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ABSTRACT
Objective: There is a high level of co-
occurrence of suicidality with eating dis-
orders (EDs) but the reason for this is
unknown. To test the hypothesis that sui-
cidality and EDs share genetic risk con-
tributing to the expression of both
phenotypes.

Method: Female twins (N5 1,002) from
the Australian Twin Registry, aged 28–40
years, were interviewed with diagnostic
interviews. Lifetime diagnostic informa-
tion relating to eating disorders [anorexia
nervosa (AN), bulimia nervosa (BN), binge
eating disorder, and purging disorder
(PD)], suicidality (ranging transitory
thoughts to suicide attempts), and major
depression.

Results: Any suicidal thoughts were
reported by 24% of the sample, but prev-
alence of lifetime suicidality among
female twins with EDs was much higher
(43%), presence of an ED diagnosis more
than doubling likelihood of suicidality
(OR5 2.32, 95% CI: 1.63–3.31). AN and
BN conveyed greatest risk of suicidality
(OR5 2.03, 95% CI: 1.06–3.87;

OR5 3.97, 95% CI: 2.01–7.85, respec-
tively). Twin phenotype correlations
showed monozygotic twins had uni-
formly higher estimates than dizygotic
counterparts. A trivariate Cholesky model
indicated a common genetic influence
on suicidality and ED phenotypes (but
not depression), and no nonshared envi-
ronmental source.

Discussion: Both cross twin phenotypic
correlations and genetic modeling infer a
common genetic pathway for suicidality
and EDs, but further investigation is
needed to elucidate whether this may
constitute emotional dysregulation or
other temperament-linked factors. Study
findings also indicate that ED clients
must be routinely assessed for presence
of suicidality, independent of depression
status. VC 2015 Wiley Periodicals, Inc.

Keywords: genetic risk; eating disor-
ders; suicidality; major depression;
twins

(Int J Eat Disord 2015; 48:684–691)

Introduction

People with eating disorders experience signifi-
cantly higher mortality rates than the general pop-
ulation,1 and one of the highest mortality rates
associated with any psychiatric illness.2 A propor-
tion of premature death is attributable to medical
complications,3 but suicide is a significant contrib-

utory factor. In anorexia nervosa (AN) 1 out of 5
deaths can be attributed to suicide,1,4,5 and suicide
is elevated for all eating disorder diagnoses, includ-
ing bulimia nervosa (BN), binge eating disorder
(BED) and purging disorder (PD).6 The standar-
dized mortality ratios (SMR) for suicide in AN and
BN have recently been reported as high as 31.0 and
7.5, respectively, per 100,0005 compared with 45 in
high income countries for all-cause mortality.7

Prevalence of nonfatal suicidal behavior (attempts
and ideation) is also significantly elevated, with a
prevalence ranging from 3 to 30% for AN,8,9 15–
40% for BN,9–12 and 12.5% in BED for suicide
attempts.13 Although there is considerable range in
prevalence of suicide attempts across studies
(influenced by diagnostic subtyping variability and
measurement of attempts and ideation), they serve
to highlight the co-occurrence of suicidality and
eating disorders.

The reasons for this co-occurrence are unclear.
Three possibilities exist. The first is that eating dis-
orders cause suicidality; the second is that
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suicidality causes eating disorders; and, the third is
that common factors influence both. It is this latter
explanation that has received most attention in the
literature, with investigation of various factors that
may have the capacity to explain the high level of
co-occurrence. Variables linked to suicide attempts
in AN include greater chronicity of illness; lower
body mass index; affective, anxiety and substance
use issues.11,12 For BN, suicide attempts are linked
with greater psychopathology; elevated impulsivity;
reduced self-directedness; and a familial alcohol
abuse.11,12 Odds of suicidality are also elevated
among those with symptoms of depression,
anxiety, neuroticism, cigarette smoking, and
impulsivity.10,14,15

Across this variety of putative common factors,
only comorbidity of major psychiatric disorders
was robustly associated with attempting suicide
among those with eating disorders in a recent
study.6 Pisetsky et al.6 sought to clarify the relation-
ship between EDs and suicidality using a large
national registry database. Consistent with other
studies, results showed that lifetime suicide
attempt or completion is significantly more preva-
lent among women with an eating disorder diagno-
sis than those without: respectively, 12 and 1.74%
or 9.13 and 1.56% when employing more broadly
defined criteria. However, suicidality was higher in
the presence of purging behaviors and where there
was increased burden of comorbid psychiatric con-
ditions, seven of which were assessed including
major depression. They also examined whether
various eating disorder features and temperament
(perfectionism, extraversion, neuroticism, and self-
directedness) would increase odds of lifetime sui-
cide attempt, but none were significant. Therefore,
predominance of suicidality among those with eat-
ing disorders—particularly purging subtypes—was
explained by greater psychiatric comorbidity.

However, a common factor yet to be investigated
with potential to explain increased suicidality in
eating disorders is the shared genetic risk between
the two phenotypes. Both the eating disorder and
suicide literature independently report that these
respective conditions appear to be highly herit-
able.16–18. Twin studies identify the additive genetic
components account for around 40 to 60% of var-
iance in eating disorder expression.16 Concordance
for suicide and suicidal behavior has also been
found to be higher in monozygotic twins over their
dizygotic counterparts (14.9 vs. 0.7% and 23.0 vs.
0.7%).19

These data are highly suggestive of shared
genetic risk factors for both eating disorders and

suicidality, consistent with previous research that
has found an increased risk of self-directed harm
in bulimic females in the presence of MAOAuVNTR
high-function alleles.20 Therefore, this study inves-
tigated shared genetic risk between these two phe-
notypes in a general population sample of
Australian female twins while also examining
shared risk with lifetime major depression, given
this poses a compelling reason as to why there is
co-occurrence between eating disorders and suici-
dality and previous findings which suggest the
presence of shared genetic risk between major
depression and eating disorders.21,22 Specifically,
the first objective of this study was to identify odds
of suicidality and major depression among those
with and without eating disorders. Second, we
investigated the presence of shared genetic contri-
bution underpinning the covariance of eating dis-
orders, major depression, and suicidality by
decomposing the latent risk factors into additive
genetic, shared environmental, and nonshared
environmental influences.

Method

Participants

As shown in Figure 1, the sample of twins approached

to participate in this study was originally derived from a

cohort of 8,536 twins (4,268 pairs) born 1964–1971, who

were registered as children with the Australian Twin

Registry (ATR) over 1980–1982, in response to media

appeals and systematic appeals through schools.

Female-female twins who had participated in at least

one of two waves of data collection (a self-report ques-

tionnaire over 1989–1992 when the twins were aged 18–

25 years,23 and a clinical interview over 1996–2000 which

assessed major depression and suicidality) were

approached to participate in this study. In the third wave

of data collection, 2,320 twins (1,140 complete pairs)

were approached by the ATR over 2001–2003 to partici-

pate in an interview about eating disorders; 1,083 indi-

vidual twins consented to participate (47%), 568 did not

agree to participate (24%), and 669 did not respond

(29%). At least one further telephone call or letter was

used to contact the nonresponders. The mean age of the

women at the time of the third wave of data collection

was 35 years (SD 5 2.11), ranging from 28 to 40 years. A

telephone interview of eating and self-report question-

naire was completed with 1,002 women and 81 women

completed only the self-report questionnaire; 315 com-

plete sister-sister pairs (201 MZ pairs and 114 DZ pairs)

and 372 incomplete pairs (181 MZ and 191 DZ), where

only one twin participated. Zygosity was determined on

the basis of responses to standard questions about
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physical similarity and confusion of twins by parents,

teachers, and strangers, methods that give better than

95% agreement with genotyping.24 The Flinders Univer-

sity Clinical Research Ethics Committee approved the

data collection and written informed consent was

obtained after the procedures had been fully explained.

Ascertainment of Clinical Psychopathology

Clinical Interview for Major Depression and Lifetime Sui-

cidality. The semistructured assessment for the genet-

ics of alcohol (SSAGA25) was used at Wave 2 to assess

lifetime presence of DSM-IV criteria for major depres-

sion. The SSAGA is a comprehensive psychiatric inter-

view with excellent inter-rater reliability. The SSAGA also

contains a suicidal behaviour section,18 from which a 4-

point scale of lifetime suicidality was derived where

0 5 no suicidal ideation; 1 5 transient suicidal thoughts

only; 2 5 persistent suicidal thoughts, plan or minor

attempt; and 3 5 serious suicide attempt. To maximise

power, we developed a variable called any suicidality,

which included 0 as one group (no suicidality), and

scores 1–3 as the second group (any form of suicidality).

Clinical Interview for Eating Disorders. The telephone

interview at the third wave used the Eating Disorder

Examination (EDE) 14th edition26 where all diagnostic

questions addressed DSM-IV criteria over a three-month

time frame, followed by lifetime questions, including the

age range during which the behavior occurred in order to

assess the co-occurrence as well as duration of features.

As previously reported,27 43 (4.3%) women met the crite-

ria for lifetime AN (either full or partial), 18 had restrict-

ing type. A total of 29 (2.9%) women met full criteria for

BN, 7 of these with a nonpurging BN and 29 (2.9%)

women met criteria for binge eating disorder (i.e., objec-

tive binge episodes at least twice a week for a 3-month

period without a break of more than 2 weeks that was

not concurrent with any threshold compensatory behav-

iors). The criteria for PD, the presence of threshold purg-

ing (i.e., vomiting, diuretics, or laxatives) in the complete

absence of lifetime objective binge episodes were met by

53 women (5.3%). Thus a total of 154 women (15.4%)

met criteria for a DSM-IV eating disorder. The diagnoses

are nonoverlapping, with the order of assignment being

AN, BN, BED, and PD. The mean age of onset of the eat-

ing disorders ranged from 17 to 23 years, and the mean

age of this cohort at the second wave interview (when

major depression and suicidality was assessed) was 30.59

years (SD 5 2.10), ranging from 24 to 37 years. Therefore,

the eating disorder would have presented by the time the

second wave of data was collected. All interviewers were

postgraduate Clinical Psychology trainees (n 5 10) who

had been instructed in use of the EDE. Each of the inter-

views was taped and corrective feedback was provided

until the interviewer had acquired the skills required to

complete the interview independently. Monthly group

meetings were held to discuss the interview process

ensured interview fidelity.

Analyses

Logistic regressions [using generalized estimating

equations (GEEs)] were used to address our first aim, dif-

ferences in suicidality and major depression in our eating

disorder and no eating disorder groups. GEEs were used

to account for the nesting of the data within the twin

pairs. The odds ratio (OR) and 95% confidence intervals

(CI) were reported.

To address our second aim we used a trivariate Cho-

lesky decomposition model using Mx software28 to

examine any shared latent risk factors between eating

FIGURE 1. Waves of assessment of female-female MZ and DZ twins.
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disorder status, major depression, and suicidality, as

shown in Figure 2 A full information maximum likeli-

hood approach was used where raw data were analyzed

thus incorporating complete and incomplete pairs of

twins; missing data is addressed by creating the appro-

priate mean vector and covariance matrix for each obser-

vation.28 We first examined the models where the

magnitude of the parameter estimates was allowed to

differ across the three phenotypes, starting with a full

model (i.e., containing the additive genetic variance [A],

shared environment [C], and nonshared environment [E]

sources of variance). We then fit a series of nested mod-

els to examine whether all sources of variance were

required. Twice the difference in the log likelihood

(22lnL) between a higher order and submodel yields a

statistic that is asymptotically distributed as chi square,

with the degrees of freedom (df) equal to the difference

in their number of parameters, and can be used to deter-

mine if the submodel is significantly worse fitting than

the full model. In this case, the higher order model was

the ACE Cholesky. Typically, where models do not differ

significantly, the Akaike’s Information Criterion (AIC) is

used to support the choice of a submodel as the best fit-

ting model, where the lower the value the better the bal-

ance between explanatory power and parsimony.

Results

Prevalence and Likelihood Ratios

Of the 1,002 twins who completed an interview
with respect to diagnostic eating disorder status,
729 (73%) reported no suicidal ideation, and 137
(14%) reported having transient suicidal thoughts,
88 (9%) reported persistent suicidal thoughts or
plan or minor attempt, and 48 (5%) reported a seri-
ous suicide attempt. Therefore 273 people were
classified as having any suicidality. The frequency
and ORs associated with the presence of suicidality
in the presence of a lifetime eating disorder is
reported in Table 1, with no difference between the
proportions for the different eating disorders,
although this approached significance (p 5 0.07)
for the comparison between BN and binge eating

FIGURE 2. Path diagram showing the standardized parameter estimates (95% CI) and % variance for the trivariate Cholesky decomposition
model for lifetime eating disorder diagnosis, lifetime major depression and lifetime suicidality (A: additive genetic influences; E: nonshared envi-
ronmental influences). The broken lines refer to parameter estimates that are not significant.
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disorder. A total of 334 (33%) twins reported the
presence of lifetime major depression and the fre-
quency and ORs associated with the presence of
depression in the presence of a lifetime eating dis-
order is also reported in Table 1. Women with BN
had a significantly higher prevalence of major
depression compared to women with AN (p 5 0.03)
and PD (p 5 0.009).

Twin Phenotype Correlations

The maximum likelihood twin correlations for
eating disorder, major depression and suicidality
status are summarized in Table 2, showing that MZ
estimates are uniformly higher than those of DZ
twins, for eating disorder status (MZ: 0.16; DZ:
0.03), major depression (MZ: 0.22; DZ: 0.15), and
suicidality (MZ: 0.31; DZ: 0.04), and cross-twin
cross-trait, eating disorder and major depression
(MZ: 0.03 2 0.11; DZ: 0.12 2 0.15) and eating disor-
der and suicidality (MZ: 0.17 2 0.20; DZ:
0.04 2 0.05). Overall this suggests a role of additive
genetic factors in associations between eating dis-
order status and suicidality. We note that higher
MZ and DZ correlations for suicidality were
reported in an earlier study (MZ: 0.49; DZ: 0.10)18

of which the current sample is a subset; these esti-

mates may be attenuated by the restricted age
range in the current sample, compared with the
larger sample that included women aged 27–89
years, with a mean age of 44.5 years.

Trivariate Twin Modeling

The trivariate Cholesky model was run to remove
any confounding influences of the relationship
among major depression, eating disorder status,
and suicidality. The results of the Cholesky model
fitting are shown in Table 3 where all the submo-
dels were significantly worse fitting than the full
ACE model with the exception of the AE model, for
which the standardized parameters (and percent-
age variance) are shown in Figure 2. Only two
pathways were not significant (indicated by dotted
paths), those from the latent eating disorder
genetic variable to the major depression phenotype
and from the latent eating disorder environmental
variable to the suicide phenotype. Significant path-
ways included the latent additive genetic variance
contributing to both eating disorder status and sui-
cidality, indicating this shared risk factor accounts
for some co-occurrence of the two phenotypes.
The correlations between the latent factors in the
model are shown in Table 4. The correlation

TABLE 1. Comparison of any suicidality and lifetime major depression between the lifetime eating disorder group
(ED) and the referent group without a lifetime eating disorder

Suicidality Compared with Referent Group Major Depression Compared with Referent Groupa

Diagnosis (N) ED No ED OR (95% CI) ED No ED OR (95% CI)

Any eating disorder 66/154 (43%) 207/848 (24%) 2.13 (1.49–3.03) 81/153 (53%) 253/847 (30%) 2.55 (1.79–3.64)
AN 19/43 (44%) 2.03 (1.06–3.87) 22/43 (51%) 2.01 (1.07–3.74)
BN 18/29 (62%) 3.97 (2.01–7.85) 22/28 (79%) 3.75 (1.84–7.64)
Binge eating disorder 10/29 (35%) 1.03 (0.44–2.40) 17/29 (59%) 2.47 (1.24–4.93)
PD 19/53 (36%) 1.29 (0.74–2.25) 25/53 (47%) 1.51 (0.90–2.54)

Note: OR: odds ratio; CI: confidence interval.
aTwo people had missing data for major depression.

TABLE 2. Maximum likelihood correlations (95% CIs) for dichotomous variables: within and cross twin phenotypes
(MZ above diagonal and DZ below diagonal) for twin 1 (t1) and twin 2 (t2); within-trait twin correlations are shown in
bold

MZ Twins (583 individuals, 201 complete pairs)

Phenotype EDt1 MDt1 St1 EDt2 MDt2 St2

Eating disorder (EDt1) 0.11 0.20 0.16 0.03 0.17
(0.004–0.22) (0.09–0.31) (0.03–0.28) (20.09–0.14) (0.06–0.28)

Major depression (MDt1) 0.30 0.35 0.10 0.22 0.14
(0.17–0.42) (0.26–0.43) (20.02–0.21) (0.12–0.31) (0.04–0.24)

Suicidality (St1) 0.10 0.47 0.12 0.18 0.31
(20.03–0.23) (0.38–0.55) (0.009–0.23) (0.09–0.28) (0.22–0.40)

Eating disorder (EDt2) 0.03 0.12 0.05 0.17 0.08
(20.13–0.20) (20.02–0.24) (20.08–0.18) (0.05–0.28) (20.03–0.19)

Major depression (MDt2) 0.15 0.15 0.12 0.17 0.28
(0.02–0.28) (0.04–0.25) (0.01––0.22) (0.04–0.30) (0.18–0.37)

Suicidality (St2) 0.04 0.04 0.04 0.22 0.20
(20.10–0.18) (20.09–0.18) (–0.07–0.15) (0.09–0.34) (0.09–0.30)

DZ Twins (419 individuals, 114 complete pairs)
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between latent genetic variables contributing to
lifetime eating disorder status and suicidality is
strong and significant, whereas the nonshared
environmental correlation is negligible and not
significant.

Discussion

Suicidality and eating disorders co-occur, perhaps
more so than other psychiatric conditions,2 sug-
gesting some shared underlying risk. In accordance
with previous studies, and in terms of addressing
our first aim, our results demonstrated significant
associations between suicidality (ideation and
attempts only) and eating disorders. A unique con-
tribution of this work is that it examined the associ-
ations between lifetime eating disorders and both
major depression and suicidality. Further, we inves-
tigated whether shared genetic risk contributed to
the expression of eating disorders, major depres-
sion and suicidality phenotypes using a
community-based sample of Australian female
twins.

The risk of suicidality given any eating disorder
is only marginally lower than the risk of major
depression, a condition recognized as especially
prevalent among those with eating disorders.29 AN
and BN had notable associations with suicidality;
odds of BED and PD were elevated but not signifi-
cant. More investigation is clearly needed with
these eating disorder groups to confirm the associ-
ations with suicidality. The trend toward higher lev-
els of suicidality in the BN compared to the AN
group supports recent work finding elevated suici-

dality (attempts) predominates in purging sub-
types6 and that adolescent girls using
compensatory behaviors (particularly vomiting)
have greater likelihood of engaging in self-harming
and suicidal behaviors.30 The chronicity of BN, as
indicated by low rates of recovery from bingeing
and compensatory behavior,31 may contribute to
elevated suicidality. By modeling depression, the
analysis showed that worsening affective symp-
toms, often argued to be the main driver of suici-
dality, do not necessarily underpin the relationship
between eating disorders and suicidality.

This study focused on a specific hypothesis with
potential to partially explain the co-occurrence of
eating disorders and suicidality, namely shared
genetic risk. Strikingly, we find that the consider-
able comorbidity of ED and suicidality (in excess of
double likelihood of suicidality given any eating
disorder) explained by shared genetic risk factors
(rg 5 0.60 with an upper 95% CI of 1.0), with no
contribution from environmental factors. Depres-
sion shared genetic risk with suicidality (but not
significantly with eating disorders), in addition to
shared environmental influences. Further work is
required to more specifically identify the source of
this shared genetic risk, which is likely to reside in
some temperament style rather than the presence
of psychiatric comorbidity. Many view tempera-
ment as “. . . critical etiological factors for eating
disorders” (p.43332), where emotional dysregula-
tion, including lack of emotional awareness and
impulse control difficulties, are two factors associ-
ated with AN and the binge/purge behaviors occur-
ring within AN, respectively.33 To date there has
been limited investigation of the role of tempera-
ment predicting increased risk of suicidality in eat-
ing disorders6 and better measures of candidate
phenotypes require investigation.

The nonoverlap of nonshared environment risk
factors (i.e., experiences unique to each twin
whether objective or effective34), between the two
phenotypes is also of interest. It has long been
known that unique experiences make a critical
contribution to behaviors that are influenced by
underlying genetic risk factor.35 It is widely
believed that genetic vulnerability and environ-
mental factors work together to increase risk of
self-harm and suicidality, perhaps manifested
respectively by temperamental characteristics and
trauma.36 The results of the current study suggest
we should look elsewhere for key candidate envi-
ronments for eating disorders that act together
with genes to influence risk for both eating disor-
ders and suicidality. Further, several eating disorder
studies have proposed that genetic risk for eating

TABLE 3. Model comparisons of the trivariate Cholesky
model of lifetime eating disorder diagnosis, lifetime
major depression, and any suicidality; preferred model
shown in bold.

Model 22LL df AIC v2 (df) p

ACE 4228.01 3805 23381.99
AE 4229.46 3811 23392.55 1.45 (6) 0.96
CE 4242.76 3811 23379.24 14.75 (6) 0.02
E 4296.01 3817 23337.99 68.00 (12) <0.001

TABLE 4. Correlations (95% CIs) among the latent sour-
ces of variance contributing to lifetime eating disorder
diagnosis, lifetime major depression, and any suicidality

Eating Disorder Major Depression

Genetic Correlations
Major Depression 0.29 (20.08–0.69)
Suicidality 0.60 (0.25–1.00) 0.65 (0.43–0.87)
Nonshared Environment Correlations
Major depression 0.11 (0.01–0.21)
Suicidality 0.01 (20.10–0.12) 0.22 (0.13–0.30)
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disorders may be exacerbated by puberty,37 adverse
family environments,38,39 and the socio-cultural
environment.40 It is also plausible that different
genetic and environmental factors may influence
eating disorder phenotypes over the developmental
trajectory, with genetic factors becoming more
important as girls mature from early to late
adolescence.37

The lack of a significant correlation between
latent genetic factors contributing to eating disor-
ders and depression was somewhat unexpected
given findings in the previous literature. While it is
likely that with more power our genetic correlation
between lifetime eating disorder and major depres-
sion will become significant (i.e., 95% CI> 0), the
correlation (0.29) remains lower than those found
previously. One study has found a correlation of
0.58 (95% CI: 0.36–0.84) between the genetic sour-
ces of variance contributing to both AN and major
depression,21 and another identified a significant
correlation of 0.46 between BN and major depres-
sion.22 In contrast, a study of BN in a multivariate
analysis with specific phobia, generalized anxiety
disorder, panic disorder, major depression, and
alcoholism showed that BN primarily shared a
genetic factor with only phobia and panic disor-
der.41 It may be that comorbidities between eating
disorders and other psychiatric states account for
more shared variance between genetic risk factors
than between major depression, indicating that
future examinations of the relationship between
eating disorders and major depression should also
include important comorbidities such as
suicidality.

These findings should be interpreted in the con-
text of a number of limitations. First, the analyses
did not adjust for psychiatric conditions other than
major depression, or other possible confounders of
the relationship between eating disorders and sui-
cidality.10–13 Second, assessment of suicidality
occurred at Wave 2, while the ED diagnostic inter-
view was undertaken at Wave 3. Thus, it is plausible
that prevalence of lifetime suicidality may have
been underestimated as we did not access any offi-
cial records as have previous studies6 to check for
deaths from suicide in this sample. Nevertheless,
comparisons with other local data42 were found to
be similar to the present study. Third, while the
participation rate is considered moderate (46.7%),
it approximates other epidemiological studies in
Australia.43 Participation in our third wave of data
was not predicted by self-reported problems with
disordered eating reported at the Wave 1 or the
presence of lifetime major depression at Wave 2.44

Fourth, our sample of 154 twins meeting heteroge-

neous eating disorder criteria means that the sam-
ple size is modest for this type of analysis, and
unable to establish differential effects due to spe-
cific eating disorders.

In conclusion, in accordance with a growing
body of literature, we find that the presence of eat-
ing disorders, chiefly AN and BN, are associated
with increased risk for suicidality; individuals with
eating disorders are at risk of taking their own lives,
regardless of the presence of lifetime major depres-
sion. It is imperative that suicidality be assessed
routinely in clinical settings with eating disorder
patients in order to ensure that appropriate sup-
port is provided. While shared genetic risk appears
to explain most of this comorbidity, the mecha-
nism by which this works remains unknown. Inves-
tigation of temperament styles that may explain
this mechanism is needed, including negative
emotionality which has been shown to share com-
mon genetic influences with a general psychopa-
thology factor in childhood and adolescence.45
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