Sciences of the
United States of America, 58(1), 199-205. https://doi.org/10.1073/
pnas.58.1.199

Hodgins, S., Faucher, B., Zarac, A., & Ellenbogen, M. (2002). Children of
parents with bipolar disorder. A population at high risk for major
affective disorders. Child and Adolescent Psychiatric Clinics of North
America, 11(3), 533-553, ix. https://doi.org/10.1016/s1056-4993
(02)00002-0

Hulvershorn, L. A, King, J., Monahan, P. O., Wilcox, H. C., Mitchell, P. B.,
Fullerton, J. M., Edenberg, H. J., Roberts, G. M., Kamali, M., Glo-
winski, A. L., Ghaziuddin, N., Mclnnis, M., lyer-Eimerbrink, P. A.,, &
Nurnberger, J. I., Jr. (2017). Substance use disorders in adolescent
and young adult relatives of probands with bipolar disorder: What
drives the increased risk? Comprehensive Psychiatry, 78, 130-139.
https://doi.org/10.1016/j.comppsych.2017.07.010

Lippard, E. T. C., & Nemeroff, C. B. (2020). The devastating clinical con-
sequences of child abuse and neglect: Increased disease vulnera-
bility and poor treatment response in mood disorders. American
Journal of Psychiatry, 177(1), 20-36. https://doi.org/10.1176/appi.ajp.
2019.19010020

Masyn, K. E. (2017). Measurement invariance and differential item func-
tioning in latent class analysis with stepwise multiple indicator
multiple cause modeling. Structural Equation Modeling: A Multidisci-
plinary Journal, 24(2), 180-197. https://doi.org/10.1080/10705511.
2016.1254049

McGue, M., Gottesman, I. I, & Rao, D. C. (1983). The transmission of
schizophrenia under a multifactorial threshold model. The American
Journal of Human Genetics, 35(6), 1161-1178. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/6650500


https://orcid.org/0000-0003-0628-0704
https://orcid.org/0000-0003-0628-0704
https://doi.org/10.1111/bdi.12851
https://doi.org/10.1111/bdi.12851
https://doi.org/10.1016/j.jaac.2011.07.005
https://doi.org/10.1016/j.jaac.2021.02.023
https://doi.org/10.1016/j.jaac.2021.02.023
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1016/s0140-6736(13)60855-7
https://doi.org/10.1016/s0140-6736(13)60855-7
https://doi.org/10.1002/ajmg.b.32344
https://doi.org/10.1002/ajmg.b.32344
https://doi.org/10.12688/f1000research.18491.1
https://doi.org/10.12688/f1000research.18491.1
https://doi.org/10.1001/jamapsychiatry.2016.0251
https://doi.org/10.1001/jamapsychiatry.2016.0251
https://doi.org/10.1073/pnas.58.1.199
https://doi.org/10.1073/pnas.58.1.199
https://doi.org/10.1016/s1056-4993(02)00002-0
https://doi.org/10.1016/s1056-4993(02)00002-0
https://doi.org/10.1016/j.comppsych.2017.07.010
https://doi.org/10.1176/appi.ajp.2019.19010020
https://doi.org/10.1176/appi.ajp.2019.19010020
https://doi.org/10.1080/10705511.2016.1254049
https://doi.org/10.1080/10705511.2016.1254049
https://www.ncbi.nlm.nih.gov/pubmed/6650500
https://orcid.org/0000-0003-0628-0704

BIPOLAR POLYGENIC-FAMILY ENVIRONMENT RISK

Merikangas, K. R., Cui, L., Heaton, L., Nakamura, E., Roca, C., Ding, J., Qin,
H., Guo, W., Yao-Shugart, Y., Zarate, C., & Angst, J. (2014). Inde-
pendence of familial transmission of mania and depression: Results
of the NIMH family study of affective spectrum disorders. Molecular
Psychiatry, 19(2), 214-219. https://doi.org/10.1038/mp.2013.116

Merikangas, K. R,, Jin, R, He, J. P., Kessler, R. C,, Lee, S., Sampson, N. A,,
Viana, M. C., Andrade, L. H., Hu, C., Karam, E. G,, Ladea, M., Medina-
Mora, M. E., Ono, Y., Posada-Villa, J., Sagar, R., Wells, J. E., & Zarkov,
Z.(2011). Prevalence and correlates of bipolar spectrum disorder in
the world mental health survey initiative. Archives of General Psy-
chiatry, 68(3), 241-251. https://doi.org/10.1001/archgenpsychiatry.
2011.12

Miklowitz, D. J., & Chung, B. (2016). Family-focused therapy for bipolar
disorder: Reflections on 30 Years of research. Family Process, 55(3),
483-499. https://doi.org/10.1111/famp.12237

Miklowitz, D. J., Merranko, J. A., Weintraub, M. J., Walshaw, P. D., Singh,
M. K,, Chang, K. D., & Schneck, C. D. (2020). Effects of family-focused
therapy on suicidal ideation and behavior in youth at high risk for
bipolar disorder. Journal of Affective Disorders, 275, 14-22. https://
doi.org/10.1016/j.jad.2020.06.015

Miklowitz, D. J., Schneck, C. D., Walshaw, P. D., Singh, M. K, Sullivan, A. E.,
Suddath, R. L., Forgey Borlik, M., Sugar, C. A, & Chang, K. D. (2020).
Effects of family-focused therapy vs enhanced usual care for
symptomatic youths at high risk for bipolar disorder: A randomized
clinical trial. JAMA Psychiatry, 77(5), 455-463. https://doi.org/10.
1001/jamapsychiatry.2019.4520

Mullins, N., Forstner, A. J., O'Connell, K. S., Coombes, B., Coleman, J.R. |.,
Qiao, Z., Als, T. D., Bigdeli, T. B, Borte, S., Bryois, J., Charney, A. W.,
Drange, O. K., Gandal, M. J,, Hagenaars, S. P., Ikeda, M., Kamitaki, N.,
Kim, M., Krebs, K., Panagiotaropoulou, G., ... Andreassen, O. A.
(2021). Genome-wide association study of more than 40,000 bipolar
disorder cases provides new insights into the underlying biology.
Nature Genetics, 53(6), 817-829. https://doi.org/10.1038/s41588-
021-00857-4

Mullins, N., Power, R. A., Fisher, H. L, Hanscombe, K. B., Euesden, J.,
Iniesta, R., Levinson, D. F., Weissman, M. M., Potash, J. B., Shi, J.,
Uher, R., Cohen-Woods, S., Rivera, M., Jones, L., Jones, |., Craddock,
N., Owen, M. J, Korszun, A, Craig, . W,, ... Lewis, C. M. (2016).
Polygenic interactions with environmental adversity in the aetiology
of major depressive disorder. Psychological Medicine, 46(4), 759-770.
https://doi.org/10.1017/50033291715002172

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus user's guide (8th ed.).
Muthén & Muthén.

Nurnberger, J. I, Jr., Blehar, M. C,, Kaufmann, C. A, York-Cooler, C.,
Simpson, S. G., Harkavy-Friedman, J., & Reich, T. (1994). Diagnostic
interview for genetic studies. Rationale, unique features, and
training. NIMH Genetics Initiative. Archives of General Psychiatry,
51(11), 849-859. Discussion 863-844. https://doi.org/10.1001/
archpsyc.1994.03950110009002

Nurnberger, J. 1., Jr., Mclnnis, M., Reich, W., Kastelic, E., Wilcox, H. C,,
Glowinski, A., & Monahan, P. O. (2011). A high-risk study of bipolar
disorder. Childhood clinical phenotypes as precursors of major mood
disorders. Archives of General Psychiatry, 68(10), 1012-1020. https://
doi.org/10.1001/archgenpsychiatry.2011.126

Olson, D. H., Bell, R. Q., & Portner, J. (1982). FACES II: Family adaptability
and cohesion evaluation scales. MN Life Innovations, Inc.

Palmier-Claus, J. E., Berry, K., Bucci, S., Mansell, W., & Varese, F. (2016).
Relationship between childhood adversity and bipolar affective
disorder: Systematic review and meta-analysis. British Journal of
Psychiatry, 209(6), 454-459. https://doi.org/10.1192/bjp.bp.115.
179655

Perich, T., Lau, P., Hadzi-Pavlovic, D., Roberts, G., Frankland, A., Wright, A.,
Green, M., Breakspear, M., Corry, J., Radlinska, B., McCormack, C.,
Joslyn, C,, Levy, F., Lenroot, R., Nurnberger Jnr, J. I., & Mitchell, P. B.
(2015). What clinical features precede the onset of bipolar disorder?
Journal of Psychiatric Research, 62, 71-77. https://doi.org/10.1016/j.
jpsychires.2015.01.017

Perlis, R. H., Miyahara, S., Marangell, L. B., Wisniewski, S. R., Ostacher, M.,
DelBello, M. P., Bowden, C. L., Sachs, G. S., Nierenberg, A. A., & In-
vestigators, S.-B. (2004). Long-term implications of early onset in

JCPP Advances @ | 9of10

bipolar disorder: Data from the first 1000 participants in the sys-
tematic treatment enhancement program for bipolar disorder
(STEP-BD). Biological Psychiatry, 55(9), 875-881. https://doi.org/10.
1016/j.biopsych.2004.01.022

Peterson, R. E., Kuchenbaecker, K., Walters, R. K., Chen, C. Y., Popejoy,
A. B., Periyasamy, S., Lam, M., lyegbe, C., Strawbridge, R. J., Brick, L.,
Carey, C. E., Martin, A. R.,, Meyers, J. L., Su, J., Chen, J.,, Edwards, A. C.,
Kalungi, A., Koen, N., Majara, L., ... Duncan, L. E. (2019). Genome-
wide association studies in ancestrally diverse populations: Oppor-
tunities, methods, pitfalls, and recommendations. Cell, 179(3),
589-603. https://doi.org/10.1016/j.cell.2019.08.051

Peyrot, W. J., Van der Auwera, S., Milaneschi, Y., Dolan, C. V., Madden,
P. A. F., Sullivan, P. F., Strohmaier, J., Ripke, S., Rietschel, M., Nivard,
M. G., Mullins, N., Montgomery, G. W., Henders, A. K., Heat, A. C,,
Fisher, H. L., Dunn, E. C., Byrne, E. M,, Air, T. A, Baune, B. T,, ...
Penninx, B. (2018). Does childhood trauma moderate polygenic risk
for depression? A meta-analysis of 5765 subjects from the psychi-
atric genomics Consortium. Biological Psychiatry, 84(2), 138-147.
https://doi.org/10.1016/j.biopsych.2017.09.009

Post, R. M., & Leverich, G. S. (2006). The role of psychosocial stress in the
onset and progression of bipolar disorder and its comorbidities: The
need for earlier and alternative modes of therapeutic intervention.
Development and Psychopathology, 18(4), 1181-1211. https://doi.org/
10.1017/50954579406060573

Prinz, R. J,, Foster, S., Kent, R. N., & O'Leary, K. D. (1979). Multivariate
assessment of conflict in distressed and nondistressed mother-
adolescent dyads. Journal of Applied Behavior Analysis, 12(4),
691-700. https://doi.org/10.1901/jaba.1979.12-691

Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M. A., Bender, D.,
Maller, J.,, Sklar, P., de Bakker, P. I, Daly, M. J., & Sham, P. C. (2007).
PLINK: A tool set for whole-genome association and population-
based linkage analyses. The American Journal of Human Genetics,
81(3), 559-575. https://doi.org/10.1086/519795

Raballo, A., Poletti, M., & Preti, A. (2021). Applying transgenerational
scientific evidence to the next Wave of early identification strategies
for psychopathological risk-transdiagnostic, developmental, and
personalized. JAMA Psychiatry, 78(10), 1067. https://doi.org/10.
1001/jamapsychiatry.2021.1901

Rasic, D., Hajek, T., Alda, M., & Uher, R. (2014). Risk of mental illness in
offspring of parents with schizophrenia, bipolar disorder, and major
depressive disorder: A meta-analysis of family high-risk studies.
Schizophrenia Bulletin, 40(1), 28-38. https://doi.org/10.1093/schbul/
sbt114

Reich, W., & Earls, F. (1984). Home environment interview for children
(parent and child versions). Washington University.

Rudolph, K. D., Davis, M. M., Modi, H. H., Fowler, C., Kim, Y., & Telzer, E. H.
(2020). Differential susceptibility to parenting in adolescent girls:
Moderation by neural sensitivity to social cues. Journal of Research on
Adolescence, 30(Suppl 1), 177-191. https://doi.org/10.1111/jora.
12458

Schick, A., van Winkel, R, Lin, B. D., Luykx, J. J., de Zwarte, S. M. C,, van
Eijk, K. R., GROUP Investigators, Myin-Germeys, |., & Reininghaus, U.
(2022). Polygenic risk, familial liability and stress reactivity in psy-
chosis: An experience sampling study, Psychological Medicine. 1-10.
https://doi.org/10.1017/50033291721004761

Sewall, C. J. R, Girard, J. M., Merranko, J., Hafeman, D., Goldstein, B. I.,
Strober, M., Hower, H., Weinstock, L. M,, Yen, S., Ryan, N. D., Keller,
M. B,, Liao, F., Diler, R. S., Kay Gill, M., Axelson, D., Birmaher, B., &
Goldstein, T. R. (2020). A Bayesian multilevel analysis of the longi-
tudinal associations between relationship quality and suicidal idea-
tion and attempts among youth with bipolar disorder. Journal of Child
Psychology and Psychiatry, 62(7), 905-915. https://doi.org/10.1111/
jcpp.13343

Shakiba, N., Ellis, B. J., Bush, N. R,, & Boyce, W. T. (2020). Biological
sensitivity to context: A test of the hypothesized U-shaped relation
between early adversity and stress responsivity. Development and
Psychopathology, 32(2), 641-660. https://doi.org/10.1017/50954
579419000518

Song, J., Kuja-Halkola, R., Sjolander, A., Bergen, S. E., Larsson, H., Landen,
M., & Lichtenstein, P. (2018). Specificity in etiology of subtypes of


https://doi.org/10.1038/mp.2013.116
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1111/famp.12237
https://doi.org/10.1016/j.jad.2020.06.015
https://doi.org/10.1016/j.jad.2020.06.015
https://doi.org/10.1001/jamapsychiatry.2019.4520
https://doi.org/10.1001/jamapsychiatry.2019.4520
https://doi.org/10.1038/s41588-021-00857-4
https://doi.org/10.1038/s41588-021-00857-4
https://doi.org/10.1017/S0033291715002172
https://doi.org/10.1001/archpsyc.1994.03950110009002
https://doi.org/10.1001/archpsyc.1994.03950110009002
https://doi.org/10.1001/archgenpsychiatry.2011.126
https://doi.org/10.1001/archgenpsychiatry.2011.126
https://doi.org/10.1192/bjp.bp.115.179655
https://doi.org/10.1192/bjp.bp.115.179655
https://doi.org/10.1016/j.jpsychires.2015.01.017
https://doi.org/10.1016/j.jpsychires.2015.01.017
https://doi.org/10.1016/j.biopsych.2004.01.022
https://doi.org/10.1016/j.biopsych.2004.01.022
https://doi.org/10.1016/j.cell.2019.08.051
https://doi.org/10.1016/j.biopsych.2017.09.009
https://doi.org/10.1017/S0954579406060573
https://doi.org/10.1017/S0954579406060573
https://doi.org/10.1901/jaba.1979.12-691
https://doi.org/10.1086/519795
https://doi.org/10.1001/jamapsychiatry.2021.1901
https://doi.org/10.1001/jamapsychiatry.2021.1901
https://doi.org/10.1093/schbul/sbt114
https://doi.org/10.1093/schbul/sbt114
https://doi.org/10.1111/jora.12458
https://doi.org/10.1111/jora.12458
https://doi.org/10.1017/S0033291721004761
https://doi.org/10.1111/jcpp.13343
https://doi.org/10.1111/jcpp.13343
https://doi.org/10.1017/S0954579419000518
https://doi.org/10.1017/S0954579419000518

STAPP ET AL

%l_@ JCPP Advances

bipolar disorder: Evidence from a Swedish population-based family
study. Biological Psychiatry, 84(11), 810-816. https://doi.org/10.
1016/j.biopsych.2017.11.014

Stahl, E. A, Breen, G., Forstner, A. J., McQuillin, A,, Ripke, S., & Trubetskoy,
V. (2019). Genome-wide association study identifies 30 loci associ-
ated with bipolar disorder. Nature Genetics, 51(5), 793-803. https://
doi.org/10.1038/s41588-019-0397-8

Stapp, E. K., Mendelson, T., Merikangas, K. R., & Wilcox, H. C. (2020).
Parental bipolar disorder, family environment, and offspring psy-
chiatric disorders: A systematic review. Journal of Affective Disorders,
268, 69-81. https://doi.org/10.1016/j.jad.2020.03.005

Stapp, E. K., Musci, R. J., Fullerton, J. M., Glowinski, A. L., Mclnnis, M.,
Mitchell, P. B., Hulvershorn, L. A., Ghaziuddin, N., Roberts, G. M,,
Merikangas, K. R.,, Nurnberger, J. I., & Wilcox, H. C. (2019). Patterns
and predictors of family environment among adolescents at high
and low risk for familial bipolar disorder. Journal of Psychiatric
Research, 114, 153-160. https://doi.org/10.1016/j.jpsychires.2019.
05.003

Stapp, E. K., Williams, S. C., Kalb, L. G., Holingue, C. B, Van Eck, K., Ballard,
E. D., Merikangas, K. R, & Gallo, J. J. (2020). Mood disorders,
childhood maltreatment, and medical morbidity in US adults: An
observational study. Journal of Psychosomatic Research, 137, 110207.
https://doi.org/10.1016/j.jpsychores.2020.110207

Tonini, E., Watkeys, O., Quidé, Y., Whitford, T. J., Cairns, M. J.,, & Green,
M. J. (2022). Polygenic risk for schizophrenia as a moderator of
associations between childhood trauma and schizotypy. Progress in
Neuro-psychopharmacology & Biological Psychiatry, 119, 110612.
https://doi.org/10.1016/j.pnpbp.2022.110612

Uher, R., & Zwicker, A. (2017). Etiology in psychiatry: Embracing the
reality of poly-gene-environmental causation of mental illness.
World Psychiatry, 16(2), 121-129. https://doi.org/10.1002/wps.
20436

Vandeleur, C. L., Merikangas, K. R., Strippoli, M. P., Castelao, E., & Preisig,
M. (2014). Specificity of psychosis, mania and major depression in a
contemporary family study. Molecular Psychiatry, 19(2), 209-213.
https://doi.org/10.1038/mp.2013.132

Visscher, P. M., & Wray, N. R. (2015). Concepts and misconceptions about
the polygenic additive model applied to disease. Human Heredity,
80(4), 165-170. https://doi.org/10.1159/000446931

Wilcox, H. C., Fullerton, J. M., Glowinski, A. L., Benke, K., Kamali, M.,
Hulvershorn, L. A, Stapp, E. K., Edenberg, H. J., Roberts, G. M,,
Ghaziuddin, N., Fisher, C., Brucksch, C., Frankland, A., Toma, C,
Shaw, A. D., Kastelic, E., Miller, L., Mclnnis, M. G., Mitchell, P. B,, ...
Nurnberger, J. I, Jr. (2017). Traumatic stress interacts with bipolar
disorder genetic risk to increase risk for suicide attempts. Journal of
the American Academy of Child & Adolescent Psychiatry, 56(12),
1073-1080. https://doi.org/10.1016/j.jaac.2017.09.428

Willer, C. J., Li, Y., & Abecasis, G. R. (2010). METAL: Fast and efficient
meta-analysis of genomewide association scans. Bioinformatics,
26(17), 2190-2191. https://doi.org/10.1093/bioinformatics/btq340

Wray, N. R, Lee, S. H., Mehta, D., Vinkhuyzen, A. A.,, Dudbridge, F., &
Middeldorp, C. M. (2014). Research review: Polygenic methods and
their application to psychiatric traits. Journal of Child Psychology and
Psychiatry, 55(10), 1068-1087. https://doi.org/10.1111/jcpp.12295

SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Stapp, E. K., Fullerton, J. M., Musci, R.
J., Zandi, P. P, Mclnnis, M. G., Mitchell, P. B., Hulvershorn, L.
A., Ghaziuddin, N., Roberts, G., Ferrera, A. G., Nurnberger, J. |,
& Wilcox, H. C. (2023). Family environment and polygenic risk
in the bipolar high-risk context. JCPP Advances, 3(2), €e12143.
https://doi.org/10.1002/jcv2.12143


https://doi.org/10.1016/j.biopsych.2017.11.014
https://doi.org/10.1016/j.biopsych.2017.11.014
https://doi.org/10.1038/s41588-019-0397-8
https://doi.org/10.1038/s41588-019-0397-8
https://doi.org/10.1016/j.jad.2020.03.005
https://doi.org/10.1016/j.jpsychires.2019.05.003
https://doi.org/10.1016/j.jpsychires.2019.05.003
https://doi.org/10.1016/j.jpsychores.2020.110207
https://doi.org/10.1016/j.pnpbp.2022.110612
https://doi.org/10.1002/wps.20436
https://doi.org/10.1002/wps.20436
https://doi.org/10.1038/mp.2013.132
https://doi.org/10.1159/000446931
https://doi.org/10.1016/j.jaac.2017.09.428
https://doi.org/10.1093/bioinformatics/btq340
https://doi.org/10.1111/jcpp.12295
https://doi.org/10.1002/jcv2.12143

	Family environment and polygenic risk in the bipolar high‐risk context
	METHODS
	Participants and procedures
	Ethical considerations

	Measures
	Exposure: Genetic risk


	Genotyping
	Bipolar disorder polygenic risk scores (BD‐PRS)
	Statistical analysis
	Post‐hoc analyses of clinical features


	RESULTS
	Sample characteristics
	Effects of family environment and BD‐PRS on offspring bipolar disorder
	Sensitivity analyses
	Clinical features of offspring BD

	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICAL CONSIDERATIONS


