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Abstract
Background: The Eating Disorders Genetics Initiative (EDGI) is an international investigation exploring the role of
genes and environment in anorexia nervosa, bulimia nervosa, and binge-eating disorder.
Methods: A total of 14,500 individuals with eating disorders and 1500 controls will be included from the United
States (US), Australia (AU), New Zealand (NZ), and Denmark (DK). In the US, AU, and NZ, participants will complete
comprehensive online phenotyping and will submit a saliva sample for genotyping. In DK, individuals with eating
disorders will be identified by the National Patient Register, and genotyping will occur using bloodspots archived
from birth. A genome-wide association study will be conducted within EDGI and via meta-analysis with other data
from the Eating Disorders Working Group of the Psychiatric Genomics Consortium (PGC-ED).
Discussion: EDGI represents the largest genetic study of eating disorders ever to be conducted and is designed to
rapidly advance the study of the genetics of the three major eating disorders (anorexia nervosa, bulimia nervosa,
and binge-eating disorder). We will explicate the genetic architecture of eating disorders relative to each other and
to other psychiatric and metabolic disorders and traits. Our goal is for EDGI to deliver “actionable” findings that can
be transformed into clinically meaningful insights.
Trial registration: EDGI is a registered clinical trial: clinicaltrials.gov NCT04378101.
Keywords: Anorexia nervosa, Bulimia nervosa, Binge-eating disorder, Eating disorders, Genome-wide association,
Psychiatric genetics, Psychiatric genomics consortium, Social media

Background
We describe the Eating Disorders Genetic Initiative
(EDGI) designed to expand genomic discovery across
the three major eating disorders (AN [anorexia nervosa],
BN [bulimia nervosa], and BED [binge-eating disorder]).
EDGI builds on a previous genome-wide association
study (GWAS) by the Eating Disorders Working Group
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of the Psychiatric Genomics Consortium (PGC-ED) as
part of the Anorexia Nervosa Genetics Initiative (ANGI)
that identified 8 significant loci associated with AN and
intriguing genetic correlations (rg) with both psychiatric
and metabolic traits, strongly suggesting that AN is a
metabo-psychiatric disorder [1].
Although foundational, ANGI focused only on AN.
Despite decades of work confirming the heritability,
morbidity, mortality, and burden associated with BN and
BED [2–6], no GWAS of these disorders exist. EDGI is
designed to ascertain, phenotype, and genotype large
AN, BN, and BED samples along with ancestrally
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matched controls across the United States (US),
Australia (AU), New Zealand (NZ), and Denmark (DK).
We will apply advanced analytic strategies to test and refine an etiological model of eating disorders, explicate
heterogeneity, and preliminarily explore environmental
risk factors for eating disorders. EDGI represents the
next logical step in eating disorder genomics.
Our work emerges from a testable conceptualization
of eating disorders as arising from a shared vulnerability
to a genetically influenced core component (e.g., dysregulated appetite) that is further differentiated across clinical presentations of AN, BN, and/or BED by differing
genetic predispositions to dimensional eating disorder
behaviors (e.g., binge eating, vomiting, excessive exercise), BMI, personality, comorbid psychopathology,
physical activity, and metabolic and anthropometric
traits. We propose that this palette of genetic risk is further influenced by environmental factors that affect
emergence, course, and outcome of the eating disorder
[7]. EDGI will empirically test and refine this model. Importantly, we will achieve greater diversity by ascertaining ancestrally diverse cases reflecting known
epidemiological distributions of eating disorders.

Method
Specific aims

Aim 1. Recontact. We will recontact ~ 4000 participants
from a previous AN genetic study (ANGI) in the US,
AU, and NZ to obtain deeper phenotypic information
online about course of illness, comorbid psychiatric conditions, treatment response, healthcare utilization, and
quality of life. Deliverables: Rich phenotypic information
to expand clinical description of former ANGI participants. Biological samples will not be collected from prior
ANGI participants as they were previously genotyped.
Aim 2. Ascertainment. Ascertainment of 14,500 new
eating disorder cases and 1500 controls. Using economical and online recruitment strategies in the US, AU, and
NZ, we will ascertain, phenotype, and genotype ~ 2800
new AN cases; ~ 3250 BN cases; ~ 4050 BED cases and
900 controls. In DK, a total of 4400 cases and 600 controls will be identified from the Danish National Patient
Register and genotyping will occur with samples from
archived bloodspots from birth. Combined with existing
PGC-ED samples (total 35,000 cases, 100,000 controls),
this will define our GWAS analysis set. Deliverables:
Analysis of deep phenotypic information from individuals
with AN, BN, and BED plus analysis-ready datasets for
genetic analyses in Aims 3 and 4.
Aim 3. Within disorder analyses. We will conduct preplanned GWAS for AN, BN, BED, any eating disorder,
and component behaviors plus a specific set of postGWAS analyses. Deliverables: (a) GWAS meta-analysis
of EDGI with existing PGC-ED AN, BN, and BED data;
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b) combined eating disorder GWAS and component behavior GWAS; (c) comprehensive suite of post-GWAS
analyses; (d) data deposit per current legal and regulatory standards.
Aim 4. Cross disorder analyses. Following Aims 1–3,
we will test/refine our conceptualization of eating disorders, particularly their inter-relations and connections
with other traits. (a) We will calculate rg among AN,
BN, BED, and an array of psychiatric, metabolic, anthropometric, physical activity, and educational phenotypes; (b) use Mendelian randomization to investigate
putative causal relations; (c) use multi-trait conditional
and joint analysis to determine genetic associations that
are not driven by confounding correlated traits; (d) identify SNP-associations that are specific to AN, BN, or
BED (i.e., that deviate from genome-wide pleiotropy); (e)
generate multi-trait genetic risk scores (GRS) to improve
out-of-sample prediction; and (f) link DK genotypes with
population registers to preliminarily explore genotype
(GRS) × environment interactions. Deliverables: (a) Empirical answers to core research questions about eating
disorder etiology including detailed clarification of the
direct genetic and correlated forces that drive the observed relationships among eating disorders and between
eating disorders and other traits; (b) insights into how
genes and environment interact to influence eating disorder risk.
Participants

For Aim 1, we will recontact ~ 4000 ANGI participants
from the US, AU, and NZ to obtain deeper online phenotyping on onset, course of illness, comorbid psychiatric conditions, treatment response, healthcare
utilization, and health-related quality of life. For Aim 2,
we will ascertain, phenotype, and genotype ~ 4500 individuals with AN, ~ 5950 individuals with BN, ~ 4050 individuals with BED, and 1500 controls.
Inclusion criteria

US, AU, NZ case definition. Inclusion criteria for AN,
BN, and BED cases (female and male) are based on
DSM-5 [8] criteria as determined by the ED100K.V3 [9].
Minimum inclusion ages vary by country and range
from 13 to 18, with no upper age limit.
DK Case definition. Cases are identified who have an
ICD [10] diagnostic code of F50.0, F50.1 (AN), F50.2, or
F50.3 (BN) in the Danish National Health Register.
US, AU, NZ control definition. Controls in US, AU,
and NZ are broadly matched to cases by age, ancestry,
have lifetime adult minimum BMI > 18.55 kg/m2, and no
history of an eating disorder or disordered eating
behaviors.
DK control definition. Controls matched for age and
sex in DK with no eating disorder history (F50, F50.1,
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F50.2, F50.3, F50.8, or F50.9) are identified from population registers.
Recruitment

US, AU, NZ recruitment. The three countries with active
recruitment use a multi-pronged recruitment approach
including: outreach to eating disorders clinicians and
programs across the countries, traditional media (press
releases, television, radio, and newspaper announcements), and social media (websites, Facebook, Twitter,
Instagram, LinkedIn, podcasts). Each country also recruited a diverse team of EDGI Ambassadors (individuals with lived experience, parents and relatives,
clinicians) who were comfortable telling their story and
why they chose to participate in EDGI. Ambassadors
were invited who represented a range of eating disorders, body shapes and sizes, genders, and ancestries.
These people contributed interviews and commentaries
that were used in study launches and advertising, and
which formed part of the educational resources provided
via EDGI websites in each country.
Procedure

Procedures differ slightly across sites due to requirements of the local ethical committees. Below we
summarize the common procedures first, followed by
site-specific variations.
US, AU, NZ procedures. Individuals who are interested in learning more about EDGI or participating, visit
the country-specific website (edgi.org, edgi.org.au,
edgi.nz). Participants click the “Take Our Survey” link.
Slight differences exist in consent procedures due to
local ethical requirements. After providing online informed consent, participants complete the ED100K.V3
questionnaire. Surveys are presented in REDCap [11] in
the US and NZ and in Qualtrics (https://www.qualtrics.
com) in AU. Embedded algorithms determine if they
meet inclusion criteria (lifetime DSM-5 criteria for AN,
BN, or BED). If they do meet criteria, those in the US
are required to provide a second consent for further
participation.
Enrolled participants complete a battery of assessments (see Table 1) and are sent a saliva collection kit in
the mail. Individuals follow the instructions to submit a
saliva sample and return their “spit kit” to the laboratory
in the post. Completion of the questionnaires and receipt of the saliva kit in the mail marks completion of
the study.
Site-specific procedures (US, AU, NZ). Age. The US is
enrolling participants aged 15 and older. Parental consent is required for any participant under age 18 (21 in
Puerto Rico). Parental consent is required for participants under age 18 in AU. Separate procedures obtain
online consent from parents and assent from children.
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In AU, individuals aged 13 and older can participate.
Parental consent is required for any participant under
age 18. NZ is enrolling participants aged 16 and older;
parental consent is not required. Gift cards. In the US
and NZ, participants are given gift cards/vouchers once
their questionnaires are complete and spit kit confirmed
returned to the lab. Australian law prohibits incentives
for participating in research.
Denmark procedures. Study population: All children
born in DK to Danish-born parents from 1981 to 2009
who were alive and living in DK on their 1st birthday
(N = 1,717,316) constitute the source population for the
iPSYCH register sample which includes all the individuals with ICD-10 diagnoses of F50.0 and F50.1 [25]. Furthermore, diagnoses of F50.2 and F50.3 are being
identified in the iPSYCH sample. However, it is not possible to ascertain BED in DK as it does not have a
unique diagnostic code in ICD-10. Additional control
data are available from > 50,000 controls via the iPSYCH
collaboration [25].
Data sources: Genomic data for all individuals are obtained from genotyping of blood samples from Guthrie
cards, collected days after birth and stored at Statens
Serum Institut (SSI). DNA will be extracted and whole
genome amplified in triplicate [26]. Individuals with an
AN diagnosis before 2013 have been genotyped as part
of ANGI. EDGI will extend collection to include birth
cohorts from 2006 to 2009 and new AN cases from 2014
to 2016. All approvals by ethics committees and Data
protection Agencies have already been obtained by the
iPSYCH collaboration, and aligned with General Data
Protection Regulation (GDPR) requirements.
Linking to population registers: DK participants cannot
be contacted per Danish law, so we cannot administer
the questionnaire battery. However, we can link genomic
data to a wealth of Danish national registers. We highlight that domains relevant to this proposal are capturable by registers. We will harmonize to the extent
possible between the US, AU, NZ information and that
from DK registers. Inpatient treatment: admission/discharge dates, medical specialty (i.e., psychiatry), primary
diagnosis and ~ 20 secondary diagnoses (ICD codes) [27,
28] since the 1970s. Captures: course of illness, treatment
utilization, somatic and psychiatric comorbidity. Outpatient psychiatric treatment: date, place, primary/secondary ICD codes since early 2000s. Captures: treatment
utilization and psychiatric comorbidity. Prescription
drugs: all redeemed prescriptions as ATC codes (e.g., fluoxetine is N06AB03) since mid 1990s. Captures: treatment utilization, diagnosis. Death register: official causes
of death–direct cause, all contributing causes, and relevant comorbidities including suicide (ICD codes) since
1970s. Captures: mortality. Birth register: mother’s parity, parental ages, place of birth, delivery data

Bulik et al. BMC Psychiatry

(2021) 21:234

Page 4 of 9

Table 1 EDGI Assessment Battery
Assessment

Cases (ED)/
Controls
(CO)

Domain

ED100K [9]

ED/CO

Lifetime eating disorder diagnoses

Eating Disorder Examination-Questionnaire [12]

ED only

Current eating disorder symptoms (last 28 days)

ED-Quality of Life [13, 14]

ED only

Eating disorder-specific health related quality of life

Short Form Health Survey-12 [15]

ED/CO

General mental and physical health

Eating disorder treatment history

ED only

Lifetime eating disorder-related healthcare utilization

Obsessive-Compulsive Inventory-R [16]

ED/CO

Obsessive-compulsive symptoms

PHQ-9 [17]

ED/CO

Current depression symptoms

GAD-7 [18]

ED/CO

Current anxiety symptoms

GLAD Depression and Anxiety https://gladstudy.org.
uk/

ED/CO

Detailed assessment of major depressive disorder and generalized anxiety
disorder

AUDIT [19]

ED/CO

Alcohol use (adapted for lifetime measurement)

Heaviness of Smoking/Vaping [20]

ED/CO

Nicotine use

DUDIT [21]

ED/CO

Drug use (adapted for lifetime measurement)

Life Events Checklist for DSM-5 [22]

ED/CO

Life events and trauma history

Compulsive Exercise Test [23]

ED/CO

Driven exercise

Multidimensional Perfectionism Scale [24]

ED/CO

Perfectionism

(gestational age, birth weight-length, delivery type, presentation, obstetrical complications, and 1, 5, and 10 min
Apgar scores). Captures: environmental risk factors.
Multi-generation register connects people into pedigrees
to create comprehensive family history (parents, siblings,
and children of a person also have all of the above data)
and estimation of severe stressors (death of a parent)
since the 1960s. Captures: family history. Demography:
sociodemographic characteristics including living situation (alone, cohabiting, marital status), education levels,
employment, income, and sick leave/disability (from
1980 onward). Captures: quality of life (QOL), disease
burden.
DNA extraction and genotyping. DNA extraction and
GWAS genotyping are standard. US, AU, and NZ samples will be genotyped together. In DK, sample preparation and genotyping will be performed at SSI as
described fully elsewhere [29]. We will use the most
contemporary chip appropriate for diverse ancestry populations when genotyping occurs.

Self-report measures

Table 1 presents the assessment instruments and the domains captured. These assessments are administered to
all previous ANGI participants (Aim 1) and all individuals recruited in the US, AU, and NZ. In the US, the
battery is available in English or Spanish. The battery
has been translated into several languages and we are
encouraging other sites around the world to adopt the
standard battery for future comparability.

ED100K.V3 [9] questionnaire is a self-report, ED assessment based on the Structured Clinical Interview for
DSM-5, Eating Disorders. Items assess DSM-5 criteria
for AN, BN, BED, and other specified feeding and eating
disorders (OSFED). The ED100K-V1 was found to be a
valid measure of eating disorders and eating disorder behaviors. Positive predictive values for AN Criterion B,
Criterion C, and binge eating ranged from 88 to 100%.
Among women who had a negative screen, the probability of not having these criteria or behaviors ranged from
72 to 100%. The correlation between questionnaire and
interview for lowest illness-related BMI was 0.91. Captures: diagnosis, symptoms, course of illness, diagnostic
fluctuation.
Eating Disorders Examination Questionnaire, version 6
(EDE-Q [12]; 28-items). The EDE-Q, which is based on
and correlates well with the EDE [30], will assess current
eating disorder symptoms. Captures: current ED
pathology.
Eating Disorder Health-Related Quality of Life (EDQOL) [13, 14]. The ED-QOL is a health-related quality
of life questionnaire designed specifically for eating disorders. The 26-item instrument has excellent test-retest
reliability and convergent validity. Captures: eating
disorder-related quality of life.
Short Form Heath Survey (SF-12) [15] is a standardized widely-used measure of impairment associated with
physiological and psychological health conditions. Yields
two weighted scales: Physical Component Summary
Scale (PCS) and Mental Component Summary Scale
(MCS). Captures: general health-related quality of life.
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Eating Disorders Treatment History. The Eating Disorders Treatment History section of the assessment battery was modeled after the New Zealand COST study
(The Costs Of Eating Disorders In NZ online survey)
which incorporated elements of both the Australian
Butterfly Foundation [31] and beat [32] economic surveys. Specifics of treatment options have been tailored to
reflect the healthcare system of each participating country (US, AU, NZ).
Obsessive-Compulsive Inventory-Revised (OCI-R)
[16]. The OCI-R assesses obsessions and a variety of
compulsions using 6 subscales. Each item is scored on a
5-point scale (0–4 points). The total score (range: 0–72)
is the sum of the scores on all items. Scores of 21 and
higher might indicate obsessive compulsiveness. Captures: obsessive-compulsive tendencies.
The Patient Health Questionnaire 9 (PHQ-9) [17] is a
9-item, self-administered version of the PRIME-MD
diagnostic instrument for common mental disorders.
The nine items are based on the nine DSM-IV criteria
for major depressive disorder and are scored as “0” (not
at all) to “3” (nearly every day). The PHQ-9 has been
found to be a reliable and valid measure of depression
severity.
The Generalized Anxiety Disorder 7 (GAD-7) [18] is a
7-item, self-report questionnaire to screen for generalized anxiety disorder. Each symptom is scored on a 3point scale: “not at all” (0), “several days” (1), “more than
half the days” (2), or “nearly every day” (3). Items are
then summed to create a symptom severity score. The
GAD-7 is a reliable and valid measure of anxiety.
GLAD Questionnaire (sections B and C) assesses lifetime major depressive disorder and anxiety disorders.
This is being used in the UK GLAD study (https://
gladstudy.org.uk/), which is ascertaining and genotyping
40 K with major depressive disorder and anxiety disorders. Captures: lifetime depression and anxiety disorders
and symptoms.
Alcohol Use Disorders Identification Test: Self-Report
Version (AUDIT) [19]. Individuals are asked about the
frequency of alcohol intake, typical drinking patterns,
presence of binge drinking, and the social impact of
drinking. We received permission to modify the wording
to assess lifetime drinking (when at worst). The assessment is 10 questions, each of which scores between 0
and 4 points. The scores of each question are summed
(total possible = 40). Hazardous or harmful use is indicated by scores > 7 in men and > 6 in women. Captures:
problematic alcohol use at the time of heaviest use.
Heaviness of Smoking Index (HSI) [20]. The HSI uses
two questions to assess heaviness of smoking during the
period when the individual was smoking the most: number of cigarettes per day and time to the first cigarette of
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the day. Vaping questions were added to capture current
trends. Captures: heaviest smoking and vaping.
Drug Use Disorders Identification Test (DUDIT) [21].
The DUDIT is a self-report assessment to screen for
drug use and dependence. The assessment is 11 questions and the total score is defined as the sum of all
question responses. We received permission to modify
the wording to assess lifetime drinking(when at worst).
Captures: problematic drug use at the time of heaviest
use.
Life Events Checklist for DSM-5 (LEC-5) [22] is a
standard self-report was used to screen for 16 traumatic
events that an individual might have experienced during
their lifetime. It also includes an item to capture any
other event not included in the 16. We added additional
questions about emotional and physical neglect/abuse
during childhood. Participants were also asked about the
ages at which they first and last experienced each event.
Compulsive Exercise Test (CET) [23]. The CET is a
24-item, multidimensional assessment of compulsive exercise. Items are scored from 0 (“never true”) to 5 (“always true”). In addition to a global scale, subscales
measure avoidance, weight control, mood improvement,
lack of exercise enjoyment, and exercise rigidity. Captures: driven exercise.
Multidimensional Perfectionism Scale (MPS) [24]. We
used a reduced version of the MPS, consisting of 12
items and three subscales (concern over mistakes,
doubts about actions, personal standards). The 12 items
were previously selected by Bulik and colleagues [33] out
of the full MPS based on research findings and communication with the scale developers.
Saliva sampling. Saliva samples are collected with Isohelix saliva collection kits and returned to labs at UNC
(US), QIMR Berghofer (AU), or University of Otago
(NZ).
Planned data analysis

Aims 1 and 2. Analysis of phenotypic data: We will
analyze the rich phenotypic data from the US, AU, and
NZ in collected in Aims 1–2 to compare onset, course
of illness, comorbid psychiatric conditions, treatment response, healthcare utilization, and health-related quality
of life across AN, BN, and BED cohorts. We will use
generalized linear modeling to compare outcomes
among AN, BN, and BED. For continuous outcomes
with a normal distribution we will use ANOVA
methods, for count outcomes we will use Poisson regression, for categorical outcomes we will use multinomial
logistic regression, for ordinal outcomes we will use ordinal logistic regression, and where indicated for timescale outcomes we will use Cox proportional hazards regression. Post hoc analyses corrected for multiple testing
will be used to follow-up on significant omnibus results.
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Aim 3. We will conduct GWAS for AN, BN, and BED
independently, combined in an all-eating disorder analysis, and GWAS of component behaviors and traits. We
will also progress through a series of pre-planned postGWAS analyses, and conduct external replications.
a) GWAS with the PGC Ricopili pipeline. To develop a
robust way to process hundreds of GWAS data sets
rapidly and consistently, a PGC team led by Drs S.
Ripke and M. Daly developed, the “Ricopili”
software system. Ricopili consists of modules for:
Pre-imputation (QC), principal components analysis
(PCA), Imputation, and Meta-analysis which we use
to flexibly develop customized pipelines for genetic
analysis, most of which use PLINK2 [34] and other
published tools for imputation and genetic analysis
[35, 36]. Ricopili has been installed on the DK GenomeDK cluster as well so that genetic QC, imputation, and analysis of all EDGI data will be
harmonized.
Ricopili has been used in almost all primary PGC papers. Briefly, genotype calling uses standard software
[37]. QC and imputation are performed per dataset so
that these procedures are performed on technically
homogeneous sets of cases and controls. QC parameters
for retaining SNPs and subjects: SNP missingness < 0.05
(before subject removal); subject missingness < 0.02;
autosomal heterozygosity deviation (|Fhet| < 0.2); SNP
missingness< 0.02 (after subject removal); difference in
SNP missingness between cases and controls < 0.02; and
SNP HWE (P > 10− 6 in controls and P > 10− 10 in cases).
Slight differences in QC parameters are employed in
DK. Alternative thresholds can be implemented if
needed. Subjects are further screened for fingerprinting
mismatch, relatedness to any other subject (^
π < 0.2), unusual homozygosity, and sex mismatch. For US, AU, and
NZ, imputation will be on TOPMEd [38] (N = 65 K 30x
WGS) and for DK on HRC. ChrX imputation and analysis is fully implemented (excluding chrX SNPs with
missingness ≥0.05 or HWE P < 10− 6 in females, imputation done separately in males and females). The PGC
central analysis team supports other analyses including
runs of homozygosity [39–41], segmental sharing of IBD
regions [42, 43], GxG interactions, and conditional analyses as complementary ways to identify loci. Results are
d i s s e m i n a t e d vi a t h e PG C ( h t t p: / / p g c . u n c . e d u /
downloads).
Ancestry will be assessed using PCA for each subject, mapped relative to reference samples of known
ancestry (Illumina GWAS on 1000 Genomes EUR,
AFR, EAS, SAS, and AMR samples [44] plus
Genome-EUTWIN). Common variants are relatively
old and so trait associations are expected largely to
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be shared across global ancestries. Population-specific
LD patterns that result from drift or natural selection
mean that cross-ancestry analyses can help fine-map
associated loci. Estimated cross-ancestry rg are > 0.75
for other common diseases [45]. The PGC has found
that the genetic correlation for schizophrenia in EUR
and EAS samples was indistinguishable from 1 (0.98,
SE 0.03). Consistent with our intention to include
non-EUR ancestries, we will use established PGC
cross-ancestry analytical approaches. The exact
method depends on the ancestries represented in the
final data, and the extent of admixture. We will have
direct access to primary genotypes, and so can apply
mixed modelling approaches using GRMs as implemented in GCTA and other packages. More transancestry analysis methods are expected to be developed as larger mixed ancestry data sets become available, building upon trans-ancestry meta-analysis [46]
trans-ancestry LD score regression, the POPCORN
method [47]. The different LD architectures underpin
these approaches. If we were to do these analyses now, to
account for genetically diverse data with potential hidden
structures, we would use a general mixed model (BOLTLMM) [48], supplemented, if necessary, with the big-K,
small-K matrices (that account for closer and more distant
genetic relationships) [49].
b) Disorder-specific GWAS. We will conduct disorderspecific GWAS for AN, BN, and BED combining
EDGI with existing PGC-ED data using imputed
variant dosages and an additive model. Covariates
nominally associated with the phenotype in univariate analysis (P < 0.05) and five ancestry principal
components will be included in GWAS. All cohorts
will be meta-analyzed with an inverse-variance
weighted fixed-effect model. We are likely to filter
our GWAS results with minor allele frequency
(MAF) ≥ 0.01 and INFO score ≥ 0.70 (indicating
“high-quality”). We anticipate aggregate sample
sizes for EDGI, PGC-ED, and UKBiobank of: (AN =
22,000, BN = 7000, BED = 6000, and controls =
100,000). To account for genetically diverse data
with potential hidden structures and case-control,
we will use a general mixed model (BOLT-LMM)
[48], and if necessary use big-K/small-K matrices
(that account for closer and more distant genetic
relationships) [49].
c) Combined ED GWAS. We will conduct GWAS
meta-analysis of all EDs and of component behaviors, increasing power to identify genetic risk factors
that are common across the three disorders.
d) Post-GWAS analyses. We will conduct a palette of
standard post-GWAS analysis to maximize information yield and interpretability. For examples of

Bulik et al. BMC Psychiatry

(2021) 21:234

standard post-GWAS analytic approaches see Watson et al. [1]
Aim 4. We will calculate rg among AN, BN, BED, and
an array of psychiatric, metabolic, anthropometric, physical activity, and educational phenotypes. We will (b) use
Mendelian randomization to investigate putative causal
relations; (c) use multi-trait conditional and joint analysis to determine genetic associations that are not
driven by confounding correlated traits; (d) identify
SNP-associations that are specific to AN, BN or BED
(i.e., that deviate from genome-wide pleiotropy); (e) generate multi-trait GRS to improve out-of-sample prediction; and (f) link DK genotypes with population registers
to preliminarily explore genotype (GRS) × environment
interactions.

Discussion
In addition to the science proposed in EDGI, we will be
creating national and international data and sample resources for researchers around the world to use in pursuit of related research questions. EDGI has also been
established as an international prototype for other countries to follow. Translation of assessments and cloning of
procedures are ensuring that future data and sample collection globally will be readily harmonizable. Although
our proposed analytic aims are dense, the data that
EDGI yield will be informative for additional research
questions such as: 1) genetic factors influencing stability
versus fluctuation of eating disorder clinical presentation
(e.g., can one predict on the basis of genetics who is at
risk for developing BN or BED after experiencing AN);
2) potentially, precision-medicine questions regarding
identification of optimal interventions informed by genotype. Currently, only two FDA-approved medications for
eating disorders exist—fluoxetine for BN (approved in
2002) and lisdexamfetamine for BED (approved in 2015).
No FDA approved medications for AN exist. None of
these medications was developed based on knowledge of
underlying disease biology. Ultimately we hope that our
work will yield information on critical biological pathways that may point toward drug discovery or repurposing that could aid in reversing the tenacity and lethality
of these illnesses.
Abbreviations
AFR: African; AMR: Ad Mixed American; AN: Anorexia nervosa; ANGI: Anorexia
Nervosa Genetics Initiative; ANOVA: Analysis of variance; ATC: Anatomical
Therapeutic Chemical Classification System; AU: Australia; AUDIT: The Alcohol
Use Disorders Identification Test; BED: Binge-eating disorder; BMI: Body mass
index; BN: Bulimia nervosa; CET: Compulsive Exercise Test; COST: The Cost of
Eating Disorders in New Zealand study; DK: Denmark; DNA: Deoxyribonucleic
acid; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders 4th
Edition; DSM-5: Diagnostic and Statistical Manual of Mental Disorders 5th
Edition; DUDIT: The Drug Use Disorders Identification Test; EAS: East Asian;
ED100K-V1: Eating Disorders 100,000 Questionnaire Version 1;
ED100K.V3: Eating Disorders 100,000 Questionnaire Version 3; EDE-Q: Eating

Page 7 of 9

Disorders Examination-Questionnaire; EDGI: Eating Disorders Genetics
Initiative; ED-QOL: Eating Disorders Quality of Life; EUR: European; FDA: Food
and Drug Administration; GAD-7: Generalized Anxiety Disorder 7;
GCTA: Genome-wide Complex Trait Analysis; GDPR: General Data Protection
Regulation; GLAD: Genetic Links to Anxiety and Depression study;
GRM: Genetic relationship matrix; GRS: Genetic risk score; GWAS: Genomewide association study; HRC: Haplotype Reference Consortium;
HSI: Heaviness of Smoking Index; HWE: Hardy-Weinberg equilibrium;
IBD: Identical by descent; ICD: International Classification of Diseases;
LD: Linkage disequilibrium; LEC-5: Life Events Checklist for DSM-5;
LMM: Linear mixed model; MAF: Minor allele frequency; MCS: Mental
Component Summary Scale; MPS: Multi-dimensional Perfectionism Scale;
NZ: New Zealand; OCI-R: Obsessive Compulsive Inventory-Revised;
OSFED: Other Specified Feeding and Eating Disorders; PCA: Principal
components analysis; PCS: Physical Component Summary Scale; PGCED: Eating Disorders Working Group of the Psychiatric Genomics Consortium;
PHQ-9: Patient Health Questonnaire-9; QC: Quality control; QIMR: Berghofer
Queensland Institute of Medical Research; QOL: Quality of life; rg: Genetic
correlation; SAS: South Asian; SF-12: Short Form-12; SNP: Single nucleotide
polymorphism; SSI: Statens Serum Institut; TOPMed: Trans-omics for Precision
Medicine; UNC: University of North Carolina; US: United States of America
Acknowledgements
The EDGI team acknowledges Dr. Hunna Watson and Prof. Naomi Wray who
will serve as analyst and consultant respectively and VIVA! Communications
for technical and recruitment assistance. EDGI-US, we acknowledgs the C.
Adams Agency, the Something for Kelly Foundation, the Morgan Foundation,
SunCloud Health, iaedp™, the Academy for Eating Disorders, RED-C, Renfrew
Center, Alsana, Eating Recovery Center, Veritas, and SunCloud Health for assistance with recruitment and outreach. Study data were collected and managed using REDCap electronic data capture tools provided by the NC
Translational and Clinical Sciences (NC TraCS) Institute, which is supported by
the National Center for Advancing Translational Sciences (NCATS), National
Institutes of Health, through Grant Award Number UL1TR001111.
EDGI-Aus acknowledges clinician and/or academic colleagues (Sarah
Maguire, Andrea Phillipou, Tracey Wade, June Alexander, Sue Byrne, Sarah
Wells, Bronwyn Raykos, Rachel Favilla, Olivia Soha), endED, Eating Disorders
QLD, Inside Out Institute, Butterfly Foundation and the Australia & New
Zealand Academy for Eating Disorders (ANZEAD) and the project team
Natalie Garden, Mary Ferguson, and Lucy Winkler.
EDGI-NZ acknowledges clinician and/or academic colleagues (Rachel
Lawson, Lois Surgenor, Andrea LaMarre, Roger Mysliwiec), Nicki Wilson
(EDANZ), and Genevieve Mora (Voices of Hope), the Eating Disorders
Association of New Zealand (EDANZ).
All EDGI sites thank, in particular, the essential contribution of those with
lived experience who came forward to be EDGI ambassadors and to
participate in EDGI.
Financial disclosures
Dr. Bulik is a grant recipient from Shire Pharmaceuticals and served on Shire
Scientific Advisory Board. PF Sullivan reports Lundbeck (advisory committee,
grant recipient), RBNC Therapeutics (advisory committee, shareholder). All
other authors report no financial interests or potential conflicts of interest.
Authors’ contributions
Conception/design of the work: CMB, LMT, PFS, LVP, JJ, MK, NGM. Data
acquisition/analysis: CMB, LMT, RP, HK, JHB, CM, JGu, LC, ALM, JTL, ZY, JGr,
PFS, LVP, JJ, MK, NGM. Creation of software: JG. Drafted/revised the work:
CMB, LMT, RP, LVP, JJ, MK, NGM. Approved submitted version: CMB, LMT, RP,
HK, JHB, CM, JGu, LC, ALM, LEH, JTL, ZY, JGr, PFS, LVP, JJ, MK, NGM. Agreed
both to be personally accountable for the author’s own contributions and to
ensure that questions related to the accuracy or integrity of any part of the
work, even ones in which the author was not personally involved, are
appropriately investigated, resolved, and the resolution documented in the
literature: CMB, LMT, RP, HK, JHB, CM, JGu, LC, ALM, LEH, JTL, ZY, JGr, PFS,
LVP, JJ, MK, NGM. The author(s) read and approved the final manuscript.
Funding
National Institute of Mental Health (R01MH120170 [Bulik (PI); Martin (PI
AU subcontract); Kennedy (PI NZ subcontract); Petersen (PI DK subcontract)];

Bulik et al. BMC Psychiatry

(2021) 21:234

U01 MH109528, (Sullivan PI, Bulik Co-I). JHB was supported by K01
MH106675. ZY was supported by K01 MH109782.
No funding bodies were involved in the design of the study and collection,
analysis, interpretation of data, or writing the manuscript. The NIMH peer
reviewed the study protocol. Open Access funding provided by Karolinska
Institute.

Page 8 of 9

Aarhus, Denmark. 10Center for Genomics and Personalized Medicine, CGPM,
and Center for Integrative Sequencing, iSEQ, Aarhus, Denmark.
11
Bioinformatics Research Centre, Aarhus University, Aarhus, Denmark.
12
Department of Genetics, University of North Carolina at Chapel Hill, Chapel
Hill, NC 27599, USA.
Received: 17 March 2021 Accepted: 13 April 2021

Availability of data and materials
Our liberal data and analysis sharing principles will make phenotypic and
genotype data and scripts widely available for access by other scientists to
maximize utility of our investigation. The datasets generated and/or analyzed
from the US, AU, and NZ will be available in the National Data Archive
(https://nda.nih.gov/). Genomic data access is made possible by the
Psychiatric Genomics Consortium Data Access Committee. Step-by-step procedures are thoroughly described here (https://www.med.unc.edu/pgc/
shared-methods/open-source-philosophy/). DNA samples from the US, AU,
and NZ will be available from the NIMH Repository and Genomics Resource
(https://www.nimhgenetics.org/order-biosamples/how-to-order-biosamples).
Due to Danish law, data and samples and data cannot be shared with researchers outside of the country.

Declarations
Ethics approvals and consent to participate
EDGI was approved by 1) the University of North Carolina Biomedical
Institutional Review Board (IRB) Protocol # 19–1387; 2) QIMR Berghofer
Human Research Ethics Committee (QIMRB-HREC approval P3550).; 3) New
Zealand Health and Disability Ethics Committees 20/CEN/1; and 4) Danish
Scientific Ethics Committee, the Danish Health Data Authority, the Danish
data protection agency and the Danish Neonatal Screening Biobank Steering
Committee. All participants in the US, AU, and NZ provided informed online
consent to participate. The electronic consent process was approved by the
ethical committees.
Consent for publication
Not applicable.
Competing interests
C.M. Bulik: Shire (grant recipient, Scientific Advisory Board member); Idorsia
(consultant); Pearson (author, royalty recipient).
L.M. Thornton: no competing interests to declare.
R. Parker: no competing interests to declare.
H. Kennedy: no competing interests to declare.
C. MacDermod: no competing interests to declare.
J. Guintivano: no competing interests to declare.
L. Cleland: no competing interests to declare.
A.L. Miller: no competing interests to declare.
L.E. Harper: no competing interests to declare.
J.T. Larsen: no competing interests to declare.
Z. Yilmaz: no competing interests to declare.
J. Grove: no competing interests to declare.
P.F. Sullivan reports: Lundbeck (advisory committee, grant recipient), RBNC
Therapeutics (advisory committee, shareholder).
L.V. Petersen: no competing interests to declare.
J. Jordan: no competing interests to declare.
M. Kennedy: no competing interests to declare.
N.G. Martin: no competing interests to declare.
Author details
Department of Psychiatry, University of North Carolina at Chapel Hill, CB
#7160, 101 Manning Drive, Chapel Hill, NC 27599-7160, USA. 2Department of
Medical Epidemiology and Biostatistics, Karolinska Institutet, PO Box 281,
SE-171 77 Stockholm, Sweden. 3Department of Nutrition, University of North
Carolina at Chapel Hill, Chapel Hill, NC 27599, USA. 4QIMR Berghofer Medical
Research Institute, Locked Bag 2000, Royal Brisbane Hospital, Herston, QLD
4029, Australia. 5Department of Psychological Medicine, University of Otago,
Christchurch, New Zealand. 6Department of Pathology and Biomedical
Science, University of Otago, Christchurch, New Zealand. 7National Centre for
Register-based Research, Aarhus BSS, Aarhus University, Aarhus, Denmark.
8
The Lundbeck Foundation Initiative for Integrative Psychiatric Research,
iPSYCH, Aarhus, Denmark. 9Department of Biomedicine, Aarhus University,
1

References
1. Watson H, Yilmaz Z, Thornton L, Hübel C, Coleman J, Gaspar H, et al.
Genome-wide association study identifies eight risk loci and implicates
metabo-psychiatric origins for anorexia nervosa. Nat Genet. 2019;51(8):1207–
14. https://doi.org/10.1038/s41588-019-0439-2.
2. Yilmaz Z, Hardaway J, Bulik C. Genetics and epigenetics of eating disorders.
Adv Genom Genet. 2015;5:131–50.
3. Thornton LM, Watson HJ, Jangmo A, Welch E, Wiklund C, von HausswolffJuhlin Y, et al. Binge-eating disorder in the Swedish national registers:
somatic comorbidity. Int J Eat Disord. 2017;50(1):58–65. https://doi.org/10.1
002/eat.22624.
4. Fichter MM, Quadflieg N. Mortality in eating disorders - results of a large
prospective clinical longitudinal study. Int J Eat Disord. 2016;49(4):391–401.
https://doi.org/10.1002/eat.22501.
5. Zerwas S, Larsen J, Petersen L, Thornton L, Mortensen P, Bulik C. The
incidence of eating disorders in a nationwide study: associations with
suicide risk and mortality. J Psychiatr Res. 2015;65:16–22. https://doi.org/10.1
016/j.jpsychires.2015.03.003.
6. Crow SJ, Peterson CB, Swanson SA, Raymond NC, Specker S, Eckert ED, et al.
Increased mortality in bulimia nervosa and other eating disorders. Am J
Psychiatry. 2009;166(12):1342–6. https://doi.org/10.1176/appi.ajp.2009.09020247.
7. Culbert KM, Racine SE, Klump KL. Research review: what we have learned
about the causes of eating disorders - a synthesis of sociocultural,
psychological, and biological research. J Child Psychol Psychiatry. 2015;
56(11):1141–64. https://doi.org/10.1111/jcpp.12441.
8. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Arlington: American Psychiatric Publishing; 2013.
9. Thornton L, Munn-Chernoff M, Baker J, Juréus A, Parker R, Henders A, et al.
The anorexia nervosa genetics initiative (ANGI): overview and methods.
Contemp Clin Trials. 2018;74:61–9. https://doi.org/10.1016/j.cct.2018.09.015.
10. World Health Organization. International statistical classification of diseases
and related health problems, tenth revision. Geneva: World Health
Organization; 1992.
11. Harris P, Taylor R, Thielke R, Payne J, Gonzalez N, Conde J. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009;42(2):377–81. https://doi.org/10.1016/j.jbi.2008.08.010.
12. Fairburn C, Beglin S. Eating disorder examination questionnaire (6.0). In:
Fairburn C, editor. Cognitive behavior therapy for eating disorders. New
York: Guilford; 2008.
13. Engel S. Health related quality of life and disordered eating: development
and validation of the eating disorders quality of life instrument.
[unpublished dissertation]. Fargo: North Dakota State University; 2003.
14. Engel S, Wittrock D, Crosby R, Wonderlich S, Mitchell J, Kolotkin R.
Development and psychometric validation of an eating disorder-specific
health-related quality of life instrument. Int J Eat Disord. 2006;39(1):62–71.
https://doi.org/10.1002/eat.20200.
15. Ware J Jr, Kosinski M, Keller S. A 12-item short-form health survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220–33. https://doi.org/10.1097/00005650-199603000-00003.
16. Foa EB, Huppert JD, Leiberg S, Langner R, Kichic R, Hajcak G, et al. The obsessivecompulsive inventory: development and validation of a short version. Psychol
Assess. 2002;14(4):485–96. https://doi.org/10.1037/1040-3590.14.4.485.
17. Kroencke K, Spitzer R, Williams J. The PHQ-9: validity of a brief depression
severity measure [electronic version]. J Gen Int Med. 2001;16(9):606–13.
https://doi.org/10.1046/j.1525-1497.2001.016009606.x.
18. Lowe B, Decker O, Muller S, Brahler E, Schellberg D, Herzog W, et al.
Validation and standardization of the generalized anxiety disorder screener
(GAD-7) in the general population. Med Care. 2008;46(3):266–74. https://doi.
org/10.1097/MLR.0b013e318160d093.
19. Cortés-Tomás M-T, Giménez-Costa J-A, Motos-Sellés P, Sancerni-Beitia M-D.
Different versions of the alcohol use disorders identification test (AUDIT) as

Bulik et al. BMC Psychiatry

20.

21.

22.
23.

24.
25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

(2021) 21:234

screening instruments for underage binge drinking. Drug Alc Depend. 2016;
158:52–9. https://doi.org/10.1016/j.drugalcdep.2015.10.033.
Heatherton TF, Kozlowski LT, Frecker RC, Rickert W, Robinson J. Measuring
the heaviness of smoking: using self-reported time to the first cigarette of
the day and number of cigarettes smoked per day. Br J Addict. 1989;84(7):
791–800. https://doi.org/10.1111/j.1360-0443.1989.tb03059.x.
Berman AH, Bergman H, Palmstierna T, Schlyter F. Evaluation of the drug
use disorders identification test (DUDIT) in criminal justice and
detoxification settings and in a Swedish population sample. Eur Addict Res.
2005;11(1):22–31. https://doi.org/10.1159/000081413.
Weathers F, Blake D, Schnurr P, Kaloupek D, Marx B, Keane T. The life events
checklist for DSM-5 (LEC-5). National Center for PTSD; 2013.
Taranis L, Touyz S, Meyer C. Disordered eating and exercise: development
and preliminary validation of the compulsive exercise test (CET). Eur Eat
Disord Rev. 2011;19(3):256–68. https://doi.org/10.1002/erv.1108.
Frost R, Marten P, Lahart C, Rosenblate R. The dimensions of perfectionism.
Cognit Ther Res. 1990;14(5):449–68. https://doi.org/10.1007/BF01172967.
Bybjerg-Grauholm J, Bøcker Pedersen C, Bækvad-Hansen M, Giørtz Pedersen
M, Adamsen D, Søholm Hansen C, et al. The iPSYCH2015 Case-Cohort
sample: updated directions for unravelling genetic and environmental
architectures of severe mental disorders. medRxiv. 2020;11.30.20237768.
https://doi.org/10.1101/2020.11.30.20237768.
Hollegaard MV, Grauholm J, Borglum A, Nyegaard M, Norgaard-Pedersen B,
Orntoft T, et al. Genome-wide scans using archived neonatal dried blood
spot samples. BMC Genomics. 2009;10(1):297. https://doi.org/10.1186/14
71-2164-10-297.
Mors O, Perto GP, Mortensen PB. The Danish psychiatric central research
register. Scand J Public Health. 2011;39(7 Suppl):54–7. https://doi.org/10.11
77/1403494810395825.
Munk-Jorgensen P, Moller-Masden S, Nielsen S, Nystrup J. Incidence of
eating disorders in psychiatric hospitals and wards in Denmark, 1970-1993.
Acta Psych Scand. 1995;92:91–6.
Pedersen C, Bybjerg-Grauholm J, Pedersen M, Grove J, Agerbo E, BækvadHansen M, et al. The iPSYCH2012 case-cohort sample: new directions for
unravelling genetic and environmental architectures of severe mental
disorders. Mol Psychiatry. 2018;23(1):6–14. https://doi.org/10.1038/mp.2017.1
96.
Fairburn CG, Beglin SJ. Assessment of eating disorders: interview or selfreport questionnaire? Int J Eat Disorders. 1994;16(4):363–70.
Deloitte Access Economics, Paxton S. Paying the price: the economic and
social impact of eating disorders in Australia: Butterfly Foundation. 2012.
https://www2.deloitte.com/au/en/pages/economics/articles/butterfly-reportpaying-price-eating-disorders.html. Accessed 5 Mar 2021.
Price Waterhouse Cooper. The costs of eating disorders: Social, health and
economic impacts. 2015. https://www.beateatingdisorders.org.uk/uploads/
documents/2017/10/the-costs-of-eating-disorders-final-original.pdf. Accessed
5 Mar 2021.
Bulik CM, Tozzi F, Anderson C, Mazzeo SE, Aggen S, Sullivan PF. The relation
between eating disorders and components of perfectionism. Am J
Psychiatry. 2003;160(2):366–8. https://doi.org/10.1176/appi.ajp.160.2.366.
Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira M, Bender D, et al. PLIN
K: a toolset for whole-genome association and population-based linkage
analysis. Am J Hum Genet. 2007;81(3):559–75. https://doi.org/10.1086/51
9795.
Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich D.
Principal components analysis corrects for stratification in genome-wide
association studies. Nat Genet. 2006;38(8):904–9. https://doi.org/10.1038/ng1
847.
Willer C, Li Y, Abecasis G. METAL: fast and efficient meta-analysis of
genomewide association scans. Bioinformatics. 2010;26(17):2190–1. https://
doi.org/10.1093/bioinformatics/btq340.
Goldstein JI, Crenshaw A, Carey J, Grant GB, Maguire J, Fromer M, et al.
zCall: a rare variant caller for array-based genotyping: genetics and
population analysis. Bioinformatics. 2012;28(19):2543–5. https://doi.org/10.1
093/bioinformatics/bts479.
Brody J, Morrison A, Bis J, O’Connell J, Brown M, Huffman J, et al. NHLBI
trans-Omics for precision medicine (TOPMed) Consortium. Cohorts for heart
and aging research in genomic epidemiology (CHARGE) Consortium.
TOPMed hematology and hemostasis working group. CHARGE analysis and
bioinformatics working group analysis commons, a team approach to

Page 9 of 9

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

discovery in a big-data environment for genetic epidemiology. Nat Genet.
2017;49(11):1560–3. https://doi.org/10.1038/ng.3968.
Keller MC, Simonson MA, Ripke S, Neale BM, Gejman PV, Howrigan DP, et al.
Runs of homozygosity implicate autozygosity as a schizophrenia risk factor.
PLoS Genet. 2012;8(4):e1002656. https://doi.org/10.1371/journal.pgen.1002
656.
Lencz T, Lambert C, DeRosse P, Burdick KE, Morgan TV, Kane JM, et al. Runs
of homozygosity reveal highly penetrant recessive loci in schizophrenia.
Proc Natl Acad Sci U S A. 2007;104(50):19942–7. https://doi.org/10.1073/pna
s.0710021104.
McQuillan R, Leutenegger AL, Abdel-Rahman R, Franklin CS, Pericic M,
Barac-Lauc L, et al. Runs of homozygosity in European populations. Am J
Hum Genet. 2008;83(3):359–72. https://doi.org/10.1016/j.ajhg.2008.08.007.
Gusev A, Lowe JK, Stoffel M, Daly MJ, Altshuler D, Breslow JL, et al. Whole
population, genome-wide mapping of hidden relatedness. Genome Res.
2009;19(2):318–26. https://doi.org/10.1101/gr.081398.108.
Browning SR, Browning BL. High-resolution detection of identity by descent
in unrelated individuals. Am J Hum Genet. 2010;86(4):526–39. https://doi.
org/10.1016/j.ajhg.2010.02.021.
1000 Genomes Project Consortium, Abecasis GR, Auton A, Brooks LD, MA
DP, Durbin RM, et al. An integrated map of genetic variation from 1,092
human genomes. Nature. 2012;491(7422):56–65. https://doi.org/10.1038/na
ture11632.
Liu JZ, Van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, et al.
Association analyses identify 38 susceptibility loci for inflammatory bowel
disease and highlight shared genetic risk across populations. Nat Genet.
2015;47(9):979–86. https://doi.org/10.1038/ng.3359.
Morris AP. Transethnic meta-analysis of genomewide association studies.
Genet Epidemiol. 2011;35(8):809–22. https://doi.org/10.1002/gepi.20630.
Brown BC, Ye CJ, Price AL, Zaitlen N, Consortium AGENTD. Transethnic
genetic-correlation estimates from summary statistics. Am J Hum Genet.
2016;99(1):76–88. https://doi.org/10.1016/j.ajhg.2016.05.001.
Loh P-R, Tucker G, Bulik-Sullivan BK, Vilhjálmsson BJ, Finucane HK, Salem RM,
et al. Efficient Bayesian mixed-model analysis increases association power in
large cohorts. Nat Genet. 2015;47(3):284–90. https://doi.org/10.1038/ng.3190.
Zaitlen N, Kraft P, Patterson N, Pasaniuc B, Bhatia G, Pollack S, et al. Using
extended genealogy to estimate components of heritability for 23
quantitative and dichotomous traits. PLoS Genet. 2013;9(5):e1003520.
https://doi.org/10.1371/journal.pgen.1003520.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

