UCLA
UCLA Previously Published Works

Title
Polygenic risk for severe psychopathology among Europeans is associated with major
depressive disorder in Han Chinese women.

Permalink
https://escholarship.org/uc/item/47162334

Journal
Psychological Medicine, 48(5)

Authors
Edwards, A
Docherty, A
Moscati, A

Publication Date
2018-04-01

DOI
10.1017/50033291717002148

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4716233s
https://escholarship.org/uc/item/4716233s#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Psychol Med. Author manuscript; available in PMC 2018 April 01.

-, HHS Public Access
«

Published in final edited form as:
Psychol Med. 2018 April ; 48(5): 777-789. d0i:10.1017/S0033291717002148.

Polygenic risk for severe psychopathology among Europeans is
associated with major depressive disorder in Han Chinese
women

A. C. Edwardsl2"T A.R. Dochertyl3T A. Moscatil, T. B. Bigdelil'2, R. E. Petersonl?, B. T.
Webb12, S.-A. Bacanul2, J. M. Hettemal:2, J. Flint4, and K. S. Kendlerl2

lvirginia Institute of Psychiatric and Behavioral Genetics, Virginia Commonwealth University,
Richmond, VA, USA

2Department of Psychiatry, Virginia Commonwealth University, Richmond, VA, USA

3Department of Psychiatry, University Neuropsychiatric Institute, University of Utah School of
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Abstract

Background—->Previous studies have demonstrated that several major psychiatric disorders are
influenced by shared genetic factors. This shared liability may influence clinical features of a
given disorder (e.g. severity, age at onset). However, findings have largely been limited to
European samples; little is known about the consistency of shared genetic liability across
ethnicities.

Method—The relationship between polygenic risk for several major psychiatric diagnoses and
major depressive disorder (MDD) was examined in a sample of unrelated Han Chinese women.
Polygenic risk scores (PRSs) were generated using European discovery samples and tested in the
China, Oxford, and VCU Experimental Research on Genetic Epidemiology [CONVERGE
(maximum A/ = 10 502)], a sample ascertained for recurrent MDD. Genetic correlations between
discovery phenotypes and MDD were also assessed. In addition, within-case characteristics were
examined.
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Results—European-based polygenic risk for several major psychiatric disorder phenotypes was
significantly associated with the MDD case status in CONVERGE. Risk for clinically significant
indicators (neuroticism and subjective well-being) was also associated with case—control status.
The variance accounted for by PRS for both psychopathology and for well-being was similar to
estimates reported for within-ethnicity comparisons in European samples. However, European-
based PRS were largely unassociated with CONVERGE family history, clinical characteristics, or
comorbidity.

Conclusions—The shared genetic liability across severe forms of psychopathology is largely
consistent across European and Han Chinese ethnicities, with little attenuation of genetic signal
relative to within-ethnicity analyses. The overall absence of associations between PRS for other
disorders and within-MDD variation suggests that clinical characteristics of MDD may arise due
to contributions from ethnicity-specific factors and/or pathoplasticity.

Keywords
Major depression; polygenic risk; psychopathology; trans-ethnic

Introduction

Given the wide availability of results from genome-wide association studies (GWAS), it is
now possible to detect genetic relationships between phenotypes. This approach has
facilitated the identification of genetic susceptibility factors that are common across
psychiatric disorders (Cross-Disorder Group of the Psychiatric Genomics Consortium, 2013;
Cross-Disorder Group of the Psychiatric Genomics Consortium et a/. 2013). For example,
significant genetic overlap of depression with schizophrenia and bipolar disorder in
European (EUR) samples has been well-established (Cross-Disorder Group of the
Psychiatric Genomics Consortium, 2013; Cross-Disorder Group of the Psychiatric
Genomics Consortium et al. 2013). However, genetic overlap of these disorders has been
largely unexamined in Chinese samples due to historically modest genetic samples of major
depressive disorder (MDD) (Liu et al. 2016).

By applying a trans-ethnic approach to the genetic relationship between major psychiatric
disorders and MDD case—control status and clinical presentation, we can clarify: (i) the
extent to which the genetic etiology of psychiatric comorbidity is shared across ancestry, and
(i) whether genetic liability for other disorders is reflected in certain characteristics of
MDD, which may elucidate biological mechanisms underlying symptom presentation across
both disorders. Appropriately accounting for variation in linkage disequilibrium (LD) across
populations has been a complicating factor in trans-ethnic analyses, but recent advances (e.g.
Vilhjalmsson et al. 2015; Brown et al. 2016) have improved the methods by which these
analyses can be conducted.

Our study examined association of polygenic risk scores (PRSs) from six European meta-
analytic GWAS for psychiatric disorders and traits with depression symptoms, associated
clinical characteristics, and MDD case—control status in a large sample of Han Chinese
descent (/=10 502) from the China, Oxford, and VCU Experimental Research on Genetic
Epidemiology (CONVERGE) study (CONVERGE Consortium, 2015). CONVERGE was
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designed to examine genetic risk factors for recurrent MDD among a rigorously ascertained
cohort. CONVERGE is the largest non-European collection of major depression cases and
controls to date, and thus provides an optimal sample to study trans-ethnic polygenic
association and shared common variant liability.

The current study explores the genetic risk underlying both severe forms of mental illness —
recurrent MDD, bipolar disorder, schizophrenia, and anxiety disorders — and traits that have
been previously associated with MDD, but do not represent clinically significant outcomes
(Hettema et a/. 2006; Musliner et al. 2015; Okbay et a/. 2016): neuroticism, depressive
symptoms, and subjective well-being. Genetic relationships within the former set have been
examined widely within samples of European descent (Hettema, 2008; Cross-Disorder
Group of the Psychiatric Genomics Consortium, 2013; Cross-Disorder Group of the
Psychiatric Genomics Consortium et al., 2013). By including subclinical traits, we aim to
clarify genetic influences on the dimensional nature of risk: depressive symptoms,
neuroticism, and subjective well-being are potentially indicative of genetic liability to MDD,
and are genetically correlated with one another (Okbay et a/. 2016). However, additional
research is needed to determine the clinical utility of such phenotypes with respect to MDD;
furthermore, whether any observed associations are robust across ethnicities has not yet been
assessed.

The aims of the current study are as follows: (i) to examine whether European-based
polygenic risk for severe psychiatric disorders or subclinical indicators of risk are associated
with MDD or its clinical features in a Chinese sample; (ii) to examine genetic correlations
between these discovery phenotypes and MDD; and (iii) to determine whether genetic
relationships across ethnicity are quantitatively comparable to those within ethnicity.
Overall, we expected to find significant associations of PRS with MDD case—control status
to the degree that phenotypic co-morbidities exist between discovery and test phenotypes.
We also hypothesized positive associations (except for subjective well-being, due to its
valence) of PRS for severe psychopathology with severity and chronicity indicators in the
MDD cases. We expected to observe positive genetic correlations across traits (again, except
subjective well-being). Finally, we expected the observed associations/correlations to be
modestly weaker than those observed within ethnicity.

Materials and methods

Sample ascertainment

Cases and controls were recruited from 51 Chinese mental health centers and psychiatric
departments of general medical hospitals, in 40 cities across 21 provinces. Full details of
sample ascertainment have been previously reported (CONVERGE Consortium, 2015), but
we provide basic characteristics here. We reduced potential clinical heterogeneity by
recruiting only female participants, and to minimize potential ethnic stratification, only
participants whose grandparents (all four) were of Han Chinese descent were recruited to
participate. Cases and controls [age M (S.D.) = 44.4 (8.9) and 47.7 (5.6), respectively] were
excluded for diagnosis of bipolar disorder, any psychosis, and any significant mental deficit
such as a diagnosis of intellectual disability. Cases had to have had at least two major
depressive episodes, with the first episode occurring prior to age 50, and participants could
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not have abused drugs or alcohol prior to their first episode of depression. Controls were
clinically screened to rule out prior depressive episodes and had to be at least 40 years of
age, past the age of most typical MDD onset.

The study protocol was approved centrally by the Ethical Review Board of Oxford
University, and by the ethics committees of all the participating hospitals in China. All
participants provided informed consent to participate.

Diagnostic assessments

All participants were interviewed in sessions that lasted approximately 2 h. Interviewers
were licensed psychiatrists, post-graduate medical students, or psychiatric nurses, and all
were clinically trained by the CONVERGE team for at least 1 week. Interviews were
recorded and included an assessment of lifetime psychopathology symptoms, demographic
characteristics, and psychosocial functioning. Trained editors listened to a portion of the
interviews to rate interview quality. We excluded participants who had incomplete
assessment information, or who were lacking high-quality genetic data, and arrived at a final
unrelated sample of 5220 controls and 5282 cases for analysis.

Diagnoses of depressive disorders were completed using the Composite International
Diagnostic Interview (World Health Organization, 1997), which classifies diagnoses
according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV) criteria (American Psychiatric Association, 1994). Previous research on structural
invariance of MDD measurement has been reported elsewhere, indicating that the DSM
criteria perform similarly in this sample relative to European and U.S. samples (Kendler et
al. 2015).

Outcome variables—We first examined clinical characteristics and related features
within individuals diagnosed with MDD [described previously (CONVERGE Consortium,
2015)]. We further tested for associations with case—control status using several definitions
of MDD. These outcomes are described below.

Family history—During their diagnostic interview, participants with a history of recurrent
MDD were asked whether their biological parents and/or full biological siblings had a
history of symptoms of depression. The history of lifetime major depression in parents and
siblings was assessed using the Family History Research Diagnostic criteria (Endicott ef al.
1975) and was adapted from the interview used in the Virginia Adult Twin Study of
Psychiatric and Substance Use Disorders (Kendler & Prescott, 2006). It should be noted that
underreporting of family history can be present in non-family studies where multiple
informants are unavailable for assessment. However, using diagnostic criteria in case—
control designs, as was done here, significantly increases the sensitivity of family history
reporting (Andreasen et al. 1977). We created a binary (yes/no) variable for whether the
participant had a family history of depression, as well as a continuous variable representing
the ratio of family members with a history of depression.

Clinical characteristics—MDD cases were asked to report the number of times they had
experienced a depressive episode. This variable was winsorized at 20 to reduce the effect of

Psychol Med. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Edwards et al.

Page 5

recall bias. We also assessed the longest duration of a depressive episode in weeks; the
symptom count for the worst episode; age at onset (AAO), as both a continuous variable and
a dichotomous variable split at the median (age 34); and whether the participant had
experienced suicidal thoughts, made a plan for suicide, or attempted suicide, based on the
hypothesis that individuals experiencing suicidal symptoms represent severe cases. AAO has
been examined previously in this sample, with earlier AAO being associated with increased
neuroticism and greater psychiatric co-morbidity (Docherty ef a/. 2016).

Comorbidity within MDD—MDD cases were assessed for a history of panic disorder,
generalized anxiety disorder (GAD), multiple phobias, and dysthymia. Phobias were
collapsed into an ‘any phobia’ category. While cases were excluded for schizophrenia-
spectrum/bipolar disorders, anxiety disorders were co-morbid with many of the depression
diagnoses, and these co-morbidities have been examined and reported previously (Li ef al.
2012).

Case—control status—All cases had a history of recurrent MDD, as described previously
(CONVERGE Consortium, 2015). We tested for associations with overall MDD case status,
as well as with melancholia (MEL) (Sun et a/. 2012) and with non-melancholic MDD. In
these analyses, the comparison group was MDD - controls; i.e. MDD cases who did not
have MEL were excluded when testing for associations with the MEL subtype, and vice
versa.

Population structure

To reduce the effects of population stratification, ancestry principal components (PC) were
constructed using EIGENSOFT 3.0 (Price et al. 2006) and SMARTPCA (Patterson et al.
2006). To correct for dependence between markers, and thereby avoid the potential
disruption of the eigenvalue structure, SNPs were pruned at /2 > 0.7 prior to construction of
PC scores, as recommended by Patterson et al. (2006). A total of 144 929 autosomal SNPs
with Pr(G) = 0.9 and <1% missing rate were used to generate 10 intra-continental PC
scores, two of which were included in the current analyses to maintain consistency with
prior analyses (CONVERGE Consortium, 2015). All analyses also included age as a
covariate.

Discovery phenotypes

We selected a limited number of meta/mega-analyses of psychiatric disorders and related
phenotypes based on the availability of substantial discovery sample size and putative
genetic relationship with major depression. Summary statistics for three binary phenotypes
were used: (i) the Psychiatric Genomics Consortium’s (PGC) analysis of bipolar disorder
(BPD) (Psychiatric GWAS Consortium Bipolar Disorder Working Group, 2011), which
consisted of 11 974 cases and 51 792 controls; (ii) the PGC’s meta-analysis of schizophrenia
(SCZ) (Schizophrenia Working Group of the Psychiatric Genomics Consortium, 2014), with
36 989 cases and 113 075 controls; and (iii) the ANGST Consortium’s meta-analysis
(Otowa et al. 2016) of ‘any anxiety disorder” (ANX), with 5761 cases and 11 765 controls.
Three continuous phenotypes were used, all from a meta-analysis reported by Okbay et al.

Psychol Med. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Edwards et al. Page 6

(2016): (i) depressive symptoms (DepSx; N =161 460); (ii) neuroticism (A, /=170 911);
and (iii) subjective well-being (SWB; NV =298 420).

Polygenic risk scores

Python-based LDpred (Vilhjalmsson ef a/. 2015) was used to construct PRS for these
analyses because of its ability to account for LD structure using our large East Asian (EAS)
test sample, and its use of all common genetic variants rather than those corresponding to a
specified p value threshold for inclusion in the PRS. Overlapping variants present in the
discovery and CONVERGE samples were included in the polygenic score calculations, with
the following numbers of variants, by discovery phenotype: BPD — 847 490; SCZ — 1 365
419; ANX -1 861 031; DepSx — 1 888 775; Neuroticism — 1 888 756; and SWB — 835 698.
LDpred uses postulated proportions of causal variants in the genome as Bayesian prior
probabilities for PRS calculations, and a range of seven priors was tested (proportions of 1,
0.3, 0.1, 0.03, 0.01, 0.003, and 0.001) as well as the model of infinite variants of
infinitesimally small effect, to construct scores. Here we focus on the 0.3 prior; complete
results are available in the online Supplemental Table. To minimize error introduced by
LDpred’s utilization of hard-called data, we limited our analyses to markers with high-
confidence genotype probabilities (=0.90). Critically, LDpred’s design accounts for genomic
differences across ethnicities (Vilhjalmsson et a/. 2015), making it the most suitable method
for the current analyses.

Phenotype associations

Linear or logistic regressions were run using R to compare full (PRS, two ancestry PC, and
age) and restricted models where PRS was removed. Nagelkerke’s pseudo-/A2 is reported
based on the difference in A2 between the full and reduced models. Experiment-wide
multiple testing was corrected using a false discovery rate (FDR) of 5% (Benjamini &
Hochberg, 1995) using the p.adjust function in R. We report g-values to account for multiple
testing, Nagelkerke’s pseudo- /2 values, and standardized parameter estimates for each PRS
regression.

Empirical heritability and genetic correlation

Estimates of genetic correlation between CONVERGE MDD and the discovery phenotypes
were obtained using Popcorn version 0.9.6 (Brown et a/. 2016), a python module designed
for trans-ethnic heritability estimation. It leverages information about differences in LD
between populations using reference genotypes [EUR and EAS genotypes from 1000
Genomes (1000 Genomes Project Consortium et a/. 2015) were used in the present analyses]
to produce an unbiased estimate of trans-ethnic genetic correlation. Notably, assumptions
about population prevalence of the dichotomous (disease) phenotypes were required to
calculate estimates on the putative underlying continuous liability distribution.

Results

Descriptive statistics

Table 1 provides sample sizes and descriptive statistics for each phenotype assessed. Due to
the nature of the analyses, we included only individuals for whom quality controlled genetic
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data were available, and therefore for whom polygenic scores could be calculated (maximum
N =10 502). Briefly, cases with recurrent depression had an average AAO of 34.82 (S.D. =
0.14) and an average of 3.96 lifetime episodes (S.D. = 0.05); a quarter had a self-reported
family history of MDD.

Associations from linear and logistic regressions

Complete results across all specified priors for LDpred are available in the online
Supplemental Table. Here, we focus on results from the 0.3 prior, as this setting slightly
outperformed others with respect to average /2 accounted for by the full model. Results
from the 0.3 prior are provided in Table 2. We observed statistically robust associations (g <
1 x 1077) between polygenic scores derived from GWAS of bipolar disorder and
schizophrenia with MDD case—control status and with MEL. We observed less robust, but
still significant (g < 0.05), associations between scores derived from GWAS of depressive
symptoms, neuroticism, and subjective well-being and MDD/MEL case—control status.
Neuroticism scores were further associated with the non-melancholic subtype. Scores based
on anxiety disorders were suggestively associated with MDD case—control status (g = 0.07).
For overall MDD, the strongest effect sizes were observed for scores based on SCZ and BPD
(Table 2); scores based on neuroticism and subjective well-being were more modest, and
those derived from anxiety or depressive symptoms SNP weights were lowest.

Associations between PRS and clinical characteristics or comorbid anxiety disorders were
not robust: no associations achieved g < 0.05, though some met significant (though less
conservative) p value thresholds (see online Supplemental Table). BPD scores were
modestly (0.05 < ¢ < 0.10) associated with suicidal thoughts and attempts. Finally, BPD
scores were associated with GAD, and subjective well-being scores were inversely
associated with dysthymia (both 0.05 < ¢ < 0.10).

No score accounted for more than 1% of the variance in any CONVERGE phenotype (see
online Supplemental Table). The highest &2 estimates observed were based on PRS derived
from SCZ and BPD and their associations with MDD and MEL. Figure 1 depicts variance in
MDD and the MEL subtype accounted for by each polygenic score based on the 0.3 prior
setting in LDpred. The range of A2 varied across outcome and discovery phenotypes,
sometimes by orders of magnitude, but given the consistently low proportions of variance
accounted for it is not clear that these differences are meaningful.

Genetic correlations

We calculated genetic correlations between discovery phenotypes and CONVERGE MDD.
We limited these analyses to the MDD outcome due to the substantial overlap between
MDD cases and those with the MEL subtype, and due to the overall absence of associations
between PRS and measures of clinical presentation or comorbidity (see above). Results are
presented in Fig. 2. The strongest correlation observed was for BPD [rG = 0.45, confidence
interval (ClI) 0.31-0.59, p= 6.9 x 10719]; SCZ and ANX were moderately correlated with
MDD (rG = 0.36, Cl 0.26-0.46, p= 1.9 x 10714; and rG = 0.34, C1 0.05-0.63, p= 9.9 x
1073, respectively). Depressive symptoms and neuroticism were modestly correlated with
MDD (rG = 0.22, C1 0.10-0.34, p= 9.4 x 1075; and rG = 0.24, C1 0.14-0.34, 4.0 x 1077,
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respectively), while subjective well-being was negatively correlated (rG = -0.28, Cl —-0.42 to
-0.14, p=1.7 x 107°), as expected given the valence of the phenotypes.

Discussion

In the current study, we examined the associations between aggregate genetic liability for
psychiatric disorders and related traits in samples of European descent with MDD and its
clinical features in a large sample of severely affected Han Chinese women. Until recent
methodological advances, corresponding trans-ethnic associations have been fraught by
technical limitations — importantly, LD structural differences between populations. In light
of these advances, our aims were to address whether genetic liability for psychiatric
disorders within European samples, which dominate the literature, can be replicated trans-
ethnically, and to explore whether specific facets of MDD presentation are differentially
related to risk for other psychiatric/psychological features, as this may elucidate shared
biological mechanisms. We observed strong associations (g < 2.3 x 1078) between risk
scores derived from SCZ (/2 = 0.006) and BPD (/2 = 0.005) with CONVERGE case—
control status, with more modest but still significant associations from scores based on
depressive symptoms, neuroticism, and subjective well-being. Genetic correlations with
MDD were modest to moderate (rG = 0.22-0.45) across assessed phenotypes, and strongest
for SCZ and BPD. Furthermore, the effect sizes for scores based on BPD and SCZ increased
slightly using the more severe melancholic MDD subtype. We did not, however, observe
significant associations with MDD clinical features. We conclude that the genetic liability
underlying severe psychopathology is robust across ethnicities. The lack of associations
between EUR psychiatric PRS with EAS clinical features may due to several, non-mutually
exclusive reasons: heterogeneity in the clinical presentation of MDD may be influenced
prominently by environmental factors, genetic factors unrelated to other manifestations of
psychopathology, or ethnicity-specific genetic influences.

Associations with MDD case—control status

The strong association between SCZ or BPD with MDD case—control status is observed
across multiple metrics, including effect size, variance accounted for by PRS, and genetic
correlation, which is consistent with some previous research. Such associations have been
observed in PGC-led analyses (Cross-Disorder Group of the Psychiatric Genomics
Consortium, 2013; Cross-Disorder Group of the Psychiatric Genomics Consortium et al.
2013) and one previous study (Verduijn et al. 2017) has observed that MDD cases with
earlier AAO or higher symptom severity are at increased genetic risk for SCZ and BPD,
though those results were not replicated in the current study. The current results are notable
in their quantitative similarity to those of the PGC (Table 3); the genetic signals relevant to
MDD across EUR and EAS are only slightly attenuated, if at all. This is in contrast to
substantial attenuation observed across EUR and samples of African descent (e.g. for SCZ
(International Schizophrenia Consortium et a/. 2009)).

In contrast to the SCZ/BPD results, the weaker results based on anxiety (‘any anxiety
disorder’) are potentially due to the heterogeneity of the discovery phenotype or the reduced
power in the anxiety discovery sample. Twin studies have demonstrated a substantial genetic

Psychol Med. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Edwards et al.

Page 9

correlation between GAD and MDD (Kendler et a/. 2003, 2007; Hettema et al. 2006), while
MDD has appeared to be less strongly genetically correlated with phobias, panic disorder,
and other internalizing disorders (Hettema et a/. 2006), though this was not the case in a
highly selected family sample (Guffanti ef a/. 2016). Had discovery summary statistics been
based on only GAD, it is possible that we would have observed more robust associations
with CONVERGE outcomes. These results, in conjunction with a moderate genetic
correlation with CONVERGE MDD, could indicate that while the genetic liability across
ethnicities is similar, the manifestation of these disorders may be sensitive to non-genetic
and/or ethnicity-specific factors.

The lower genetic correlations and proportions of variance accounted for by non-diagnostic
discovery phenotypes — in particular, depressive symptoms and neuroticism — contribute to
the suggestion that shared genetic liability is most evident within severe manifestations of
psychopathology. Another potential factor impacting results is the difference in
ascertainment: polygenic risk for depressive symptoms and neuroticism was based on
population-based samples but projected into a severely affected MDD sample. Variation
likely exists in phenotypic distributions and trait assessment across the discovery and target
samples; for example, relative to clinically ascertained cases, population-based cases may
have lower mean symptom counts, may include individuals whose depression was less
persistent, and may meet criteria for less stringent screening instruments.

There is prior evidence of modest to high genetic correlations between N and depression
(Hettema et al. 2006; Kendler & Myers, 2010); in addition, we have previously
demonstrated associations between EUR-based N, using UK Biobank data, and
CONVERGE MDD case—control status (Docherty et al. 2016). For comparison, however,
the trans-ethnic correlation for recurrent MDD is 0.41 (Bigdeli et al. 2017), thus the
magnitudes of our observed correlations are not unexpected. Findings for the non-
melancholic MDD subtype further support the hypothesis that genetic factors are common
across more severe psychopathologies. Only neuroticism PRS were associated with the less
severe, non-melancholic MDD subtype. This association is consistent with previous research
observing neuroticism to be higher among women with a history of non-melancholic
depression (Kendler, 1997), though an earlier analysis of the CONVERGE sample observed
higher N among the MEL group (Sun et al. 2012). Furthermore, a study reported a strong
genetic correlation (rG = 0.64) between neuroticism and MDD in the PGC (Smith et al.
2016), though the samples included were primarily of European ancestry. Thus, the current
results should be interpreted with caution.

Also notable is the significant prediction of MDD and MEL status from the subjective well-
being PRS in this sample. These results are consistent with recent polygenic research on
well-being in a large European sample (Okbay et a/. 2016), and establish a precedent for
association with psychiatric phenotypes across European and Chinese ancestries.
Association of well-being PRS with both MDD and MEL is also consistent with
unpublished data from this group predicting decreased depressive symptoms, anxiety
symptoms, and family history of mental health problems from well-being PRS in college
students of European ancestry (A. R. Docherty et al. unpublished observations). However, in
the current analysis, we did not observe well-being PRS to be significantly associated with
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the severity or chronicity of MDD beyond the severity that is reflected in MEL case status.
Such results inform future study of polygenic resilience, pointing to the relevance of well-
being PRS in predicting real-world outcomes and prognosis, but also indicate that clinical
characteristics of MDD may be more sensitively predicted with (1) integration of additional
risk factors or exposures, and/or (2) with future studies of well-being PRS based on non-
European (or specifically Han) sample summary statistics.

Associations with features of MDD

Limitations

With the exception of several suggestive (0.05 < ¢ < 0.10) associations (BPD-based scores
with suicidal thoughts, suicide attempts, and GAD; SWB-based scores with dysthymia), we
did not observe strong relationships between PRS derived from EUR samples and features of
MDD in CONVERGE. This is in contrast to some within-EUR analyses: e.g. BPD and SCZ
were associated more strongly with early-onset MDD than with later-onset MDD as reported
by Power et al. (2017) (CONVERGE served as a replication sample in that study).

One potential interpretation of the current results is that genetic factors contributing to
clinical features of MDD are ethnicity-specific, or are unshared with variants impacting
liability to other psychopathology. Another potential explanation is based on the
ascertainment strategy: Power ef a/. (2017) recommended using more homogenous groups of
MDD cases in the quest to identify genetic risk variants, an approach employed by
CONVERGE. However, this results in a reduction in phenotypic variance (e.g. 75% of cases
endorsed all nine DSM criteria for MD), reducing our power to detect true associations.

Yet, another potential explanation for the overall absence of associations with MDD clinical
features is that clinical presentation is pathoplastic (Keller et al. 2007; Kendler & Aggen,
2017) — that is, subject to environmental factors and individual variation in risk that is not a
function of core physiological processes/genetic liability. Keller ef a/. (2007) reported that
MDD symptom endorsement varied in conjunction with exposure to diverse stressful life
events, which suggests that genetic factors are not markedly influential on heterogeneity in
symptom profiles, assuming environmental risk factors are independent (i.e. not a function
of the depressive state). Kendler & Aggen (2017) further demonstrated that, within
individuals, symptom presentation is only modestly heritable (~0.3) across depressive
episodes. These scenarios are not mutually exclusive: indeed, given the complexity of
psychopathology, the current results may be due to a combination of ethnicity-specific
genetic factors, ascertainment strategy, and the impact of sociocultural/environmental factors
on fine-scale clinical heterogeneity.

We note several limitations to the current study. First, while the ascertainment approach
minimized the likelihood of false positives and was ideal for the primary aims of the
CONVERGE study, the resulting sample of severely affected MDD cases is less
phenotypically diverse than other MDD samples. This reduction in variance could have
obscured potential associations between PRS and features of MDD cases.

Second, we utilized LDpred to generate PRS, whereas previous reports [e.g. the PGC Cross-
Disorder Group (Cross-Disorder Group of the Psychiatric Genomics Consortium et al.

Psychol Med. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Edwards et al. Page 11

2013)] have typically used a method based on p value thresholds without modeling LD
(International Schizophrenia Consortium et a/. 2009). LDpred outperforms traditional
threshold-based scoring in terms of predicted /2 in some cases (Vilhjalmsson et a/. 2015)
and it is possible that, had we employed the threshold-based method, our results might have
suggested stronger attenuation of signal across ethnicities. However, LDpred facilitates
comparisons across ethnicities due to its handling of LD in the derivation of PRS. One
limitation of LDpred is its use of hard-called genetic data, though this is mitigated through
the restriction to high-confidence (=0.9 probability) calls.

Third, our analyses were limited to Han Chinese women, and we are unable to determine the
extent to which aggregate genetic factors influencing severe psychopathology are shared
with MDD in Han Chinese men or with other East Asian ethnicities. As noted elsewhere,
comparisons between EUR samples and other ethnicities, such as African Americans, have
yielded less consistent evidence of shared genetic effects. Furthermore, we were unable to
formally assess whether genetic relationships differed as a function of gender, as we utilized
publicly available summary statistics from studies in which genders were combined. Prior
work has demonstrated that restricting analyses to within a gender can, for example, result in
increased estimates of genetic correlation (Bigdeli ef a/. 2017). It is possible that our
findings were impacted by this factor.

These limitations are offset by a large, carefully and consistently ascertained sample, which
improves statistical power, and by in-depth phenotypic assessments that enabled the
exploration of features beyond MDD case—control status. Our findings provide support for
the hypothesis that multiple manifestations of severe psychopathology are influenced to a
non-trivial degree by common genetic liability, and that these shared genetic relationships
are generalizable across some ethnic groups. In conjunction with future studies, the current
findings have the potential to further clarify the etiology of severe psychopathology
generally as well as elucidate genetic factors specific to MDD liability. Furthermore,
understanding common V. ethnicity-specific factors may improve tailored approaches to
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Nggelkerke’s pseudo-A2 values for MDD and the melancholic subtype (MEL) for each
polygenic risk score source. Values are based on scores weighted using the 0.3 prior in
LDpred. Asterisks correspond to p values associated with dropping the score variable from
the regression model. *<0.05; **<0.001; ***<0.0001.
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Fig. 2.

Genetic correlations (95% confidence intervals) between discovery phenotypes, listed on the
x-axis, with CONVERGE MDD. Analyses were conducted using Popcorn (Brown et al.
2016), which accounts for genetic differences across ethnicities.
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Table 3

Comparison of relationships between BPD and MDD or SCZ and MDD, within EUR ethnicity (‘Within PGC’
column) or across ethnicities (‘PGC-CONVERGE’ column)

Within PGC PGC-CONVERGE

Highest A2 from polygenic risk score?
BPD-MDD 0.00494 0.0051

SCZ-MDD 0.00914 0.0063

Genetic correlation (S.E.)

BPD-MDD (47 (006)? 045 (0.07)
SCZ-MDD 43 (0.0t  0-36 (0.05)

MDD-MDD  n/a 0.41 (0.03)¢

aWithin-PGC results obtained from Cross-Disorder Group of the Psychiatric Genomics Consortium (2013)
bWithin—PGC results obtained from Cross-Disorder Group of the Psychiatric Genomics Consortium et a/. (2013)

CPGC—CONVERGE results obtained from Bigdeli et a/. (2017)
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