Journal of Psychiatric Research 99 (2018) 167-176

Contents lists available at ScienceDirect

Journal of Psychiatric Research

journal homepage: www.elsevier.com/locate/jpsychires

Genome-wide association study of depressive symptoms in the Hispanic )

Check for

Community Health Study/Study of Latinos e

Erin C. Dunn™"™%", Tamar Sofer’, Min-Jung Wang", Thomas W. Soare™”*, Linda C. Gallo',
Stephanie M. Gogarten?, Kathleen F. Kerr®, Chia-Yen Chen™"™“", Murray B. Stein’,

Robert J. Ursano’, Xiuging Guok, Yucheng Jiak, Jie Yaok, Jerome 1. Rotter*, Maria Argosl,
Jianwen Cai™, Krista Perreira”, Major Depressive Disorder Working Group of the Psychiatric
Genomics Consortium’, Sylvia Wassertheil-Smoller®, Jordan W. Smoller®™*

@ Psychiatric and Neurodevelopmental Genetics Unit, Massachusetts General Hospital, Boston, MA, United States

® Department of Psychiatry, Harvard Medical School, Boston, MA, United States

€ Stanley Center for Psychiatric Research, The Broad Institute of Harvard and MIT, Cambridge, MA, United States
4 Division of Sleep and Circadian Disorders, Brigham and Women's Hospital, Boston, MA, United States

© Department of Medicine, Harvard Medical School, Boston, MA, United States

f Department of Psychology, San Diego State University, San Diego, CA, United States

& Department of Biostatistics, University of Washington, Seattle, WA, United States

hAnalytic and Translational Genetics Unit, Massachusetts General Hospital, Boston, MA, United States

I Department of Psychiatry, University of California San Diego, La Jolla, CA, United States

J Department of Psychiatry, Uniformed Services University of the Health Sciences, Bethesda, MD, United States

¥ Institute for Translational Genomics and Population Sciences, Los Angeles Biomedical Research Institute and Department of Pediatrics, Harbor-UCLA Medical Center,
Torrance, CA, United States

! School of Public Health, University of Tilinois at Chicago, Chicago, IL, United States

™ Department of Biostatistics, The University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

™ College of Arts and Sciences, The University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

© Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, NY, United States

ARTICLE INFO ABSTRACT

Keywords: Although genome-wide association studies (GWAS) have identified several variants linked to depression, few
Genetic association study GWAS of non-European populations have been performed. We conducted a genome-wide analysis of depression
Depression in a large, population-based sample of Hispanics/Latinos. Data came from 12,310 adults in the Hispanic
Dgpressive symptoms Community Health Study/Study of Latinos (HCHS/SOL). Past-week depressive symptoms were assessed using
Hispanics/Latinos

the 10-item Center for Epidemiological Studies of Depression Scale. Three phenotypes were examined: a total
depression score, a total score modified to account for psychiatric medication use, and a score excluding anti-
depressant medication users. We estimated heritability due to common variants (hZyp), and performed a GWAS
of the three phenotypes. Replication was attempted in three independent Hispanic/Latino cohorts. We also
performed sex-stratified analyses, analyzed a binary trait indicating probable depression, and conducted three
trans-ethnic analyses. The three phenotypes exhibited significant heritability (hiyp = 6.3-6.9%; p = .002) in the
total sample. No SNPs were genome-wide significant in analyses of the three phenotypes or the binary indicator
of probable depression. In sex-stratified analyses, seven genome-wide significant SNPs (one in females; six in
males) were identified, though none were supported through replication. Four out of 24 loci identified in prior
GWAS were nominally associated in HCHS/SOL. There was no evidence of overlap in genetic risk factors across
ancestry groups, though this may have been due to low power. We conducted the largest GWAS of depression-
related phenotypes in Hispanic/Latino adults. Results underscore the genetic complexity of depressive symptoms
as a phenotype in this population and suggest the need for much larger samples.
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1. Introduction

After many years of effort, genome-wide association studies (GWAS)
have started to make progress in identifying variants linked to de-
pression (Major Depressive Disorder Working Group of the Psychiatric
GWAS Consortium et al., 2013), a common and burdensome disorder
(Kessler et al., 2005; Mathers et al., 2008) known to be driven, in part,
by genetic susceptibility (Sullivan et al., 2000). Prior to 2016, only two
genetic variants associated with depression were reported using GWAS.
These two loci were detected in a sample of Chinese women with re-
current major depressive disorder (MDD) (CONVERGE Consortium,
2015). However, during 2016, another 22 variants were identified
within samples of European American adults: (1) four new loci were
detected through a meta-analysis and proxy-phenotype analysis across
three large cohorts (Okbay et al., 2016); (2) an additional 17 loci across
15 regions were identified using “crowd-sourced” data collected by
consumer genomics platforms (Hyde et al., 2016); and (3) one new
locus was identified through efforts to examine a broad depression
phenotype comprising lifetime major depressive disorder and depres-
sive symptoms (Direk et al., 2016).

Nevertheless, few genetic association studies of racial/ethnic min-
ority populations have been performed, reflecting a general under-
representation of non-European populations in psychiatric genetics re-
search (Dalvie et al., 2015). Genetic studies of Hispanics/Latinos are
especially relevant, as Hispanics/Latinos are one of the fastest growing
populations in the US, increasing in size by 43% from 2000 to 2010
(Brown, 2014; Passel et al., 2011) and expected to double by 2050 to
represent more than 25% of the US population (Projections of the
Resident Population by Race, Hispanic Origin, and Nativity, 2025 and
2050, 2003). Though epidemiological studies have found MDD is less
common in Hispanics/Latinos compared to non-Hispanic whites (e.g.,
lifetime prevalence of 15.2% in adult Hispanics compared to 22.1% in
non-Hispanic whites) (Alegria et al., 2008), recent data suggest the
prevalence of depression may be similar (Avenevoli et al., 2015) or
upwards of 7% higher among young Hispanics compared to their White
counterparts (High School Youth Risk Behavior Survey data, 2015).
Further, twin studies suggest that depression, as measured by brief di-
agnostic tools designed to capture DSM-IV diagnoses (Sheehan et al.,
1998), is at least as heritable (around 40%) among some Hispanics,
including in Mexican Americans (Olvera et al., 2011) compared to
European Americans (Sullivan et al., 2000).

To address this gap, the current study used data from the Hispanic
Community Health Study/Study of Latinos (HCHS/SOL), a large po-
pulation-based sample, to: (1) estimate the common variant contribu-
tion (hZyp) to depressive symptoms; (2) conduct the largest GWAS of
Hispanics/Latinos to date; and (3) perform trans-ethnic generalization
analyses to understand the potential genetic overlap of depression
across ancestry groups. Only two prior GWAS of depressive symptoms
have been performed in Hispanics/Latinos. One study of Hispanic
women (n = 3158) did not find any SNPs that achieved genome-wide
significance (Dunn et al., 2016), whereas the other study (n = 1443)
found one SNP (rs1127233), intronic to the MUCI13 gene, reaching
genome-wide significance (p = 3.85 x 10~ %), though this result was
not replicated (Ware et al., 2015). Although we suspected at the outset
that these analyses were likely underpowered, given that much larger
samples were previously needed to identify replicable loci, our hope
was to highlight the need for genetic association studies in more diverse
populations, provide empirical data regarding the genetic architecture
of depressive symptoms in Hispanics/Latinos, and make available
summary statistics that could be useful for future analyses and to build
more ancestrally diverse research consortia (see Data Availability
Statement following the Discussion).
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2. Materials and methods
2.1. Overview

Data came from the HCHS/SOL, a community-based prospective
cohort study following 16,415 self-identified Hispanic/Latino adults
(aged 18-74 at screening). HCHS/SOL was designed to examine the
distribution and determinants of chronic health conditions, including
diabetes, pulmonary disease, and cardiovascular disease. As described
elsewhere (Lavange et al., 2010; Sorlie et al., 2010), participants were
recruited via a stratified two-stage area probability sample of house-
holds across four cities in the US (Chicago, IL; Miami, FL; Bronx, NY;
San Diego, CA). The majority of the sample self-identified with the
following background groups: Central American (n = 1730), Cuban
(n = 2348), Dominican (n = 1460), Mexican (n = 6471), Puerto Rican
(n = 2728), and South American (n = 1068). Baseline examinations
were conducted between 2008 and 2011. Institutional Review Boards at
each field center approved the study and all participants provided
written informed consent. In the current study, we analyzed data from
12,310 respondents who consented to provide blood for genotyping and
had complete depressive symptoms data and relevant covariates in-
formation, as well as non-missing records of antidepressant medication
use.

2.2. Phenotype definition

Depressive symptoms were assessed during the first visit using the
Andresen version of the 10-item Center for Epidemiological Studies of
Depression Scale (CES-D-10) (Andresen et al., 1994). The CES-D-10
captured core symptoms of depression in the past week, including de-
pressed mood and behavioral symptoms (e.g., felt depressed; felt lonely;
could not get going). The CES-D-10 has good predictive accuracy
(k = .97) relative to the full 20-item CES-D (Andresen et al., 1994). It
was also shown in the current study population to have excellent in-
ternal consistency reliability (Cronbach's alphas = .80-.86), test-retest
reliability (rs = .41-.70), and moderate to high correlations with other
measures of depressive or mental health symptoms, including the
Spielberger State-Trait Anxiety Inventory (r = .72, p < .001), the Pa-
tient Health Questionnaire-9 (r = .80, p < .001), and the Short Form-
12's Mental Component Summary (r = —.65, p < .001) (Gonzalez
et al., 2017). While the inter-rater reliability of CES-D-10 has not pre-
viously been assessed, the full 20-item CES-D has demonstrated good-
to-excellent inter-rater reliability (rs = .67-.76) (Shinar et al., 1986;
van de Rest, van der Zwaluw, Beekman, de Groot and Geleijnse, 2010).
Total depressive symptoms scores were calculated by summing re-
sponses to each item; item responses ranged from 0 = rarely or none of
the time (< 1 day) to 3 = all of the time (5-7 days). Higher total scores
(which varied between 0 and 30) indicated higher levels of depressive
symptoms.

To account for the possibility that current use of antidepressant
medications might affect depressive symptoms scores, we applied a
previously described (Dunn et al., 2016; Hek et al., 2013) algorithm to
adjust the scores of medication users (see Supplemental Materials).

2.3. SNP genotyping, quality control and imputation

Blood samples from consenting respondents were sent to Illumina
Microarray Services for genotyping on the Illumina SOL HCHS Custom
15041502 B3 array. This array comprised the Illumina Omni 2.5M
array (HumanOmni2.5-8v1-1) and additional custom content (e.g.,
ancestry-informative markers, variants characteristic of Amerindian
populations, known GWAS hits, and other candidate gene markers)
selected for HCHS/SOL.
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Quality assurance/quality control (QA/QC) was performed by
[lumina, LA Biomed, and the HCHS/SOL Genetic Analysis Center
(GAC) per established methods (Laurie et al., 2010) to generate re-
commended SNP and sample-level quality filters. In brief, samples were
checked for annotated versus genetic sex, gross chromosomal anomalies
(Laurie et al., 2012), call rates, batch effects, duplicate sample dis-
cordance, Mendelian errors, population structure, and relatedness (ge-
netic relatedness occurred when participants were drawn from the same
household or from different households living in the same community).
12,803 unique study samples passed these criteria. SNPs that passed the
Illumina/LA Biomed assay failure indicator were further checked for
Hardy-Weinberg equilibrium, MAF, duplicate probe discordance, and
missing call rate. A total of 2,232,944 SNPs passed both quality and
informativeness filters (unduplicated on the array and polymorphic).

Genome-wide imputation was carried out on all 12,803 samples
together using the 1000 Genomes Project phase 3 reference panel (1000
Genomes Project Consortium, 2012) and IMPUTE2 software (Howie
et al., 2009; Howie et al., 2011). Genotypes were first pre-phased with
SHAPEIT2 (v2.r644) and then imputed with IMPUTE2 (v2.3.0). Only
variants with at least two copies of the minor allele present in any of the
four 1000 Genomes continental panels were imputed, yielding a total of
25,568,744 imputed variants. Overall imputation quality was assessed
both by looking at the distribution of imputed quality metrics by dif-
ferent MAF levels and by examining results from the IMPUTE2 internal
masking experiments (as some genotyped variants were “masked”,
meaning removed from the imputation basis).

2.4. Statistical analyses

In these analyses, we used a linear mixed-effect model, which ac-
counted for the correlations between individuals due to genetic relat-
edness (kinship), shared household, and the complex sampling design
(Conomos et al., 2016; Schick et al., 2016). The variance components
were estimated using restricted maximum likelihood (REML). Fixed
effects included the covariates: log(sampling weight), which reflects the
differences in sampling probabilities of study individuals and is in-
cluded to prevent potential selection bias; field center; age; sex; edu-
cation (1 = no high school diploma or GED - referent; 2 = at most a
high school diploma or GED, 3 = greater than high school or GED;
4 = bachelors degree, 5 = masters, professional, or doctorate degree);
and the top five principal components (PCs) of ancestry. SNP annota-
tion was performed using ANNOVAR (Wang et al., 2010) (http://
annovar.openbioinformatics.org/en/latest/).

2.5. Heritability analysis

We estimated “SNP-chip heritability”, or the narrow-sense herit-
ability due to the additive effect of genotyped common variants, by first
fitting a “null” linear mixed model that included all covariates, PCs, and
random effects (but did not include genotypes), and then calculating
the proportion of variance attributable to relatedness out of all phe-
notypic variance. For this analysis, the model was fit on all individuals
to maximize statistical power and allow for comparability with the
GWAS results. We calculated the kinship matrix using all autosomal
SNPs, and ran the analysis on subsets of genetically unrelated in-
dividuals (about 80% of the analytic sample size) by randomly re-
moving participants so that none of the pairwise estimated kinship
coefficients were larger than 2~ ''/% which excluded all first-, second-,
or third-degree relatives (Yang et al., 2010). Results are presented as
SNP-heritability estimates (h2xp) and 95% confidence intervals (CIs),
calculated using Haseman-Elston regression (Sofer, 2017).

2.6. GWAS analysis

We performed a GWAS using the linear mixed-effect model ap-
proach on three phenotypes: (1) the original, untransformed depressive
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symptoms score; (2) the depressive symptoms score adjusting for
medication users via the procedure described under “phenotype defi-
nition”; and (3) the original, untransformed depressive symptoms score
only in the subset of participants who were non-anti-depressant medi-
cation users (n = 11,486; 93.3% of the sample). All SNPs were modeled
additively and the standard 5 x 10~ 8 was used as the threshold for
genome-wide statistical significance. In addition, we report the set of
SNPs with p-value <1 x 10~ ° according to the following selection
criteria: out of SNPs that were less than 500,000 base pairs apart, and
their correlation was higher than .5 (R?Z > .5), we prioritized (1)
genotyped over imputed SNPs, (2) imputed SNPs with higher quality
scores (info), and (3) imputed SNPs with lower p-values; for SNPs with
similar p-values and imputation quality score (or genotyped), we
prioritized SNPs with higher MAF. Quantile-quantile (QQ) and
Manhattan plots were generated using the R package GWASTools
(Gogarten et al., 2012). Regional association plots were generated using
Locus Zoom (Pruim et al., 2010).

2.7. Replication

We performed a replication test of our top results using data from
three independent cohorts. Additional details about these cohorts are
presented in supplementary material. Briefly, the Women's Health In-
itiative (1998; Wassertheil-Smoller et al., 2004) (WHL www.whi.org)
provided data on Hispanic/Latina women (n = 3138; mean age 60.0;
sd = 6.57), where depressive symptoms were measured using a 6-item
version of the CES-D (Wassertheil-Smoller et al., 2004) (items were: felt
depressed; sleep was restless; enjoyed life; had crying spells; felt sad;
felt people disliked you). The Multi-Ethnic Study of Atherosclerosis
(Bild et al., 2002) (MESA; http://www.mesa-nhlbi.org) provided data
from Hispanic/Latino adults (n = 1449; mean age 61.39; sd = 10.30)
where depressive symptoms were measured using a 20-item version of
the CES-D (Andresen et al., 1994). Finally, the Army Study To Assess
Risk and Resilience in Service members (Ursano et al., 2014) (Army
STARRS; http://www.armystarrs.org) provided data from Hispanic/
Latino adults (n = 3361; mean age = 22.77; sd = 5.01), where de-
pressive symptoms were captured using a four-item Composite Inter-
national Diagnostic Interview Screening Scale (CIDI-SC) for major de-
pressive episode (MDE), which included the items: feeling sad or
depressed; down about how things are going; little or no pleasure in
things; feeling down on yourself or worthless in the past 30 days
(Kessler et al., 2013).

We meta-analyzed association results across these three in-
dependent samples. Inverse variance weighted fixed-effect meta-ana-
lysis was conducted using METAL (http://www.sph.umich.edu/csg/
abecasis/metal/; (Willer et al., 2010). We used one sided p-values in the
replication phase (Sofer et al., 2017).

2.8. Secondary analyses

We performed two secondary analyses. First, we conducted sex-
stratified analyses, in light of evidence showing a two-fold elevated risk
of depression in women compared to men (Kessler et al., 2005) and
perhaps higher heritability of depression (Kendler et al., 2001). Second,
to facilitate comparisons to other studies using case-control designs, we
analyzed a binary trait indicating probable depression, using a cut-off
threshold of CES-D-10 score =10 to define cases of high depressive
symptoms (n = 3979). This cut-point has been shown to have 96%
sensitivity and 100% specificity against the CES-D-20 to screen for
depressive symptoms in adults (Andresen et al., 1994), and has been
used in previous studies based on the same study population
(Wassertheil-Smoller et al., 2014). In this analysis, we included anti-
depressant medication users as cases. To minimize false negatives,
controls were defined as participants with CES-D-10 scores 6 or below
(n = 6499).
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Fig. 1. Quantile-quantile (QQ) plots and Manhattan plots for depressive symptoms from the Hispanic Community Health Study/Study of Latinos.
The quantile-quantile plots (“QQ-plots”), which present the observed by expected p-values on the -log10 scale, indicate conformity of the observed results to what would be expected

under the null. In the Manhattan plots, the x-axis is the chromosomal position and the y-axis is the -log10 p-value for the association between each SNP and depressive symptoms derived
from the linear regression model. The dotted line shows the genome-wide significance level (5 x 10~®). The displayed p-value corresponds to SNPs with effective N > 30.

e, .

H
23

i

~logio(p)

Lo sae
i .(-"-lt-'

Chromosome

&
RN <

2.9. Trans-ethnic analyses of prior work. First, to evaluate the extent of sharing of SNP-level as-
sociations across populations, we examined the p-values in HCHS/SOL

We performed three sets of trans-ethnic analyses to determine the of 25 loci previously identified as genome-wide significant in prior
extent to which there was genetic overlap in risk for depressive symp- GWAS studies of Chinese, European, and Hispanic/Latino ancestry

toms across ancestry groups and to place our study results in the context populations (CONVERGE Consortium, 2015; Direk et al., 2016; Hyde
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et al., 2016; Okbay et al., 2016; Ware et al., 2015) and compared the
direction of effect observed between our study and the original study.
One-sided binomial tests were performed to determine whether the
observed same-direction allelic effects with the primary studies were
greater than expected by chance.

Second, to more deeply probe whether prior SNP-effects were po-
pulation-specific, we performed a specific generalization analysis
(Sofer, 2017) to evaluate the strength of association between the larger
set of loci identified within the GWAS studies described above. The
generalization testing algorithm we used (Sofer, 2017) accounts for
multiple testing by controlling for the directional False Discovery Rate
(FDR) at the .05 level (Sofer, 2017); it does so by selecting SNPs re-
ported in prior GWAS (also called “discovery study”) by first calculating
their Benjamini and Hochberg (BH)-adjusted (Benjamini and Hochberg,
1995) p-values and then calculating a data-adaptive p-value threshold
based on these adjusted values, so that all SNPs with adjusted p-values
lower than the threshold can potentially be generalized under the set
FDR level (.05). Once SNPs are selected, the algorithm assigns these
SNPs with an r-value, based on their p-value in both the discovery study
and the HCHS/SOL GWAS of the original CES-D score. An r-value < .05
indicates that the SNP is associated in the same direction in both the
discovery GWAS and HCHS/SOL GWAS. We studied the generalization
of genetic associations from European ancestry populations to His-
panics/Latinos, using the three largest GWAS of depression to date
(Direk et al., 2016; Okbay et al., 2016; Wray et al., 2017) as the dis-
covery datasets.

Third, to evaluate the extent to which GWAS findings in European
samples were, in aggregate, significantly associated with depressive
symptoms in Hispanics/Latinos, we constructed unweighted genetic
risk scores (GRS) (Moon et al., 2017; Qi et al., 2017) using summary
statistics from three published GWAS of European populations (Direk
et al., 2016; Wray et al., 2017; Okbay et al., 2016) and then evaluated
the strength of association between these GRS in HCHS/SOL. Eight sets
of GRS were developed using SNPs with p-value thresholds in the dis-
covery GWAS of pr < .05, pr < .01, pr < .001, pr < 1074,
pr < 1075 pr < 107%, p;r < 1077, and pr < 10~ 8; within each p-
value threshold, SNPs were pruned to identify independent SNPs within
a 500kb window. Therefore, all HCHS/SOL participants had 24 GRS
values (eight p-value thresholds within 3 GWAS discovery samples),
which were generated by summing the number of trait-increasing al-
leles, determined by the effect sign in the discovery GWAS. We then
used the models from the primary association analysis (i.e. mixed
models, adjusted to the same fixed and random effects) to evaluate the
significance of the association between each GRS and the original,
untransformed CES-D scores in the full HCHS/SOL sample. When at
least one of the GRSs based on the discovery study showed significant
association in HCHS/SOL with the original depressive symptoms score,
we then repeated the analysis with all depression measures, allowing us
to evaluate whether one GRS measure was more consistently general-
izable than others.

3. Results

There were 12,310 Hispanic/Latino adults in the analysis; sample
demographic characteristics can be found in the supplementary mate-
rial.

3.1. Discovery sample: SNP heritability

Depressive symptoms were significantly and moderately heritable
for each of the three phenotypes in the total sample — original score:
hwp = 6.4%, 95% CI=(1.6, 11.1)%, p = .002; the score accounting for
medication use: héyp = 6.3%, 95% CI= (1.6, 11.1)%, p = .002; and ex-
cluding medication users: hZwp = 6.9%, 95% CI=(2.3, 12)%, p = .002
(Supplemental Table 1). However, depressive symptom scores did not
show evidence of significant heritability among unrelated individuals
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for any phenotype: original score: hZwp = 4%, 95% CI=(0, 10.1)%,
p = .82; the score accounting for medication use: hZwp = 2.9%, 95% CIl=
(0, 8.9)%, p = .153; or excluding medication users: hZwp = 3.8%, 95%
CI=(0, 10.3), p = .104 (Supplemental Table 1).

3.2. Discovery sample: GWAS

Fig. 1 displays the Manhattan and QQ plots for the three pheno-
types. The QQ plots show no evidence of genomic inflation in the GWAS
of the original score (\. = 1.01), the analysis accounting for medication
use (A = 1.01), or excluding medication users (A = 1.00).

No SNP reached genome-wide significance in either the analysis
based on scores accounting for medication users (Table 1) or that ex-
cluded medication users (Table 2). The most significant SNP in the
analysis accounting for medication use was an imputed rare variant
located on chromosome 19 position 46976251 (p = 1.89 X 10~7).

Among SNPs with the lowest p-values, several were common to both
analyses, suggesting robustness of their association with the in-
vestigated depression phenotypes, but perhaps not surprising since a
minority of participants were medication users. For instance,
rs116270819 (p = 6.69 x 10~ %) was the top locus in the analysis ex-
cluding medication users and also emerged with a low p-value
(2.07 x 10~7) in the analysis adjusting for medication use (Table 1).

To further interpret these results and select the SNPs to carry for-
ward for replication, we estimated replication power for all SNPs with
p-values < 1 x 10~ % in at least one of the two analyses. Replication
power estimates were based on the projected samples sizes of each
replication dataset (WHI = 3000; MESA = 1500; Army
STARRS = 3000) and using MAF, outcome standard deviation, and
estimated effect sizes from the discovery sample. Our power calcula-
tions incorporated a method (Zhong and Prentice, 2008) to reduce bias
due to “winner's curse,” by attenuating the observed effect size. Prior
studies have previously shown that attenuated effect size estimates tend
to be closer than uncorrected estimates to effects seen in independent
replication studies (Zhong and Prentice, 2010).

The power estimate suggested that two SNPs (rs2004237 and
rs34208798) would have good to excellent power in a meta-analysis of
the three replication cohorts after correcting for the winner's curse bias
(estimated power = 90% and 62%, respectively) and thus we carried
forward these SNPs for replication. One of these SNPs, rs2004237, was
the second most significant result (p = 7.54 x 10~%) in the analysis
excluding medication users. This imputed SNP is located on chromo-
some 19 and is intronic to fibrillin 3 (FBN3), a gene that encodes fi-
brillins, a constituent of the extracellular matrix. Several other SNPs in
the region, some of which were genotyped, also showed support for this
association (Fig. 2a). The second SNP carried forward was also imputed
(rs34208798) and had a low p-value in the analysis excluding medi-
cation users (p = 1.87 x 10~ 7). This SNP is intronic to the TRNA-YW
Synthesizing Protein 1 Homolog gene (TYW1), which encodes for Wy-
butosin (yW) and is involved in the modification of tRNAs (Landgraf
et al., 2016). SNPs in this region also showed support for this associa-
tion (Fig. 2b).

All GWAS results at p < 1 x 10~ ° are shown in the supplementary
material for the depressive symptom score for the full sample adjusting
for medication use (Supplemental Table 2), excluding medication users
(Supplemental Table 3), and for the original, non-transformed score
(Supplemental Table 4).

3.3. Replication samples: GWAS

In the replication stage, the two selected SNPs (rs2004237 and
rs34208798) were evaluated in three independent samples. Neither
SNP was significantly associated with the depressive symptom score in
a meta-analysis of the replication data, either accounting for medica-
tion use or excluding medication users (Supplemental Table 5 and
Supplemental Table 6).
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Table 1
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Genome-wide association study results for the top loci (p < 1 x 10~ °) with depressive symptoms scores for anti-depressant medication use.

SNP CHR  position alleleA  alleleB  MAF minor allele  geno. n Beta SE pval Location  Closest gene (< 20kb)
19:46976251:C:G 19 46976251 C G 0.006 G I 12310 -2.85 055 1.89E-07

rs139628768 6 154761127 C A 0.008 A I 12310 -2.39 0.46 1.92E-07 Intron CNKSR3
15116270819 12 102245668 C T 0.012 T I 12310 —2.02 0.39 2.07E-07

2:29851995:A:G 2 29851995 A G 0.001 G I 12310 -6.01 1.18 3.16E-07 Intron ALK
rs187816263 18 58502295 G C 0.004 C I 12309 -3.46 0.68  3.26E-07

1513417200 2 107972669 T C 0.006 C I 12310 —-2.73 0.54 3.71E-07 Intron LOC105373536
7:39836135:C:T 7 39836135 C T 0004 T I 12310 -3.57 0.7 4.05E-07  Intron CICP22
rs374519284 16 295403 T C 0002 C I 12310 —-4.22 0.84 5.16E-07 Intron ITFG3
rs144133307 18 58346558 A G 0.004 A I 12309  3.22 0.65  5.95E-07

16:8248204:T:C 16 8248204 T C 0.002 C I 12310 -5.28 1.06  6.28E-07

15139550651 6 21825124 C T 0.008 T I 12310 2.32 0.47  6.52E-07  Intron CASC15
5:35257239:T:C 5 35257239 T C 0.004 C I 12310 -3.72 075  6.89E-07

1572662446 8 59113186 C T 0.032 T G 12309 -1.14 0.23 9.04E-07

1556712382 5 39209149 G GCA 0279 G I 12310  0.49 0.1 9.75E-07  Intron FYB

CHR = chromosome. In the geno. (genotyping) column, G = genotyped and I = imputed. All imputed SNPs had info scores (indicating imputation quality) = 0.70. AlleleA is the tested

allele. Position is given in genome build GRCh37/hg19.
3.4. Secondary analyses

In the sex-stratified analyses, we found that among females, one
SNP (rs72662446) reached genome-wide significance
(p=6.36 x 10”°) in the analysis accounting for medication use
(Supplemental Table 7), and was also the most significant result
(p=7.48x10"% in the analysis excluding medication users
(Supplemental Table 8). In males, two SNPs (rs111365740,
p = 3.70 x 1075 and 59709324, p = 4.20 x 10~ ®) achieved genome-
wide significance in the analysis accounting for medication use
(Supplemental Table 9). In the analysis excluding medication users
(Supplemental Table 10), four SNPs reached genome-wide significance
(rs113403132, p=7.74x107% rs6993028, p=1.27 x 10”8
rs144850488, p = 2.69 X 1078, 1517800303, p=3.59 X 10™8); the
top hit from this analysis also had a low p-value in the analysis ac-
counting for medication wuse (rs113403132, p =1.33 X 1077)
(Supplemental Table 9). Five of these SNPs were selected for replication
(1 in females and 4 in males); none showed significant evidence of
association (Supplemental Tables 11-15).

Table 2

We also conducted a GWAS with depressive symptoms treated as a
binary outcome; none of the SNPs reached genome-wide significance
(Supplemental Fig. 1; Supplemental Table 16).

3.5. Trans-ethnic analyses

3.5.1. Examination of published GWAS loci

Among the published genome-wide significant loci for depression,
four out of 25 loci were nominally associated in this study (Table 3),
with two showing the same direction of effect as the primary study.
Two of these loci (rs4481363, rs4543289) were significant after cor-
recting for multiple testing (0.05/25 = p < .002), with one showing a
similar direction of effect as the primary study. These associations were
strongest in the analysis that excluded medication users. Overall, 13 out
of 25 (52%) loci showed consistent directions of effect across the three
depression phenotypes as compared to the prior GWAS studies. There
was no evidence of excess same-direction effects (one-sided binomial
test p = .50 for all analyses).

Genome-wide association study results for the top loci (p < 1 x 10~ °) with depressive symptoms, after excluding medication users.

SNP CHR position alleleA alleleB MAF  minor allele geno. Beta SE pval Location Closest gene (< 20kb)

15116270819 12 102245668 C T 0.011 T 1 —2.02 0.38 6.69E-08

152004237 19 8209194 T C 0.313 C I 0.45 0.08 7.54E-08 Intron FBN3

1562123284 19 8214984 A G 0.312 G G 0.45 0.08 7.68E-08

1577219363 20 24489072 C CCAGGCTGATCT 0.034 C 1 1.25 0.24 1.17E-07 Intron SYNDIG1

1534208798 7 66518851 G A 0.186 A I —0.52 0.10 1.87E-07 Intron TYWI

15189585011 12 59015294 T A 0.005 A I —3.46 0.66 1.94E-07 Intron LOC100506869;

LOC101927653

1513417200 2 107972669 T C 0.006 C I —-2.69 0.52 2.08E-07

1510228308 7 66515614 T C 0.188 C G —0.51 0.10 3.13E-07 Intron TYWI

156603149 19 8213231 A G 0.382 G G 0.40 0.08 3.41E-07 Intron FBN3

15902168 13 124492461 T G 0.007 G G —2.33 0.46 3.88E-07 Intron ZNF664/ZNF664-FAM101A

15186703566 12 108834681 T A 0.004 A I —3.21 0.63 3.88E-07

157198462 16 77395589 T C 0.010 C I —2.02 0.40 3.98E-07 Intron ADAMTS18

1512198471 6906545 C T 0.196 T G 0.50 0.10 4.39E-07

15112849100 1 154630337 T C 0.002 C I —4.26 0.85 5.15E-07

15140262007 6 46983470 T C 0.023 C I —1.33 0.27 5.84E-07 Intron ADGRF1

1510611601 7 70044230 TAA T 0.434 TAA I —0.41 0.08 8.04E-07 Intron AUTS2

16:8248204:T:C 16 8248204 T C 0.002 C I —-5.13 1.04 9.05E-07

15146173796 12 97310831 A T 0.005 T I —3.07 0.62 9.08E-07 Intron NEDDI

rs4985364 16 70806674 C T 0.172 C I 0.50 0.10 9.37E-07 Non-coding/ VAC14/VAC14-AS1
intron

1574495014 12 102270520 T C 0.014 C I —-1.76 0.36 9.54E-07 Upstream DRAM1

These analyses were based on an analytic sample of n = 11486. CHR = chromosome. In the geno. (genotyping) column, G = genotyped and I = imputed. All imputed SNPs had info
scores (indicating imputation quality) = 0.62. AlleleA is the tested allele. Position is given in genome build GRCh37/hg19.
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Fig. 2. Regional association plot for top SNPs identified in the analysis excluding medication users.

The regional association plot was generated using LocusZoom (http://csg.sph.umich.edu/locuszoom/) The left-side y-axis refers to the -log of the p-value corresponding to the test of
association between each SNP (denoted as a colored dot, if genotyped, or X, if imputed) and depressive symptoms. SNPs are colored based on the level of linkage disequilibrium (LD)
between each SNP and the index, genotyped, SNP (purple diamond). r* values are determined based on the HCHS/SOL data.

3.5.2. Generalization analysis

We performed formal generalization analyses to study whether
previously reported associations generalize to Hispanics/Latinos, using
each of the three discovery GWAS. Based on the adaptive selection rule
for selecting SNPs from the discovery GWAS to follow-up in the HCHS/
SOL, 3 SNPs, 3594 SNPs, and 23,957 SNPs were selected for the gen-
eralization testing in the CHARGE, Okbay et al., and the combined PGC-
MDD2 and 23andme cohorts, respectively. The generalization testing
algorithm calculated an FDR-controlling r-value for each of these SNPs,
where that the FDR control is applied to the tests of the generalization
null hypotheses. None of these SNPs generalized (all r-values were >
0.05).

3.5.3. Examination of genetic risk scores

At the Bonferroni-corrected p-value threshold of .0006 (i.e., .05/80
tests), the GRS constructed from SNPs with p-values < 0.001 in the
combined PGC MDD2 and 23andme cohorts (Wray et al., 2017) were
significantly associated with all four depression phenotypes
(Supplemental Table 17) - original depressive symptom score: 3 = 0.012,
95% CI=(0.006,0.017), p =.00004; adjusting for medication use:
B =0.013, 95% CI=(0.007,0.019), p = .00004; excluding medication
users: B = 0.011, 95% CI=(0.005,0.017), p = .0001; binary depression:
OR = 1.001, 95% CI=(1.000, 1.001), p = .0004. The p < 10~* GRS
was also significantly associated with depression in the analysis ex-
cluding medication users (p = .0004). No other significant associations
were detected for any phenotype with other GRS cut-points in the PGC-
MDD2/23andme analysis or for any GRS generated from either the
CHARGE or Okbay et al. datasets (Supplemental Table 17).

4. Discussion

The current study involved several advances in efforts to identify
the genetic basis of depression. First, our study was the largest GWAS of
depressive symptoms in Hispanics/Latinos. Only two prior GWAS of
depressive symptoms in Hispanics/Latinos have been performed, the
largest of which contained one-third the number of participants in-
cluded here (Dunn et al., 2016). Second, we conducted trans-ethnic
analyses by evaluating whether previously published individual loci

and aggregate polygenic variation derived from GWAS studies of Chi-
nese and European ancestry populations were linked to depression in
Hispanics/Latinos. Finally, our primary analyses were based on a di-
mensional measure of depressive symptoms, which enabled us to ex-
amine the full range of quantitative variation, in addition to extremes in
this quantitative distribution (e.g., cases versus controls); prior studies
suggest such an approach may be statistically more powerful for iden-
tifying variants associated with depression (Plomin et al., 2009).

In our primary analysis, no genome-wide significant loci were
found, though we did detect seven genome-wide significant associa-
tions in sex-stratified analyses. However, neither these loci nor any
others with suggestive evidence were replicated across three in-
dependent cohorts. Our heritability estimates were comparable in
magnitude to those observed in at least one prior study (Dunn et al.,
2016), but were not statistically significant in all instances. The lack of
genome-wide significant loci is likely due to low statistical power,
emphasizing the need for larger and thus better powered studied.

There was also little evidence of overlap in genetic vulnerability to
depression across ancestry groups. In our SNP-based analysis, four out
of 25 loci previously associated with depression were nominally asso-
ciated in this HCHS/SOL sample. These four loci were first observed in
two studies of European populations, one of which examined depressive
symptoms (Okbay et al., 2016) and the other probable major depressive
disorder (Hyde et al., 2016). Two of these loci showed the same di-
rection of effect as the primary study, suggesting that at least some
genetic contributors to depression are common across ancestral popu-
lations. However, there was generally only modest support for shared
genetic effects between Hispanics/Latinos and European Americans as
shown in the analyses examining more SNPs or aggregate polygenic
variation as measured through a genetic risk score. Prior trans-ethnic
analyses of MDD have also suggested possible population differences in
genetic liability to depression across racial/ethnic groups (Bigdeli et al.,
2017). The lack of observed overlap in genetic risk factors for depres-
sion across ancestry groups could be due to low power in our sample.

Several limitations are noted. First, our outcome was based on a
measure of depressive symptoms during the past week, rather than a
diagnostic interview or depressive symptoms captured over a longer
period. Thus, we could only study recent symptoms of depression and
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did not have information about how long the depressive symptoms
lasted. However, as we describe previously, the CES-D has been widely
used in epidemiological studies, has demonstrated excellent reliability
(Gonzalez et al., 2017; Shinar et al., 1986; van de Rest et al., 2010) and
validity (Radloff, 1977), and appears to be a robust measure of de-
pressive symptoms in Hispanic/Latino populations (Gonzalez et al.,
2017). Future genetic studies of lifetime depressive disorder in His-
panic/Latino samples are warranted. Second, the replication samples
were smaller and more demographically heterogeneous than HCHS/
SOL, which along with other factors (e.g., variation in depressive
symptom measures; gene-environment interplay; different LD patterns
with a causal SNP) could have led to null results. Unfortunately, re-
plication efforts are currently impeded by the lack of available data in
racial/ethnic minority populations. Efforts now underway to carry out
genome-wide analyses in more diverse samples hold promise to address
such challenges.

In summary, results from this study suggest that larger samples and
perhaps more refined phenotypes are needed to identify genetic var-
iants associated with depression in Hispanics/Latinos. This will enable
the important work of extending genomic studies to populations of
diverse ancestry.
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