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IMPORTANCE Most previous genome-wide association studies (GWAS) of depression have
used data from individuals of European descent. This limits the understanding of the
underlying biology of depression and raises questions about the transferability of findings
between populations.

OBJECTIVE To investigate the genetics of depression among individuals of East Asian and
European descent living in different geographic locations, and with different outcome
definitions for depression.

DESIGN, SETTING, AND PARTICIPANTS Genome-wide association analyses followed by
meta-analysis, which included data from 9 cohort and case-control data sets comprising
individuals with depression and control individuals of East Asian descent. This study was
conducted between January 2019 and May 2021.

EXPOSURES Associations of genetic variants with depression risk were assessed using
generalized linear mixed models and logistic regression. The results were combined across
studies using fixed-effects meta-analyses. These were subsequently also meta-analyzed
with the largest published GWAS for depression among individuals of European descent.
Additional meta-analyses were carried out separately by outcome definition (clinical
depression vs symptom-based depression) and region (East Asian countries vs Western
countries) for East Asian ancestry cohorts.

MAIN OUTCOMES AND MEASURES Depression status was defined based on health records
and self-report questionnaires.

RESULTS There were a total of 194 548 study participants (approximate mean age, 51.3 years;
62.8% women). Participants included 15 771 individuals with depression and 178 777 control
individuals of East Asian descent. Five novel associations were identified, including 1 in
the meta-analysis for broad depression among those of East Asian descent: rs4656484
(β = −0.018, SE = 0.003, P = 4.43x10−8) at 1q24.1. Another locus at 7p21.2 was associated
in a meta-analysis restricted to geographically East Asian studies (β = 0.028, SE = 0.005,
P = 6.48x10−9 for rs10240457). The lead variants of these 2 novel loci were not associated
with depression risk in European ancestry cohorts (β = −0.003, SE = 0.005, P = .53 for
rs4656484 and β = −0.005, SE = 0.004, P = .28 for rs10240457). Only 11% of depression
loci previously identified in individuals of European descent reached nominal significance
levels in the individuals of East Asian descent. The transancestry genetic correlation between
cohorts of East Asian and European descent for clinical depression was r = 0.413 (SE = 0.159).
Clinical depression risk was negatively genetically correlated with body mass index in
individuals of East Asian descent (r = −0.212, SE = 0.084), contrary to findings for individuals
of European descent.

CONCLUSIONS AND RELEVANCE These results support caution against generalizing findings
about depression risk factors across populations and highlight the need to increase the
ancestral and geographic diversity of samples with consistent phenotyping.
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D epression affects an estimated 300 million people1

and represents a leading cause of health-related dis-
abilities. More than 80% of the global burden affects

low- and middle-income countries.2,3 To date, 102 genetic vari-
ants have been associated with depression liability.4-7 How-
ever, most previous genetic studies have been conducted
in European ancestry cohorts.8 Extending this work to other
population groups can yield new biological insights perti-
nent to specific populations and facilitate improved genetic
risk prediction across ancestry groups.9,10

The manifestation of depression varies. In China, the dis-
order traditionally associated with serious stress is neurasthe-
nia, characterized by strong physical and psychological fatigue.11

Depression-like presentations are becoming more common
in recent times.12 However, somatic symptoms tend to be em-
phasized over emotional and cognitive symptoms.13 Previous
studies of US individuals of European descent have reported
the absence of high-arousal positive emotions, such as excite-
ment or enthusiasm, as a main feature of depression, while pre-
sentations in Chinese individuals emphasize the absence of
low-arousal positive states, such as peacefulness.14-16 Conse-
quently, different items on depression scales tend to be useful
markers of depression across populations and ethnic groups,17-19

raising questions about what depression means and how best
to assess it cross-culturally for research.

In this study, we have combined data from the China,
Oxford, and Virginia Commonwealth University Experimen-
tal Research on Genetic Epidemiology (CONVERGE)
consortium,20 China Kadoorie Biobank (CKB), and the Taiwan-
Major Depressive Disorder (MDD) study, as well as studies con-
ducted in the US and UK that included participants of East Asian
ancestry, to carry out the first (to our knowledge) large GWAS
meta-analysis of depression among 194 548 individuals with
East Asian ancestry. We aimed to identify novel depression loci,
assess the transferability of genetic risk factors between indi-
viduals of European and East Asian descent, characterize the
genetic architecture associated with different depression defi-
nitions, and compare the findings between ancestry cohorts.

Methods
Participating Studies and Depression Definitions
This genome-wide association study was conducted between
January 2019 and May 2021. We included data from CKB,
CONVERGE, and the Taiwan-MDD study, as well as US- and UK-
based cohorts with DNA samples of individuals of East Asian
descent: 23andMe Inc, Women’s Health Initiative (WHI), Mount
Sinai BioMe Biobank, Intern Health Study (IHS), the Study to
Assess Risk and Resilience in Servicemembers (Army-STARRS),
and UK Biobank (UKB). The data for WHI presented in the cur-
rent publication are based on the use of study data downloaded
from the dbGaP website, under phs000200.v12.p3. Details
about these cohorts and data sets are available in eTable 1 in
Supplement 1 and eAppendix 1 in Supplement 2. All participants
provided written informed consent, and each study obtained
approval from local ethical review boards. Genotyping data were
exported from China to the Oxford CKB International Coordi-

nating Centre under Data Export Approvals 2014-13 and 2015-
39 from the Office of Chinese Human Genetic Resource Admin-
istration. The CKB analyses were conducted under project 2018-
0018 as approved by the CKB Research Committee. Details
of each cohort have been previously described.20-30 This study
followed the Strengthening the Reporting of Genetic Associa-
tion Studies (STREGA) reporting guideline.

This investigation was based on data from individuals with
East Asian ancestry as defined by the investigators based on
genetic information. For each study, a principal component
analysis was carried out based on the genetic similarity of pairs
of individuals. Individuals that clustered around a reference
group with confirmed East Asian ancestry were included in
this analysis.

We used a range of measures to define depression, including
structuredclinical interviews,medicalhealthcarerecords,symp-
tom questionnaires, and self-completed surveys in a broad dis-
covery association analysis of 15 771 depression cases and 178 777
controls (eTable 1 in Supplement 1). We also split the sample to
perform outcome-specific analyses based on clinical depression
or symptom-based depression. For the analysis based on clini-
caldepression,participantsreportinglifetimesymptomsthatwere
likely to fulfill DSM criteria for MDD and individuals diagnosed
withadepressivedisorderbasedonmedicalrecordsfromprimary
and secondary health care were classified as having depression.
In this analysis (8223 patients with depression and 85 370 con-
trol participants), we combined data from CONVERGE, Taiwan-
MDDstudy,UKB,Army-STARRS,BioMe,andCKB.Thesymptom-
based depression analysis used short questionnaires to identify
those with self-reported depression symptoms in general popu-
lation cohorts, including the CKB (CIDI-trigger symptoms), WHI,
and IHS (6124 individuals with depression, 73 095 control partici-
pants). We conducted additional association analyses in which
cohortswereregroupedbyregion:cohorts inEastAsiancountries
(12 027 individuals with depression and 83 727 control partici-
pants) vs cohorts with participants of East Asian descent in the
US and UK studies (3744 individuals with depression, 95 050
control participants) (eTable 1 in Supplement 1).

Genetic Association Analyses and Meta-analyses
Genotyping and quality control are described in eAppendix 1 and
eTable 2 in Supplement 2. Single-nucleotide variant (SNV)–

Key Points
Question Are the genetic risk factors for depression the same
in individuals of East Asian and European descent?

Findings In this genome-wide association meta-analysis of
depression in 194 548 individuals with East Asian ancestry,
2 novel genetic associations were identified, one of which is
specific to individuals of East Asian descent living in East Asian
countries. There was limited evidence for transferability with
only 11% of depression loci previously identified in individuals
of European descent reaching nominal significance levels in
the individuals of East Asian descent.

Meaning Caution is advised against generalizing findings about
genetic risk factors for depression beyond the studied population.
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level associations with depression were assessed using logistic
regression in the 23andMe, Taiwan-MDD study, Army-
STARRS, UKB, WHI, and IHS cohorts. Linear-mixed models were
used in the association analysis for CONVERGE (FastLMM,
version 2.06.20130802)31 as well as CKB and BioMe (SAIGE, ver-
sion 0.36.1)32 to adjust for population structure and related-
ness. We assessed an additive per-allele model. Unstandard-
ized β estimates and standard errors (SEs) were calculated. Age,
sex, principal components, and study-specific covariates
(eg, study arm in WHI) were included as covariates.

We performed a z-score weighted meta-analysis using
METAL, version 2011-03-2533 for 13 163 200 genetic variants
(eFigure 1 in Supplement 2). For all meta-analyses, results were
restricted to variants present in at least 2 studies. We also per-
formed a z-score weighted meta-analysis combining results
from our analysis of individuals of East Asian descent and
the publicly available summary statistics from the largest
published GWAS of participants of European descent.7

Reproducibility of Established Depression Loci
We assessed whether the associations of 102 established
depression loci from the largest published European ancestry
GWAS7 were reproducible in samples from individuals with East
Asian ancestry. We compared this to the absolute number of
associations out of the 102 that we are powered to observe
if the effect size estimates in individuals of East Asian ancestry
are consistent with the effect size estimates from the Euro-
pean ancestry studies. For benchmarking, we also assessed
the reproducibility of these established loci in ancestry-
matched cohorts. We used independent European ancestry
GWAS for depression with different sample sizes (BioMe,
BioVU, FinnGen, 23andMe).

Heritability and Genetic Correlations
We estimated the SNV heritability (h2) using linkage disequilib-
rium score regression33 and bivariate genome-based restricted
maximum likelihood (GREML) implemented in the GCTA soft-
ware version 1.9234 for the 2 large Chinese data sets, CONVERGE
andCKB(symptom-baseddefinition).Forthisanalysisweapplied
several prevalence estimates, ranging from 6.5%35 to 15%.6

We estimated transancestry genetic correlations between
depression in cohorts of East Asian descent and European de-
scent using POPCORN, version 1.0.36 We only present genetic
correlation estimates where the standard error was less than 0.3.
For clinical depression in individuals of European descent,
we used the summary statistics from 45 396 individuals with a
DSM-based diagnosis of major depressive disorder and 97 250
control participants included in the latest GWAS,7 excluding
UKB and 23andMe. Additionally, we generated a symptom-
based definition for individuals of European descent using the
Patient Health Questionnaire 9 and a cutoff score of 10.25,37,38

Results
Genome-Wide Association Meta-analysis of Depression
in Individuals of East Asian Descent
Participants included 15 771 individuals with depression and
178 777 control participants from 9 different studies20-30,39,40

(eTable 1 in Supplement 1). The meta-analysis yielded results
for 9 223 944 variants with 1 region associated at genome-
wide significance (Figure 1A; eTable 3 in Supplement 3). Vari-
ant rs4656484 at a previously unreported locus, 1q24.1, was
associated with depression (β for C allele = −0.018, SE = 0.003,
effect allele frequency [EAF] = 0.635, P = 4.4 × 10−8) (Table).
It had consistent effect sizes across all studies except UKB
(133 individuals with depression and 366 control partici-
pants) (eFigure 2 in Supplement 2). In the UK Brain Expres-
sion Consortium resource (UKBEC),41 rs4656484 was associ-
ated with expression of LMX1A (OMIM 600298), which has
been linked to dopamine neuron development.42 The tissue
group showing the strongest eQTL association was frontal
cortex (P = 1.1 × 10−4).42

Association Analyses by Geographic Region
and Depression Definition
We further investigated associations by geographic region
and by depression definition. We carried out separate meta-
analyses in the studies conducted in East Asian countries
(12 027 individuals with depression and 83 727 control
participants)20-22 and in studies with ancestrally East Asian
participants conducted in the US and the UK (3744 individu-
als with depression and 95 050 control participants)23-30,39,40

(eTable 4 in Supplement 4). A novel locus at 7p21.2 was asso-
ciated with depression at genome-wide significance in the
analysis of the studies conducted in East Asia (Table). The
lead SNV, rs10240457 (EAF = 0.646, β for A allele = 0.028,
SE = 0.005, P = 5.0 × 10−9) is intronic to AGMO (OMIM
613738). This gene cleaves the O-alkyl bond of ether lipids,
which are essential components of brain membranes and
function in cell-signaling and other critical biological pro-
cesses. This variant did not display evidence of association
in the samples from studies conducted in the US and UK
(β = 0.001, SE = 0.005, P = .79) (eFigure 3 in Supplement 2).
No other associations were observed at genome-wide signifi-
cance (eTable 4 in Supplement 4).

We also split the sample to perform outcome-specific
analyses (ie, those with clinical diagnosis of depression vs
those with self-reported symptoms of depression). No vari-
ants were associated at genome-wide significance in the
meta-analysis for clinical diagnosis (8223 individuals with
depression and 85 370 control participants) nor for symptom-
based depression (6124 individuals with depression and 73 095
control participants) (eTable 1 in Supplement 1 and eTable 5
in Supplement 5).

Meta-analysis of Studies of Participants
of East Asian Descent and Studies of Participants
of European Descent
We carried out a meta-analysis for the broad depression out-
come in cohorts of East Asian descent and the largest GWAS
of depression in cohorts of European descent7 (Figure 1B;
eFigure 4 in Supplement 2). Variants at 43 loci were associ-
ated at genome-wide significance. Out of these, 3 loci had not
been previously reported, nor did they reach genome-wide sig-
nificance in either the analysis of European descent cohorts
or East Asian descent cohorts alone (Table; eTable 6 in Supple-
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ment 6). There was no significant heterogeneity for any of
the lead variants at the newly identified loci. The lead variant
at 1q25.2, rs7548487 (β for A allele = −0.013, SE = 0.002,
P = 1.29 × 10−8), is located in an intron of ASTN1 (OMIM
600904). Astrotactin is a neuronal adhesion molecule
required for glial-guided migration of young postmitotic neu-
roblasts in cortical regions of the developing brain.43 The

C allele of the lead variant at 18q12.1, rs547488, had a β of 0.008
(SE = 0.001) and P = 3.3 × 10−8. This variant is located down-
stream of CDH2 (OMIM 114020), which encodes N-cadherin
and has been shown to play a role in the development of the
nervous system and be associated with neurodevelopmental
disorders.44 The third locus is 22q13.31 with lead variant
rs12160976 (β for A allele = −0.009, SE = 0.002, P = 1.6 × 10−8).

Figure 1. Manhattan Plot of the Genetic Associations With Depression in Ancestrally East Asian Samples Using All 9 Studies
and the Transancestry Meta-analysis Between East Asian and European Ancestry Samples
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Reproducibility of Depression-Associated Loci
Although the lead variants of both novel associations from the
meta-analyses of individuals of East Asian descent were com-
mon in individuals of European descent (EAF = 0.76 and
EAF = 0.65 in 1000 Genomes Project phase 3 of individuals
of European descent for rs4656484 and rs10240457, respec-
tively), they were not associated with depression in the larg-
est published meta-analysis of depression among individuals
of European descent,7 and effect sizes similar to those in
cohorts of East Asian descent can be ruled out (Table). None
of the variants in the credible sets displayed evidence of as-
sociation at nominal significance levels in the meta-analysis
of European ancestry cohorts (Figure 2).

We assessed evidence for reproducibility of previously
reported loci for depression. The 2 genome-wide significant
loci previously identified in the CONVERGE study20 did not
show evidence of association in any of the other data sets of
cohorts with East Asian ancestry included in this study (eFig-
ure 5 and eTable 7 in Supplement 2). It is worth noting that the
effect sizes of these loci in the largest published meta-
analysis of depression among individuals of European descent7

(eTable 7 in Supplement 2) were also close to 0 for both
variants, and the 95% CIs did not overlap with those from
CONVERGE (eg, rs12415800 in CONVERGE: β = 0.152; 95%
CI = 0.097 to 0.207; European ancestry GWAS: β = −0.004;
95% CI = −0.041 to 0.033).20

Of the 102 genetic variants that were independently asso-
ciated with depression risk in individuals with European
ancestry,7 94 lead variants were present in the data for indi-

viduals of East Asian ancestry (eTable 8 in Supplement 7). Of
these variants, 63 variants (67%) had consistent direction of
effect sizes in the European and East Asian ancestry GWASs,
more than expected by chance (P = .001). Only 11% of these vari-
ants were associated with depression at nominal significance
in the meta-analysis of cohorts of East Asian descent, al-
though our study was powered to observe 43% under the as-
sumption that the effect sizes are consistent between the co-
horts of East Asian descent and the cohorts of European descent
(eFigure 6 in Supplement 2). There was no evidence for enrich-
ment of associations at more stringent P value thresholds.

For comparison, we also tested how many of the 102 es-
tablished loci were reproducible in ancestry-matched stud-
ies, using several independent European ancestry GWASs with
different depression definitions. The expected reproducibil-
ity rates varied widely, reflecting the differences in power. The
largest data set from 23andMe had a reproducibility rate of 84%,
which compared to an expected value of 99% (ratio = 0.86)
(eTable 9 in Supplement 2). The lowest reproducibility rela-
tive to the expected value was observed for FinnGen, with a
ratio of 0.40. However, this was still considerably higher than
the ratio of observed vs expected reproducibility for the meta-
analysis of cohorts of East Asian ancestry (ratio = 0.25).

Heritability and Genetic Correlations
The SNV heritability in CONVERGE was 26.2% (SE = 0.03) on
the liability scale and 6.4% (SE = 0.02) for CKB based on a
prevalence of 6.5%. The clinical diagnosis and symptom-
based depression meta-analyses in individuals of East Asian

Table. Association Results With Depression for Novel Loci With P < 5 x 10−8 Based on Fixed-Effects Meta-analyses

rs-ida CHR:position EA/OA Cohort

No. of individuals
with depression;
No. of control
participants EAF β (SE) OR (95% CI)b P value

Discovery set: East Asian ancestry GWAS of broad depression

rs4656484 1:166145466 C/G EASc 15 771; 178 777 0.63 −0.018 (0.003) 0.94 (0.91-0.97) 4.43×10−8

EURd 170 756; 329 443 0.76 −0.003 (0.005) 1.00 (0.99-1.01) .53

Discovery set: studies conducted in East Asian countries

rs10240457 7:15431149 A/G East Asiae 12 027; 83 727 0.65 0.028 (0.005) 1.08 (1.05-1.12) 6.48×10−9

EURd 170 756; 329 443 0.50 −0.005 (0.004) 1.00 (0.99-1.00) .28

Discovery set: meta-analysis combining ancestrally East Asian and European samples

rs7548487 1:177025098 A/G EAS+EURf 186 527; 508 220 0.90 −0.013 (0.002) 0.96 (0.95-0.98) 1.29×10−8

EASc 15 771; 178 777 0.95 −0.016 (0.007) 0.95 (0.89-1.01) .02

EURd 170 756; 329 443 0.88 −0.035 (0.007) 0.97 (0.96-0.97) 1.26×10−7

rs547488 18:26481463 C/G EAS+EURf 186 527; 508 220 0.54 0.008 (0.001) 1.02 (1.01-1.03) 3.25×10−8

EASc 15 771; 178 777 0.78 0.011 (0.004) 1.05 (1.01-1.08) .003

EURd 170 756; 329 443 0.45 0.020 (0.004) 1.02 (1.01-1.03) 3.12×10−6

rs12160976 22:46438246 A/G EAS+EURf 186 527; 508 220 0.25 −0.009 (0.002) 0.98 (0.97-0.98) 1.55×10−8

EASc 15 771; 178 777 0.02 −0.026 (0.011) 0.91 (0.81-1.03) .02

EURd 170 756; 329 443 0.34 −0.024 (0.005) 0.98 (0.97-0.99) 2.40×10−7

Abbreviations: CHR, chromosome; EA, effect allele; EAF, effect allele frequency;
EAS, East Asian descent; EUR, European descent; OA, other allele;
OR, odds ratio.
a Only the lead variant of each locus is included. The association results for

these variants in European ancestry samples from the largest published
meta-analysis for depression are also shown.7

b Based on an inverse-variance–weighted meta-analysis of the regression

coefficients for EAS and EAS+EUR.
c East Asian ancestry GWAS of broad depression outcome.
d Published results from depression GWAS with European ancestry samples.
e Depression GWAS restricted to studies conducted in East Asian countries.
f Meta-analysis between East Asian GWASc and European ancestry GWAS.d

Genetic Architecture of Depression in Individuals of East Asian Ancestry Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online September 29, 2021 E5

Downloaded From: https://jamanetwork.com/ by a University College London User  on 10/04/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099


descent had h2 estimates of 6.8% (SE = 0.02) and 3.8%
(SE = 0.04), respectively (eTable 10 in Supplement 2). How-
ever, it is likely that depressive symptoms were more com-
mon in the population than clinical depression. When we
assumed a prevalence estimate of 15%, as in analyses of indi-
viduals of European descent, all heritability estimates were
significantly increased.

The transancestry genetic correlation between cohorts of
East Asian and European descents for clinical depression was
r = 0.413 (SE = 0.159). We also compared the clinical defini-
tion in cohorts of East Asian descent with the symptom-
based definition for cohorts of European descent, and the
genetic correlation was lower: r = 0.223 (SE = 0.181). When
using the symptom-based definition for the cohorts of
both East Asian and of European descents, we found a corre-
lation of r = 0.433 (SE = 0.281). The highest estimate was
observed for the comparison of symptom-based depression
in individuals of East Asian descent with clinical depression

in individuals of European descent: r = 0.558 (SE = 0.221). For
benchmarking, we also summarized genetic correlations be-
tween independent cohorts of East Asian and European de-
scents for other traits and diseases, such as cholesterol, breast
cancer, and age at menarche (eTable 11 in Supplement 2). The
estimates from large GWASs were consistently higher than
the estimates for depression. The genetic correlations for
studies with at least 2000 cases ranged from 0.7 to 1. The
genetic correlation from the largest study of schizophrenia
was r = 0.98 (SE = 0.03),45 and for bipolar disorder, the corre-
lation was r = 0.718 (SE not reported).46

We also assessed the sharing of genetic risk factors be-
tween depression in individuals of East Asian descent with
other diseases and traits from published summary statistics
of studies of individuals of European descent (eTables 12 and
13 in Supplement 2). For clinical depression in individuals of
East Asian descent, the highest genetic correlation was ob-
served for bipolar disorder (r = 0.710 [SE = 0.153]) (Figure 3).47

Figure 2. Regional Association Plots of the Depression Associations for 1q24.1 and 7p21.2
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Clinical depression also had significant positive genetic cor-
relations with other psychiatric disorders, including anorexia
nervosa (r = 0.502 [SE = 0.158]) and schizophrenia (r = 0.449
[SE = 0.109]).48,49 For symptom-based depression, the
highest correlation was observed for the personality trait of
neuroticism (r = 0.840 [SE = 0.216]). Symptom-based depres-
sion was also negatively correlated with subjective well-
being (r = −0.502 [SE = 0.195]).50

Depression in individuals of European descent has been
reported to be genetically correlated with unfavorable cardio-
metabolic profiles.6 However, we observed the opposite for
body mass index (BMI) in this study. For clinical depression
in individuals of East Asian descent, there was a statistically
significant negative genetic correlation with BMI from a GWAS
of individuals of European descent (r = −0.212 [SE = 0.084]).51

The transancestry correlations with type 2 diabetes (T2D) and
coronary artery disease were also negative, but not signifi-
cantly different from 0: r = −0.113 (SE = 0.113) and r = −0.253
(SE = 0.160, respectively).52,53

For a subset of these traits, results for large GWASs of
cohorts of East Asian descent were also available. We used
these to validate the genetic correlations for depression in
individuals of East Asian descent (eFigure 7 and eTable 14
in Supplement 2). For clinically diagnosed depression in indi-
viduals of East Asian descent, the estimates were highly
consistent for correlations with schizophrenia (r = 0.447
[SE = 0.085]), BMI (r = −0.147 [SE = 0.061]), and T2D (r = −0.143
[SE = 0.072]).45,54,55 Correlations between symptom-based
depression and the aforementioned traits in individuals of
East Asian descent were in the same direction but weaker:
schizophrenia (r = 0.189 [SE = 0.137]); BMI (r = −0.082
[SE = 0.098]); and T2D (r = −0.088 [SE = 0.120]).

Discussion
Herein, we present results of the largest (to our knowledge)
GWAS for depression in samples with East Asian ancestry

(15 771 individuals with depression and 178 777 control par-
ticipants). Our results demonstrate the value of combining
data from studies with different outcome definitions and
study designs, as the increased sample size can empower the
discovery of novel associations. Variant rs4656484 at 1q24.1
was associated in studies of individuals of East Asian descent
that used different definitions for depression, which suggests
that this locus may be linked to the part of the genetic predis-
position that is shared between different depression out-
comes. Furthermore, by combining GWASs of cohorts of East
Asian and European descents, we identified 3 additional
novel associations that were not significant in analyses of
either the East Asian ancestry cohorts or the European ances-
try cohorts alone.

We also observed differences by ancestry, depression out-
come definition, and geographic region that highlight the
heterogeneity underlying depression. Several depression loci
were not transferable between studies of cohorts of East Asian
and European ancestry. The newly identified variant rs4656484
was not associated with depression in a previous GWAS of in-
dividuals of European descent7 (β = 0.003; SE = 0.005; P = .53),
and an effect size similar to that observed in individuals of East
Asian descent can be ruled out. Conversely, only 11% of the
established depression loci from studies of participants of
European descent were associated with depression at nomi-
nal significance in the meta-analysis of individuals of East Asian
descent, although the study was powered to observe 43%. The
ratio of observed to expected reproducibility was 0.25 for
our meta-analysis of individuals of East Asian descent, which
was lower than the ratios for several independent ancestry-
matched depression GWASs (ratios ranged from 0.40 to 0.86).
In line with this, we found moderate transancestry genetic cor-
relations between the depression outcomes in studies of co-
horts of East Asian and European descents, ranging from 0.223
to 0.558, consistent with previous findings.56 These results are
considerably lower than transancestry correlation estimates
for other psychiatric traits, such as schizophrenia (r = 0.98).45

Low transferability could limit downstream applications of

Figure 3. Genetic Correlations for Clinical and Symptom-Based Depression
With Cardiometabolic and Mental Health Traits
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depression genetics in transancestry settings, for example in
genetic risk prediction.

We also identified a novel depression association at 7p21.2
in studies conducted in East Asian countries. The lead vari-
ant was not associated with depression in the US and UK-
based data sets, suggesting that nongenetic factors may play
an important role for the transferability of loci.57 In the con-
text of the growing number of transancestry GWAS meta-
analyses, this highlights the importance of considering geo-
graphic region as well as genetic ancestry.

Although the genetic risk factors overlap between differ-
ent depression definitions, their genetic architecture differs,
as demonstrated by previous research based on studies of in-
dividuals of European descent.58 We estimated SNV heritabil-
ity to be 0.26 in CONVERGE (for severe recurrent depression)59

and 0.06 in CKB (for symptom-based depression), which is
similar to the previously reported range for different studies
of cohorts of European descent of 0.09 to 0.26.6 The esti-
mate for CKB supports the hypothesis that lower heritability
estimates are linked to less stringent outcome definitions.58

However, 0.06 is likely to be an underestimation because the
underlying prevalence rate should be higher. In the absence
of widely accepted prevalence rates for each of these out-
comes in China due to the wide variation in estimates,60 we
applied the same prevalence estimate for symptom-based and
clinical diagnosis definitions of depression.

To account for the differences between clinical and
symptom-based depression, we also split our sample and car-
ried out separate association analyses. The genetic correla-
tions with other diseases and traits identified shared and
outcome-specific patterns. For clinical depression in indi-
viduals of East Asian descent, the highest genetic correlation
was observed for bipolar disorder (r = 0.710), which was
stronger than the respective transancestry genetic correlation
with clinical depression in individuals of European descent
(r = 0.413). For symptom-based depression, on the other
hand, the strongest correlation was observed for the person-
ality trait neuroticism (r = 0.840). There were also
population-specific patterns. The genetic correlations of
clinical depression in individuals of East Asian descent with
metabolic traits were opposite to that observed for individu-
als of European descent. European ancestry studies have pro-
vided some evidence that BMI is a causal risk factor for major
depression.6 It is a matter of ongoing research to establish
whether this link is due to shared metabolic mechanisms
between the 2 phenotypes.61 The recruitment strategy in the
CONVERGE study, with a high proportion of melancholia
subtype and exclusively female participants, may have con-
tributed to the inverse correlation. However, it is unlikely
to explain it fully. Symptom-based depression was also
inversely correlated with BMI in CKB, but this correlation was
not statistically significant. The opposite direction of effect of
this risk factor across populations could suggest that the link
between depression and weight is social rather than meta-
bolic in nature. This hypothesis is supported by previous
work using favorable adiposity genetic variants as an instru-
ment to try to separate the potential biological and social
effects of higher adiposity in Europeans.61 Genetic variants

that are associated with higher adiposity but a more favor-
able metabolic profile (ie, lower T2D, CAD, and dyslipidemia)
were associated with higher odds of depression, suggesting
it is not solely the metabolic consequences of higher BMI that
drive the association.

In terms of its genetic architecture, major depressive dis-
order has been shown to be one of the most polygenic out-
comes across a wide range of studied phenotypes in cohorts
of individuals of European descent62 (ie, its potential genetic
effects are small and distributed across a very large number
of variants in the genome). This is linked to heterogeneity of
depression in terms of presentation as well as etiology that
results from the complex interplay between genetic and
environmental factors.63,64 Our results suggest that nonge-
netic factors, such as cultural differences and other factors,
may further add to the heterogeneity of depression and
thereby impact on its genetic architecture. First, the spec-
trum of depression manifestations may overlap but not be
identical between cultural contexts of different ancestral
groups and geographic regions. Second, many risk factors for
depression are determined within a given cultural context
and can themselves be heritable, which may modify genetic
associations through gene-environment interactions. For
example, genetic variants predisposing to higher weight
would be associated with depression only in societies where
obesity is stigmatized.

Limitations
This study has some limitations. The data sets we included
used different outcome definitions, which can lead to
heterogeneity in the meta-analysis. Outcome definitions
based on help-seeking behavior may result in a different
case group than outcome definitions that fulfill DSM criteria
for major depressive disorder. More fine-grained conclusions
will require greater depth of mental health phenotyping for
large samples in future studies. This necessitates global
studies in clinical settings as well as general population
cohorts with improved mental health phenotyping to
address this gap in the future. Some of the studies included
in this GWAS meta-analysis used DNA microarrays that were
designed for samples from individuals of European descent.
These arrays may have lower coverage of the genetic varia-
tion present in populations of East Asian descent. General
limitations of GWAS apply, as described by Tam et al.65

There is a high multiple testing burden. Only a fraction of
the heritability is explained by GWAS. Further work is
needed to identify the causal variants of the novel associa-
tions. Not all genetic determinants of depression can be
identified through GWAS. GWAS have largely failed to iden-
tify gene-gene interactions. Genetic associations may be
influenced by population stratification. The clinical value of
GWAS is limited.

Conclusions
Overall, this study implies caution against generalizing find-
ings about genetic and other risk factors for depression be-
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yond the studied population. It highlights the need for more
diverse samples with consistent phenotyping. Increased
representation of different populations will benefit locus

discovery, fine mapping for potential causal variants, and poly-
genic risk score profiling and could help address health
disparities.57,66-69

ARTICLE INFORMATION

Accepted for Publication: May 17, 2021.

Published Online: September 29, 2021.
doi:10.1001/jamapsychiatry.2021.2099

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2021 Giannakopoulou O et al. JAMA Psychiatry.

Author Affiliations: Division of Psychiatry,
University College of London, London, United
Kingdom (Giannakopoulou, Meng, Bass,
Kuchenbaecker); Nuffield Department of
Population Health, University of Oxford, Oxford,
United Kingdom (Lin, Millwood, Y. Chen, Z. Chen,
Walters); Institute of Epidemiology and Preventive
Medicine, National Taiwan University College of
Public Health, Taipei, Taiwan (Su, Kuo); Department
of Psychiatry, National Taiwan University Hospital,
Taipei, Taiwan (Kuo, H.-C. Chen); Virginia Institute
for Psychiatric and Behavioral Genetics,
Department of Psychiatry, Virginia Commonwealth
University, Richmond, Virginia (Peterson, Kendler);
Department of Psychiatry and Psychotherapy,
Charité - Universitätsmedizin, Berlin, Germany
(Awasthi, Ripke); The Charles Bronfman Institute
for Personalized Medicine, Icahn School of
Medicine at Mount Sinai, New York, New York
(Moscati, Loos); Social, Genetic, and
Developmental Psychiatry Centre, Institute of
Psychiatry, Psychology, and Neuroscience,
King’s College London, London, United Kingdom
(Coleman, Lewis); National Institute for Health
Research Maudsley Biomedical Research Centre,
King’s College London, London, United Kingdom
(Coleman, Lewis); MRC Population Health Research
Unit, University of Oxford, Oxford, United Kingdom
(Millwood, Y. Chen, Z. Chen, Walters); Department
of Psychiatry, Wan-Fang Hospital, Taipei, Taiwan
(Lu, C.-H. Chen); School of Medicine, College of
Medicine, Taipei Medical University, Taipei, Taiwan
(Lu, Huang, C.-H. Chen); Department of Psychiatry,
Taipei City Psychiatric Center, Taipei, Taiwan
(Huang); The Pamela Sklar Division of Psychiatric
Genomics, Icahn School of Medicine at Mount Sinai,
New York, New York (Stahl, Mullins); The Mindich
Child Health and Development Institute, Icahn
School of Medicine at Mount Sinai, New York,
New York (Loos); Uniformed Services University of
the Health Sciences, Bethesda, Maryland (Ursano);
Harvard Medical School, Boston, Massachusetts
(Kessler, Dunn); University of California, San Diego,
La Jolla, California (Stein); Michigan Neuroscience
Institute, Department of Psychiatry, University of
Michigan, Ann Arbor, Michigan (Sen); Department
of Biostatistics, University of Michigan, Ann Arbor,
Michigan (Scott); Molecular & Behavioral
Neuroscience Institute, Department of
Computational Medicine & Bioinformatics,
University of Michigan, Ann Arbor, Michigan
(Burmeister); Michigan Neuroscience Institute,
University of Michigan, Ann Arbor, Michigan (Fang);
University of Exeter Medical School, University of
Exeter, The RILD Building, RD&E Hospital, Exeter,
United Kingdom (Tyrrell); 23andme, Inc,
Sunnyvale, California (Jiang, Tian); Division of
Psychiatry, University of Edinburgh, Edinburgh,
United Kingdom (McIntosh); Analytic and

Translational Genetics Unit, Massachusetts
General Hospital, Boston, Massachusetts (Ripke);
Stanley Center for Psychiatric Research, Broad
Institute of MIT and Harvard, Cambridge,
Massachusetts (Ripke, Dunn); Psychiatric and
Neurodevelopmental Genetics Unit, Center for
Genomic Medicine, Massachusetts General
Hospital, Boston, Massachusetts (Dunn); UCL
Genetics Institute, University College of London,
London, United Kingdom (Kuchenbaecker).

Author Contributions: Drs Giannakopoulou and
Kuchenbaecker 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.
Concept and design: Lewis, Kuchenbaecker.
Acquisition, analysis, or interpretation of data: Lin,
Meng, Su, Kuo, Peterson, Awasthi, Moscati,
Coleman, Bass, Millwood, Y. Chen, Z. Chen,
H. Chen, Lu, Huang, Stahl, Loos, Mullins, Ursano,
Kessler, Stein, Sen, Scott, Fang, Tyrrell, Jiang, Tian,
Ripke, Dunn, Kendler, Walters, Lewis,
Kuchenbaecker.
Drafting of the manuscript: Giannakopoulou,
Kuchenbaecker.
Critical revision of the manuscript for important
intellectual content: Giannakopoulou, Lin, Meng,
Su, Kuo, Peterson, Awasthi, Moscati, Coleman,
Bass, Millwood, Y. Chen, Z. Chen, H. Chen, Lu,
Huang, C. Chen, Stahl, Loos, Mullins, Ursano,
Kessler, Stein, Sen, Scott, Burmeister, Fang, Tyrrell,
Jiang, McIntosh, Ripke, Tian, Dunn, Kendler,
Walters, Lewis, Kuchenbaecker.
Statistical analysis: Giannakopoulou, Lin, Meng, Su,
Kuo, Peterson, Awasthi, Moscati, Stahl, Jiang, Tian,
Walters, Lewis, Kuchenbaecker.
Obtained funding: Z. Chen, Loos, Kessler, Walters,
Kuchenbaecker.
Administrative, technical, or material support:
Giannakopoulou, Kuo, Peterson, Bass, Millwood,
Z. Chen, H. Chen, Lu, C. Chen, Stahl, Mullins,
Ursano, Fang, McIntosh, Dunn, Kendler,
Kuchenbaecker.
Supervision: Giannakopoulou, Y. Chen, Stahl, Loos,
Sen, Ripke, Walters, Lewis, Kuchenbaecker.
Other—Assessment and interpretation of the
association between body mass index and
depression: Tyrrell.

Conflict of Interest Disclosures:
Dr Giannakopoulou became a full-time employee
of UCB ((Union Chimique Belge) while this
manuscript was being resubmitted. Dr Peterson
reported receiving grants from the National
Institutes of Health (NIH) (K01MH113848) and the
Brain & Behavior Research Foundation (NARSAD,
28632 P&S Fund) during the conduct of the study.
Mr Moscati reported being a current employee of
Regeneron Pharmaceuticals, but he was not when
contributions to this work were made. Dr Stahl
reported being an employee of Regeneron
Pharmaceuticals outside the submitted work.
Dr Kessler reported receiving personal fees from
Datastat Inc and consultant and personal fees from
RallyPoint Networks Inc, Sage Pharmaceuticals, and
Takeda during the conduct of the study. Dr Stein
reported receiving grants from the National
Institute of Mental Health (NIMH) and the
Department of Defense during the conduct of the

study. Dr Jiang reported being an employee of
23andMe outside the submitted work. Dr Tian
reported being an employee of and receiving stock
options from 23andMe during the conduct of the
study. Dr McIntosh reported receiving grants from
The Sackler Trust, personal fees from Illumina, and
personal fees from Janssen outside the submitted
work. Dr Walters reported receiving grants from
Wellcome Trust (UK), Medical Research Council
(UK), and Kadoorie Charitable Foundation
(Hong Kong) during the conduct of the study.
Dr Lewis reported receiving grants from the
National Institute of Health Research (UK) during
the conduct of the study. No other disclosures
were reported.

Funding/Support: This study is part of a project
that has received funding from Wellcome (212360/
Z/18/Z) and from the European Research Council
(ERC) under the European Union’s Horizon 2020
research and innovation program (Grant agreement
No. 948561). Computing was supported by the
BBSRC Biotechnology and Biological Sciences
Research Council (BB/R01356X/1). Dr Lewis is
supported by the MRC grant MR/N015746/1.
Dr McIntosh is supported by the Wellcome Trust
(104036/Z/14/Z, 216767/Z/19/Z), UKRI MRC
(MC_PC_17209, MR/S035818/1). Dr Tyrrell is
supported by an Academy of Medical Sciences
(AMS) Springboard award, which is supported
by the AMS, the Wellcome Trust, GCRF, the
Government Department of Business, Energy and
Industrial strategy, the British Heart Foundation and
Diabetes UK [SBF004\1079]. Dr Dunn is supported
in part by the National Institute of Mental Health of
the National Institutes of Health under Award
Number 1R01MH113930. This paper represents
independent research part-funded by the National
Institute for Health Research (NIHR) Biomedical
Research Centre at South London and Maudsley
NHS Foundation Trust and King’s College London.
China Kadoorie Biobank (CKB): Baseline survey
and first re-survey: Hong Kong Kadoorie Charitable
Foundation; long-term follow-up: UK Wellcome
Trust (202922/Z/16/Z, 104085/Z/14/Z, 088158/Z/
09/Z), National Natural Science Foundation of
China (81390540, 81390541, 81390544), and
National Key Research and Development Program
of China (2016YFC 0900500, 0900501,
0900504, 1303904). DNA extraction and
genotyping supported by GlaxoSmithKline and
the UK Medical Research Council (MC-PC-13049,
MC-PC-14135). The project was supported by British
Heart Foundation, UK MRC and Cancer Research
UK through core funding to the Clinical Trial Service
Unit and Epidemiological Studies Unit at Oxford
University. CONVERGE was funded by the
Wellcome Trust (WT090532/Z/09/Z, WT083573/
Z/07/Z, WT089269/Z/09/Z) and by NIH grant
MH100549. R.E.P. is supported by NIMH grant
K01MH113848 and The Brain & Behavior Research
Foundation NARSAD grant 28632 P&S Fund.
BioMe is supported by The Andrea and Charles
Bronfman Philanthropies. R.J.F.L. is supported by
funds of the NIH (R01DK110113; R01DK107786;
R01HL142302). Genotyping of BioMe was
performed in collaboration with Regeneron
Genetics Center, who had no input as to the design

Genetic Architecture of Depression in Individuals of East Asian Ancestry Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online September 29, 2021 E9

Downloaded From: https://jamanetwork.com/ by a University College London User  on 10/04/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099


and conduct of the study, the interpretation of the
data, and preparation, review, or decision to submit
the manuscript for publication. Taiwan-MDD was
supported by projects from the National Health
Research Institutes (NHRI-EX107-10627NI),
the Ministry of Science and Technology
(MOST 105-2628-B-002-028-MY3,
108-2314-B-002-136-MY3), and the National
Taiwan University Career Development
Project (104R7883, 108L7860) to P-H.K.
Army STARRS: This research was supported by
grants awarded from the Department of the Army
and funded under cooperative agreement with
the US Department of Health and Human Services,
National Institutes of Health, National Institute
of Mental Health (NIH/NIMH) [U01MH087981].
Subsequently, STARRS-LS was sponsored and
funded by the Department of Defense (USUHS
grant number HU0001-15-2-0004). The contents
are solely the responsibility of the authors and
do not necessarily represent the views of the
Department of Health and Human Services, NIMH,
the Veterans Administration, Department of the
Army, or the Department of Defense. IHS was
funded by the National Institute of Mental Health
(grant no. R01MH101459).

Role of the Funder/Sponsor: The funders 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.
Genotyping of BioMe was performed in
collaboration with Regeneron Genetics Center,
which had no input as to the design and conduct
of the study, the interpretation of the data, and
preparation, review, or decision to submit the
manuscript for publication.

Group Information: A complete list of the
members of the 23andMe Research Team,
China Kadoorie Biobank Collaborative Group,
and Major Depressive Disorder Working Group
of the Psychiatric Genomics Consortium appears
in Supplement 8.

Disclaimer: The content is solely the responsibility
of the authors and does not necessarily represent
the official views of the National Institutes of
Health. The views expressed are those of the
authors and not necessarily those of the National
Health Service, the National Institute for Health
Research, or the Department of Health and Social
Care. The contents are solely the responsibility
of the authors and do not necessarily represent
the views of the Department of Health and
Human Services, NIMH, Veterans Administration,
Department of the Army, or Department
of Defense.

Additional Contributions: We would like to thank
Na Cai, PhD, Helmholtz Pioneer Campus,
Helmholtz Zentrum München; Tim Bigdeli, PhD,
SUNY Downstate Health Sciences University;
and Jonathan Flint, MD, University of California–
Los Angeles, for their careful reading and detailed
comments on the manuscript. We would like to
thank Maria Valkovskaya, MA, University College
London, for editing assistance. We are grateful to
the thousands of participants who took part in the
participating studies. All participants have given
fully informed written consent. We would like to
acknowledge the participants and investigators of
the FinnGen study. China Kadoorie Biobank chief
acknowledgment is to the participants, project

staff, and China National Centre for Disease Control
and Prevention (CDC) and its regional offices.
China’s National Health Insurance provides
electronic linkage to all hospital treatment.
The CONVERGE (China, Oxford, and Virginia
Commonwealth University Experimental Research
on Genetic Epidemiology) consortium gratefully
acknowledge the support of all partners in
hospitals across China, with special thanks to all
the CONVERGE collaborators and patients who
made this work possible. IHS: We thank the
training physicians for taking part in this study.
23andMe: We would like to thank the research
participants and employees of 23andMe for
making this work possible. We also thank SURFsara
(www.surfsara.nl) for the support in using the
Lisa Compute Cluster. Written permission to include
the names of the individuals in this section was
obtained. There was no financial compensation
provided for any additional contributions.

Additional Information: This study was
conducted using the UK Biobank resource,
application number 51119. Access to the data from
The Women’s Health Initiative study were available
through dbGaP (phs000200.v12.p3). Data on
coronary artery disease/myocardial infarction have
been contributed by the CARDIoGRAMplusC4D
investigators, the Myocardial Infarction Genetics
and CARDIoGRAM Exome investigators and
UK Biobank CardioMetabolic Consortium
Coronary Heart Disease working group who used
the UK Biobank Resource (application number
9922). Data have been downloaded from www.
CARDIOGRAMPLUSC4D.ORG.

REFERENCES

1. GBD 2017 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived
with disability for 354 diseases and injuries for
195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392(10159):
1789-1858. doi:10.1016/S0140-6736(18)
32279-7

2. Friedrich MJ. Depression is the leading cause
of disability around the world. JAMA. 2017;317(15):
1517. doi:10.1001/jama.2017.3826

3. World Health Organization. Depression and
other common mental disorders global health
estimates. Accessed October 20, 2019. https://
apps.who.int/iris/bitstream/handle/10665/
254610/WHO-MSD-MER-2017.2-eng.pdf

4. Hyde CL, Nagle MW, Tian C, et al. Identification
of 15 genetic loci associated with risk of major
depression in individuals of European descent.
Nat Genet. 2016;48(9):1031-1036.
doi:10.1038/ng.3623

5. Howard DM, Adams MJ, Shirali M, et al;
23andMe Research Team. Genome-wide
association study of depression phenotypes in
UK Biobank identifies variants in excitatory
synaptic pathways. Nat Commun. 2018;9(1):1470.
doi:10.1038/s41467-018-03819-3

6. 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

7. Howard DM, Adams MJ, Clarke TK, et al;
23andMe Research Team; Major Depressive
Disorder Working Group of the Psychiatric
Genomics Consortium. Genome-wide
meta-analysis of depression identifies 102
independent variants and highlights the
importance of the prefrontal brain regions.
Nat Neurosci. 2019;22(3):343-352. doi:10.1038/
s41593-018-0326-7

8. Peterson RE, Kuchenbaecker K, Walters RK,
et al. Genome-wide association studies in
ancestrally diverse populations: opportunities,
methods, pitfalls, and recommendations. Cell.
2019;179(3):589-603. doi:10.1016/j.cell.2019.
08.051

9. Dunn EC, Sofer T, Wang MJ, et al;
Major Depressive Disorder Working Group of the
Psychiatric Genomics Consortium. Genome-wide
association study of depressive symptoms in the
Hispanic Community Health Study/Study of
Latinos. J Psychiatr Res. 2018;99:167-176.
doi:10.1016/j.jpsychires.2017.12.010

10. Dunn EC, Wiste A, Radmanesh F, et al.
Genome-wide association study (GWAS) and
genome-wide by environment interaction study
(GWEIS) of depressive symptoms in African
American and Hispanic/Latina women. Depress
Anxiety. 2016;33(4):265-280. doi:10.1002/da.
22484

11. Lee S. Diagnosis postponed: shenjing shuairuo
and the transformation of psychiatry in post-Mao
China. Cult Med Psychiatry. 1999;23(3):349-380.
doi:10.1023/A:1005586301895

12. Ryder AG, Sun J, Zhu X, Yao S,
Chentsova-Dutton YE. Depression in China:
integrating developmental psychopathology and
cultural-clinical psychology. J Clin Child Adolesc
Psychol. 2012;41(5):682-694. doi:10.1080/15374416.
2012.710163

13. Ryder AG, Chentsova-Dutton YE. Depression in
cultural context: “Chinese somatization,” revisited.
Psychiatr Clin North Am. 2012;35(1):15-36.
doi:10.1016/j.psc.2011.11.006

14. Tsai JL, Knutson B, Fung HH. Cultural variation
in affect valuation. J Pers Soc Psychol. 2006;90(2):
288-307. doi:10.1037/0022-3514.90.2.288

15. Tsai JL, Miao FF, Seppala E, Fung HH,
Yeung DY. Influence and adjustment goals: sources
of cultural differences in ideal affect. J Pers Soc
Psychol. 2007;92(6):1102-1117. doi:10.1037/0022-3514.
92.6.1102

16. Sims T, Tsai JL, Jiang D, Wang Y, Fung HH,
Zhang X. Wanting to maximize the positive and
minimize the negative: implications for mixed
affective experience in American and Chinese
contexts. J Pers Soc Psychol. 2015;109(2):292-315.
doi:10.1037/a0039276

17. Iwata N, Buka S. Race/ethnicity and depressive
symptoms: a cross-cultural/ethnic comparison
among university students in East Asia, North and
South America. Soc Sci Med. 2002;55(12):2243-2252.
doi:10.1016/S0277-9536(02)00003-5

18. Kanazawa A, White PM, Hampson SE.
Ethnic variation in depressive symptoms in a
community sample in Hawaii. Cultur Divers Ethnic
Minor Psychol. 2007;13(1):35-44. doi:10.1037/1099-
9809.13.1.35

19. Yen S, Robins CJ, Lin N. A cross-cultural
comparison of depressive symptom manifestation:

Research Original Investigation Genetic Architecture of Depression in Individuals of East Asian Ancestry

E10 JAMA Psychiatry Published online September 29, 2021 (Reprinted) jamapsychiatry.com

Downloaded From: https://jamanetwork.com/ by a University College London User  on 10/04/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.2099?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
http://www.surfsara.nl
http://www.CARDIOGRAMPLUSC4D.ORG
http://www.CARDIOGRAMPLUSC4D.ORG
https://dx.doi.org/10.1016/S0140-6736(18)32279-7
https://dx.doi.org/10.1016/S0140-6736(18)32279-7
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.3826?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://dx.doi.org/10.1038/ng.3623
https://dx.doi.org/10.1038/s41467-018-03819-3
https://dx.doi.org/10.1038/s41588-018-0090-3
https://dx.doi.org/10.1038/s41593-018-0326-7
https://dx.doi.org/10.1038/s41593-018-0326-7
https://dx.doi.org/10.1016/j.cell.2019.08.051
https://dx.doi.org/10.1016/j.cell.2019.08.051
https://dx.doi.org/10.1016/j.jpsychires.2017.12.010
https://dx.doi.org/10.1002/da.22484
https://dx.doi.org/10.1002/da.22484
https://dx.doi.org/10.1023/A:1005586301895
https://dx.doi.org/10.1080/15374416.2012.710163
https://dx.doi.org/10.1080/15374416.2012.710163
https://dx.doi.org/10.1016/j.psc.2011.11.006
https://dx.doi.org/10.1037/0022-3514.90.2.288
https://dx.doi.org/10.1037/0022-3514.92.6.1102
https://dx.doi.org/10.1037/0022-3514.92.6.1102
https://dx.doi.org/10.1037/a0039276
https://dx.doi.org/10.1016/S0277-9536(02)00003-5
https://dx.doi.org/10.1037/1099-9809.13.1.35
https://dx.doi.org/10.1037/1099-9809.13.1.35
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099


China and the United States. J Consult Clin Psychol.
2000;68(6):993-999. doi:10.1037/0022-006X.
68.6.993

20. CONVERGE Consortium. Sparse
whole-genome sequencing identifies two loci for
major depressive disorder. Nature. 2015;523(7562):
588-591. doi:10.1038/nature14659

21. Chen CH, Yang JH, Chiang CWK, et al.
Population structure of Han Chinese in the
modern Taiwanese population based on 10,000
participants in the Taiwan Biobank project. Hum
Mol Genet. 2016;25(24):5321-5331. doi:10.1093/
hmg/ddw346

22. Chen Z, Chen J, Collins R, et al;
China Kadoorie Biobank (CKB) Collaborative Group.
China Kadoorie Biobank of 0.5 million people:
survey methods, baseline characteristics and
long-term follow-up. Int J Epidemiol. 2011;40(6):
1652-1666. doi:10.1093/ije/dyr120

23. The Women’s Health Initiative Study Group.
Design of the Women’s Health Initiative clinical
trial and observational study. Control Clin Trials.
1998;19(1):61-109. doi:10.1016/S0197-2456(97)
00078-0

24. Fang Y, Scott L, Song P, Burmeister M, Sen S.
Genomic prediction of depression risk and
resilience under stress. Nat Hum Behav. 2020;4(1):
111-118. doi:10.1038/s41562-019-0759-3

25. Bycroft C, Freeman C, Petkova D, et al.
The UK Biobank resource with deep phenotyping
and genomic data. Nature. 2018;562(7726):
203-209. doi:10.1038/s41586-018-0579-z

26. Kessler RC, Colpe LJ, Fullerton CS, et al.
Design of the Army Study to Assess Risk and
Resilience in Servicemembers (Army STARRS).
Int J Methods Psychiatr Res. 2013;22(4):267-275.
doi:10.1002/mpr.1401

27. Ursano RJ, Colpe LJ, Heeringa SG, Kessler RC,
Schoenbaum M, Stein MB; Army STARRS
Collaborators. The Army study to assess risk and
resilience in servicemembers (Army STARRS).
Psychiatry. 2014;77(2):107-119. doi:10.1521/psyc.2014.
77.2.107

28. Stein MB, Ware EB, Mitchell C, et al;
VA Mid-Atlantic Mental Illness Research, Education,
and Clinical Center (MIRECC) Workgroup.
Genomewide association studies of suicide
attempts in US soldiers. Am J Med Genet B
Neuropsychiatr Genet. 2017;174(8):786-797.
doi:10.1002/ajmg.b.32594

29. Tung JY, Do CB, Hinds DA, et al. Efficient
replication of over 180 genetic associations with
self-reported medical data. PLoS One. 2011;6(8):
e23473. doi:10.1371/journal.pone.0023473

30. Belbin GM, Odgis J, Sorokin EP, et al.
Genetic identification of a common collagen
disease in Puerto Ricans via identity-by-descent
mapping in a health system. Elife. 2017;6:e25060.
doi:10.7554/eLife.25060

31. Lippert C, Listgarten J, Liu Y, Kadie CM,
Davidson RI, Heckerman D. FaST linear mixed
models for genome-wide association studies.
Nat Methods. 2011;8(10):833-835. doi:10.1038/
nmeth.1681

32. Zhou W, Nielsen JB, Fritsche LG, et al.
Efficiently controlling for case-control imbalance
and sample relatedness in large-scale genetic
association studies. Nat Genet. 2018;50(9):1335-1341.
doi:10.1038/s41588-018-0184-y

33. 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

34. Yang J, Lee SH, Goddard ME, Visscher PM.
GCTA: a tool for genome-wide complex trait
analysis. Am J Hum Genet. 2011;88(1):76-82.
doi:10.1016/j.ajhg.2010.11.011

35. Bromet E, Andrade LH, Hwang I, et al.
Cross-national epidemiology of DSM-IV major
depressive episode. BMC Med. 2011;9:90.
doi:10.1186/1741-7015-9-90

36. Brown BC, Ye CJ, Price AL, Zaitlen N;
Asian Genetic Epidemiology Network Type 2
Diabetes Consortium. Transethnic
genetic-correlation estimates from summary
statistics. Am J Hum Genet. 2016;99(1):76-88.
doi:10.1016/j.ajhg.2016.05.001

37. Manea L, Gilbody S, McMillan D. Optimal
cut-off score for diagnosing depression with
the Patient Health Questionnaire (PHQ-9):
a meta-analysis. CMAJ. 2012;184(3):E191-E196.
doi:10.1503/cmaj.110829

38. Davis KAS, Coleman JRI, Adams M, et al.
Mental health in UK Biobank - development,
implementation and results from an online
questionnaire completed by 157 366 participants:
a reanalysis. BJPsych Open. 2020;6(2):e18.
doi:10.1192/bjo.2019.100

39. Wassertheil-Smoller S, Shumaker S,
Ockene J, et al; The Women’s Health Initiative
(WHI). Depression and cardiovascular sequelae
in postmenopausal women. Arch Intern Med.
2004;164(3):289-298. doi:10.1001/archinte.
164.3.289

40. Eriksson N, Macpherson JM, Tung JY, et al.
Web-based, participant-driven studies yield novel
genetic associations for common traits. PLoS Genet.
2010;6:e1000993. doi:10.1371/journal.pgen.
1000993

41. Ramasamy A, Trabzuni D, Guelfi S, et al;
UK Brain Expression Consortium; North American
Brain Expression Consortium. Genetic variability in
the regulation of gene expression in ten regions of
the human brain. Nat Neurosci. 2014;17(10):1418-1428.
doi:10.1038/nn.3801

42. Hong S, Chung S, Leung K, Hwang I, Moon J,
Kim KS. Functional roles of Nurr1, Pitx3, and Lmx1a
in neurogenesis and phenotype specification of
dopamine neurons during in vitro differentiation of
embryonic stem cells. Stem Cells Dev. 2014;23(5):
477-487. doi:10.1089/scd.2013.0406

43. Fink JM, Hirsch BA, Zheng C, Dietz G,
Hatten ME, Ross ME. Astrotactin (ASTN), a gene
for glial-guided neuronal migration, maps to human
chromosome 1q25.2. Genomics. 1997;40(1):202-205.
doi:10.1006/geno.1996.4538

44. Accogli A, Calabretta S, St-Onge J, et al;
Undiagnosed Diseases Network. De novo
pathogenic variants in N-cadherin cause a
syndromic neurodevelopmental disorder with
corpus collosum, axon, cardiac, ocular, and genital
defects. Am J Hum Genet. 2019;105(4):854-868.
doi:10.1016/j.ajhg.2019.09.005

45. Lam M, Chen CY, Li Z, et al; Schizophrenia
Working Group of the Psychiatric Genomics
Consortium; Indonesia Schizophrenia Consortium;

Genetic REsearch on schizophreniA neTwork-China
and the Netherlands (GREAT-CN). Comparative
genetic architectures of schizophrenia in East Asian
and European populations. Nat Genet. 2019;51(12):
1670-1678. doi:10.1038/s41588-019-0512-x

46. Ikeda M, Takahashi A, Kamatani Y, et al.
Genome-wide association study detected novel
susceptibility genes for schizophrenia and shared
trans-populations/diseases genetic effect.
Schizophr Bull. 2019;45(4):824-834. doi:10.1093/
schbul/sby140

47. 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

48. Watson HJ, Yilmaz Z, Thornton LM, et al;
Anorexia Nervosa Genetics Initiative; Eating
Disorders Working Group of the Psychiatric
Genomics Consortium. Genome-wide association
study identifies eight risk loci and implicates
metabo-psychiatric origins for anorexia nervosa.
Nat Genet. 2019;51(8):1207-1214. doi:10.1038/
s41588-019-0439-2

49. Schizophrenia Working Group of the
Psychiatric Genomics Consortium. Biological
insights from 108 schizophrenia-associated genetic
loci. Nature. 2014;511(7510):421-427. doi:10.1038/
nature13595

50. Okbay A, Baselmans BM, De Neve JE, et al;
LifeLines Cohort Study. Genetic variants associated
with subjective well-being, depressive symptoms,
and neuroticism identified through genome-wide
analyses. Nat Genet. 2016;48(6):624-633.
doi:10.1038/ng.3552

51. Yengo L, Sidorenko J, Kemper KE, et al.
Meta-analysis of genome-wide association studies
for height and body mass index in �700000
individuals of European ancestry. Hum Mol Genet.
2018;27(20):3641-3649. doi:10.1093/hmg/ddy271

52. Nelson CP, Goel A, Butterworth AS, et al.
Association analyses based on false discovery rate
implicate new loci for coronary artery disease. Nat
Genet. 2017;49(9):1385-1391. doi:10.1038/ng.3913

53. Xue A, Wu Y, Zhu Z, et al. Genome-wide
association analyses identify 143 risk variants
and putative regulatory mechanisms for type 2
diabetes. Nat Commun. 2018;9(1):2941.
doi:10.1038/s41467-018-04951-w

54. Akiyama M, Okada Y, Kanai M, et al.
Genome-wide association study identifies 112
new loci for body mass index in the Japanese
population. Nat Genet. 2017;49(10):1458-1467.
doi:10.1038/ng.3951

55. Suzuki K, Akiyama M, Ishigaki K, et al.
Identification of 28 new susceptibility loci for
type 2 diabetes in the Japanese population.
Nat Genet. 2019;51(3):379-386. doi:10.1038/
s41588-018-0332-4

56. Bigdeli TB, Ripke S, Peterson RE, et al.
Genetic effects influencing risk for major depressive
disorder in China and Europe. Transl Psychiatry.
2017;7(3):e1074. doi:10.1038/tp.2016.292

57. Kuchenbaecker K, Telkar N, Reiker T, et al;
Understanding Society Scientific Group. The
transferability of lipid loci across African, Asian and

Genetic Architecture of Depression in Individuals of East Asian Ancestry Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online September 29, 2021 E11

Downloaded From: https://jamanetwork.com/ by a University College London User  on 10/04/2021

https://dx.doi.org/10.1037/0022-006X.68.6.993
https://dx.doi.org/10.1037/0022-006X.68.6.993
https://dx.doi.org/10.1038/nature14659
https://dx.doi.org/10.1093/hmg/ddw346
https://dx.doi.org/10.1093/hmg/ddw346
https://dx.doi.org/10.1093/ije/dyr120
https://dx.doi.org/10.1016/S0197-2456(97)00078-0
https://dx.doi.org/10.1016/S0197-2456(97)00078-0
https://dx.doi.org/10.1038/s41562-019-0759-3
https://dx.doi.org/10.1038/s41586-018-0579-z
https://dx.doi.org/10.1002/mpr.1401
https://dx.doi.org/10.1521/psyc.2014.77.2.107
https://dx.doi.org/10.1521/psyc.2014.77.2.107
https://dx.doi.org/10.1002/ajmg.b.32594
https://dx.doi.org/10.1371/journal.pone.0023473
https://dx.doi.org/10.7554/eLife.25060
https://dx.doi.org/10.1038/nmeth.1681
https://dx.doi.org/10.1038/nmeth.1681
https://dx.doi.org/10.1038/s41588-018-0184-y
https://dx.doi.org/10.1038/ng.3211
https://dx.doi.org/10.1016/j.ajhg.2010.11.011
https://dx.doi.org/10.1186/1741-7015-9-90
https://dx.doi.org/10.1016/j.ajhg.2016.05.001
https://dx.doi.org/10.1503/cmaj.110829
https://dx.doi.org/10.1192/bjo.2019.100
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinte.164.3.289?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinte.164.3.289?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://dx.doi.org/10.1371/journal.pgen.1000993
https://dx.doi.org/10.1371/journal.pgen.1000993
https://dx.doi.org/10.1038/nn.3801
https://dx.doi.org/10.1089/scd.2013.0406
https://dx.doi.org/10.1006/geno.1996.4538
https://dx.doi.org/10.1016/j.ajhg.2019.09.005
https://dx.doi.org/10.1038/s41588-019-0512-x
https://dx.doi.org/10.1093/schbul/sby140
https://dx.doi.org/10.1093/schbul/sby140
https://dx.doi.org/10.1038/s41588-019-0397-8
https://dx.doi.org/10.1038/s41588-019-0439-2
https://dx.doi.org/10.1038/s41588-019-0439-2
https://dx.doi.org/10.1038/nature13595
https://dx.doi.org/10.1038/nature13595
https://dx.doi.org/10.1038/ng.3552
https://dx.doi.org/10.1093/hmg/ddy271
https://dx.doi.org/10.1038/ng.3913
https://dx.doi.org/10.1038/s41467-018-04951-w
https://dx.doi.org/10.1038/ng.3951
https://dx.doi.org/10.1038/s41588-018-0332-4
https://dx.doi.org/10.1038/s41588-018-0332-4
https://dx.doi.org/10.1038/tp.2016.292
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099


European cohorts. Nat Commun. 2019;10(1):4330.
doi:10.1038/s41467-019-12026-7

58. Cai N, Revez JA, Adams MJ, et al;
MDD Working Group of the Psychiatric
Genomics Consortium. Minimal phenotyping
yields genome-wide association signals of low
specificity for major depression. Nat Genet.
2020;52(4):437-447. doi:10.1038/s41588-020-
0594-5

59. Peterson RE, Cai N, Bigdeli TB, et al.
The genetic architecture of major depressive
disorder in Han Chinese women. JAMA Psychiatry.
2017;74(2):162-168. doi:10.1001/jamapsychiatry.
2016.3578

60. Huang Y, Liu Z, Wang H, et al. The China
Mental Health Survey (CMHS): I. background, aims
and measures. Soc Psychiatry Psychiatr Epidemiol.
2016;51(11):1559-1569. doi:10.1007/s00127-016-
1270-z

61. Tyrrell J, Mulugeta A, Wood AR, et al. Using
genetics to understand the causal influence of

higher BMI on depression. Int J Epidemiol. 2019;48
(3):834-848. doi:10.1093/ije/dyy223

62. Zhang Y, Qi G, Park JH, Chatterjee N.
Estimation of complex effect-size distributions
using summary-level statistics from genome-wide
association studies across 32 complex traits.
Nat Genet. 2018;50(9):1318-1326. doi:10.1038/
s41588-018-0193-x

63. Kendler KS. The dappled nature of causes of
psychiatric illness: replacing the organic-functional/
hardware-software dichotomy with empirically
based pluralism. Mol Psychiatry. 2012;17(4):377-388.
doi:10.1038/mp.2011.182

64. Dunn EC, Brown RC, Dai Y, et al. Genetic
determinants of depression: recent findings and
future directions. Harv Rev Psychiatry. 2015;23(1):
1-18. doi:10.1097/HRP.0000000000000054

65. Tam V, Patel N, Turcotte M, Bossé Y, Paré G,
Meyre D. Benefits and limitations of genome-wide
association studies. Nat Rev Genet. 2019;20(8):
467-484. doi:10.1038/s41576-019-0127-1

66. Walters RK, Polimanti R, Johnson EC, et al;
23andMe Research Team. Transancestral GWAS
of alcohol dependence reveals common genetic
underpinnings with psychiatric disorders.
Nat Neurosci. 2018;21(12):1656-1669. doi:10.1038/
s41593-018-0275-1

67. Duncan LE, Ratanatharathorn A, Aiello AE,
et al. Largest GWAS of PTSD (N=20 070) yields
genetic overlap with schizophrenia and sex
differences in heritability. Mol Psychiatry. 2018;23
(3):666-673. doi:10.1038/mp.2017.77

68. Hindorff LA, Bonham VL, Brody LC, et al.
Prioritizing diversity in human genomics research.
Nat Rev Genet. 2018;19(3):175-185. doi:10.1038/nrg.
2017.89

69. Martin AR, Kanai M, Kamatani Y, Okada Y,
Neale BM, Daly MJ. Clinical use of current polygenic
risk scores may exacerbate health disparities. Nat
Genet. 2019;51(4):584-591. doi:10.1038/s41588-019-
0379-x

Research Original Investigation Genetic Architecture of Depression in Individuals of East Asian Ancestry

E12 JAMA Psychiatry Published online September 29, 2021 (Reprinted) jamapsychiatry.com

Downloaded From: https://jamanetwork.com/ by a University College London User  on 10/04/2021

https://dx.doi.org/10.1038/s41467-019-12026-7
https://dx.doi.org/10.1038/s41588-020-0594-5
https://dx.doi.org/10.1038/s41588-020-0594-5
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2016.3578?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2016.3578?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099
https://dx.doi.org/10.1007/s00127-016-1270-z
https://dx.doi.org/10.1007/s00127-016-1270-z
https://dx.doi.org/10.1093/ije/dyy223
https://dx.doi.org/10.1038/s41588-018-0193-x
https://dx.doi.org/10.1038/s41588-018-0193-x
https://dx.doi.org/10.1038/mp.2011.182
https://dx.doi.org/10.1097/HRP.0000000000000054
https://dx.doi.org/10.1038/s41576-019-0127-1
https://dx.doi.org/10.1038/s41593-018-0275-1
https://dx.doi.org/10.1038/s41593-018-0275-1
https://dx.doi.org/10.1038/mp.2017.77
https://dx.doi.org/10.1038/nrg.2017.89
https://dx.doi.org/10.1038/nrg.2017.89
https://dx.doi.org/10.1038/s41588-019-0379-x
https://dx.doi.org/10.1038/s41588-019-0379-x
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.2099

