
Genetic Liabilities Differentiating Bipolar Disorder, Schizophrenia,
and Major Depressive Disorder, and Phenotypic Heterogeneity
in Bipolar Disorder
Alexander L. Richards, PhD; Alastair Cardno, PhD; Gordon Harold, PhD; Nicholas J. Craddock, PhD;
Arianna Di Florio, MD, PhD; Lisa Jones, PhD; Katherine Gordon-Smith, PhD; Ian Jones, PhD; Ruth Sellers, PhD;
James T. R. Walters, PhD; Peter A. Holmans, PhD; Michael J. Owen, PhD; Michael C. O’Donovan, PhD

IMPORTANCE Understanding the origins of clinical heterogeneity in bipolar disorder (BD) will
inform new approaches to stratification and studies of underlying mechanisms.

OBJECTIVE To identify components of genetic liability that are shared between BD,
schizophrenia, and major depressive disorder (MDD) and those that differentiate each
disorder from the others and to examine associations between heterogeneity for key BD
symptoms and each component.

DESIGN, SETTING, AND PARTICIPANTS Using data from the Bipolar Disorder Research Network
in the United Kingdom, components of liability were identified by applying genomic
structural equation modeling to genome-wide association studies of schizophrenia, BD, and
MDD. Polygenic risk scores (PRS) representing each component were tested for association
with symptoms in an independent BD data set. Adults with DSM-IV BD or schizoaffective
disorder, bipolar type, were included. Data were collected from January 2000 to December
2013, and data were analyzed from June 2020 to February 2022.

MAIN OUTCOMES AND MEASURES PRS representing the components of liability were tested
for association with mania and depression, psychosis, and mood incongruence of psychosis in
participants with BD, measured using the Bipolar Affective Disorder Dimensional Scale.

RESULTS Of 4429 included participants, 3012 (68.0%) were female, and the mean (SD) age
was 46.2 (12.3) years. Mania and psychosis were associated with the shared liability
component (mania β = 0.29; 95% CI, 0.23-0.34; P = 3.04 × 10−25; psychosis β = 0.05; 95%
CI, 0.04-0.07; P = 2.33 × 10−13) and the components that differentiate each of schizophrenia
(mania β = 0.08; 95% CI, 0.03-0.14; P = .002; psychosis β = 0.03; 95% CI, 0.01-0.04;
P = 1.0 × 10−4) and BD (mania β = 0.14; 95% CI, 0.09-0.20; P = 1.99 × 10−7; psychosis
β = 0.02; 95% CI, 0.01-0.03; P = .006) from the other disorders. The BD differentiating
component was associated with mania independently of effects on psychosis (β = 0.14; 95%
CI, 0.08-0.20; P = 4.32 × 10−6) but not with psychosis independently of mania. Conversely,
the schizophrenia differentiating component was associated with psychosis independently of
effects on mania (β = 0.01; 95% CI, 0.003-0.03; P = .02), but not with mania independently
of psychosis. Mood incongruence of psychosis was associated only with the schizophrenia
differentiating component (β = 0.03; 95% CI, 0.01-0.05; P = .005). Depression was
associated with higher MDD differentiating component (β = 0.07; 95% CI, 0.01-0.12; P = .01)
but lower BD differentiating component (β = −0.11; 95% CI, −0.17 to −0.06; P = 7.06 × 10−5).

CONCLUSIONS AND RELEVANCE In this study of BD, clinical heterogeneity reflected the burden
of liability to BD and the contribution of alleles that have differentiating effects on risk for
other disorders; mania, psychosis, and depression were associated with the components of
genetic liability differentiating BD, MDD, and schizophrenia, respectively. Understanding the
basis of this etiological heterogeneity will be critical for identifying the different
pathophysiological processes underlying BD, stratifying patients, and developing precision
therapeutics.
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B ipolar disorder (BD) is highly heritable (70% to 90%).1,2

Genome-wide association studies (GWASs) suggest that
thousands of common risk alleles are involved and that

such variants account for around 20% of variance in liability
to the disorder,3,4 although the incomplete coverage of GWAS
arrays means this is likely to be underestimated. Other con-
tributions to genetic liability to BD come from rare copy num-
ber variants and deleterious coding variants; how much these
contribute to liability is unclear.5,6

BD is heterogeneous and its symptoms overlap with
other psychiatric disorders, particularly major depressive dis-
order (MDD) and schizophrenia. While a history of 1 or more
periods of mania or hypomania is always present, other fea-
tures vary, including the presence and severity of depressive
and psychotic symptoms. Psychotic symptoms are further
classified as mood-incongruent psychotic symptoms (MIPS)
when they appear inconsistent with mood state. Liability to
BD overlaps with liability to MDD and schizophrenia—that is,
risk alleles are pleiotropic. Common variant liability to BD
has a genetic correlation with that for schizophrenia (rg of
approximately 0.7) and MDD (rg of approximately 0.45).4

Liability to MDD and schizophrenia also overlap (rg of
approximately 0.4).7 These genetic correlations may partly
explain the increased risk of BD in the families of probands
with schizophrenia and MDD.8

The substantial but incomplete pleiotropy implies that in-
dividuals with BD differ not only by their total burden of risk
alleles for BD but also by the extent to which they carry risk
alleles that are pleiotropic for schizophrenia and depression
and for those that do not confer risk to either of those disor-
ders. It has been proposed that clinical overlaps between dis-
orders as well as phenotypic heterogeneity within BD might
reflect these genetic differences.9 Consistent with this hypoth-
esis, among individuals with BD, schizophrenia liability as in-
dexed by polygenic risk score (PRS) is higher in people with
mania10 and also psychosis,11 particularly MIPS.12 However, in-
terpreting these findings is complicated by genetic correla-
tions between traits, because among individuals with BD,
people with higher liability to schizophrenia also tend to have
higher liability to BD.

Here, we sought to further examine the hypothesis that
phenotypic heterogeneity within BD might be correlated with
genetic heterogeneity. Using data from GWAS data sets of BD,
schizophrenia, and MDD, we used genomic structural equa-
tion modeling (gSEM)13 to isolate those components of liabil-
ity that distinguish disorders from one another as well as the
pleiotropic component that is shared between the disorders.
gSEM has previously been used to identify shared and non-
shared genetic liability between autism and attention-deficit/
hyperactivity disorder,14 depression and anxiety,15 and edu-
cational attainment and IQ.16 We then tested the various
components of liability for their associations with some of the
key symptoms of BD, specifically, psychosis, MIPS, mania, and
depression. Overall, our findings support the hypothesis that
within BD, the clinical picture presented by each individual is
influenced by not only their genetic liability to BD but also by
alleles with shared effects on and relatively specific effects for
other disorders.

Methods

Source GWAS
The 3 source GWAS for gSEM were of schizophrenia, BD, and
MDD4,17,18 conducted by the Psychiatric Genomics Consor-
tium (PGC) (eTable 1 in the Supplement). The BD GWAS in-
cluded our target BD data set; to ensure sample indepen-
dence for PRS analysis, we obtained from the PGC a custom
GWAS that excluded our sample.4 Source GWASs were re-
stricted to European individuals. We did not include the
23andMe subset of the MDD source GWAS, as this used a broad
definition of affected status, which could affect genetic asso-
ciations between the disorders.17 The Bipolar Disorder Re-
search Network study was given a favorable ethical opinion
by the West Midlands Multi-Centre Research Ethics Commit-
tee. Local research and development approval was obtained
in all participating National Health Service Trusts and Health
Boards. All participants gave written informed consent.

We limited source GWASs to heritable single-nucleotide
variants (SNVs) with a minor allele frequency greater than 1%
in HapMap 3 (which gSEM uses as a reference set)19 and which
were present in all source GWASs, with an imputation info score
of 0.7 or greater. Variants within the extended MHC were ex-
cluded (chromosome 6 from 25 megabase to 35 megabase),
leaving 6 929 980 SNVs.

Genomic SEM
We used gSEM to apply a common factor model to the sum-
mary statistics from the source GWAS (eFigure 1A and
eMethods in the Supplement). gSEM estimates and corrects for
sample overlap among the source GWAS. For each SNV, the
loading on the common factor was extracted to produce a sta-
tistic corresponding to what we term the shared effect, the ef-
fect size of that variant that is shared across the 3 source GWASs.
We then applied 3 models where we extracted the loading of
each SNV on the residual variance from each source GWAS that
was not explained by the common factor (eFigure 1B-D in the

Key Points
Question Are there etiological associations between clinical
heterogeneity in participants with bipolar disorder and
components of genetic liability that are shared between
schizophrenia, bipolar disorder, and major depressive disorder and
components that differentiate between these disorders?

Findings In this genetic association study including 4429
participants, mania, psychosis, and depression were associated
with the components of genetic liability differentiating bipolar
disorder, major depressive disorder, and schizophrenia,
respectively. The shared liability component was associated with
mania.

Meaning This study advances understanding of etiological
heterogeneity in individuals with bipolar disorder by showing
clinical heterogeneity of bipolar disorder is underpinned by
etiological heterogeneity linked to components of differentiating
genetic liability that reflects the symptomatology of the cognate
disorders.
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Supplement), so that the residual effect sizes for each SNV in-
dex how much it influences the probability of having a par-
ticular phenotype (relative to the 2 other source pheno-
types). We refer to these as schizophrenia differentiating, BD
differentiating, and MDD differentiating components. We then
applied genome-wide measures of shared and differentiating
effects to test for associations between the components of
liability and various clinical features of BD, using a PRS
approach.20 SNV-based heritabilities were calculated using
linkage disequilibrium score regression.21,22

See eMethods in the Supplement for details, including heri-
tability calculations and a comment on power. gSEM was run
in R version 4.0.3 (The R Foundation) using the GenomicSEM
package.13

Target Data Set and Phenotypes
The BD target data set for PRS analysis contained individuals
with DSM-IV BD and schizoaffective disorder, bipolar type,
recruited in the United Kingdom by the Bipolar Disorder
Research Network (see eTables 2 to 4 in the Supplement for
sample sizes, demographic characteristics, bipolar subtypes,
and details of samples with psychosis and MIPS data).23 Life-
time psychotic symptomatology and MIPS were rated using
the Bipolar Affective Disorder Dimensional Scale (BADDS)
using the BADDS-P and BADDS-I subscales24 (eFigures 2 and
3 in the Supplement), representing ordinal measures of
lifetime symptom domain severity with high interrater
reliability.24 Psychosis and MIPS were analyzed as categorical
variables. Psychosis was defined as the lifetime presence of
clear-cut psychotic symptoms, corresponding to a BADDS-P
score of 10 or more.24 Psychotic symptoms were considered
mood incongruent when they occurred outside an affective
episode or if they included thought echo, insertion, with-
drawal, or broadcasting; passivity experiences; hallucinatory
voices giving running commentary, discussing subject in
third person, or originating in some part of the body; bizarre
delusions; or catatonia. MIPS was considered present if at
least as many mood-incongruent as mood-congruent psy-
chotic symptoms were reported, corresponding to a BADDS-I
score of 20 or more.12,24 BADDS-I was only rated in individu-
als who met the psychosis presence criterion.

Lifetime manic and depressive symptoms were rated using
the BADDS-M and BADDS-D subscales, respectively (eFig-
ures 4 and 5 in the Supplement), and analyzed as ordinal
variables.24 Associations between the 4 ordinal BADDS scales
were examined using polychoric correlation, and P values es-
timated by bootstrapping (100 000 iterations) using R pack-
ages polychor and cor.ci.

Statistical Analysis
PRS Analyses
PRS were calculated for 4 sets of gSEM-derived summary sta-
tistics; shared liability, schizophrenia differentiating, BD dif-
ferentiating, and MDD differentiating components, as
described.20 To be conservative, we applied the original PRS
methodology, as newer methods have not been validated for
use in gSEM-derived components. Clumping was performed
on imputed best-estimate genotypes for each GWAS using

PLINK (maximum r2 = 0.2; window = 500 kb; minimum mi-
nor allele frequency = 0.1; minimum info score = 0.7). Opti-
mal P value thresholds for including alleles in gSEM-derived
PRS are unknown, and since we cannot derive these in inde-
pendent samples, we performed PRS analysis without P value
thresholding.

We tested PRS for association using logistic regression for
dichotomous variables (psychosis and MIPS) and ordinal lo-
gistic regression for ordinal variables (BADDS-M and BADDS-D
scores), reporting β and P values for the PRS term in the re-
gression model. Statistical significance was set at P < .05, and
all P values were 2-tailed. Association analyses were adjusted
for the first 10 population principal components, age at inter-
view, and genotyping platform.23 Statistical analyses were con-
ducted in R. All PRS variables were standardized before analy-
sis using the scale() function in R.

Sensitivity Analyses
We used ordinal logistic regression to test the ordinal BADDS-P
and BADDS-I scores for associations to ensure that threshold-
ing to produce dichotomous variables did not affect our re-
sults. To examine the effects of including participants with
schizophrenia, bipolar type, we repeated the association analy-
ses with schizophrenia, bipolar type, samples excluded. Cor-
relations between gSEM PRS were examined using Pearson cor-
relation.

Results
Heritability and Correlations
Of 4429 included participants, 3012 (68.0%) were female, and
the mean (SD) age was 46.2 (12.3) years. SNV heritability val-
ues for the gSEM components are given in Table 1, and Pear-
son correlations for the PRS derived from each source GWAS
and gSEM component are given in eTable 5 in the Supple-
ment. Source GWAS PRS were positively correlated with the
shared liability fraction PRS and with their corresponding dif-
ferentiating fraction PRS. Correlations between differentiat-
ing component PRS and shared liability PRS were small (r range,
−0.1 to 0.1).

BADDS-P psychosis scores were moderately positively cor-
related with BADDS scores for mania (r = 0.61) and MIPS
(r = 0.38) but weakly correlated with depression scores
(r = 0.07). Other phenotype pairs were weakly correlated
(r range, −0.06 to 0.14; eTable 6 in the Supplement).

Table 1. Heritability of Genomic Structural Equation Modeling–Produced
Summary Statistics

PRS SNV Heritability (SE)
Shared 0.300 (0.009)

Schizophrenia differentiating 0.155 (0.008)

BD differentiating 0.099 (0.007)

MDD differentiating 0.092 (0.006)

Abbreviations: BD, bipolar disorder; MDD, major depressive disorder;
PRS, polygenic risk score; SNV, single-nucleotide variability (observed scale).
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Psychosis and MIPS
Psychosis in BD was associated with higher shared liability
(β = 0.05; 95% CI, 0.04-0.07; P = 2.33 × 10−13), schizophrenia
differentiating liability (β = 0.03; 95% CI, 0.01-0.04;
P = 1.0 × 10−4), and BD differentiating liability (β = 0.02; 95%
CI, 0.01-0.03; P = .006) but with lower MDD differentiating li-
ability (β = −0.05; 95% CI, −0.007 to −0.04; P = 1.26 × 10−12)
(Figure 1; eTable 7 in the Supplement). However, associations
with MIPS showed a different picture; we found significant evi-
dence for association only with the schizophrenia differenti-
ating component (β = 0.03; 95% CI, 0.01-0.05; P = .005), with
a similar effect size to that between the schizophrenia differ-
entiating component and psychosis as a whole. The findings
for the shared fraction of liability are particularly notable. De-
spite this fraction being the strongest and by far the most highly
significant predictor of unstratified psychosis, it was not sig-
nificantly associated with MIPS. We found no evidence that
higher BD differentiating liability was associated with MIPS,
although the confidence interval means we cannot exclude
weak effects on increasing risk.

Similar patterns were obtained when psychosis and MIPS
were treated as ordinal variables (eTable 7 in the Supple-
ment; note that the βs reported for ordinal analyses are not
comparable with those from the dichotomous psychosis and
MIPS analyses). Excluding participants with schizophrenia, bi-
polar type, had minimal effect (eTable 8 in the Supplement).

Mania and Depression
Increased mania scores in BD were associated with higher
shared PRS (β = 0.29; 95% CI, 0.23-0.34; P = 3.04 × 10−25),
schizophrenia differentiating PRS (β = 0.08; 95% CI, 0.03-
0.14; P = .002), and BD differentiating PRS (β = 0.14; 95% CI,
0.09-0.20; P = 1.99 × 10−7) and lower MDD differentiating PRS
(β = −0.22; 95% CI, −0.27 to −0.16; P = 2.84 × 10−15) (Figure 2;
eTable 9 in the Supplement), a picture similar to that for as-
sociations between the gSEM PRS and psychosis. Increased de-
pression scores in BD were associated with higher MDD

differentiating PRS (β = 0.07; 95% CI, 0.01-0.12; P = .01) and
lower BD differentiating PRS (β = −0.11; 95% CI, −0.17 to −0.06;
P = 7.06 × 10−5) (Figure 2; eTable 9 in the Supplement). We
found no evidence of an association with shared liability or
schizophrenia differentiating PRS. Excluding participants with
schizophrenia, bipolar type, had little effect (eTable 10 in the
Supplement).

Disentangling Effects on Mania and Psychosis
Mania and psychosis were correlated in our sample and showed
similar patterns of PRS associations. To identify independent
effects of genetic liability on these phenotypes, we repeated
the analyses of psychosis using mania as a covariate (Table 2)
and mania using psychosis as a covariate (Table 3). The ef-
fects of the shared and BD differentiating components on psy-
chosis were not significant after conditioning on mania, while
that of the schizophrenia differentiating fraction remained sig-
nificant (β = 0.01; 95% CI, 0.003-0.03; P = .02). In contrast, af-
ter conditioning on psychosis, schizophrenia differentiating
component was not significantly associated with mania, while
the associations of mania with the shared component (β = 0.23;
95% CI, 0.17-0.29; P = 6.26 × 10−4), BD differentiating com-
ponent (β = 0.14; 95% CI, 0.08-0.20; P = 4.32 × 10−6), and the
MDD differentiating component (β = −0.13; 95% CI, −0.19 to
−0.07; P = 1.21 × 10−5) remained highly significant.

Discussion
Our study was motivated by clinical heterogeneity within
psychiatric diagnoses, cross-disorder overlaps in their clini-
cal features, and genetic findings consistent with wide-
spread pleiotropic effects of risk alleles. Our hypothesis was
that these observations are related, and specifically that
clinical heterogeneity in BD reflects not only the total liabil-
ity for BD carried by an individual but also the composition
of that liability in terms of alleles that are specific to BD,

Figure 1. Association Between Psychosis and Mood-Incongruent Psychotic Symptoms (MIPS) and Polygenic
Risk Scores Representing Genomic Structural Equation Modeling Fractions of Liability

PsychosisA

–0.8 0.4 0.80
Coefficient (95% CI)
–0.2 0.2–0.6

PRS
Coefficient
(95% CI)

Schizophrenia differentiating 0.03 (0.01 to 0.04)
Bipolar differentiating 0.02 (0.01 to 0.03)
MDD differentiating –0.05 (–0.07 to –0.04)

MIPSB

–0.8 0.40.2 0.80
Coefficient (95% CI)
–0.2–0.6

0.6–0.4

0.6–0.4

PRS
Coefficient
(95% CI)

Schizophrenia differentiating 0.03 (0.01 to 0.05)
Bipolar differentiating –0.01 (–0.03 to 0)

Shared 0.05 (0.04 to 0.07)

Shared 0.01 (-0.01 to 0.03)

MDD differentiating –0.02 (–0.04 to 0)

MDD indicates major depressive
disorder.
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those that have pleiotropic effects on other disorders, and
alleles that have relatively specific effects on risk for other
disorders. To examine this, we used gSEM to derive from
GWAS of schizophrenia, BD, and MDD a component of liabil-
ity that is shared across the disorders as well as components
that differentiate each disorder from the others. We then
used PRS based on these components to examine their asso-
ciations with psychosis, MIPS, and severity of manic and
depressive symptoms in individuals with BD.

The patterns of association between symptoms and com-
ponents of genetic liability that differentiate between disor-
ders largely reflect the characteristic symptomatology of the
cognate disorder. MIPS (a characteristic of schizophrenia) was

associated only with higher schizophrenia differentiating li-
ability while the higher severity of depression was associated
with higher MDD differentiating PRS. The patterns of associa-
tion for psychosis and mania were more complex, as both were
associated with increased liability that was specific to each of
schizophrenia and BD. However, severity of mania and psy-
chosis were moderately correlated in our sample, likely due
at least in part to psychosis being one of the impairment cri-
teria that distinguishes hypomania from mania.24 We there-
fore sought to tease apart effects on psychosis and mania using
conditional analyses and found that higher BD differentiat-
ing liability was associated with severity of mania (the char-
acteristic feature of BD) independently of the presence of

Figure 2. Association Between Bipolar Affective Disorder Dimensional Scale Mania and Depression Scores
and Polygenic Risk Scores Representing Genomic Structural Equation Modeling Fractions of Liability

ManiaA

–0.3 0.2 0.40
Coefficient (95% CI)

–0.1 0.1–0.2

PRS
Coefficient
(95% CI)

Schizophrenia differentiating 0.08 (0.03 to 0.14)
Bipolar differentiating 0.14 (0.09 to 0.20)
MDD differentiating –0.22 (–0.27 to –0.16)

DepressionB

–0.3 0.20.1 0.4

0.3

0.30
Coefficient (95% CI)

–0.1–0.2

PRS
Coefficient
(95% CI)

Schizophrenia differentiating 0.02 (–0.03 to 0.08)
Bipolar differentiating –0.11 (–0.17 to –0.06)

Shared 0.29 (0.23 to 0.34)

Shared –0.003 (–0.06 to 0.05)

MDD differentiating 0.07 (0.01 to 0.12)

MDD indicates major depressive
disorder.

Table 2. Logistic Regression of Genomic Structural Equation Modeling Polygenic Risk Score (PRS) on Psychosis
(Unconditioned and Conditioned on Mania)a

PRS

Psychosis Psychosis (conditioned on mania)

β (95% CI) P value β (95% CI) P value
Shared 0.054 (0.040 to

0.069)
2.33 × 10−13 0.009 (−0.003 to

0.02)
1.33 × 10−1

Schizophrenia differentiating 0.028 (0.014 to
0.042)

1.00 × 10−4 0.014 (0.003 to
0.030)

1.65 × 10−2

BD differentiating 0.020 (0.006 to
0.034)

6.00 × 10−3 −0.004 (−0.015 to
0.007)

4.79 × 10−1

MDD differentiating −0.052 (−0.066 to
−0.038)

1.26 × 10−12 −0.013 (−0.025 to
−0.002)

2.41 × 10−2

Abbreviations: BD, bipolar disorder;
MDD, major depressive disorder.
a Analyses include age at interview,

genotyping platform, and 10
population principal components as
covariates. Note that βs are on
different scales in Tables 2 and 3
and are not comparable.

Table 3. Ordinal Logistic Regression of Genomic Structural Equation Modeling Polygenic Risk Score (PRS)
With Mania (Unconditioned and Conditioned on Psychosis)a

PRS

Mania Mania (conditioned on psychosis)

β (95% CI) P value β (95% CI) P value
Shared 0.288 (0.233 to

0.342)
3.04 × 10−25 0.232 (0.172 to

0.293)
6.26 × 10−14

Schizophrenia differentiating 0.084 (0.031 to
0.138)

2.00 × 10−3 −0.004 (−0.063 to
0.055)

8.94 × 10−1

BD differentiating 0.142 (0.089 to
0.196)

1.99 × 10−7 0.139 (0.080 to
0.198)

4.32 × 10−6

MDD differentiating −0.217 (−0.271 to
−0.163)

2.84 × 10−15 −0.134 (−0.194 to
−0.074)

1.21 × 10−5

Abbreviations: BD, bipolar disorder;
MDD, major depressive disorder.
a Analyses include age at interview,

genotyping platform, and 10
population principal components as
covariates. Note that βs are on
different scales in Tables 2 and 3
and are not comparable.
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psychosis but not with psychosis independent of mania se-
verity. In contrast, the schizophrenia differentiating compo-
nent was associated with psychosis (the most characteristic fea-
ture of schizophrenia) independent of mania severity but not
mania severity independent of psychosis. These findings are
again consistent with the idea that the patterns of association
largely reflected the characteristic symptomatology of the cog-
nate disorder. They also suggest that there are (at least) 2 partly
distinct mechanisms underpinning manic symptoms: one re-
lated to the presence of psychosis and linked to alleles that are
relatively specific for schizophrenia and one driven by sever-
ity of mania linked to alleles that are relatively specific for BD.
Our finding is partly consistent with a 2011 systematic review
of factor analysis approaches to bipolar symptoms,11 in which
psychotic symptoms were present in 2 factors, one which in-
cluded elevated mood and the other which did not. It is also
consistent with evidence that, compared with individuals with
nonpsychotic BD, those with psychotic BD have higher famil-
ial genetic liability to both BD and schizophrenia25 and that,
in monozygotic twins, when probands have cooccurring ma-
nia and MIPS, their twins have elevated risk of both BD and
schizophrenia.26,27

Higher shared liability was associated with psychosis
and mania but not with MIPS or depression. The conditional
analysis suggested a pattern similar to that observed for the
BD differentiating fraction; higher shared liability was asso-
ciated with mania independently of psychosis but was not
associated with psychosis independently of mania. The lack
of evidence for association between the shared liability com-
ponent and both depression and MIPS is consistent with the
relatively selective relationships between those 2 pheno-
types and MDD differentiating and schizophrenia differenti-
ating components, respectively.

We found instances where higher liability to a differenti-
ating component was associated with reduced symptomatol-
ogy, for example, higher liability to the MDD differentiating
component was associated with absence of psychosis and lower
severity of mania. It seems unlikely that, in general, alleles that
increase liability to a major psychiatric disorder are, per se, pro-
tective against symptoms for another, although this may be
true for specific alleles, as for instance has been seen in ulcer-
ative colitis and Crohn disease.28 In the present study, such as-
sociations must be interpreted in the context of negative cor-
relations between the differentiating factors. These imply that
people with a higher MDD differentiating score will tend to have
lower schizophrenia differentiating and BD differentiating
scores and therefore lower liability to phenotypes that schizo-
phrenia differentiating and BD differentiating components are
associated with (in this example, psychosis and mania). How-
ever, we acknowledge our study does not formally exclude the
possibility of true protective effects.

BD symptom severity, particularly of mania and presence
of psychosis, has usually been considered to indicate more se-
vere disorder. It has also been widely assumed that pheno-
typic severity is related to a higher burden of BD risk alleles.9

Our findings that gSEM components that index liability to BD
(the shared and BD differentiating components) are associ-
ated with the severity of these symptoms are consistent with

this view. However, the observations that MIPS and depres-
sive symptoms were not associated with higher shared or BD
differentiating liabilities components but were influenced by
higher schizophrenia differentiating and MDD differentiat-
ing liabilities, respectively, point to a model where some symp-
toms within BD are influenced by genetic variation that is par-
tially or wholly independent of BD liability.9

Limitations
Our study has limitations. First, we were unable to access a rep-
lication data set, and therefore, confirmation of our findings
is required. Second, while our finding that the differentiating
liability components within BD were associated with symp-
toms that are characteristic of their respective source disor-
ders suggests that those components might similarly influ-
ence symptomatology in other disorders,11,12,29 this hypothesis
needs to be empirically tested in large, well-phenotyped
samples of other disorders, particularly schizophrenia and
MDD. Third, the relative lack of relevant data from people of
non-European ancestries means that our results may not gen-
eralize beyond that population, underscoring the need to in-
crease the population diversity in genomic studies.18 Fourth,
the source GWAS and the target BD samples were not com-
pletely representative of the disorders at the population level,
and this is likely to influence to some extent how liability is
apportioned into the various shared and differentiating frac-
tions. Moreover, given the high prevalence of MDD in the popu-
lation and the widespread use of unscreened controls in ge-
nomic studies, it is likely that schizophrenia and BD source
GWASs include controls who have MDD. In principle, the pres-
ence of individuals with MDD in the schizophrenia and BD
GWAS study controls can be expected to reduce the effect size
estimates of alleles shared with MDD, thereby reducing the in-
fluence of MDD on the shared gSEM-derived component, and
somewhat inflating the MDD differentiating component. How-
ever, the net effects of this effect in the context of other as-
certainment biases in the source GWAS are difficult to pre-
dict. Additionally, we note the GWAS arrays used to study
common variation capture only a modest amount of the total
heritability of these disorders (SNV heritability of 7% to 35%,
observed scale). The genetic architecture underlying the un-
attributed heritability is not yet clear, but certainly includes
uncommon and even very rare variants, some of fairly high
penetrance. When sufficient data are available, it will be im-
portant to study how these additional sources of variation, to-
gether with relevant environmental exposures, influence
phenotypic expression.

Conclusions
In summary, using novel methodology to isolate components
of liability that distinguish schizophrenia, BD, and MDD as well
as the pleiotropic component shared between the disorders,
we have shown that within BD, clinical heterogeneity was in-
fluenced not only by the burden of risk alleles for BD carried
by an individual but also by the contribution of alleles that have
relatively distinct effects on risk for other traits. It follows that
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the different phenotypic features within BD may be associ-
ated with etiological heterogeneity. Further understanding
the basis of this heterogeneity will be critical for obtaining a

detailed understanding of the different pathophysiological pro-
cesses underlying BD, stratifying patients, and developing
precision therapeutics.

ARTICLE INFORMATION

Accepted for Publication: July 9, 2022.

Published Online: August 31, 2022.
doi:10.1001/jamapsychiatry.2022.2594

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2022 Richards AL et al. JAMA Psychiatry.

Author Affiliations: MRC Centre for
Neuropsychiatric Genetics and Genomics, Division
of Psychological Medicine and Clinical
Neurosciences, School of Medicine, Cardiff
University, Cardiff, United Kingdom (Richards,
Harold, Craddock, Di Florio, I. Jones, Sellers,
Walters, Holmans, Owen, O’Donovan); Leeds
Institute of Health Sciences, Division of
Psychological and Social Medicine, Faculty of
Medicine and Health, University of Leeds, Leeds,
United Kingdom (Cardno); Faculty of Education,
University of Cambridge, Cambridge, United
Kingdom (Harold); School of Medicine, Child and
Adolescent Psychiatry Unit, University College
Dublin, Ireland (Harold); Department of Primary
Care & Public Health, Brighton & Sussex Medical
School, University of Sussex, Brighton, United
Kingdom (Sellers); Psychological Medicine,
University of Worcester, Worcester, United
Kingdom (L. Jones, Gordon-Smith).

Author Contributions: Dr Richards had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Richards, Craddock,
L. Jones, Gordon-Smith, Sellers, Walters, Owen,
O’Donovan.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Richards, Walters,
Owen, O’Donovan.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Richards, Harold, Craddock,
Sellers, Holmans, O’Donovan.
Obtained funding: Craddock, L. Jones, I. Jones,
Walters, Owen, O’Donovan.
Administrative, technical, or material support:
Richards, Gordon-Smith, O’Donovan.
Study supervision: L. Jones, Gordon-Smith, Sellers,
Walters, Owen, O’Donovan.

Conflict of Interest Disclosures: Dr I. Jones has
received grants from Takeda and Akrivia Health as
well as personal fees from Sanofi outside the
submitted work. Dr Walters has received grants
from Takeda outside the submitted work. Dr Owen
has received grants from Takeda outside the
submitted work. Dr O’Donovan has received grants
from the Medical Research Council during the
conduct of the study and grants from Takeda
outside the submitted work. No other disclosures
were reported.

Funding/Support: This project was funded by
Medical Research Council Centre programme and
project grants MR/L010305/01 and
MR/P005748/1.

Role of the Funder/Sponsor: The funder had
no role in the design and conduct of the study;

collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: We thank the Wellcome
Trust and Stanley Medical Research Institute for
funding, and Bipolar Disorder Research Network
participants for kindly taking part in the research.

Additional Information: Summary statistics for the
4 genomic structural equation modeling
components are available on the Walters Group
Data Repository (https://walters.psycm.cf.ac.uk/).

REFERENCES

1. Edvardsen J, Torgersen S, Røysamb E, et al.
Heritability of bipolar spectrum disorders. unity or
heterogeneity? J Affect Disord. 2008;106(3):229-
240. doi:10.1016/j.jad.2007.07.001

2. McGuffin P, Rijsdijk F, Andrew M, Sham P, Katz R,
Cardno A. The heritability of bipolar affective
disorder and the genetic relationship to unipolar
depression. Arch Gen Psychiatry. 2003;60(5):497-
502. doi:10.1001/archpsyc.60.5.497

3. Stahl EA, Breen G, Forstner AJ, et al; eQTLGen
Consortium; BIOS Consortium; Bipolar Disorder
Working Group of the Psychiatric Genomics
Consortium. Genome-wide association study
identifies 30 loci associated with bipolar disorder.
Nat Genet. 2019;51(5):793-803. doi:10.1038/
s41588-019-0397-8

4. Mullins N, Forstner AJ, O’Connell KS, et al; HUNT
All-In Psychiatry. Genome-wide association study of
more than 40,000 bipolar disorder cases provides
new insights into the underlying biology. Nat Genet.
2021;53(6):817-829. doi:10.1038/s41588-021-
00857-4

5. Green EK, Rees E, Walters JT, et al. Copy number
variation in bipolar disorder. Mol Psychiatry. 2016;21
(1):89-93. doi:10.1038/mp.2014.174

6. Palmer DS, Howrigan DP, Chapman SB, et al.
Exome sequencing in bipolar disorder reveals
shared risk gene AKAP11 with schizophrenia. Nat
Genet. 2021;51:e24. doi:10.1016/j.euroneuro.2021.07.
057

7. Lee SH, Ripke S, Neale BM, et al; Cross-Disorder
Group of the Psychiatric Genomics Consortium;
International Inflammatory Bowel Disease Genetics
Consortium (IIBDGC). Genetic relationship between
five psychiatric disorders estimated from
genome-wide SNPs. Nat Genet. 2013;45(9):984-994.
doi:10.1038/ng.2711

8. Kendler KS, Ohlsson H, Sundquist J, Sundquist K.
An extended Swedish national adoption study of
bipolar disorder illness and cross-generational
familial association with schizophrenia and major
depression. JAMA Psychiatry. 2020;77(8):814-822.
doi:10.1001/jamapsychiatry.2020.0223

9. Merikangas KR, Cui L, Heaton L, et al.
Independence of familial transmission of mania and
depression: results of the NIMH family study of
affective spectrum disorders. Mol Psychiatry. 2014;
19(2):214-219. doi:10.1038/mp.2013.116

10. Ruderfer DM, Fanous AH, Ripke S, et al;
Schizophrenia Working Group of the Psychiatric

Genomics Consortium; Bipolar Disorder Working
Group of the Psychiatric Genomics Consortium;
Cross-Disorder Working Group of the Psychiatric
Genomics Consortium. Polygenic dissection of
diagnosis and clinical dimensions of bipolar disorder
and schizophrenia. Mol Psychiatry. 2014;19(9):
1017-1024. doi:10.1038/mp.2013.138

11. Hamshere ML, O’Donovan MC, Jones IR, et al.
Polygenic dissection of the bipolar phenotype. Br J
Psychiatry. 2011;198(4):284-288. doi:10.1192/bjp.
bp.110.087866

12. Allardyce J, Leonenko G, Hamshere M, et al.
Association between schizophrenia-related
polygenic liability and the occurrence and level of
mood-incongruent psychotic symptoms in bipolar
disorder. JAMA Psychiatry. 2018;75(1):28-35.
doi:10.1001/jamapsychiatry.2017.3485

13. Grotzinger AD, Rhemtulla M, de Vlaming R,
et al. Genomic structural equation modelling
provides insights into the multivariate genetic
architecture of complex traits. Nat Hum Behav.
2019;3(5):513-525. doi:10.1038/s41562-019-0566-x

14. Peyre H, Schoeler T, Liu C, et al. Combining
multivariate genomic approaches to elucidate the
comorbidity between autism spectrum disorder
and attention deficit hyperactivity disorder. J Child
Psychol Psychiatry. 2021;62(11):1285-1296.
doi:10.1111/jcpp.13479

15. Thorp JG, Campos AI, Grotzinger AD, et al;
23andMe Research Team. Symptom-level
modelling unravels the shared genetic architecture
of anxiety and depression. Nat Hum Behav. 2021;5
(10):1432-1442. doi:10.1038/s41562-021-01094-9

16. Demange PA, Malanchini M, Mallard TT, et al.
Investigating the genetic architecture of
noncognitive skills using GWAS-by-subtraction. Nat
Genet. 2021;53(1):35-44. doi:10.1038/s41588-
020-00754-2

17. Wray NR, Ripke S, Mattheisen M, et al;
eQTLGen; 23andMe; Major Depressive Disorder
Working Group of the Psychiatric Genomics
Consortium. Genome-wide association analyses
identify 44 risk variants and refine the genetic
architecture of major depression. Nat Genet. 2018;
50(5):668-681. doi:10.1038/s41588-018-0090-3

18. Trubetskoy V, Pardiñas AF, Qi T, et al; Indonesia
Schizophrenia Consortium; PsychENCODE;
Psychosis Endophenotypes International
Consortium; SynGO Consortium; Schizophrenia
Working Group of the Psychiatric Genomics
Consortium. Mapping genomic loci implicates
genes and synaptic biology in schizophrenia. Nature.
2022;604(7906):502-508. doi:10.1038/s41586-
022-04434-5

19. Altshuler DM, Gibbs RA, Peltonen L, et al;
International HapMap 3 Consortium. Integrating
common and rare genetic variation in diverse
human populations. Nature. 2010;467(7311):52-58.
doi:10.1038/nature09298

20. Purcell SM, Wray NR, Stone JL, et al;
International Schizophrenia Consortium. Common
polygenic variation contributes to risk of
schizophrenia and bipolar disorder. Nature. 2009;
460(7256):748-752. doi:10.1038/nature08185

Genetic Liabilities Differentiating BD, Schizophrenia, and MDD and Phenotypic Heterogeneity in BD Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online August 31, 2022 E7

Downloaded From: https://jamanetwork.com/ on 09/21/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.2594?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://walters.psycm.cf.ac.uk/
https://dx.doi.org/10.1016/j.jad.2007.07.001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archpsyc.60.5.497?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://dx.doi.org/10.1038/s41588-019-0397-8
https://dx.doi.org/10.1038/s41588-019-0397-8
https://dx.doi.org/10.1038/s41588-021-00857-4
https://dx.doi.org/10.1038/s41588-021-00857-4
https://dx.doi.org/10.1038/mp.2014.174
https://dx.doi.org/10.1016/j.euroneuro.2021.07.057
https://dx.doi.org/10.1016/j.euroneuro.2021.07.057
https://dx.doi.org/10.1038/ng.2711
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0223?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://dx.doi.org/10.1038/mp.2013.116
https://dx.doi.org/10.1038/mp.2013.138
https://dx.doi.org/10.1192/bjp.bp.110.087866
https://dx.doi.org/10.1192/bjp.bp.110.087866
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2017.3485?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://dx.doi.org/10.1038/s41562-019-0566-x
https://dx.doi.org/10.1111/jcpp.13479
https://dx.doi.org/10.1038/s41562-021-01094-9
https://dx.doi.org/10.1038/s41588-020-00754-2
https://dx.doi.org/10.1038/s41588-020-00754-2
https://dx.doi.org/10.1038/s41588-018-0090-3
https://dx.doi.org/10.1038/s41586-022-04434-5
https://dx.doi.org/10.1038/s41586-022-04434-5
https://dx.doi.org/10.1038/nature09298
https://dx.doi.org/10.1038/nature08185
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594


21. Bulik-Sullivan BK, Loh PR, Finucane HK, et al;
Schizophrenia Working Group of the Psychiatric
Genomics Consortium. LD score regression
distinguishes confounding from polygenicity in
genome-wide association studies. Nat Genet. 2015;
47(3):291-295. doi:10.1038/ng.3211

22. Bulik-Sullivan B, Finucane HK, Anttila V, et al;
ReproGen Consortium; Psychiatric Genomics
Consortium; Genetic Consortium for Anorexia
Nervosa of the Wellcome Trust Case Control
Consortium 3. An atlas of genetic correlations
across human diseases and traits. Nat Genet. 2015;
47(11):1236-1241. doi:10.1038/ng.3406

23. Leonenko G, Di Florio A, Allardyce J, et al.
A data-driven investigation of relationships
between bipolar psychotic symptoms and
schizophrenia genome-wide significant genetic loci.

Am J Med Genet B Neuropsychiatr Genet. 2018;177
(4):468-475. doi:10.1002/ajmg.b.32635

24. Craddock N, Jones I, Kirov G, Jones L. The
Bipolar Affective Disorder Dimension Scale
(BADDS)—a dimensional scale for rating lifetime
psychopathology in bipolar spectrum disorders.
BMC Psychiatry. 2004;4:19. doi:10.1186/1471-244X-
4-19

25. Kendler KS, Ohlsson H, Sundquist J, Sundquist
K. Family genetic risk scores and the genetic
architecture of major affective and psychotic
disorders in a Swedish national sample. JAMA
Psychiatry. 2021;78(7):735-743. doi:10.1001/
jamapsychiatry.2021.0336

26. Cardno AG, Owen MJ. Genetic relationships
between schizophrenia, bipolar disorder, and

schizoaffective disorder. Schizophr Bull. 2014;40
(3):504-515. doi:10.1093/schbul/sbu016

27. Cardno AG, Rijsdijk FV, West RM, et al. A twin
study of schizoaffective-mania, schizoaffective-
depression, and other psychotic syndromes. Am J
Med Genet B Neuropsychiatr Genet. 2012;159B(2):
172-182. doi:10.1002/ajmg.b.32011

28. Jostins L, Ripke S, Weersma RK, et al;
International IBD Genetics Consortium (IIBDGC).
Host-microbe interactions have shaped the genetic
architecture of inflammatory bowel disease. Nature.
2012;491(7422):119-124. doi:10.1038/nature11582

29. Coombes BJ, Markota M, Mann JJ, et al.
Dissecting clinical heterogeneity of bipolar disorder
using multiple polygenic risk scores. Transl Psychiatry.
2020;10(1):314. doi:10.1038/s41398-020-00996-y

Research Original Investigation Genetic Liabilities Differentiating BD, Schizophrenia, and MDD and Phenotypic Heterogeneity in BD

E8 JAMA Psychiatry Published online August 31, 2022 (Reprinted) jamapsychiatry.com

Downloaded From: https://jamanetwork.com/ on 09/21/2022

https://dx.doi.org/10.1038/ng.3211
https://dx.doi.org/10.1038/ng.3406
https://dx.doi.org/10.1002/ajmg.b.32635
https://dx.doi.org/10.1186/1471-244X-4-19
https://dx.doi.org/10.1186/1471-244X-4-19
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.0336?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.0336?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594
https://dx.doi.org/10.1093/schbul/sbu016
https://dx.doi.org/10.1002/ajmg.b.32011
https://dx.doi.org/10.1038/nature11582
https://dx.doi.org/10.1038/s41398-020-00996-y
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2594

