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Although generalized anxiety disorder (GAD) is heritable and
aggregates in families, no genomic loci associatedwith GADhave
been reported.We aimed to discover potential loci by conducting
a genome-wide analysis ofGADsymptoms in a large, population-
based sample of Hispanic/Latino adults. Data came from 12,282
participants (aged 18–74) in the Hispanic Community Health
Study/Study of Latinos. Using a shortened Spielberger Trait
Anxietymeasure,we analyzed the following: (i) aGADsymptoms
score restricted to the three items tapping diagnostic features of
GADasdefinedbyDSM-V;and(ii) a total traitanxiety scorebased
on summing responses to all ten items. We first calculated the
heritability due to commonvariants (h2SNP) and then conducted a
genome-wide association study (GWAS) of GAD symptoms.
Replication was attempted in three independent Hispanic
cohorts (Multi-Ethnic Study of Atherosclerosis,Women’s Health
Initiative, Army STARRS). The GAD symptoms score showed
evidence of modest heritability (7.2%; P¼ 0.03), while the total
trait anxiety score did not (4.97%; P¼ 0.20). One genotyped
SNP (rs78602344) intronic to thrombospondin 2 (THBS2) was
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nominally associated (P¼ 5.28# 10$8) in the primary analysis
adjusting for psychiatric medication use and significantly associ-
ated with the GAD symptoms score in the analysis excluding
medication users (P¼ 4.18# 10$8). However, meta-analysis of
the replicationsamplesdidnot support this association.Although
we identified a genome-wide significant locus in this sample, we
were unable to replicate this finding. Evidence for heritabilitywas
also only detected for GAD symptoms, and not the trait anxiety
measure, suggesting differential genetic influences within the
domain of trait anxiety. ! 2016 Wiley Periodicals, Inc.

Key words: genetic association study; anxiety; Hispanics/
Latinos

INTRODUCTION

Generalized anxiety disorder (GAD) is a mental disorder charac-
terized by persistent uncontrollable worry and symptoms of
arousal (e.g., restlessness, insomnia, muscle tension, irritability)
[Hoge et al., 2012; American Psychiatric Association, 2013; Stein
and Sareen, 2015]. GAD is common in the United States and
worldwide [Grant et al., 2005; Kessler et al., 2005a,b; Wittchen and
Jacobi, 2005; Wittchen et al., 2011]. Retrospective epidemiological
studies suggest the past year prevalence of GAD is 3.1% and lifetime
prevalence is 5.7% [Kessler et al., 2005a,b]. Even higher estimates
have been observed from prospective studies (14.2% lifetime; 4.2%
past year) [Moffitt et al., 2010]. Though GAD is about half as
common in Hispanics/Latinos compared to Whites [Grant et al.,
2005; Asnaani et al., 2010], Hispanics/Latinos represent one of the
fastest growing populations in the United States [Passel et al., 2011;
Brown, 2014, June 26], making the population burden of GAD in
the United States, therefore, quite large. GAD is also a highly
comorbid disorder, with about 90% of people with GAD
experiencing at least one other DSM-IV Axis 1 or Axis 2 disorder
[Grant et al., 2005]. Given its prevalence and profound social and
economic costs [Hoffman et al., 2008; Newman et al., 2013], it is of
strong interest to identify factors associated with the development
of GAD.

Exploration of the role of genetic factors in the etiology of GAD
is warranted as GAD appears attributable, in part, to genetic
variation [Shimada-Sugimoto et al., 2015]. Family studies have
found first degree relatives of people with GAD have six times the
odds of having GAD compared to first degree relatives of those
without GAD [Hettema et al., 2001]. Twin studies also suggest
GAD is moderately heritable, with 32% of the variation in the
population risk of GAD being attributable to genetic variation
[Hettema et al., 2001]. Despite evidence of family aggregation,
there have not yet been any published genome-wide association
studies (GWAS) of GAD or GAD symptoms. Given the recent
pursuit of GWAS for other anxiety disorders, notably post-trau-
matic stress disorder [Guffanti et al., 2013; Logue et al., 2013; Xie
et al., 2013] and panic disorder [Otowa et al., 2009 2010; Erhardt
et al., 2011], as well as efforts to examine domains related to GAD,
including anxiety sensitivity [Davies et al., 2015], or composite
indicators of anxiety disorder [Otowa et al., 2014], we sought to

identify genomic loci linked to GADby conducting a genome-wide
analysis of GAD symptoms. We used a dimensional measure of
trait anxiety symptoms chosen to match DSM-5 criteria for GAD.
Use of a dimensional measure enables an examination of the full
range of quantitative variation, rather than extremes in this quan-
titative distribution (e.g., cases versus controls) and may be a
statistically more powerful approach to identify variants associated
with GAD [Plomin et al., 2009].

In this report, we present results from the first GWAS of GAD
symptoms, where we found a genome-wide significant association
between a SNP intronic to thrombospondin 2 (THBS2) and GAD
symptoms in a large, diverse, and population-based sample of
Hispanic/Latino adults. This finding did not replicate in a meta-
analysis of three independent samples of Hispanic/Latino adults.
We also present results froma SNP-chip heritability analysis, where
we found evidence of modest heritability in GAD symptoms
(7.2%), but no statistically significant heritability for a broader
measure of trait anxiety symptoms.

MATERIALS AND METHODS
Overview
The Hispanic Community Health Study/Study of Latinos (HCHS/
SOL) is a community-based prospective cohort study following
16,415 self-identified Hispanic/Latino adults (aged 18–74 at
screening) and was designed to examine the distribution and
determinants of chronic health conditions, including diabetes,
pulmonary disease, and cardiovascular disease. As described else-
where [Lavange et al., 2010], participants were recruited via a
stratified two-stage area probability sample of households across
four cities in the United States (Chicago, IL; Miami, FL; Bronx,
NY; SanDiego, CA). Themajority of the sample self-identifiedwith
the following background groups: Central American (n¼ 1,730),
Cuban (n¼ 2,348), Dominican (n¼ 1,460), Mexican (n¼ 6,471),
Puerto Rican (n¼ 2,728), and South American (n¼ 1,068). Base-
line examinations were conducted between 2008 and 2011. Insti-
tutional Review Boards at each field center approved the study and
all participants provided written informed consent. In the current
study, we analyzed data from 12,254 respondents who consented to
provide blood for the purpose of genotyping and had complete
outcome and relevant covariates information (to be described
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later), as well as non-missing records of antianxiety and antide-
pressants medication use.

Phenotype Definition
Anxiety symptoms were assessed at baseline using a 10-item
Spielberger State-Trait Anxiety Inventory (STAI-T) administered
in the participant’s preferred language (Spanish or English)
[Bromberger and Matthews, 1996; Bergua et al., 2015]. This a
short form version of the 20 item STAI-T [Spielberger, 1989),
which is a valid and commonly used measure of trait anxiety
symptoms in population-based studies (see e.g.: [De Moor et al.,
2006; Caravati-Jouvenceaux et al., 2011]) that has been shown to
correlate highly with other anxiety measures [Spielberger and
Reheiser, 2009]. The abbreviated 10-item STAI-T short form
has shown excellent internal consistency reliability in the full
HCHS/SOL sample (a¼ 0.93) and for both the English
(a¼ 0.92) and Spanish (a¼ 0.94) versions of the instrument
[Wassertheil-Smoller et al., 2014]. It has been shown in
other studies to correlate highly with the full version (a¼ 0.96)
[Bromberger and Matthews, 1996]. For each item, participants
were asked to indicate how they generally feel (0¼ almost never;
1¼ sometimes; 2¼ often; 3¼ almost always). Using the STAI short
form, we created a GAD symptoms score by summing the three
items (i.e., feeling nervous or restless; worrying over things that
don’t matter; getting in a state of tension or turmoil as you think
about recent concerns and interests) that are diagnostic criteria for
GAD as defined by the DSM-5 [American Psychiatric Association,
2013]. The GAD symptoms score demonstrated moderate internal
consistency reliability (a¼ 0.70) in the full HCHS/SOL sample.
For comparison, we also examined a total trait anxiety score based
on summing responses to all 10 items (i.e., the three GAD symptom
score items noted above plus the following seven items: I feel
satisfied with myself; I lack self confidence; I feel secure; I feel
inadequate; I am a steady person; I wish I could be as happy as
others seem to be; I feel like a failure). Both phenotypes were coded
so that higher scores indicated higher levels of anxiety.

Toaccount for thepossibility that currentuseofantidepressantor
anxiolytic medications might affect anxiety scores, we applied an
imputation algorithm to increase the scores of medication users.
This algorithm was used in a previous GWAS of depressive
symptoms [Hek et al., 2013] and was similar to an algorithm
used to adjust blood pressure for persons on antihypertensive
medications [Levy et al., 2000]. Antidepressant or anxiolytic medi-
cation use was determined by pill bottles brought by the participant
to thebaseline interview.Antidepressantswere included, as this class
of drugs are commonly prescribed to treat generalized anxiety
symptoms[Kapczinski et al., 2003;Milea etal., 2010].This algorithm
assumed that: (i) the anxiety score of a respondent taking these
psychotropicmedications is lower (i.e., indicating fewer symptoms)
than would be expected if the respondent were not taking these
medications (thus, we assume that the medications are effective in
reducing symptoms); (ii) respondents with high anxiety scores, on
average, respond less to these medications than respondents with
lower anxiety scores. The algorithm therefore, replaced the anxiety
score of respondents on medications (n¼ 1,068) with the mean
anxiety scoreofall respondents taking thesemedications thathadthe

same or a higher anxiety score. For example, a medication user with
an observed anxiety score of 10 would have a revised score of 21.07
(derivedby taking the average anxiety score ofmedicationuserswith
an anxiety score value of 10 or greater). Anxiety scores for medica-
tion users were increased by 6.2 points on average above the raw
score (raw scores ranged from 0 to 30).

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 candi-
date gene markers) selected for HCHS/SOL.

Quality assurance/quality control (QA/QC) was performed by
Illumina, LA Biomed, and the HCHS/SOL Genetic Analysis Center
(GAC) according to established methods [Laurie et al., 2010] to
generate recommended 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 discordance, Mendelian errors, popula-
tion structure, and relatedness (note: participants could have been
genetically related due to being drawn from the same household or
different households living in the same community). Twelve
thousand eight-hundred three 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 1 reference panel
[1000Genomes Project et al., 2012] and IMPUTE2 software [Howie
et al., 2009, 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 different MAF levels and by examining results from the
IMPUTE2 internal masking experiments (as some genotyped var-
iantswere “masked,”meaning removed from the imputation basis).

Principal components (PCs) and kinship coefficients were
computed in an iterative manner to estimate both population
structure and relatedness between study individuals such that the
PCs were not affected by relatedness, and kinship estimates are not
affected by ancestry. The process began with estimating relatedness
using KING-robust [Manichaikul et al., 2010], followed by
iterative estimation of PCs and kinship coefficients using PC-AiR
[Conomos et al., 2015] and PC-Relate (https://www.bioconductor.
org/packages/release/bioc/html/GENESIS.html), and is described
comprehensively elsewhere [Conomos, 2014]. Consequently, 19
individuals who were identified to have primarily east Asian ancestry
were excluded from analysis. For association analysis, the kinship
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matrix was based on an independent set of SNPs selected with LD
pruning.

Statistical Analyses
All analyses used a linear mixed-effect model, which accounted for
the correlations between individuals due to genetic relatedness
(kinship), shared household, and the complex sampling design
[Conomos et al., 2016; Schick et al., 2016].Thevariance components
were estimatedusing restrictedmaximumlikelihood(REML). Fixed
effects included the covariates: log (sampling weight), which reflect
the differences in sampling probabilities of study individuals and is
included to prevent potential selection bias; field center; age; sex;
education (1¼ no high school diploma or GED—referent; 2¼ at
most aHigh school diplomaorGED, 3¼ greater thanhigh school or
GED; 4¼ bachelors degree, 5¼masters, professional, or doctorate
degree); and the top five PCs of ancestry. SNP annotation was
performed using ANNOVAR [Wang et al., 2010] (http://annovar.
openbioinformatics.org/en/latest/).

Heritability Analysis
We estimated “SNP-chip heritability,” or the narrow-sense herita-
bility due to the additive effect of common variants (genotyped and
imputed), 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 attrib-
utable to relatedness out of all phenotypic variance [Conomos
et al., 2016; Schick et al., 2016]. For this analysis, the kinshipmatrix
was calculated based on PC-relate using all autosomal SNPs, and
the model was fit on a set of 10,414 unrelated individuals by
removing participants so that the unrelated set did not have
first-, second-, or third-degree relatives [Yang et al., 2010]. We
conducted this analysis examining theGAD symptoms score aswell
as the total trait anxiety score to evaluate and compare SNP-chip
heritability estimates across these phenotypes.

GWAS Analysis
We performed a GWAS using the linear mixed-effect model
approach. All SNPs were modeled additively and the standard
5# 10$8 was used as the threshold for genome-wide statistical
significance. In addition, we report the set of SNPs with P-value
< 1# 10$6 according to the following selection criteria: out of SNPs

that were less than 500,000 base pairs apart, and their correlation
was higher than 0.5, we prioritized genotyped over imputed
SNPs, we preferred imputed SNPs with higher quality score
(info), lower P-values, and 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].

Secondary Analysis
As a secondary analysis, we repeated our analyses in the subset of
non-medication users (n¼ 11,456; 91.5% of the sample) and using
an untransformed score that did not consider medication use (i.e.,
the raw phenotype score).

Replication
We attempted replication of these results using data from three
independent cohorts. Additional details about these cohorts are
presented in Supplemental Materials. Briefly, the Women’s Health
Initiative (The Women’s Health Initiative Study Group, 1998,
WHI; www.whi.org [Wassertheil-Smoller et al., 2004]) provided
data on Hispanic/Latina women (n¼ 3,352; mean age 60.0; SD¼
6.57), where anxiety symptoms were measured using a single item
(i.e., have you been a very nervous person in the past four weeks).
The Multi-Ethnic Study of Atherosclerosis (MESA; http://www.
mesa-nhlbi.org) [Bild et al., 2002] provided data from Hispanic/
Latino adults (n¼ 1,449; mean age 61.38; SD¼ 10.30) where
anxiety symptoms were measured using a scale identical to the
HCHS/SOL. Finally, the Army Study To Assess Risk and Resilience
in Service members (Army STARRS; http://www.armystarrs.org)
[Ursano et al., 2014] provided data from Hispanic/Latino adults
(n¼ 3,394; mean age¼ 25.98; SD¼ 5.00), where anxiety symp-
toms were captured using a five-item scale designed to match
DSM-IV criteria for GAD.

We meta-analyzed GWAS results across the three independent
samples. As we were interested in testing whether the direction of
effect was the same in the replication (as the discovery), one
sided P-values were used [Heller et al., 2015]. Inverse variance
weighted fixed-effect meta-analysis was conducted using
METAL (http://www.sph.umich.edu/csg/abecasis/metal/;[Willer
et al., 2010]).

TABLE I. Results of Genome-Wide Complex Trait Analysis

Original scores Accounting for medication use Medication users removed

V(G)/Vp# 100 P-values V(G)/Vp# 100 P-values V(G)/Vp# 100 P-values
GAD symptoms score 7.57 0.12 7.20 0.03 8.15 0.06
Total trait anxiety score 5.65 0.32 4.97 0.20 8.18 0.14

V(G)/Vp# 100¼ SNP heritability estimate (h2SNP)# 100. All phenotypes were treated as continuous. All models adjusted for sex, age, education (five-levels), principal components, study center, and
samplingweights, and includedrandomeffects for thedesignvariableskinship, household, andblockunit, the threestudydesignvariables.P-valueswerecalculatedusing the likelihoodratio test. The total trait
anxiety score was derived by summing responses to all 10 items (see Supplemental Materials for listing of all items). The GAD symptoms score was based on summing three items (i.e., feeling nervous or
restless; worrying over things that don’t matter; getting in a state of tension or turmoil as you think about recent concerns and interests) that are diagnostic criteria for GAD as defined by the DSM-V.
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RESULTS

A total of 12,282 Hispanic/Latino respondents were in the
analysis. As expected, the GAD symptom score (skew¼ 0.63;

kurtosis¼ 2.48) and total trait anxiety score (skew¼ 0.87;
kurtosis¼ 3.21) were skewed towards lower values. No transfor-
mations of the outcome were performed as linear regression is
robust to minor violations of normality [van Belle, 2002].

FIG. 1. Quantile–quantile (QQ) plots and Manhattan plots for GAD symptoms score 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 the GAD symptoms score derived from the linear
regression model. The dotted line shows the genome-wide significance level (5# 10$8). The displayed P-value corresponds to SNPs with
effective N> 30.

136 AMERICAN JOURNAL OF MEDICAL GENETICS PART B



TA
B
LE

II.
G
en
om

e-
W
id
e
As
so
ci
at
io
n
St
ud
y
(G
W
AS
)
R
es
ul
ts

fo
r
th
e
To
p
Lo
ci
(P

<
1
#
10

$
6
)
w
it
h
th
e
G
AD

Sy
m
pt
om

s
Sc
or
e
Im
pu
te
d
fo
r
M
ed
ic
at
io
n
U
se

SN
P

CH
R

Po
si
ti
on

Al
le
le
A

Al
le
le
B

M
AF

M
in
or

al
le
le

G
en
o.

n
B
et
a

SE
P-
va
lu
e

Lo
ca
ti
on

Cl
os
es
t
ge
ne

(<
20

kb
)

rs
10

74
97

27
1

62
05

66
53

A
G

0.
00

2
A

I
12

,2
82

1.
97

0.
36

5.
28

E-
08

rs
78

60
23

44
6

16
96

26
58

1
T

C
0.
11

3
B

G
12

,2
82

$
0.
26

0.
05

1.
41

E-
07

In
tr
on
ic

TH
BS
2

rs
10

99
49

85
10

6
37

13
21

9
T

C
0.
04

6
B

G
12

,2
82

$
0.
38

0.
08

3.
48

E-
07

rs
37

53
38

9
1

16
08

07
15

3
T

C
0.
37

8
A

I
12

,2
82

$
0.
16

0.
03

3.
70

E-
07

In
tr
on
ic

CD
24

4
rs
12

35
35

62
X

96
35

40
53

G
A

0.
09

9
B

I
12

,2
69

$
0.
23

0.
05

4.
04

E-
07

In
tr
on
ic

DI
AP
H
2

rs
14

44
17

82
8

4
37

40
44

4
G

A
0.
01

0
B

I
12

,2
82

$
0.
84

0.
17

4.
07

E-
07

rs
14

83
49

07
6

16
5
42

71
14

7
C

T
0.
00

4
B

I
12

,2
82

$
1.
29

0.
26

6.
78

E-
07

rs
70

94
99

8
10

6
13

06
31

9
A

G
0.
21

0
B

G
12

,2
82

0.
19

0.
04

7.
13

E-
07

rs
17

72
98

83
8

92
56

63
1

T
C

0.
22

0
B

G
12

,2
81

$
0.
19

0.
04

7.
29

E-
07

rs
11

80
39

17
1

15
61

11
57

8
C

T
0.
07

1
B

I
12

,2
82

0.
32

0.
06

7.
41

E-
07

rs
75

19
26

12
7

88
64

13
06

A
G

0.
00

4
B

I
12

,2
82

$
1.
19

0.
24

7.
49

E-
07

rs
31

10
65

0
17

3
60

75
90

5
T

C
0.
00

2
A

I
12

,2
82

1.
86

0.
38

8.
94

E-
07

CH
R,

ch
ro
m
os
om

e.
In

th
e
ge
no
.
(g
en
ot
yp
in
g)

co
lu
m
n,

G,
ge
no
ty
pe
d
an
d
I,
im
pu
te
d.
Al
l
im
pu
te
d
SN

Ps
ha
d
in
fo

sc
or
es

(i
nd
ic
at
in
g
im
pu
ta
ti
on

qu
al
it
y)

%
0.
70

.
Al
le
le
A
is
th
e
te
st
ed

al
le
le
.
Po
si
ti
on

is
gi
ve
n
in
ge
no
m
e
bu
ild

GR
Ch
37

/h
g1
9.

TA
B
LE

III
.
G
en
om

e-
W
id
e
As
so
ci
at
io
n
St
ud
y
(G
W
AS
)
R
es
ul
ts

fo
r
th
e
To
p
Lo
ci
(P

<
1
#
10

$
6
)
w
it
h
th
e
G
AD

Sy
m
pt
om

s
Sc
or
e,

Af
te
r
Ex
cl
ud
in
g
M
ed
ic
at
io
n
U
se
rs

SN
P

CH
R

Po
si
ti
on

Al
le
le
A

Al
le
le
B

M
AF

M
in
or

al
le
le

G
en
o.

n
B
et
a

SE
P-
va
lu
e

Lo
ca
ti
on

Cl
os
es
t
ge
ne

(<
20

kb
)

rs
78

60
23

44
6

16
96

26
58

1
T

C
0.
11

5
B

G
11

,4
56

$
0.
27

0.
05

4.
18

E-
08

In
tr
on
ic

TH
BS
2

rs
14

14
74

99
2

4
75

95
89

47
A

C
0.
00

6
B

I
11

,4
56

$
1.
04

0.
20

1.
83

E-
07

rs
79

81
25

62
1
4

64
59

35
80

C
A

0.
00

8
B

I
11

,4
56

$
1.
02

0.
20

1.
95

E-
07

rs
14

69
64

09
2

6
39

75
48

75
A

G
0.
00

1
B

I
11

,4
56

$
2.
16

0.
42

1.
96

E-
07

rs
73

50
12

4
8

10
62

50
45

T
C

0.
18

2
B

I
11

,4
55

$
0.
21

0.
04

2.
34

E-
07

In
tr
on
ic

PI
N
X1

rs
18

62
22

94
2

2
0

24
54

87
19

G
A

0.
01

2
B

I
11

,4
56

$
0.
77

0.
15

2.
61

E-
07

rs
11

77
60

20
8

88
09

69
6

A
G

0.
45

5
B

G
11

,4
55

$
0.
17

0.
03

3.
26

E-
07

rs
11

50
13

53
5

6
55

62
86

81
C

A
0.
00

4
B

I
11

,4
56

$
1.
30

0.
26

4.
16

E-
07

rs
18

62
94

31
7

1
1

20
26

70
60

G
A

0.
00

2
B

I
11

,4
56

$
1.
86

0.
37

4.
62

E-
07

rs
17

72
98

83
8

92
56

63
1

T
C

0.
21

6
B

G
11

,4
55

$
0.
19

0.
04

5.
09

E-
07

rs
18

97
38

81
4

1
0

12
68

27
71

0
G

A
0.
00

4
B

I
11

,4
56

$
1.
50

0.
30

6.
02

E-
07

rs
14

43
69

07
4

X
11

37
16

17
6

A
T

0.
00

5
B

I
11

,4
45

$
1.
03

0.
21

6.
24

E-
07

rs
11

57
91

35
8

1
64

30
01

91
A

T
0.
00

4
B

I
11

,4
56

$
1.
23

0.
25

7.
24

E-
07

rs
11

75
65

02
6

16
96

33
18

5
C

T
0.
31

5
B

G
11

,4
56

$
0.
16

0.
03

8.
66

E-
07

In
tr
on
ic

TH
BS
2

rs
62

43
52

18
6

16
96

42
30

1
C

T
0.
17

9
B

G
11

,4
56

$
0.
20

0.
04

8.
74

E-
07

In
tr
on
ic

TH
BS
2

rs
66

01
28

8
8

89
43

43
0

A
T

0.
48

4
A

G
11

,4
55

$
0.
16

0.
03

9.
59

E-
07

CH
R,

ch
ro
m
os
om

e.
In

th
e
ge
no
.
(g
en
ot
yp
in
g)

co
lu
m
n,
G,

ge
no
ty
pe
d
an
d
I,
im
pu
te
d.
Al
l
im
pu
te
d
SN

Ps
ha
d
in
fo

sc
or
es

(i
nd
ic
at
in
g
im
pu
ta
ti
on

qu
al
it
y)

%
0.
62

.
Al
le
le
A
is
th
e
te
st
ed

al
le
le
.
Po
si
ti
on

is
gi
ve
n
in
ge
no
m
e
bu
ild

GR
Ch
37

/h
g1
9.

DUNN ET AL. 137



Discovery Sample: SNP Heritability
As shown in Table I, the GAD symptom score showed evidence of
modest heritability (h2SNP¼ 7.2%; P¼ 0.03), while the total trait
anxiety score did not (h2SNP¼ 4.97%; P¼ 0.20). Building from
these results, we conducted a GWAS only on the GAD symptom
score.

Discovery Sample: GWAS
The Manhattan and QQ plots are shown in Figure 1. As shown in
theQQplots, there was no evidence of inflation in either theGWAS
of the full sample or the analysis that excluded medication users
(l¼ 1.02). No SNPs achieved genome-wide significance in the full
sample, which included imputed scores for medication users
(Table II). However, one genotyped SNP (rs78602344), located
on chromosome six at position 169626581, emerged from both
analyses. This SNP was the secondmost significant result in the full
sample (P¼ 1.41# 10$7) and the most significant result (P¼ 4.18
# 10$8) in the analysis excludingmedication users (Table III). The
SNP is intronic to thrombospondin 2 (THBS2), a gene that
mediates cell-to-cell and cell-to-matrix interactions. Several other
SNPs in the region also showed support for association (Fig. 2).

A second SNP with a low P-value in both analyses was
rs17729883 (full sample P¼ 7.29# 10$7; excluding medication

users P¼ 5.09# 10$7) located on chromosome eight. This geno-
typed SNP was located in an intron of an uncharacterized gene
(LOC 106379231; Supplemental Fig. S1).

All GWAS results atP< 1# 10$5 are shown in the Supplemental
Materials for the GAD symptom score for the full sample
(Supplemental Table SI), excludingmedication users (Supplemen-
tal Table SII), and for the original, non-transformed score (Sup-
plemental Table SIII).

To determine which SNPs to carry forward for replication,
we estimated replication power for all SNPs with P-values
<1# 10$6 in at least one of the two analyses according to our
selection criteria detailed above. Replication power estimates
were based on the projected samples sizes of each replication
dataset (WHI¼ 3,000; MESA¼ 1,500; Army STARRS¼ 3,000)
and using MAF, outcome standard deviation, and estimated
effect sizes from the discovery sample. Our power calculations
incorporated a method [Zhong and Prentice, 2008] to reduce
bias due to “winner’s curse,” effectively attenuating the observed
effect size. A prior study showed that attenuated effect size
estimates tend to be closer than uncorrected estimates to effects
seen in independent replication studies [Zhong and Prentice,
2010].

Our power analysis suggested that one SNP [rs78602344) would
have excellent power in a meta analysis of the three replication
cohorts after the winner’s curse bias correction (estimated power
¼ 0.96); all other SNPs had weak power (&0.70). We therefore
carried forward this single SNP for replication.

Replication Samples: GWAS Results
In the replication phase, one SNP [rs78602344) was evaluated in
three independent samples. This SNP was not significantly associ-
ated with the GAD symptom score in a meta analysis of the
replication sites (Table IV).

DISCUSSION

The current study involved three major innovations in efforts to
identify the genetic basis of generalized anxiety. First, to our
knowledge, this was the first GWAS of GAD symptoms. Prior
genetic association studies of GAD have focused on candidate gene
polymorphisms, most of which have showed inconsistent results
[Smoller, 2016]. Among GWAS, extant studies have focused on
other anxiety disorders, including post-traumatic stress disorder
[Guffanti et al., 2013; Logue et al., 2013; Xie et al., 2013] and panic
disorder [Otowa et al., 2009, 2010; Erhardt et al., 2011], or have
examined more global symptoms of trait anxiety in children
[Trzaskowski et al., 2013] or composite indicators of anxiety
disorder in adults [Otowa et al., 2014], but have not yet examined
general symptoms of anxiety in adults. Second, our study was
also the first to provide SNP-chip heritability estimates of GAD
symptoms. Such analyses are important to provide upper- and
lower-bound estimates of the additive genetic contribution to
GAD. Finally, we conducted these genetic association analyses in
Hispanics/Latinos, a large and growing US population group.
Previous studies have largely focused on individuals of European
ancestry.

FIG. 2. Regional association plot for the top SNP (rs78602344)
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 GAD symptoms. SNPs are
colored based on the level of linkage disequilibrium (LD)
between each SNP and the index, genotyped, SNP (purple
diamond). r2 values are determined based on the HCHS/SOL
data.
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Twofindings emerged from the current study. First, results from
the SNP-chip heritability analysis suggested that about 7.2% of the
variance in GAD symptoms was explained by common genetic
variants. This SNP heritability estimate is lower than those found
for phobic anxiety (h2SNP¼ 21%; P¼ 0.01) [Walter et al.,
2013] and anxiety sensitivity (h2SNP¼ 45%; 95%CI¼ 32%,
56%) [Davies et al., 2015] in adults, and also lower relative to
estimates for a composite measure of anxiety traits in children,
which was derived by summing measures of negative affect, nega-
tive cognition, fear, and social anxiety (h2SNP¼ 16%; P¼ 0.07)
[Trzaskowski et al., 2013]. The lower heritability estimates ob-
served in this study relative to other studies conducted in adults
may be due to the use of symptom scale, rather than a diagnostic
measure of GAD. Interestingly, we also found that the total trait
anxiety score, derived by summing all items on the scale (rather
than just the three corresponding to GAD symptoms) carried no
significant heritable signal. This result suggests that not all symp-
toms on existing anxiety scales may be equally influenced by
additive genetic variation. Future studies using dimensional mea-
sures of anxiety symptoms may benefit from conducting similar
analyses to determinewhether an existing scale should be used in its
entirety.

Second, we identified one genotyped SNP (rs78602344) located
on chromosome six that was common to analyses accounting
for psychiatric medication use or excluding medication users.
Although not genome-wide significant in the former analysis,
this SNP was genome-wide significant after excluding medication
users (P¼ 4.18# 10$8). This SNP is intronic to thrombospondin 2
(THBS2), a gene that mediates cell-to-cell and cell-to-matrix
interactions. Several other SNPs in the region also showed support
for association. However, this association was not supported in
a meta-analysis of the three independent Hispanic/Latino repli-
cation samples (n> 7,000). We suspect that GWAS of GAD
symptoms will likely share a similar trajectory as depressive symp-
toms, where increasing larger sample sizes and refinement of
the phenotype will lead to the identification of associated loci
[CONVERGE Consortium, 2015; Dunn et al., 2015].

We note several limitations of the current study. First, the
outcomes were based on a brief inventory of trait anxiety symp-
toms. Although the widespread use of this anxiety measure in
population-based studies allowed us to carry out the current
analyses, future studies of diagnostic measures of GAD as well
as more robust measures of GAD symptoms (from more detailed
and specific measures or repeated phenotyping) are needed. Sec-
ond, the replication samples were smaller and both more demo-
graphically and phenotypically heterogeneous than the HCHS/
SOL discovery sample. Unfortunately, replication efforts are cur-
rently hampered by a lack of available data on anxiety symptoms in
racial/ethnic minority populations. Third and relatedly, only one
SNP was carried forward to the replication phase. This single SNP
was the only one with high replication power. Moreover, greater
insights are needed regarding the most optimal strategy to account
for medication use in genetic association studies of quantitative
traits. Future studies are needed to examine the suitability of
different techniques and the extent to which different adjustment
methods lead to different results (e.g., whether they substantially
reduce variance if a substantial portion of the sample is assigned the

same score; whether empirical data, such as medication efficacy,
can be used to inform the adjustment strategy).

In conclusion, although the GWAS revealed a genome-wide
significant locus in the discovery sample, we were unable to
replicate this in independent samples. These findings underscore
the need for even larger studies of GAD symptoms.
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Description of Discovery and Replication Samples: Sampling, Genotyping, and Statistical Analyses 

 

A.  Hispanic Community Health Study/Study of Latinos (HCHS/SOL) 
 
The Hispanic Community Health Study (HCHS)/Study of Latinos (SOL) is a community-based prospective 
cohort study of 16,415 self-identified Hispanic/Latino persons (aged 18-74 at screening) from randomly 
selected households in four U.S. field centers (Chicago, IL; Miami, FL; Bronx, NY; San Diego, CA) with 
baseline examination (2008 to 2011) and yearly follow-up by telephone for at least three years.  A second 
clinical exam is currently underway. The HCHS/SOL cohort includes participants who self-identified as having 
Hispanic/Latino background, who reported being Central American (n=1,730), Cuban (n=2,348), Dominican 
(n=1,460), Mexican (n=6,471), Puerto-Rican (n=2,728), and South American (n=1,068).  The goals of the 
HCHS/SOL are to describe the prevalence of risk and protective factors for chronic conditions (such as 
diabetes, pulmonary disease, and cardiovascular disease), and to quantify mortality and disease exacerbation 
over time.  The baseline clinical examination 1 included comprehensive biological (e.g., anthropometrics, blood 
draw, oral glucose tolerance test, ankle brachial pressure index, electrocardiogram), behavioral (e.g. dietary 
intake, physical activity, overnight sleep exam, tobacco and alcohol use), and socio-demographic (e.g., 
socioeconomic status, migration history) assessments. 
 
The sample design and cohort selection has been previously described 2. Briefly, a stratified two-stage area 
probability sample of household addresses was selected in each of the four field centers. The first sampling 
stage selected census block groups, and the second stage selected households within each block group. Both 
stages oversampled certain strata to increase the likelihood that a selected address yielded a Hispanic/Latino 
household. Households were screened for eligibility, and the 45-74 age group was oversampled, consistent with 
the goal of examining chronic disease and mortality outcomes.  The unequal probabilities of selection in the 
HCHS/SOL cohort are taken into account by including a trimmed and calibrated sampling weight as a covariate 
in the association tests. 
 
HCHS/SOL subjects who consented to have their DNA extracted for genetic studies had blood samples 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 selected 
for HCHS/SOL, including ancestry-informative markers, variants characteristic of Amerindian populations, 
known GWAS hits, and other candidate gene markers.  Quality assurance/quality control (QA/QC) was 
performed by Illumina, LA Biomed, and the HCHS/SOL Genetic Analysis Center (GAC) according to 
established methods 3 to generate recommended SNP and sample-level quality filters.  In brief, samples were 
checked for annotated versus genetic sex, gross chromosomal anomalies 4, call rates, batch effects, duplicate 
sample discordance, Mendelian errors, relatedness, and population structure. 12,803 unique study samples 
passed quality control with a missing call rate < 1% and was used for imputation and association testing.  SNPs 
that passed the Illumina/LA Biomed assay failure indicator were further filtered if they deviated from Hardy-
Weinberg equilibrium (p<10-5 in meta-analysis of groups of individuals with both parents from the same 
country of origin), had duplicate probe discordance >2 in 291 sample pairs, had missing call rate >2%, or had 
>3 Mendelian errors in 1,343 trios or duos. 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 
1 reference panel 5 and IMPUTE2 software 6 7. 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 
different MAF levels and by examining results from the IMPUTE2 internal masking experiments (as some 
genotyped variants were “masked”, meaning removed from the imputation basis).  Finally, association analysis 



results were filtered according to the “effective minor allele count,” defined as 2p(1-p)Nv, where p is the 
estimated MAF, N is the sample size, and v is the imputation measure “oevar,” which is equal to the ratio of 
observed variance of imputed dosages to the expected binomial variance.  For genotyped SNPs, oevar is set to 
1. 
 
The following approach was used to simultaneously characterize population structure and relatedness between 
individuals within sub-populations, in the presence of admixed individuals. 

1. Estimate relatedness using KING-robust 8, which is robust to discrete population structure but not to 
admixture or departures from HWE within sub-populations.  

2. Use PC-AiR9 to find ancestry-representative principal components with the following steps: 
a)  Partition the sample into a mutually unrelated set and the remaining (relatives of the unrelated set) 
b)  Perform standard principal components analysis (PCA) on the set of unrelated individuals  
c)  Predict sample eigenvectors for the set of related individuals based on genetic similarity 

3. Re-estimate relatedness using PC-Relate 10, which uses sample eigenvectors to provide unbiased kinship 
coefficients in the presence of population structure, admixture and HWE departures.  

4. Repeat steps 2-3 to obtain final sets of sample eigenvectors and kinship coefficients. 
 

This procedure identified 19 individuals with primarily East Asian ancestry, who were excluded from analysis 
and the above procedure was repeated for the remaining 12,784 samples. 
 
To account for the possibility that current use of antidepressant medications might affect depressive symptoms 
scores, we applied an adjustment algorithm to increase the scores of medication users.  This algorithm was used 
in a previous GWAS of depressive symptoms 11 and was similar to an algorithm used to adjust blood pressure 
for persons on antihypertensive medications 12.  Antidepressant medication use was determined by pill bottles 
brought by the participant to the baseline interview, which were scanned using UPC codes.  This algorithm 
assumed that: (1) the depressive symptoms score of a respondent taking these antidepressant medications is 
lower (i.e., indicating fewer symptoms) than would be expected if the respondent were not taking these 
medications (thus, we assume that the medications are effective in reducing symptoms); and (2) respondents 
with high depressive symptoms scores, on average, respond less to these medications than respondents with 
lower depressive symptoms scores.  The algorithm therefore replaced the depressive symptoms score of 
respondents on antidepressant medication (n=824) with the mean depressive symptoms score of all respondents 
taking medication that had the same or a higher depressive symptoms score.  For example, a medication user 
with an observed depressive score of 10 would have a revised score of 16.749 (derived by taking the average 
depressive symptoms score of medication users with a depressive symptom score value of 10 or greater).  
Depressive symptoms scores for medication users were increased by 6.37 points on average above the raw score 
(raw scores ranged from 0-30). 
 
Details regarding the distribution of covariates in the total sample and stratified by gender and psychiatric 
medication use are included below. 
 
  



Table 1.  Distribution of covariates in the total sample and stratified by gender and psychiatric medication users 
 Total Sample Sex Medication Use 

    Males  Females User Non-User 

n 12310 5046 7264 824 11486 

Age (mean, sd) 46 (14) 45 (14) 47 (14) 53 (11) 46 (14) 
Male 5046 (41%) - - 214 (26%) 4832 (42%) 
Medication use 824(7%) 214(4%) 610(8%) - - 
US born 2194 (18%) 980(19%) 1214(17%) 153 (19%) 2041 (18%) 
Education      

At least high school 3146 (26%) 1400(28%) 1746(24%) 186 (23%) 2960 (26%) 
    No high school diploma or GED 4518 (37%) 1789(35%) 2729(38%) 341 (41%) 4177 (36%) 
    Greater than high school 3255 (26%) 1237(25%) 2018(28%) 215 (26%) 3040 (26%) 
    Bachelors degree 1008 (8%) 451(9%) 557(8%) 54 (7%) 954 (8%) 
    Masters/professional/ 
    doctorate degree 383 (3%) 169(3%) 214(3%) 28 (3%) 355 (3%) 

Genetic Group      

     Central American 1371 (11%) 555(11%) 816(11%) 56 (7%) 1315 (11%) 
     South American 895 (7%) 359(7%) 536(7%) 29 (4%) 866 (8%) 
     Mexican 4580 (37%) 1802(36%) 2778(38%) 236 (29%) 4344 (38%) 
     Puerto Rican 2141 (17%) 900(18%) 1241(17%) 258 (31%) 1883 (16%) 
     Cuban 2219 (18%) 1046(21%) 1173(16%) 174 (21%) 2045 (18%) 
     Dominican 1104 (9%) 384(8%) 720(10%) 71 (9%) 1033 (9%) 

Cell entries are N (%) unless otherwise denoted.  

 
 
 
 

B.  Women’s Health Initiative (WHI) SNP Health Association Resource (SHARe) 
 
As described elsewhere 13 14 (www.whi.org), the WHI consists of an observational study (WHI-OS) and 
randomized clinical trial (WHI-CT).  The WHI-OS has prospectively followed 93,676 postmenopausal women 
ages 50-79 recruited from 40 clinical centers in the United States between October 1 1993 and December 31 
1998.  The WHI-CT enrolled 68,132 postmenopausal women of the same age and between the same time period 
to participate in one of three prevention trials: (1) hormone therapy; (2) dietary modification; and (3) 
calcium/vitamin D.  We analyzed data from 3,352 Hispanic women who were genotyped as part of the WHI 
SNP Health Association Resource (SHARe), a sub-study of minority women in WHI.  These women consented 
to be included in studies for general research use and thus had their data included in the database of Genotypes 
and Phenotypes (dbGaP).   
 
All participants were genotyped using the Affymetrix 6.0 chip designed to human genome build 36.  
Genotyping, on all samples plus 2% blinded duplicates, was performed at Affymetrix, Inc., Santa Clara, CA.  A 
total of 709,042 SNPs passed pre-imputation filters.  Data cleaning and harmonization were performed at the 
Fred Hutchinson Cancer Research Center (FHCRC) in Seattle, WA.  As described elsewhere 15, the WHI 
GARNET Coordinating Center (www.garnetstudy.org) imputed additional SNPs using the 1000 Genomes 
reference panel build 37 (release December 2010 interim) and BEAGLE software version 3.3.1 16.  SNPs were 
selected for imputation based on mapping to build 37 and meeting several quality filters.  Specifically, SNPs 
with low concordance rates (<98% ascertained from duplicate samples), and low call rates (<95%) were 
excluded from imputation and SNPs with minor allele frequency (MAF) of ≥ 1% and Hardy-Weinberg 



equilibrium p-values > 0.0001 were included.  A combined panel of Asian, European, African, and American 
samples was used to impute the Hispanic/Latina sample.  Allele dosages (the probability of each of the three 
genotypes, reflecting the level of certainty in the genotype prediction) were imputed for autosomes (7,500,448 
imputed SNPs) and the X chromosome.   
 
In the analysis of WHI, we adjusted for the following covariates, measured at baseline: age (ages 50-59- 
referent; ages 60-69; ages 70-79), income (1=less than 19,000-referent; 2=20,000-49,000; 3=50,000 and above; 
4=missing), education (1=less than high school-referent; 2=high school/vocational technical training; 3=some 
college or Associates degree; 4=college degree; 5=graduate school or degree; 6=missing), marital status 
(1=never married-referent; 2=divorced/separated; 3=widowed; 4=married/married like relationship; 5=missing), 
and four principal components generated by the WHI GARNET Coordinating Center using EIGENSTRAT 17 to 
adjust for population structure 15.  

C.  Multi-Ethnic Study of Atherosclerosis (MESA) 
 
The MESA is a multicenter prospective cohort study initiated to study the development of subclinical 
cardiovascular disease (CVD). A total of 6,814 women and men between the age of 45 and 84 year were 
recruited for the first examination between 2000 and 2002. Participants were recruited in six US cities 
(Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angele County, CA; Norther Manhattan, NY; and St. 
Paul, MN). Those with a history of CVD (defined as physician-diagnosed myocardial infarction, angina, heart 
failure, stroke, transient ischemic attack or history of invasive procedure for CVD) were excluded from 
participation. 38% are of European ancestry, 28% African-American, 22% Hispanic, and 12% Asian, 
predominantly of Chinese descent. This study was approved by the IRB of each study site, and written informed 
consent was obtained from all participants 18. The manuscript utilizes data from Hispanic-American MESA 
participants. A total of 1500 MESA Hispanic-Americans were used in this analysis. 
 
All participants were genotyped on the Affymetrix Genome-Wide Human SNP Array 6.0 (Affymetrix, Santa 
Clara, CA, USA) at the Affymetrix Research Services Lab.  6880 samples passed initial genotyping QC. 
African American samples were genotyped at the Broad Institute of Harvard and MIT as part of the CARe 
project.  Affymetrix performed wet lab hybridization assay, and plate-based genotype calling using Birdseed v2. 
Sample QC was based on call rates and contrast QC (cQC) statistics.  Broad performed similar QC for CARe 
sample. Additional sample and SNP QC were carried out at University of Virginia, including sample call rate, 
sample cQC, and sample heterozygosity by race at the sample level; Outlier plates checking by call rate, median 
cQC or heterozygosity at plate level.  Four samples were removed due to low call rate (<95%). Cryptic sample 
duplicates or unresolved cryptic duplicates were dropped.  Unresolved gender mismatches were also dropped. 
At the SNP level, we excluded monomorphic SNPs across all samples; SNPs with missing Rate was > 5% or 
observed heterozygosity > 53% were also excluded.  Additional genotypes were imputed to the 1000 Genomes 
Phase I integrated variant set (NCBI build 37 / hg19) separately in each ethnic group using the program 
IMPUTE2.  We used data freezes from 23 Nov 2010 (low-coverage whole-genome) and 21 May 2011 (high-
coverage exome), phased haplotypes released March 2012 (v3), and phased haplotypes for 1,092 individuals 
and 39+ million variants.  All imputed and genotyped SNPs were aligned to the '+' strand of the human genome 
reference sequence (NCBI Build 37).  
 
In the analysis of MESA, we adjusted for the following covariates measured at baseline: gender (1=male, 
2=female), age (treated as continuous), education (1=less than high school-referent; 2=high school/vocational 
technical training; 3=some college or Associates degree; 4=college degree; 5=graduate school or degree; 
6=missing), study site (3=WFU; 8=UCLA; 4=COL;6=UMN;5=JHU;7=NWU), antidepressant medication (non-
tricyclic antidepressants other than MAOI 1=yes 0=no) and three principal components generated to adjust for 
population structure . 

D.  Army Study To Assess Risk and Resilience in Service members (Army STARRS) 
 



Army STARRS includes New Soldier Study (NSS) and Pre/Post Deployment Study (PPDS). Detailed 
information about the design and conduct of Army STARRS is available in another publication. 19. The 
recruitment, consent, and data protection procedures were approved by the Human Subjects Committees of the 
Uniformed Services University of the Health Sciences for the Henry M. Jackson Foundation (the primary 
grantee), the Institute for Social Research at the University of Michigan (the organization collecting the data), 
and all other collaborating organizations. 
 
The New Soldier Study was carried out among new soldiers at the start of their basic training at one of three 
Army Installations (Fort Benning, GA; Fort Jackson, SC; and Fort Leonard Wood, MO) between April 2011 
and November 2012.  Recruitment began by selecting a weekly sample of 200–300 new soldiers in each 
installation to attend a study overview and informed consent presentation for the study.  Army STARRS staff 
worked closely with Army coordinators to assure that these samples were representative of all new soldiers in 
each weekly cohort.  The overview and informed consent presentation explained study purposes, 
confidentiality, emphasized that participation was voluntary, and answered all questions before seeking written 
informed consent to (i) complete a self-administered questionnaire (SAQ), (ii) link administrative records to 
SAQ responses, and (iii) participate in future data collections.  Identifying information (e.g., name, SSN) was 
collected from consenting respondents and kept in a separate secure file.  Soldiers were also asked to provide an 
optional blood sample for research purposes, which was specified to include genetic analysis as described in 
this report.  Of 39,784 NSS respondents who completed the SAQ, 33,088 (83.2%) provided blood samples.  As 
these samples were accruing, it was decided to pursue genotyping from among approximately the first half (N = 
17,868) of the cohort that was available at that time; we refer to this component of the study as NSS1. The first 
17,868 eligible respondents were purposively subsampled for genotyping as follows: (1) respondents with 
DSM-IV lifetime disorders of principal interest (major depressive disorder, generalized anxiety disorder, panic 
disorder, PTSD, suicide attempt, other deliberate self-harm) sampled at 100% [N = 4,024]; and (2) a subset of 
respondents with none of the disorders of principal interest, stratum-matched on sex, service type (Regular 
Army vs. Guard/Reserve), and childhood adversity quartile (detailed description available on request from the 
authors) [N = 3,975].  In total this yielded 7,999 NSS respondents with eligible SAQ responses genotyped with 
the Illumina OmniExpress Chip (NSS1).  When the remaining half (N = 15,220) of the cohort collection was 
completed, it was decided to select a highly informative subset (i.e., all cases of PTSD and suicide attempt, and 
a set of controls matched to these cases as described above for NSS1) as a potential replication sample. This 
yielded an additional 2,835 NSS respondents genotyped with the Illumina customized PsychChip; we refer to 
this component of the study as NSS2. 
 
The Pre/Post Deployment Study is a multi-wave panel survey that collected baseline data (T0; self-administered 
questionnaire [SAQ]) from US Army soldiers in three Brigade Combat Teams (BCTs) during the first quarter of 
2012, within approximately six weeks of their deployment to Afghanistan.  Baseline PPDS respondents were 
additionally asked for consent to provide blood samples for genetic and other studies, to link their Army and 
DoD administrative records to their survey responses, and to participate in future assessments.  At the baseline 
(T0), a total of 9,949 Soldiers were present for duty in the 3 BCTs. Of these, a total of 9,488 (95.3%) consented 
to participate in the survey with 8,558 (86.0%) providing complete T0 survey responses and consent to link 
their survey responses to their administrative records. Of these, 7,336 PPDS soldiers with eligible SAQ 
responses whose DNA was genotyped for GWAS (using the same microarray as for NSS1) are included here. 
 
Blood for DNA (approximately 8 ml drawn in a 10 ml EDTA-containing tube) was drawn from consenting 
soldiers in all studies.  Whole blood samples were shipped with gel cool packs to the study biorepository at 
Rutgers University Cell & DNA Repository (RUCDR), where they were frozen for later DNA extraction using 
standard methods. NSS1 and PPDS samples were genotyped using the Illumina OmniExpress + Exome array 
with additional custom content. This array contains 730,000 tag SNPS with minor allele frequency (MAF) 
typically > 5% and another 237,000 predicted-functional exonic markers. NSS2 samples were genotyped on the 
Ilumina PsychChip.  This array is currently being used by the PGC to genotype more than 100,000 individuals 
across a range of psychiatric disorders.  PsychChip is built on a 250,000 GWAS tag-SNP backbone, with 
250,000 exonic rare variants and ~50,000 markers derived partly from prior neuropsychiatric studies.  Samples 



were genotyped by RUCDR Infinite Biologics using the appropriate Illumina (OmniExpress or PsychChip) 
microarray protocol and calls were made using GenomeStudio Software (Illumina, Inc.).  
 
Pre-imputation quality control (QC) of genotype data was done with standard protocols as described elsewhere 
20.  Genotype imputation was performed with a 2-step pre-phasing/imputation approach. We used SHAPEIT 21 
for the pre-phasing and IMPUTE2 22 for imputation, with a reference panel from 1000 Genomes Project5 
(August 2012 phase 1 integrated release; 2,186 phased haplotypes with 40,318,245 variants).  We removed 
SNPs that were not present in the 1000 Genomes Project reference panel, had non-matching alleles to 1000 
Genome Project reference, or with ambiguous, unresolvable alleles (AT/GC SNPs with minor allele frequency 
[MAF] > 0.1). A total of 664,457 SNPs for the Illumina OmniExpress array and 360,704 for the Illumina 
PsychChip entered the imputation.  
 
We assigned our study samples into distinct population groups based on PCs derived from the study samples 
combined with the HapMap3 samples.  We used an iterative process to extract study samples to be assigned into 
groups with ancestral backgrounds close to the major continental/admixed reference samples from HapMap3. 
We defined four major population groups in our study samples: European Americans, African Americans, 
Latino Americans, and East Asian Americans. The Latino American samples were included in the current study. 
We performed PCA within the population group using only the study samples to obtain the top PCs for 
statistical analysis. 
 
We adjusted for the following covariates in the current analysis: gender, age, endorsed medication for mental 
health problems in the past year (1=yes, 0=no or missing) and 10 principal components generated to adjust for 
population structure. The 3 study components (NSS1, NSS2 and PPDS) were analyzed separately.  
 
The SNPs rs34208798 and rs2004237 were imputed in Army STARRS with imputation info scores of 0.97-1.08 
and 0.87-0.94 respectively. 
 
 



Description of Depressive Symptoms in Each Sample 
 
Table II below summarizes the individual items used to capture depressive symptoms across each of the 
replication studies.  The table is organized by the HCHS/SOL indicators to show where similar items were 
assessed across each replication study. 
 
WHI 
Depressive symptoms were assessed using the 6-item version of the CES-D. Participants were asked to indicate 
how often in the past week, did they: (1) feel depressed; (2) have sleep that was restless; (3) enjoy life; (4) have 
crying spells; (5) feel sad; (6) feel people disliked you.  The 6-item CES-D has been found to correlate with the 
full 20-item CES-D (r=0.88) 23 in participants of the Systolic Hypertension in the Elderly Program (SHEP)24, a 
population of elderly women similar to that of the WHI.  Response options were: 1=rarely or none of the time 
(less than 1 day); 2=some or a little of the time (1-2 days); 3=occasionally or a moderate amount of time (3-4 
days); 4=all the time (5-7 days).  Depressive symptom scores were calculated by summing across the items. 
 
MESA 
For the replication in MESA, depressive symptoms were assessed using the 20-item version of the CES-D 25.  
Participants were asked how often in the past week they: (1) were bothered by things that usually don’t bother 
me; (2) did not feel like eating/appetite was poor; (3) felt that I could not shake off the blues even with help 
from my family; (4) felt I was just as good as other people; (5) had trouble keeping my mind on what I was 
doing; (6) felt depressed; (7)felt everything I did was an effort; (8) felt hopeful about the future; (9) thought my 
life had been a failure; (10) felt fearful; (11) sleep was restless; (12) was happy; (13) talked less than usual; (14) 
felt lonely; (15) people were unfriendly; (16) enjoyed life; (17) had crying spells; (18) felt sad; (19) felt people 
disliked me; (20) could not get going.  Responses ranged from 0=rarely or none of the time (less than 1 day) to 
3=all the time (5-7 days); items (4), (8), (12), and (16) were reverse scored.  For participants with 5 or fewer 
missing items, depressive scores were computed by summing across the completed items, dividing by the total 
number of complete answers, and multiplying by 20.  
 
Army STARRS 
Depressive symptoms were measured with a four-item Composite International Diagnostic Interview Screening 
Scale (CIDI-SC) for major depressive episode (MDE), which included the items: (1) feeling sad or depressed; 
(2) down about how things are going; (3) little or no pleasure in things; (4) feeling down on yourself or 
worthless in the past 30 days 26.  Responses ranged from 4=all the time to 0=none of the time.  Depressive 
symptom scores were calculated as the sum of the four items (range 0-16). 
 
 

  



Table 2.  Summary of depressive symptom indicators used across each study 
HCHS/SOL MESA Army STARRS WHI 

I was bothered by things that 
usually don't bother me. 

**   

I had trouble keeping my mind on 
what I was doing. 

**   

I felt depressed. ** Felt sad or depressed ** 
I felt that everything I did was an 

effort. 
**   

I felt hopeful about the future. ** Felt down on yourself, 
worthless 

 

I felt fearful. **   
My sleep was restless. **  ** 

I was happy. **   
I felt lonely. **   

I could not "get going." ** Little or no interest or 
pleasure in things 

 

 I enjoyed life.  I enjoyed life. 
 I had crying spells.  I had crying spells. 
 I felt sad. Down about how things 

are going 
I felt sad. 

 I felt that people disliked me.  I felt that people disliked 
me. 

 I felt that I could not shake 
off the blues even with help 

from my family. 

  

 I did not feel like eating; 
my appetite was poor 

  

 I felt that I was just as good 
as other people. 

  

 I thought my life had been a 
failure. 

  

 I talked less than usual.   
 People were unfriendly.   
** denotes item worded identically to the HCHS/SOL 
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Supplemental Table 1:  Results of genome-wide complex trait analysis 

 Original scores 
Accounting for  
medication use Medication users removed 

Depressive 
symptoms 

score 
N V(G)/Vp*100 

(95% CI) p N V(G)/Vp*100 
(95% CI) p N V(G)/Vp*100 

(95% CI) p 

All 
individuals 12310 6.4 (1.6, 11.1) 0.002 12310 6.3 (1.6, 11.1) 0.002 11486 6.9 (2.3, 12) 0.002 

Unrelated 
individuals 9992 4 (0, 10.1) 0.082 9992 2.9 (0, 8.9) 0.153 9396 3.8 (0, 10.3) 0.104 

V(G)/Vp*100 = SNP heritability estimate (h2SNP)*100.  The phenotype was treated as continuous.  Models 
adjusted for sex, age, education (5-levels), principal components, study center, and sampling weights, and 
included random effects for the design variables kinship, household, and block unit, the three study design 
variables.  P-values were calculated using the likelihood ratio test.  For completeness, we show these 
results for both all individuals (included in the GWAS) and genetically unrelated individuals. Genetically 
unrelated individuals were a random subset of individuals with pairwise estimated kinship coefficients less 
than 2-11/12. 
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12310 
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rs1082507 
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G
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0.1 
0 

12310 
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C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, 0=im
puted SN

P and 2=genotyped SN
P.  Info refers to info score for im

putation (indicating im
putation quality); all 

im
puted SN

Ps had info scores ≥ 0.80.  A
lleleA

 is the tested allele. M
A

F is the estim
ated m

inor allele frequency and is ≥ 0.01 for all SN
Ps. Position is given in genom

e build 
G

R
C

h37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated m

inor allele frequency, N
 is the sam

ple size, 
and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, oevar is the ratio betw

een the observed 
variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p; effN
 is >30 for all SN

Ps. 
 

 
 



Supplem
ental T

able 3:  G
enom

e-w
ide association study (G

W
A

S) results for the top loci (p<1x10
-5) w

ith the depressive sym
ptom

 score, after excluding m
edication 

users 
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M
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F 
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pval 

effN
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A
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T 
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0.999 
0.503 

0.100 
5.01E-07 

3518.006 
rs7808645 

7 
66514516 

A
 

T 
T 

0.19 
0 

11486 
0.991 

-0.507 
0.101 

5.06E-07 
3476.368 
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C
A

G
 

C
 

C
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C
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G
 

G
C

 
G
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0.36 
0 
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6.68E-07 
5281.083 

rs7252378 
19 
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T 

C
 

C
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0 
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6.85E-07 
5285.693 

rs55777322 
7 
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T 

G
 

G
 

0.19 
0 
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-0.501 
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7.32E-07 
3467.878 

rs10228812 
7 
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C

 
T 
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0 
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G
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19 
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A
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A
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G
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0 
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7.92E-07 
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rs10611601 

7 
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A

 
T 
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0.43 

0 
11486 

0.849 
-0.412 

0.083 
8.04E-07 

4744.694 
rs60558810 

19 
8208022 

G
 

T 
T 

0.38 
2 

11486 
1 

0.385 
0.078 

8.51E-07 
5386.932 

rs2004238 
19 

8209192 
G

 
A

 
A

 
0.36 

0 
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0.995 
0.393 
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9.14E-07 
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rs7252264 
19 

8208867 
T 

G
 

G
 

0.36 
0 
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0.393 
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9.37E-07 
5282.433 

rs4985364 
16 

70806674 
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T 

C
 

0.17 
0 
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0.996 
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9.37E-07 
3276.125 
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12 
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T 

C
 

C
 

0.01 
0 

11486 
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-1.763 
0.360 

9.54E-07 
274.032 

rs11761516 
7 

66525513 
T 

C
 

T 
0.19 

0 
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0.997 
0.490 
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9.57E-07 

3530.074 
rs149113795 
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C
 

T 
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-1.307 
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5281.954 
rs12154876 
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G
 

G
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3504.860 

rs7507795 
19 
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T 
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C
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0 
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1.00E-06 
5283.381 

rs373861332 
7 

66557326 
T 

G
 

G
 

0.19 
0 

11486 
0.999 

-0.489 
0.100 

1.02E-06 
3506.328 

rs143925771 
7 

66578612 
C

 
T 

T 
0.19 

0 
11486 

0.999 
-0.489 

0.100 
1.03E-06 

3497.805 
rs58448907 

7 
66595583 

A
 

G
 

G
 

0.19 
0 

11486 
0.999 

-0.489 
0.100 

1.06E-06 
3494.273 

rs7809649 
7 

66602947 
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G

 
G

 
0.19 

0 
11486 
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1.1E-06 

3484.479 
rs2140564 
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rs7791271 
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e.  In the geno. (genotyping) colum
n, 0=im

puted SN
P and 2=genotyped SN

P.  Info refers to info score for im
putation (indicating im

putation quality); all 
im

puted SN
Ps had info scores ≥ 0.80.  A

lleleA
 is the tested allele. M

A
F is the estim

ated m
inor allele frequency and is ≥ 0.01 for all SN

Ps. Position is given in genom
e build 

G
R

C
h37/hg19.  effN

, or the “effective m
inor allele count” of a variant, is defined as 2p(1-p)N

v, w
here p is the estim

ated m
inor allele frequency, N

 is the sam
ple size, and v is 

“oevar”, a m
easure of im

putation accuracy.  If a SN
P is genotyped, then oevar =1.  For im

puted genotypes, oevar is the ratio betw
een the observed variance of the genotype 

dosage to the expected binom
ial variance, based on the estim

ated m
inor allele frequency p; effN

 is >30 for all SN
Ps. 

                     



Supplem
ental Table 4:  G

enom
e-w

ide association study (G
W

A
S) results for the top loci (p<1x10

-6) w
ith the original depressive sym

ptom
 score 

SN
P 

C
H

R 
position 

alleleA
 

alleleB 
M

inor allele 
M

A
F 

geno 
n 

info 
B

eta 
SE 

pval 
effN

 
12:102245668:C

:T 
12 

102245668 
C

 
T 

T 
0.01 

0 
12310 

0.981 
-2.024 

0.390 
2.07E-07 

282.793 
12:102237322:G

:
A

 
12 

102237322 
G

 
A

 
A

 
0.01 

0 
12310 

0.977 
-2.029 

0.392 
2.23E-07 

280.804 
12:102238063:G

A
:G

 
12 

102238063 
G

A
 

G
 

G
 

0.01 
0 

12310 
0.98 

-2.017 
0.392 

2.65E-07 
279.528 

rs56712382 
5 

39209149 
G

 
G

C
A

 
G

C
A

 
0.28 

0 
12310 

0.893 
0.487 

0.099 
9.75E-07 

4761.030 
rs9599044 

13 
66494976 

T 
A

 
T 

0.03 
0 

12310 
0.961 

1.242 
0.254 

1.00E-06 
631.326 

rs5841036 
20 

24502210 
T 

TG
 

T 
0.02 

0 
12310 

0.9 
1.546 

0.317 
1.04E-06 

408.146 
7:66564018:A

T:A
 

7 
66564018 

A
T 

A
 

A
 

0.21 
0 

12310 
0.953 

-0.508 
0.104 

1.11E-06 
3952.047 

rs10268701 
7 

66515528 
C

 
G

 
G

 
0.19 

0 
12310 

0.995 
-0.509 

0.105 
1.12E-06 

3856.418 
rs7198462 

16 
77395589 

T 
C

 
C

 
0.01 

0 
12310 

0.972 
-2.036 

0.419 
1.15E-06 

243.704 
rs11761677 

7 
66513614 

G
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.510 
0.105 

1.16E-06 
3808.594 

rs10228308 
7 

66515614 
T 

C
 

C
 

0.19 
2 

12310 
1 

-0.509 
0.105 

1.24E-06 
3799.051 

rs10238245 
7 

66515394 
G

 
A

 
A

 
0.19 

0 
12310 

1 
-0.509 

0.105 
1.26E-06 

3799.227 
rs12198471 

6 
6906545 

C
 

T 
T 

0.20 
2 

12310 
1 

0.498 
0.103 

1.29E-06 
3899.423 

rs138895464 
11 

113660083 
A

 
T 

T 
0.01 

0 
12309 

0.995 
-1.764 

0.365 
1.31E-06 

327.441 
rs10234407 

7 
66514708 

G
 

A
 

A
 

0.19 
0 

12310 
1 

-0.506 
0.105 

1.44E-06 
3803.627 

rs34208798 
7 

66518851 
G

 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.507 

0.105 
1.47E-06 

3764.943 
rs55777322 

7 
66559640 

T 
G

 
G

 
0.19 

0 
12310 

0.986 
-0.511 

0.106 
1.48E-06 

3754.231 
rs10242790 

7 
66516641 

A
 

G
 

A
 

0.19 
0 

12310 
0.999 

0.504 
0.105 

1.61E-06 
3806.535 

rs117254441 
16 

52657128 
T 

C
 

T 
0.03 

0 
12310 

0.842 
1.128 

0.236 
1.76E-06 

720.492 
rs7808645 

7 
66514516 

A
 

T 
T 

0.19 
0 

12310 
0.991 

-0.503 
0.106 

2.06E-06 
3760.580 

rs2242643 
14 

80286394 
T 

C
 

C
 

0.46 
0 

12309 
0.998 

-0.380 
0.080 

2.18E-06 
6118.670 

rs113737600 
7 

66615118 
C

 
A

 
A

 
0.16 

0 
12310 

0.993 
-0.526 

0.111 
2.21E-06 

3342.016 
rs1462245 

11 
38285992 

A
 

C
 

A
 

0.09 
2 

12310 
1 

0.729 
0.154 

2.35E-06 
1981.208 

rs373861332 
7 

66557326 
T 

G
 

G
 

0.19 
0 

12310 
0.999 

-0.496 
0.105 

2.35E-06 
3794.917 

rs12333596 
7 

66551407 
G

 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.493 

0.105 
2.48E-06 

3820.430 
rs17144784 

7 
66551370 

G
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.493 
0.105 

2.48E-06 
3820.429 

rs10231655 
7 

66552282 
A

 
G

 
G

 
0.19 

0 
12310 

0.999 
-0.493 

0.105 
2.48E-06 

3820.455 
rs28484969 

7 
66555347 

G
 

T 
T 

0.19 
0 

12310 
0.999 

-0.493 
0.105 

2.51E-06 
3820.571 

rs10226634 
7 

66550307 
T 

C
 

C
 

0.19 
0 

12310 
0.999 

-0.493 
0.105 

2.52E-06 
3820.544 

rs71563157 
7 

66555846 
G

 
A

 
A

 
0.19 

0 
12310 

1 
-0.492 

0.105 
2.56E-06 

3820.824 
rs2711913 

7 
66557020 

C
 

G
 

G
 

0.19 
0 

12310 
0.999 

-0.492 
0.105 

2.56E-06 
3820.843 

rs66859603 
7 

66557148 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.492 

0.105 
2.56E-06 

3820.846 
rs55994185 

7 
66557950 

G
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.492 
0.105 

2.57E-06 
3820.861 



rs55974240 
7 

66558071 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.492 

0.105 
2.57E-06 

3820.864 
rs10228932 

7 
66561217 

C
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.492 
0.105 

2.59E-06 
3820.941 

rs7787409 
7 

85056967 
T 

C
 

T 
0.04 

0 
12310 

0.964 
1.017 

0.216 
2.63E-06 

872.479 
rs11761516 

7 
66525513 

T 
C

 
T 

0.19 
0 

12310 
0.997 

0.492 
0.105 

2.65E-06 
3819.067 

rs7782407 
7 

66546243 
A

 
G

 
G

 
0.19 

0 
12310 

0.999 
-0.491 

0.105 
2.74E-06 

3808.320 
rs6957569 

7 
66562441 

G
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.490 
0.105 

2.81E-06 
3822.016 

rs62123284 
19 

8214984 
A

 
G

 
G

 
0.31 

2 
12310 

1 
0.407 

0.087 
2.83E-06 

5268.421 
rs13222968 

7 
66533077 

T 
C

 
C

 
0.19 

0 
12310 

1 
-0.490 

0.105 
2.84E-06 

3827.687 
rs7791271 

7 
66602986 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.491 
0.105 

2.84E-06 
3810.871 

rs34813948 
7 

66529741 
C

 
G

 
G

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.87E-06 

3827.670 
rs10228812 

7 
66561114 

C
 

T 
T 

0.20 
0 

12310 
0.998 

-0.482 
0.103 

2.87E-06 
3934.739 

rs112483740 
7 

66528519 
C

 
C

A
A

A
T 

C
A

A
A

T 
0.19 

0 
12310 

0.999 
-0.489 

0.105 
2.89E-06 

3828.914 
rs55719516 

8 
59114301 

T 
C

 
C

 
0.04 

0 
12309 

0.999 
-1.042 

0.223 
2.89E-06 

839.014 
rs7807231 

7 
66543514 

T 
A

 
A

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.96E-06 

3831.201 
rs10252479 

7 
66541889 

C
 

A
 

A
 

0.19 
0 

12310 
1 

-0.489 
0.105 

2.96E-06 
3831.202 

rs10281398 
7 

66542135 
G

 
A

 
A

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.96E-06 

3831.202 
rs7794380 

7 
66545725 

G
 

C
 

C
 

0.19 
0 

12310 
1 

-0.489 
0.105 

2.96E-06 
3831.200 

rs10280810 
7 

66541706 
G

 
A

 
A

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.96E-06 

3831.202 
rs12334126 

7 
66539772 

G
 

A
 

A
 

0.19 
0 

12310 
1 

-0.489 
0.105 

2.96E-06 
3831.203 

rs2711923 
7 

66546656 
G

 
C

 
C

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.97E-06 

3831.282 
rs5791224 

11 
38286939 

G
 

G
A

 
G

 
0.09 

0 
12310 

1 
0.722 

0.155 
2.97E-06 

1980.174 
rs11771640 

7 
66547296 

T 
G

 
G

 
0.19 

0 
12310 

1 
-0.489 

0.105 
2.97E-06 

3831.364 
rs11348807 

7 
66549247 

TA
 

T 
T 

0.19 
0 

12310 
1 

-0.488 
0.105 

2.98E-06 
3831.435 

rs59852863 
7 

66546207 
C

TTTT 
C

 
C

 
0.20 

0 
12310 

0.993 
-0.485 

0.104 
3E-06 

3905.257 
rs67178340 

7 
66538797 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.488 
0.105 

3.02E-06 
3831.728 

rs71563154 
7 

66538714 
T 

C
 

C
 

0.19 
0 

12310 
0.999 

-0.488 
0.105 

3.03E-06 
3831.780 

rs71563153 
7 

66538688 
G

 
T 

T 
0.19 

0 
12310 

0.999 
-0.488 

0.105 
3.03E-06 

3831.796 
rs56738524 

8 
8420053 

A
 

G
 

A
 

0.34 
0 

12309 
0.995 

-0.398 
0.085 

3.04E-06 
5512.177 

rs10273674 
7 

66517049 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.489 

0.105 
3.04E-06 

3816.574 
rs147890196 

11 
9249517 

G
 

A
 

A
 

0.04 
0 

12310 
0.992 

-0.974 
0.209 

3.04E-06 
864.907 

rs3813771 
19 

8213590 
C

 
T 

T 
0.31 

0 
12310 

0.999 
0.407 

0.087 
3.05E-06 

5246.758 
rs10611601 

7 
70044230 

TA
A

 
T 

TA
A

 
0.43 

0 
12310 

0.849 
-0.411 

0.088 
3.06E-06 

5082.999 
rs1585555 

11 
38287507 

C
 

T 
C

 
0.09 

0 
12310 

1 
0.722 

0.155 
3.07E-06 

1978.353 
rs59540627 

7 
66528654 

G
 

C
 

C
 

0.19 
0 

12310 
0.999 

-0.488 
0.105 

3.08E-06 
3831.159 

rs1599564 
11 

38288114 
C

 
A

 
C

 
0.09 

0 
12310 

0.999 
0.721 

0.155 
3.09E-06 

1979.385 
rs2292143 

5 
168213007 

G
 

A
 

A
 

0.16 
2 

12310 
1 

-0.512 
0.110 

3.12E-06 
3339.987 

rs67737819 
7 

66566448 
G

 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.489 

0.105 
3.14E-06 

3807.467 



rs10269571 
7 

66516151 
C

 
T 

T 
0.19 

0 
12310 

1 
-0.488 

0.105 
3.15E-06 

3816.516 
rs55704136 

7 
66589409 

G
 

C
 

C
 

0.19 
0 

12310 
0.999 

-0.487 
0.104 

3.18E-06 
3834.800 

rs10249716 
7 

66523521 
G

 
T 

T 
0.19 

0 
12310 

0.998 
-0.487 

0.105 
3.26E-06 

3830.591 
rs11524606 

7 
66522546 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.487 
0.105 

3.28E-06 
3827.413 

rs35913158 
7 

66584841 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.488 

0.105 
3.32E-06 

3796.464 
rs28857233 

7 
66528050 

T 
A

 
A

 
0.20 

0 
12310 

0.984 
-0.487 

0.105 
3.36E-06 

3870.664 
rs17144710 

7 
66584459 

G
 

T 
G

 
0.19 

0 
12310 

0.999 
0.486 

0.105 
3.4E-06 

3821.136 
rs58942690 

7 
66538918 

C
 

A
 

A
 

0.19 
0 

12310 
0.997 

-0.486 
0.105 

3.4E-06 
3841.920 

rs12698557 
7 

66521471 
T 

C
 

C
 

0.19 
0 

12310 
0.999 

-0.486 
0.105 

3.4E-06 
3827.352 

rs10825348 
10 

56303614 
T 

A
 

A
 

0.41 
0 

12310 
0.993 

0.384 
0.083 

3.42E-06 
5946.532 

rs7800350 
7 

66567698 
G

 
T 

T 
0.19 

0 
12310 

0.999 
-0.485 

0.105 
3.43E-06 

3833.370 
rs151216651 

1 
237250656 

T 
TC

TC 
TC

TC 
0.01 

0 
12310 

0.996 
-1.741 

0.375 
3.48E-06 

294.181 
rs5975809 

- 
135940359 

G
 

A
 

A
 

0.01 
0 

12297 
0.947 

1.369 
0.295 

3.52E-06 
276.285 

rs6975866 
7 

66543980 
C

 
T 

C
 

0.19 
0 

12310 
0.999 

0.485 
0.105 

3.52E-06 
3829.657 

rs55731089 
7 

66520438 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.485 

0.105 
3.53E-06 

3827.315 
rs58756282 

7 
66584920 

C
 

T 
T 

0.19 
0 

12310 
1 

-0.485 
0.105 

3.59E-06 
3822.248 

rs10224763 
7 

66586221 
A

 
G

 
G

 
0.19 

0 
12310 

1 
-0.485 

0.105 
3.59E-06 

3822.245 
rs2049831 

14 
80289134 

G
 

A
 

A
 

0.46 
0 

12309 
0.998 

-0.372 
0.080 

3.61E-06 
6121.819 

rs10249587 
7 

66523392 
G

 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.485 

0.105 
3.61E-06 

3831.745 
rs2154265 

10 
56305290 

T 
C

 
C

 
0.41 

0 
12310 

0.988 
0.383 

0.083 
3.62E-06 

5974.417 
rs10925309 

1 
237250487 

G
 

C
 

C
 

0.01 
0 

12310 
0.995 

-1.739 
0.375 

3.62E-06 
294.293 

rs11314136 
7 

66519689 
A

T 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.485 

0.105 
3.64E-06 

3827.223 
rs1445962 

5 
50300969 

T 
G

 
G

 
0.03 

0 
12309 

0.997 
-1.219 

0.263 
3.65E-06 

644.569 
rs7793589 

7 
66608855 

G
 

T 
T 

0.18 
0 

12310 
0.997 

-0.496 
0.107 

3.72E-06 
3608.105 

rs78316461 
7 

66513067 
G

 
A

 
A

 
0.19 

0 
12310 

0.999 
-0.484 

0.105 
3.73E-06 

3827.203 
rs10259711 

7 
66518946 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.484 
0.105 

3.74E-06 
3827.171 

rs34157075 
7 

66512317 
A

 
C

 
C

 
0.19 

0 
12310 

0.999 
-0.484 

0.105 
3.74E-06 

3827.298 
rs12154876 

7 
66563135 

A
 

G
 

G
 

0.19 
0 

12310 
0.999 

-0.486 
0.105 

3.75E-06 
3790.520 

rs17438468 
2 

193203685 
C

 
T 

C
 

0.02 
0 

12310 
0.97 

1.339 
0.290 

3.79E-06 
481.810 

rs2242648 
14 

80297210 
G

 
C

 
C

 
0.46 

0 
12309 

0.999 
-0.371 

0.080 
3.84E-06 

6119.945 
rs6973836 

7 
66569208 

G
 

A
 

A
 

0.19 
0 

12310 
0.999 

-0.484 
0.105 

3.86E-06 
3809.351 

rs79295862 
5 

50247859 
T 

C
 

C
 

0.02 
0 

12309 
0.984 

-1.523 
0.330 

3.87E-06 
408.790 

rs7783157 
7 

66574420 
A

 
C

 
C

 
0.19 

0 
12310 

0.998 
-0.484 

0.105 
3.96E-06 

3807.082 
rs13243892 

7 
66576213 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.483 
0.105 

4E-06 
3810.877 

rs143925771 
7 

66578612 
C

 
T 

T 
0.19 

0 
12310 

0.999 
-0.484 

0.105 
4.09E-06 

3782.952 
rs71535636 

7 
66512581 

T 
C

 
C

 
0.19 

0 
12310 

0.999 
-0.482 

0.105 
4.11E-06 

3824.649 
rs28465142 

7 
66611347 

A
 

C
 

C
 

0.18 
0 

12310 
0.999 

-0.491 
0.107 

4.12E-06 
3640.877 



rs2140564 
7 

66590824 
G

 
C

 
C

 
0.19 

0 
12310 

0.999 
-0.484 

0.105 
4.17E-06 

3777.544 
rs2960970 

7 
66574209 

C
 

T 
T 

0.19 
0 

12310 
1 

-0.481 
0.104 

4.2E-06 
3835.197 

rs3857691 
7 

66608420 
C

 
G

 
G

 
0.18 

0 
12310 

1 
-0.489 

0.106 
4.24E-06 

3666.733 
rs59247139 

7 
66574425 

C
 

T 
T 

0.19 
0 

12310 
0.999 

-0.481 
0.105 

4.29E-06 
3832.919 

rs7099825 
10 

56304265 
A

 
G

 
G

 
0.41 

2 
12310 

1 
0.379 

0.082 
4.32E-06 

5959.839 
rs73109514 

5 
50306261 

G
 

C
 

C
 

0.03 
0 

12309 
0.994 

-1.222 
0.266 

4.39E-06 
631.390 

rs10262781 
7 

66620160 
C

 
T 

T 
0.18 

0 
12310 

1 
-0.489 

0.106 
4.39E-06 

3664.474 
rs7350002 

7 
66620603 

G
 

A
 

A
 

0.18 
0 

12310 
1 

-0.489 
0.106 

4.39E-06 
3664.473 

rs7792212 
7 

66621143 
G

 
A

 
A

 
0.18 

0 
12310 

1 
-0.489 

0.106 
4.4E-06 

3664.471 
rs11004372 

10 
56304691 

A
 

G
 

G
 

0.41 
0 

12310 
0.995 

0.380 
0.083 

4.40E-06 
5958.309 

rs35122750 
7 

66607147 
A

 
G

 
G

 
0.18 

0 
12310 

0.999 
-0.490 

0.107 
4.43E-06 

3635.922 
rs9690120 

7 
66618358 

G
 

A
 

A
 

0.18 
0 

12310 
0.999 

-0.489 
0.106 

4.43E-06 
3664.976 

rs10825349 
10 

56303722 
A

 
G

 
G

 
0.41 

0 
12310 

0.995 
0.380 

0.083 
4.49E-06 

5942.501 
rs2004237 

19 
8209194 

T 
C

 
C

 
0.31 

0 
12310 

0.995 
0.399 

0.087 
4.49E-06 

5282.771 
rs6978918 

7 
66614462 

T 
C

 
C

 
0.18 

2 
12310 

1 
-0.488 

0.106 
4.53E-06 

3667.336 
rs10925310 

1 
237251005 

T 
C

 
C

 
0.01 

2 
12310 

1 
-1.693 

0.370 
4.64E-06 

302.197 
rs2687052 

7 
66621824 

A
 

G
 

G
 

0.18 
0 

12310 
0.998 

-0.489 
0.107 

4.7E-06 
3644.115 

rs7809649 
7 

66602947 
A

 
G

 
G

 
0.19 

0 
12310 

0.998 
-0.482 

0.105 
4.73E-06 

3767.027 
rs27276 

5 
50243725 

G
 

A
 

G
 

0.02 
0 

12309 
0.996 

1.402 
0.307 

5.06E-06 
459.655 

rs113086330 
5 

50230664 
C

 
T 

T 
0.02 

0 
12309 

0.995 
-1.472 

0.323 
5.11E-06 

422.258 
rs28888140 

7 
66593134 

T 
C

 
C

 
0.19 

0 
12310 

1 
-0.477 

0.105 
5.16E-06 

3819.527 
rs10274580 

7 
66592378 

C
 

A
 

A
 

0.19 
0 

12310 
1 

-0.477 
0.105 

5.17E-06 
3819.475 

rs60910884 
7 

66598251 
C

 
T 

T 
0.19 

0 
12310 

1 
-0.477 

0.105 
5.17E-06 

3819.469 
rs10233183 

7 
66597207 

C
 

T 
T 

0.19 
0 

12310 
1 

-0.477 
0.105 

5.17E-06 
3819.469 

rs149883819 
7 

66600352 
C

 
C

A
 

C
A

 
0.19 

0 
12310 

1 
-0.477 

0.105 
5.17E-06 

3819.421 
rs10244331 

7 
66622569 

G
 

A
 

A
 

0.18 
0 

12310 
0.999 

-0.485 
0.106 

5.2E-06 
3664.322 

rs6603149 
19 

8213231 
A

 
G

 
G

 
0.38 

2 
12310 

1 
0.376 

0.083 
5.59E-06 

5803.442 
rs1506452 

1 
71781585 

A
 

G
 

G
 

0.32 
2 

12310 
1 

0.397 
0.088 

5.70E-06 
5340.521 

rs12751629 
1 

71793221 
C

 
A

 
C

 
0.32 

0 
12310 

1 
-0.397 

0.088 
5.76E-06 

5340.263 
rs58448907 

7 
66595583 

A
 

G
 

G
 

0.19 
0 

12310 
0.999 

-0.477 
0.105 

5.77E-06 
3776.882 

rs200905081 
7 

66610751 
G

 
G

T 
G

T 
0.18 

0 
12310 

0.998 
-0.485 

0.107 
5.94E-06 

3612.222 

rs77219363 
20 

24489072 
C

 
C

C
A

G
G

C
T

G
A

TC
T 

C
 

0.03 
0 

12310 
0.814 

1.119 
0.247 

5.96E-06 
663.520 

rs7793104 
7 

66621061 
C

 
T 

T 
0.18 

0 
12310 

0.999 
-0.483 

0.107 
6.15E-06 

3619.882 
rs7776751 

7 
66608570 

A
 

G
 

G
 

0.18 
0 

12310 
0.999 

-0.483 
0.107 

6.21E-06 
3619.908 

rs34457100 
5 

50170509 
T 

TA
 

T 
0.02 

0 
12309 

0.978 
1.485 

0.329 
6.28E-06 

410.341 
rs144669467 

3 
98857716 

C
T 

C
 

C
T 

0.19 
0 

12310 
0.987 

-0.465 
0.103 

6.32E-06 
3682.868 

rs7003790 
8 

59105992 
C

 
T 

T 
0.03 

0 
12309 

0.997 
-1.024 

0.227 
6.33E-06 

811.622 



rs8127353 
21 

44076975 
G

 
T 

T 
0.02 

2 
12309 

1 
-1.317 

0.292 
6.35E-06 

479.287 
rs3729908 

16 
24231248 

T 
C

 
T 

0.07 
0 

12310 
0.949 

0.721 
0.160 

6.56E-06 
1587.213 

rs80269587 
7 

109709947 
C

 
T 

C
 

0.01 
0 

12310 
0.94 

1.747 
0.388 

6.7E-06 
264.329 

rs12561925 
1 

71813142 
C

 
G

 
G

 
0.32 

0 
12310 

0.994 
0.394 

0.088 
6.75E-06 

5364.009 
rs2341717 

3 
98913821 

A
 

G
 

A
 

0.21 
0 

12310 
0.999 

-0.444 
0.099 

6.79E-06 
4044.402 

rs73676501 
7 

7090025 
T 

A
 

A
 

0.02 
0 

12310 
0.995 

-1.529 
0.340 

6.84E-06 
365.544 

rs75361129 
5 

118250360 
C

 
T 

T 
0.01 

0 
12310 

0.996 
-1.663 

0.370 
6.95E-06 

316.398 
rs150229484 

11 
70983910 

C
C

A
 

C
 

C
 

0.12 
0 

12310 
0.83 

-0.631 
0.140 

6.99E-06 
2125.299 

rs148893024 
11 

113663454 
T 

A
 

A
 

0.01 
0 

12309 
0.996 

-1.781 
0.396 

7.03E-06 
276.713 

rs2242642 
14 

80286306 
C

 
G

 
G

 
0.47 

0 
12309 

0.998 
-0.361 

0.080 
7.22E-06 

6128.027 
rs115139710 

5 
118262011 

G
 

A
 

A
 

0.01 
0 

12310 
0.996 

-1.660 
0.370 

7.25E-06 
316.239 

rs115837370 
9 

135886735 
G

 
A

 
A

 
0.01 

0 
12310 

0.924 
-1.925 

0.429 
7.40E-06 

229.301 
rs77669066 

5 
50223773 

A
 

G
 

G
 

0.02 
0 

12309 
0.998 

-1.357 
0.303 

7.69E-06 
473.446 

rs17091578 
14 

32388774 
C

 
G

 
G

 
0.27 

0 
12310 

0.979 
-0.408 

0.091 
7.84E-06 

4845.766 
rs73922237 

19 
8206553 

C
 

T 
C

 
0.36 

0 
12310 

0.993 
-0.375 

0.084 
7.85E-06 

5645.090 
rs7007843 

8 
59111965 

G
 

T 
T 

0.04 
0 

12309 
0.999 

-0.941 
0.211 

7.92E-06 
942.655 

rs77927049 
14 

81543731 
G

 
A

 
A

 
0.02 

0 
12309 

0.998 
1.456 

0.326 
7.92E-06 

404.976 
rs201573719 

11 
113668782 

A
TG

C
 

A
 

A
 

0.01 
0 

12309 
0.992 

-1.767 
0.396 

7.97E-06 
278.861 

rs56345969 
17 

78171236 
G

 
A

 
A

 
0.03 

0 
12310 

0.933 
1.175 

0.263 
8.05E-06 

590.029 
rs145115978 

3 
98897408 

T 
TA

A
A

G
 

T 
0.21 

0 
12310 

0.999 
-0.440 

0.099 
8.12E-06 

4050.468 
rs62346660 

4 
146233605 

A
 

G
 

G
 

0.03 
0 

12310 
0.806 

-1.175 
0.263 

8.12E-06 
587.068 

rs77893100 
5 

50223043 
C

 
G

 
G

 
0.02 

0 
12309 

0.997 
-1.353 

0.303 
8.20E-06 

473.508 
rs3958407 

5 
50236508 

C
 

T 
T 

0.02 
0 

12309 
0.935 

-1.328 
0.298 

8.30E-06 
499.257 

rs11710896 
3 

98950647 
C

 
A

 
A

 
0.19 

0 
12310 

0.999 
0.457 

0.103 
8.38E-06 

3728.466 
rs10501248 

11 
41083620 

C
 

A
 

A
 

0.42 
2 

12310 
1 

-0.360 
0.081 

8.44E-06 
6016.137 

rs73149623 
3 

98938539 
G

 
A

 
A

 
0.19 

0 
12310 

0.997 
0.457 

0.103 
8.56E-06 

3725.718 
rs10264133 

7 
27231097 

C
 

T 
T 

0.02 
0 

12310 
0.989 

-1.277 
0.287 

8.71E-06 
518.575 

rs4985364 
16 

70806674 
C

 
T 

C
 

0.17 
0 

12310 
0.996 

0.479 
0.108 

8.74E-06 
3530.366 

rs143528581 
13 

66676730 
A

A
A

T 
A

 
A

 
0.02 

0 
12310 

0.992 
1.264 

0.284 
8.77E-06 

501.610 
rs2242646 

14 
80288888 

A
 

G
 

G
 

0.47 
2 

12309 
1 

-0.357 
0.080 

8.78E-06 
6130.353 

rs1092312 
3 

98908158 
G

 
A

 
G

 
0.21 

0 
12310 

1 
-0.438 

0.099 
9.10E-06 

4048.893 
rs10768363 

11 
38257707 

C
 

T 
C

 
0.08 

0 
12310 

0.999 
0.697 

0.157 
9.42E-06 

1889.938 
rs62273517 

3 
111225082 

G
 

A
 

A
 

0.07 
0 

12310 
0.967 

-0.707 
0.160 

9.44E-06 
1535.633 

rs4928154 
3 

98899033 
C

 
A

 
C

 
0.21 

2 
12310 

1 
-0.436 

0.099 
9.62E-06 

4071.562 
rs774972 

3 
98902911 

C
 

T 
C

 
0.21 

2 
12310 

1 
-0.436 

0.099 
9.62E-06 

4071.562 
rs74317030 

5 
50221498 

A
 

T 
T 

0.02 
0 

12309 
0.997 

-1.343 
0.304 

9.64E-06 
473.664 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



12:102270520:T:C 
12 

102270520 
T 

C
 

C
 

0.01 
0 

12310 
0.881 

-1.665 
0.376 

9.67E-06 
297.943 

12:91777215:A
:A

G
G

G
A

G
TTG

C
TT

G
A

G
TTG

TC
A

G
C

 
12 

91777215 
A

 

A
G

G
G

A
G

T
TG

C
TTG

A
G

TTG
TC

A
G

C
 

A
G

G
G

A
G

T
TG

C
TTG

A
G

TTG
TC

A
G

C
 

0.10 
0 

12310 
0.989 

0.586 
0.133 

9.68E-06 
2216.235 

rs1082507 
3 

98916453 
C

 
T 

C
 

0.21 
0 

12310 
1 

-0.436 
0.099 

9.68E-06 
4044.209 

rs140015087 
17 

27187143 
G

 
A

 
A

 
0.04 

0 
12310 

0.997 
0.873 

0.197 
9.70E-06 

976.176 
rs1082509 

3 
98916822 

T 
C

 
T 

0.21 
0 

12310 
1 

-0.436 
0.099 

9.71E-06 
4044.096 

7:66562845:A
T:A

 
7 

66562845 
A

T 
A

 
A

 
0.27 

0 
12310 

0.877 
-0.440 

0.099 
9.77E-06 

4381.671 
3:98914294:T:TA
C

C 
3 

98914294 
T 

TA
C

C 
T 

0.21 
0 

12310 
0.999 

-0.436 
0.099 

9.79E-06 
4045.996 

12:108591180:A
G

:A
 

12 
108591180 

A
G

 
A

 
A

G
 

0.45 
0 

12310 
0.997 

0.356 
0.081 

9.82E-06 
6093.300 

rs1066358 
3 

98911343 
A

 
G

 
A

 
0.21 

0 
12310 

0.999 
-0.436 

0.099 
9.84E-06 

4045.500 
rs1066359 

3 
98910719 

A
 

G
 

A
 

0.21 
0 

12310 
0.999 

-0.436 
0.099 

9.84E-06 
4045.622 

rs1066360 
3 

98910706 
C

 
T 

C
 

0.21 
0 

12310 
0.999 

-0.436 
0.099 

9.84E-06 
4045.625 

rs1066361 
3 

98910395 
C

 
A

 
C

 
0.21 

0 
12310 

0.999 
-0.436 

0.099 
9.85E-06 

4045.687 
rs1082510 

3 
98916842 

G
 

A
 

G
 

0.21 
0 

12310 
1 

-0.436 
0.099 

9.86E-06 
4044.380 

rs1082512 
3 

98917002 
T 

G
 

T 
0.21 

0 
12310 

1 
-0.436 

0.099 
9.86E-06 

4044.346 
rs1066364 

3 
98906623 

A
 

G
 

A
 

0.21 
0 

12310 
1 

-0.436 
0.099 

9.90E-06 
4046.427 

rs1066365 
3 

98906197 
C

 
A

 
C

 
0.21 

0 
12310 

1 
-0.436 

0.099 
9.90E-06 

4046.510 
rs1066366 

3 
98905942 

G
 

T 
G

 
0.21 

0 
12310 

1 
-0.436 

0.099 
9.91E-06 

4046.560 
rs76128500 

3 
21197126 

C
 

T 
T 

0.04 
0 

12310 
0.999 

-0.909 
0.206 

9.99E-06 
1036.622 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, 0=im
puted SN

P and 2=genotyped SN
P.  Info refers to info score for im

putation (indicating im
putation quality); all 

im
puted SN

Ps had info scores ≥ 0.80.  A
lleleA

 is the tested allele. M
A

F is the estim
ated m

inor allele frequency and is ≥ 0.01 for all SN
Ps. Position is given in genom

e build 
G

R
C

h37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated m

inor allele frequency, N
 is the sam

ple size, 
and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, oevar is the ratio betw

een the observed 
variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p; effN
 is >30 for all SN

Ps. 
 

 



Supplem
ental Table 5: R

eplication results from
 top loci on chrom

osom
e 7: rs34208798 

A
. A

djusting for m
edication use 

 
SN

P 
C

H
R

 
position 

alleleA
 

alleleB
 

M
A

F 
m

inor allele 
geno. 

n 
B

eta 
SE 

pval 
discovery 

rs34208798 
7 

66518851 
G

 
A

 
0.188 

A
 

I 
12310 

-0.51 
0.11 

1.47E-06 
A

rm
y N

SS1 
rs34208798 

7 
66518851 

A
 

G
 

0.193 
A

 
I 

1385 
0.09 

0.17 
0.612 

A
rm

y N
SS2 

rs34208798 
7 

66518851 
A

 
G

 
0.190 

A
 

I 
451 

-0.02 
0.31 

0.954 
A

rm
y PPD

S 
rs34208798 

7 
66518851 

A
 

G
 

0.187 
A

 
I 

1525 
-0.14 

0.16 
0.383 

M
ESA

 
rs34208798 

7 
66518851 

A
 

G
 

0.165 
A

 
I 

1449 
-0.03 

0.04 
0.459 

W
H

I 
rs10242790 

7 
66516641 

A
 

G
 

0.219 
A

 
I 

3138 
-0.33 

0.11 
0.002 

M
eta A

nalysis 
A

 
G

 
 

 
 

7948 
-0.06 

0.04 
0.084 

 B
.  Excluding m

edication users 

 

 
SN

P 
C

H
R

 
position 

alleleA
 

alleleB
 

M
A

F 
m

inor allele 
geno 

n 
B

eta 
SE 

pval 
discovery 

rs34208798 
7 

66518851 
G

 
A

 
0.186 

A
 

I 
11486 

-0.52 
0.10 

1.87E-07 
A

rm
y N

SS1 
rs34208798 

7 
66518851 

A
 

G
 

0.193 
A

 
I 

1348 
0.09 

0.17 
0.586 

A
rm

y N
SS2 

rs34208798 
7 

66518851 
A

 
G

 
0.189 

A
 

I 
429 

-0.07 
0.31 

0.824 
A

rm
y PPD

S 
rs34208798 

7 
66518851 

A
 

G
 

0.185 
A

 
I 

1425 
-0.14 

0.16 
0.396 

M
ESA

 
rs34208798 

7 
66518851 

A
 

G
 

0.164 
A

 
I 

1362 
-0.04 

0.05 
0.380 

W
H

I 
rs10242790 

7 
66516641 

A
 

G
 

0.223 
A

 
I 

2745 
-0.27 

0.10 
0.009 

M
eta A

nalysis 
A

 
G

 
 

 
 

7309 
-0.08 

0.04 
0.06 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, G
=genotyped and I=im

puted. A
ll im

puted SN
Ps had info scores (indicating im

putation 
quality) >0.83.  A

lleleA
 is the tested allele.  The A

rm
y STA

R
R

s dataset w
as com

prised of three different cohorts: the N
ew

 Soldiers Study 1, 
the N

ew
 Soldiers Study 2, and the Post D

eploym
ent Study.  The SN

P identified in the discovery analysis and carried forw
ard to the replication 

(rs34208798) w
as neither genotyped nor im

puted in W
H

I so w
e used rs10242790 as a highly-correlated proxy.  The im

putation values for all 
cohorts w

ere excellent (A
rm

y N
SS1=1.01; A

rm
y N

SS2=1.07; A
rm

y PPD
S=0.97; W

H
I=0.83; M

ESA
=0.98).  

  
 



Supplem
ental Table 6: R

eplication results from
 top loci on chrom

osom
e 19: rs2004237 

A
. A

djusting for m
edication use 

 
SN

P 
C

H
R

 
position 

alleleA
 

alleleB
 

M
A

F 
m

inor allele 
geno. 

n 
B

eta 
SE 

pval 
discovery 

rs2004237 
19 

8209194 
T 

C
 

0.312 
C

 
I 

12310 
0.40 

0.09 
4.49E-06 

A
rm

y N
SS1 

rs2004237 
19 

8209194 
T 

C
 

0.286 
C

 
I 

1385 
-0.01 

0.16 
0.973 

A
rm

y N
SS2 

rs2004237 
19 

8209194 
T 

C
 

0.318 
C

 
I 

451 
0.239 

0.29 
0.413 

A
rm

y PPD
S 

rs2004237 
19 

8209194 
T 

C
 

0.295 
C

 
I 

1525 
-0.08 

0.14 
0.549 

M
ESA

 
rs2004237 

19 
8209194 

T 
C

 
0.280 

C
 

I 
1449 

-0.01 
0.06 

0.820 
W

H
I 

rs7252584 
19 

8207241 
C

 
G

 
0.169 

G
 

I 
3138 

-0.05 
0.10 

0.650 
M

eta A
nalysis 

T 
C

 
 

 
 

7948 
-0.020 

0.05 
0.668 

 B
.  Excluding m

edication users 

 

 
SN

P 
C

H
R

 
position 

alleleA
 

alleleB
 

M
A

F 
m

inor allele 
geno 

n 
B

eta 
SE 

pval 
discovery 

rs2004237 
19 

8209194 
T 

C
 

0.313 
C

 
I 

11486 
0.45 

0.08 
7.54E-08 

A
rm

y N
SS1 

rs2004237 
19 

8209194 
T 

C
 

0.285 
C

 
I 

1348 
0.01 

0.16 
0.949 

A
rm

y N
SS2 

rs2004237 
19 

8209194 
T 

C
 

0.328 
C

 
I 

429 
0.24 

0.29 
0.401 

A
rm

y PPD
S 

rs2004237 
19 

8209194 
T 

C
 

0.293 
C

 
I 

1425 
-0.08 

0.14 
0.567 

M
ESA

 
rs2004237 

19 
8209194 

T 
C

 
0.280 

C
 

I 
1362 

-0.02 
0.07 

0.770 
W

H
I 

rs7252584 
19 

8207241 
C

 
G

 
0.167 

G
 

I 
2745 

0.03 
0.10 

0.777 
M

eta A
nalysis 

T 
C

 
 

 
 

7309 
-0.005 

0.05 
0.924 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, G
=genotyped and I=im

puted. A
ll im

puted SN
Ps had info scores (indicating im

putation 
quality) >0.37.  A

lleleA
 is the tested allele.  The A

rm
y STA

R
R

s dataset w
as com

prised of three different cohorts: the N
ew

 Soldiers Study 1, 
the N

ew
 Soldiers Study 2, and the Post D

eploym
ent Study.  N

ote:  The SN
P identified in the discovery analysis and carried forw

ard to the 
replication (rs2004237) w

as neither genotyped nor im
puted in W

H
I so w

e used rs7252584 as a highly-correlated proxy.  The im
putation values 

for all cohorts w
as good (A

rm
y N

SS1=0.72; A
rm

y N
SS2=0.67; A

rm
y PPD

S=0.71; W
H

I=1.02-1.03; M
ESA

=0.37). 
           



Supplem
ental Table 7:  G

enom
e-w

ide association study (G
W

A
S) results for the top loci (p<1x10

-5) w
ith the depressive sym

ptom
 score, after adjusting 

for m
edication use, am

ong fem
ales 

SN
P 

C
H

R 
position 

alleleA
 

alleleB 
m

inor 
allele 

M
A

F 
geno 

n 
info 

B
eta 

SE 
pval 

effN
 

rs72662446 
8 

59113186 
C

 
T 

T 
0.03 

2 
7263 

1 
-1.85 

0.32 
6.36E-09 

468.807 
rs9599044 

13 
66494976 

T 
A

 
A

 
0.03 

0 
7264 

0.961 
1.87 

0.36 
2.16E-07 

353.893 
rs139628768 

6 
154761127 

C
 

A
 

A
 

0.01 
0 

7264 
0.911 

-3.35 
0.65 

2.82E-07 
108.356 

rs112390938 
7 

156779166 
C

 
T 

C
 

0.01 
0 

7264 
0.841 

3.12 
0.62 

6.01E-07 
113.645 

rs953628 
3 

98838914 
G

 
T 

T 
0.17 

2 
7264 

1 
0.72 

0.15 
6.96E-07 

2087.454 
rs5972903 

X
 

33619774 
T 

C
 

C
 

0.46 
0 

7261 
0.993 

-0.55 
0.11 

9.19E-07 
3603.683 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, 0=im
puted SN

P and 2=genotyped SN
P.  Info refers to info score for im

putation (indicating im
putation quality); all 

im
puted SN

Ps had info scores ≥ 0.80.  A
lleleA

 is the tested allele. M
A

F is the estim
ated m

inor allele frequency and is ≥ 0.01 for all SN
Ps. Position is given in genom

e build 
G

R
C

h37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated m

inor allele frequency, N
 is the sam

ple size, 
and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, oevar is the ratio betw

een the observed 
variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p; effN
 is >30 for all SN

Ps. 
                     



Supplem
ental Table 8:  G

enom
e-w

ide association study (G
W

A
S) results for the top loci (p<1x10

-6) w
ith the depressive sym

ptom
 score, after excluding 

m
edication users, am

ong fem
ales 

SN
P 

C
H

R 
position 

alleleA
 

alleleB 
m

inor 
allele 

M
A

F 
geno 

n 
info 

B
eta 

SE 
pval 

effN
 

rs72662446 
8 

59113186 
C

 
T 

T 
0.03 

2 
6653 

1 
-1.69 

0.31 
7.48E-08 

409.553 
rs8127353 

21 
44076975 

G
 

T 
T 

0.02 
2 

6654 
1 

-2.04 
0.40 

2.32E-07 
252.037 

rs789539 
11 

131578101 
C

 
T 

C
 

0.15 
0 

6653 
0.991 

-0.79 
0.15 

2.88E-07 
1679.723 

rs2049285 
3 

182591147 
T 

G
 

T 
0.45 

0 
6654 

1 
-0.54 

0.11 
3.60E-07 

3295.993 
rs139642111 

3 
29121696 

A
 

G
 

G
 

0.03 
0 

6654 
0.996 

-1.57 
0.31 

4.06E-07 
382.378 

rs11087469 
20 

24489072 
C

 
C

C
A

G
G

C
T

G
A

TC
T 

C
 

0.03 
0 

6654 
0.814 

1.67 
0.33 

4.83E-07 
360.073 

rs189109527 
7 

158944876 
G

 
A

 
A

 
0.02 

0 
6654 

0.47 
-3.13 

0.62 
5.03E-07 

101.289 
rs5841036 

20 
24502210 

T 
TG

 
T 

0.02 
0 

6654 
0.9 

2.12 
0.42 

5.30E-07 
221.063 

rs2695833 
11 

131568375 
C

 
T 

T 
0.13 

2 
6653 

1 
0.80 

0.16 
6.34E-07 

1515.416 
rs78623934 

5 
43232851 

A
 

G
 

G
 

0.01 
0 

6654 
0.976 

-2.90 
0.58 

6.43E-07 
122.677 

rs2658825 
11 

131545637 
T 

C
 

T 
0.15 

0 
6653 

0.976 
-0.76 

0.15 
7.87E-07 

1731.266 
rs675071 

3 
182604826 

T 
C

 
T 

0.45 
2 

6654 
1 

-0.53 
0.11 

8.32E-07 
3289.652 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, 0=im
puted SN

P and 2=genotyped SN
P.  Info refers to info score for im

putation (indicating im
putation quality); all 

im
puted SN

Ps had info scores ≥ 0.80.  A
lleleA

 is the tested allele. M
A

F is the estim
ated m

inor allele frequency and is ≥ 0.01 for all SN
Ps. Position is given in genom

e build 
G

R
C

h37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated m

inor allele frequency, N
 is the sam

ple size, 
and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, oevar is the ratio betw

een the observed 
variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p; effN
 is >30 for all SN

Ps. 
                



Supplem
ental Table 9:  G

enom
e-w

ide association study (G
W

A
S) results for the top loci (p<1x10

-5) w
ith the depressive sym

ptom
 score, after adjusting 

for m
edication use, am

ong m
ales 

SN
P 

C
H

R 
position 

alleleA
 

alleleB 
m

inor 
allele 

M
A

F 
geno 

n 
info 

B
eta 

SE 
pval 

effN
 

rs111365740 
4 

122586829 
C

 
G

 
G

 
0.03 

0 
5046 

0.995 
-1.86 

0.34 
3.70E-08 

279.306 
rs9709324 

17 
81084820 

C
 

T 
T 

0.03 
0 

5046 
0.763 

-2.08 
0.38 

4.20E-08 
231.434 

rs113403132 
19 

44913426 
G

 
A

 
A

 
0.04 

0 
5046 

0.981 
-1.43 

0.27 
1.33E-07 

419.848 
rs139198916 

17 
81084996 

T 
C

 
C

 
0.04 

0 
5046 

0.778 
-1.70 

0.33 
1.83E-07 

330.390 
rs7256562 

19 
44902338 

G
 

A
 

A
 

0.04 
2 

5046 
1 

-1.35 
0.27 

5.15E-07 
420.816 

rs112305520 
8 

81668343 
C

 
C

A
 

C
A

 
0.12 

0 
5046 

0.917 
0.90 

0.18 
6.31E-07 

1022.800 
rs149998181 

7 
7092566 

C
 

T 
T 

0.01 
0 

5046 
0.984 

-2.56 
0.52 

8.38E-07 
120.364 

C
H

R
=chrom

osom
e.  In the geno. (genotyping) colum

n, 0=im
puted SN

P and 2=genotyped SN
P.  Info refers to info score for im

putation (indicating im
putation quality); all 

im
puted SN

Ps had info scores ≥ 0.80.  A
lleleA

 is the tested allele. M
A

F is the estim
ated m

inor allele frequency and is ≥ 0.01 for all SN
Ps. Position is given in genom

e build 
G

R
C

h37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated m

inor allele frequency, N
 is the sam

ple size, 
and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, oevar is the ratio betw

een the observed 
variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p; effN
 is >30 for all SN

Ps. 
                     



Supplem
ental Table 10:  G

enom
e-w

ide association study (G
W

A
S) results for the top loci (p<1x10

-6) w
ith the depressive sym

ptom
 score, after 

excluding m
edication users, am

ong m
ales 

SN
P 

C
H

R 
position 

alleleA
 

alleleB 
m

inor 
allele 

M
A

F 
geno 

n 
info 

B
eta 

SE 
pval 

effN
 

rs113403132 
19 

44913426 
G

 
A

 
A

 
0.04 
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Supplemental Figure 1. Quantile-quantile (QQ) plots and Manhattan plots for binary 
depressive symptoms score 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 case/control status derived.  
The dotted line shows the genome-wide significance level (5x10-8).  The displayed p-value 
corresponds to SNPs with effective N > 50. 
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The phenotype in this analysis w
as the untransform

ed original total depressive sym
ptom

s score, w
hich did not consider psychiatric m
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C

H
R
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e.  In the geno. (genotyping) colum
n, 0=im

puted SN
P and 2=genotyped SN

P.  Info refers to info score for im
putation.  A

lleleA
 is the tested 

allele.  Position is given in genom
e build G

RCh37/hg19.  effN
, or the “effective m

inor allele count” of a variant, is defined as 2p(1-p)N
v, w

here p is the estim
ated 

m
inor allele frequency, N

 is the sam
ple size, and v is “oevar”, a m

easure of im
putation accuracy.  If a SN

P is genotyped, then oevar =1.  For im
puted genotypes, 

oevar is the ratio betw
een the observed variance of the genotype dosage to the expected binom

ial variance, based on the estim
ated m

inor allele frequency p. 
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