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Context: Understanding the relative contributions of ge-
netic and environmental factors to trauma exposure, post-
traumatic stress disorder (PTSD), and major depressive
disorder (MDD) is critical to developing etiologic mod-
els of these conditions and their co-occurrence.

Objectives: To quantify heritable influences on low-
risk trauma, high-risk trauma, PTSD, and MDD and to
estimate the degree of overlap between genetic and en-
vironmental sources of variance in these 4 phenotypes.

Design: Adult twins and their siblings were ascer-
tained from a large population-based sample of female
and male twin pairs on the basis of screening items for
childhood sexual abuse and physical abuse obtained in
a previous assessment of this cohort.

Setting: Structured psychiatric telephone interviews.

Participants: Total sample size of 2591: 996 female and
536male twins;625 femaleand434malenontwinsiblings.

Main Outcome Measure: Lifetime low- and high-
risk trauma exposure, PTSD, and MDD.

Results: In the best-fitting genetic model, 47% of the
variance in low-risk trauma exposure and 60% of the
variance in high-risk trauma exposure was attributable
to additive genetic factors. Heritable influences ac-
counted for 46% of the variance in PTSD and 27% of the
variance in MDD. An extremely high degree of genetic
overlap was observed between high-risk trauma expo-
sure and both PTSD (r=0.89; 95% CI, 0.78-0.99) and
MDD (r=0.89; 95% CI, 0.77-0.98). Complete correla-
tion of genetic factors contributing to PTSD and to
MDD (r=1.00) was observed.

Conclusions: The evidence suggests that almost all the
heritable influences on high-risk trauma exposure, PTSD,
and MDD, can be traced to the same sources; that is, ge-
netic risk is not disorder specific. Individuals with a posi-
tive family history of either PTSD or MDD are at el-
evated risk for both disorders and should be closely
monitored after a traumatic experience for symptoms of
PTSD and MDD.
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P OSTTRAUMATIC STRESS DISOR-
der (PTSD), unlike other
psychiatric disorders, by defi-
nition involves exposure to
a precipitating event. Most

individuals experience 1 or more trau-
matic events during their lifetime1-3; a size-
able minority develop PTSD. Approxi-
mately 12% of women and 6% of men in
the US population meet DSM-IV lifetime
criteria.1,4,5 Significant risk for major de-
pressive disorder (MDD) following a trau-
matic event has also been consistently
demonstrated.6-9 Not surprisingly, MDD
frequently co-occurs with PTSD.10-12 High
rates of comorbidity have been found in
a variety of populations. In an earlier
study13 of young adult women by our
group, 71% of PTSD-positive women met

MDD criteria. Fu et al14 reported a 7-fold
increase in the odds of developing PTSD
for male veterans with preexisting MDD.
Kessler et al4 found a 4-fold increase in the
risk of MDD in individuals with PTSD in
a nationally representative sample.

The high rates of co-occurrence of PTSD
and MDD may be due in part to shared ge-
netic liability. The contribution of genetic
factors to both disorders is well estab-
lished. Heritability estimates of MDD are
typically 35% to 40%.15-17 In the case of
PTSD, heritability in males is approxi-
mately 30%.18-21 Far fewer studies have ex-
amined genetic influences in females, but
the evidence suggests that heritability is even
higher in women.22 Although the relative
contribution of genetic factors to each of
these 2 disorders is modest, at least in men,
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a high degree of overlap exists between heritable factors
that influence PTSD and those that influence MDD. In stud-
ies based on the Vietnam Era Twin Registry sample, Fu et
al14 concluded that the common sources of risk for the 2
disorders were almost entirely genetic. Koenen et al20 re-
ported that 58% of the genetic variance in PTSD could be
attributed to heritable influences shared with MDD.

The present study expands on existing genetically in-
formative research on the comorbidity of PTSD and MDD
in 2 ways. First, we quantified genetic contributions to
trauma exposure and their overlap with genetic contribu-
tions to PTSD and MDD. Heritable factors have been re-
ported to have a role in exposure to certain types of trau-
matic events, such as combat23 and assaultive trauma,9 likely
acting through heritable personality traits (eg, antisocial-
ity and openness to new experiences24,25) that influence the
probability of experiencing traumatic events. There is also
some evidence for common genetic sources of risk for
trauma exposure and development of PTSD.22 Second, we
differentiated low-risk from high-risk trauma empirically
based on association with PTSD in the sample. Previous
studies have found assaultive trauma to be associated with
greater risk for PTSD1,2,5,26,27 and MDD9 compared with non-
assaultive trauma, with evidence of genetic influences on
trauma exposure limited to assaultive traumatic events.24

The present investigation uses families ascertained from
a large population-based sample of twins on the basis of
screening items for childhood sexual abuse (CSA) and
physical abuse (CPA) obtained in a previous assessment
of this cohort. The genetically informative nature of the
twin and sibling sample allows us to examine genetic and
environmental influences on trauma exposure, MDD, and
PTSD in women and men in whom a broad range of trau-
matic events are represented. In addition, supplementary
analyses of data on trauma exposure and MDD from the
full population-based twin sample are included to dem-
onstrate that these findings do not arise from ascertain-
ment bias. The goal of this undertaking was to improve
our understanding of the factors that contribute to the risk
for experiencing traumatic events and the possible psy-
chiatric sequelae of such exposures.

METHODS

The Childhood Trauma Study’s methods have been described
in detail elsewhere28; a summary is provided herein. The com-
position and assessment of the volunteer twin panel from which
families were drawn is briefly described, as data for supple-
mental analyses were derived from this twin panel.

SAMPLE

The Childhood Trauma Study sample includes twins from a
large Australian National Health and Medical Research Coun-
cil volunteer twin panel (cohort II, born between 1964 and
1971), their siblings, and their parents. The twins were ini-
tially registered with the panel by their parents between 1980
and 1982 in response to approaches through either school sys-
tems or mass media. From 1996 to 2000, a total of 6265 twins
(2765 pairs and 735 singletons) completed a semistructured
psychiatric diagnostic telephone assessment29 that included ques-
tions on childhood maltreatment that were used to ascertain
families for the Childhood Trauma Study. The design initially

involved interviewing all available twins, full siblings, and par-
ents from 500 high-risk families and 500 control families. The
inclusion criteria for high-risk families were endorsement by
1 or both twins of a screening question on childhood sexual
abuse (5 questions) or childhood physical abuse (4 ques-
tions), permission to contact family members, a surviving par-
ent, and at least 1 additional potentially available sibling (2 were
required if only a single twin had participated in the cohort II
assessment). The inclusion criteria for control families were iden-
tical other than the requirement that no interviewed twin had
endorsed either form of abuse. A random-number generator pro-
gram was used to select high-risk and control families fre-
quency matched on the basis of age, sex, zygosity, and family
structure. All high-risk families in which a male twin reported
a history of CSA were preferentially recruited because of the
lower prevalence of CSA in males.

Screening calls made to twins queried their willingness to con-
sider participating and determined the number of surviving par-
ents and siblings. If families met the inclusion criteria, study per-
sonnel requestedpermission tocontact familymembersandupdate
contact information. A summary of twin recruitment is pro-
vided in eTable 1 (http://www.archgenpsychiatry.com). Over-
all, recruitment was deemed reasonable given that the mean (SD)
interval between interviews in cohort II and the present study is
7.2 (1.4) years. Verbal consent was obtained from each partici-
pant before starting the interview. Data collection began in 2003
and continued through 2008. Funding limitations necessitated
scaling back enrollment; a decision was made to prioritize re-
cruitment of high-risk family twins and reduce the number of tar-
geted control families. Interviews were completed by 3434 re-
spondents from 524 high-risk families and 373 control families.
As an additional safeguard, respondents were required to pro-
vide written consent after the interview allowing use of the data
obtained. Data from respondents who either returned consents
requesting that their data not be used for analysis (n=17) or did
not return their consents (n=10) were neither analyzed nor re-
ported. Study procedures were approved by the ethics commit-
tees of the Queensland Institute of Medical Research and the Wash-
ington University School of Medicine. Parental data (n=813) are
not included from the present study because of concerns that the
advanced age of most parents (mean [SD] age: 66.7 [5.7] years)
might be a source of bias (eg, secular trends, recall, or censor-
ing). Respondents for whom data were missing for either MDD
(n=12) or trauma exposure (n=23) (but not both [n=3]) were
included in the analyses. The present study thus focuses on the
1532 twin (996 female, 536 male) and 1059 sibling (625 female,
434 male) respondents for whom trauma, PTSD, and/or MDD data
are available. Respondents were almost all white and of Euro-
pean ancestry, but a wide range of educational backgrounds con-
sistent with socioeconomic class diversity was represented in the
sample (see eTable 2). Most respondents were married. The mean
(SD) age at interview was 37.2 (2.3) years for twins and 40.6 (6.3)
years for siblings. The mean (SD) number of twin and sibling par-
ticipants per family was 2.9 (1.2). The breakdown of twins by zy-
gosity and sex was as follows: 400 monozygotic (MZ) females (in-
cluding 176 complete pairs), 177 MZ males (76 pairs), 367
dizygotic (DZ) females (157 pairs), 165 DZ males (66 pairs), and
423 DZ opposite-sex twins (169 pairs). Twins include 899 from
high-risk families and 633 from control families.

ASSESSMENT

The Childhood Trauma Study’s computer-assisted diagnostic in-
terview was completed via telephone. Interviewers completed an
extensive training process supervised by an experienced clinical
psychologist. Data reported herein on lifetime MDD were ob-
tained using a modified section of the Semi-Structured Assess-
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ment for the Genetics of Alcoholism (SSAGA), for which reli-
ability30 and validity31 are well established. The assessment of
lifetime DSM-IV PTSD was modified from the National Comor-
bidity Survey4 interview, which itself was derived from the Re-
vised Diagnostic Interview Schedule.32 The National Comorbid-
ity Survey assessment, for which excellent psychometric properties
have been reported,4 first asks respondents whether they had ever
experienced a series of traumatic events (Table 1). To protect
confidentiality, respondents looked at a numbered list of brief event
descriptions contained in a booklet of materials mailed in ad-
vance of the interview. Each event was then queried by number
(eg, “Did event number 1 ever happen to you?”). Respondents
were then asked which event was most disturbing, and the as-
sessment of lifetime PTSD focused on the identified event. Ad-
ditional demographic information and DSM-IV diagnostic data
were also obtained using interview sections modified from the
SSAGA. To decrease respondent burden, sections of the inter-
view (including the depression section) that were unchanged from
a recent assessment were not readministered to twins or siblings
interviewed in partially overlapping genetic studies (2001-
2005) that focused on nicotine and alcohol.33,34 For the present
study, the diagnosis of MDD was obtained from the Childhood
Trauma Study for 2042 individuals; the previous assessment pro-
vided this diagnosis for the remaining 537 participants. The as-
sessment used to obtain cohort II data, reported herein as supple-
mentary results, included a similar SSAGA-based MDD section
and the National Comorbidity Survey–derived traumatic event
list without the items assessing the diagnostic criteria for PTSD.

OUTCOME VARIABLES

The binary lifetime DSM-IV diagnosis of MDD was derived from
the respondent’s most recent assessment. The binary lifetime
PTSD diagnosis was obtained from the Childhood Trauma Study
interview. Individuals who did not report any lifetime trauma
exposure were coded as missing for PTSD since the diagnosis
of PTSD is contingent on prior trauma exposure. (See the ar-
ticle by Heath et al35 for the applicability of this approach to
structural equation modeling with contingent phenotypes.) Be-
cause the nature of traumatic events experienced (eg, seasonal
flooding vs a devastating tsunami), and how some events are
perceived, can vary considerably between populations, trau-
matic events were classified empirically for the present study
as either low or high risk based on the relative risk of PTSD
associated with each specific event when nominated by respon-
dents as most disturbing. Respondents were not categorized ex-
clusively into low- vs high-risk trauma exposure groups; a given

respondent could endorse both event types. The availability of
these measures (other than the diagnosis of PTSD) in cohort
II data enabled the same classification of low- and high-risk trau-
matic events to be applied in supplemental analyses examin-
ing the relationships of these variables and a diagnosis of MDD
in a more general population–representative sample.

STATISTICAL METHODS

Descriptive and regression analyses were performed using a com-
mercially available software program (SAS System for Win-
dows, version 9.2). For regression analyses, robust variance es-
timators were used to adjust 95% CIs for the presence of multiple
members of individual families. Preliminary insight into the most
likely quantitative genetic model was obtained by examining the
twin-pair and sib-pair correlations calculated separately for MZ
twins, DZ twins, twin-sib pairs, and sib-sib pairs. Based on the
tetrachoric correlations (eTable 3), a model with additive ge-
netic (A), shared environmental (C), and nonshared environ-
mental (E) influences was selected for the present analyses. All
quantitative genetic analyses were conducted using a statistical
package Mx.36 In the present analyses, we included up to 3 full
siblings in addition to the twins (4 full siblings when data were
available from only 1 twin). In families in which the number of
available nontwin siblings exceeded these values, siblings clos-
est in age to the twins were preferentially included.

The primary model tested was a quadrivariate Cholesky that
assessed the nature and magnitude of influences on MDD, low-
risk trauma exposure, high-risk trauma exposure, and PTSD.
The Cholesky decomposition (see Neale and Cardon37) parti-
tions the variance in the second variable, low-risk trauma ex-
posure, into portions overlapping with the first variable, MDD
(in eFigure 1, additive genetic and nonshared environmental
paths to low-risk trauma from A1 and E1, respectively), and
those specific to low-risk trauma exposure (in eFigure 1, ad-
ditive genetic and nonshared environmental paths to low-risk
trauma from A2 and E2, respectively). The third variable, high-
risk trauma exposure, is then divided into portions overlap-
ping with variable 1, those overlapping with variable 2, those
specific to variable 3, etc. Given the well-established genetic
contribution to MDD liability15-17 and reports of subsequently
occurring trauma exposure associated with affective disor-
ders,38-40 we included MDD as the first term in the model to
enable its sharing of additive genetic variance with trauma ex-
posure and PTSD to be easily calculated. The sample’s com-
plex family structure (ie, containing variable numbers of same-
sex and opposite-sex twins and siblings), coupled with the
presence of fewer comparisons informative for calculating pa-
rameter estimates for PTSD (due to coding individuals not ex-
posed to trauma as missing), limited the ability to calculate sepa-
rate parameter estimates for women and men. We instead
controlled for possible sex differences by including sex as a co-
variate in all the models. Models were fitted to raw data, al-
lowing for maximal use of data and providing −2 times the log-
likelihood as an index of fit. After the saturated model was tested,
paths with very small loadings (�0.10) were removed. The dif-
ference between the log-likelihood of the saturated and re-
duced models can be interpreted as a �2 with the degrees of free-
dom equal to the difference in the number of parameters
estimated. Paths that were not significant were dropped from
the model. The significance of paths with larger loadings was
confirmed with calculation of CIs. A saturated trivariate Cho-
lesky (ie, MDD, low-risk trauma, and high-risk trauma) was
created for supplementary analyses of cohort II twin data (see
eTables 5 and 6 and eFigure 2), and pathways were then dropped
as described previously herein to determine the most parsimo-
nious model.

Table 1. Prevalence of Traumatic Events

Event
Women, %
(n = 1604)

Men, %
(n = 964)

High risk
Rape 10.9 2.8
Sexual molestation 24.2 11.0
Physical attack or assault 8.7 17.0
Childhood physical abuse 7.0 7.6
Serious childhood neglect 4.2 3.1
Any high-risk traumatic event 35.7 29.5

Low risk
Combat exposure 0.4 2.8
Life-threatening accident 18.8 28.9
Fire, flood, or natural disaster 11.9 28.1
Witnessed injury or killing 19.5 44.1
Threatened with weapon/held captive 8.5 20.0
Any low-risk traumatic event 40.9 66.7
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RESULTS

The prevalence of self-reported exposure to traumatic
events is given in Table 1. Some enrichment for child-
hood trauma (see eTable 4 for comparison), consistent
with the sample’s ascertainment based on twins’ report
of CSA or CPA, is evident, as is enrichment for psychi-
atric disorders (see eTable 2).The risk of PTSD associ-
ated with nomination of each specific event as the most
disturbing (Table 2) exhibits a fairly consistent pat-
tern in which higher risk is observed for assaultive and
severe childhood trauma. One surprising exception is the
relatively modest PTSD risk observed for combat expo-
sure, the least prevalent event for both men and women.

The prevalence of MDD in individuals exposed to
low-risk traumatic events was significantly greater than
that in individuals who reported no trauma exposure
(36.8% vs 24.4%, �2

1=38.4, P� .001). The MDD preva-
lence in individuals exposed to high-risk trauma was
more than double that in those without trauma expo-
sure, with nearly half meeting the criteria for the disor-
der (49.4% vs 24.3%, �2

1=120.9, P� .001). The comor-
bidity of PTSD and MDD was also high: 67.9% of
individuals who met criteria for PTSD also met MDD
criteria compared with only 32.6% of those who had
been exposed to trauma (either low or high risk) but
did not develop PTSD (�2

1=125.9, P� .001).
Within-individual cross-trait tetrachoric correla-

tions for the 4 phenotypes are reported in Table 3. All
correlations involving low-risk trauma were of modest
magnitude; the somewhat counterintuitive negative cor-
relation (r=−0.19) observed with PTSD can be attrib-
uted to classifying non–trauma-exposed individuals as
missing for the disorder. In contrast, the correlations be-
tween high-risk trauma and PTSD and between high-
risk trauma and MDD were 0.65 and 0.38, respectively.

A full quadrivariate ACE Cholesky triangular de-
composition was fitted to twin and sibling data. A full
AE Cholesky (eFigure 1) was also fitted with no signifi-

cant change observed in overall fit (�2
10=0, P� .99). Ad-

ditional models were fitted with a single pathway
dropped in each instance and change in model fit deter-
mined to be nonsignificant. The best-fitting quadrivari-
ate Cholesky was calculated in this manner. A nonsig-
nificant change in fit was observed when this model
was compared with the full AE Cholesky (�2

8=11.61,
P=.17). The final model is shown with standardized
path coefficients in the Figure (95% CIs available on
request) and is summarized with standardized variance
components in Table 4.

In the final model, 47% of the variance in low-risk trauma
exposure and 60% of the variance in high-risk trauma ex-
posure was attributable to additive genetic factors. Heri-
table influences accounted for 46% of the variance in PTSD
and 27% of the variance in MDD. Nonshared environmen-
tal influences accounted for the remaining variance in all
4 phenotypes. There was no evidence of significant shared
environmental contributions to PTSD, MDD, or either high-

Table 2. PTSD Risk Associated With Events Nominated
as Most Disturbing (n = 1643)a

Event Odds Ratio (95% CI)

High risk
Rape 6.74 (4.01-11.32)
Sexual molestation 3.58 (2.28-5.63)
Physical attack or assault 3.13 (1.78-5.51)
Childhood physical abuse 3.48 (1.80-6.73)
Serious childhood neglect 6.57 (2.76-15.63)

Low risk
Combat exposure 2.35 (0.49-11.18)
Life-threatening accident 1.23 (0.69-2.18)
Fire, flood, or natural disaster 0.26 (0.10-0.67)
Witnessed injury or killing 1 [Reference]b

Threatened with weapon/held captive 1.42 (0.74-2.71)
Overall

Any high-risk event 4.36 (3.25-5.85)
Any low-risk event 1 [Reference]

Abbreviation: PTSD, posttraumatic stress disorder.
aAdjusted for sex.
bReference for all nominated events.

Table 3. Within-Individual Cross-Trait Phenotypic
Tetrachoric Correlations (r ) Among Low-Risk Trauma,
High-Risk Trauma, PTSD, and MDD (n = 2554)

Phenotype
Low-Risk
Trauma

High-Risk
Trauma PTSD MDD

High-risk trauma 0.23a

PTSD −0.19a 0.65a

MDD 0.11a 0.38a 0.48a

Abbreviations: MDD, major depressive disorder; PTSD, posttraumatic
stress disorder.

aP � .001.

MDD Low-risk trauma High-risk trauma PTSD

0.52
0.56 0.69

0.36
0.68

0.63
0.35

0.630.15

0.73
0.85

A3A2

E1 E2 E3 E4

A1

0.39

Figure. Final quadrivariate model of liability to major depressive disorder
(MDD), trauma, and posttraumatic stress disorder (PTSD). Standardized
parameter estimates are shown. A1 to A3 denote genetic factors; E1 to E4,
nonshared environmental factors.

Table 4. Magnitude (r ) (95% CI) of Additive Genetic and
Nonshared Environmental Influences on Low-Risk Trauma,
High-Risk Trauma, PTSD, and MDD (n = 2545)

Phenotype

Additive
Genetic

Influences

Nonshared
Environmental

Influences

Low-risk trauma 0.47 (0.35-0.57) 0.53 (0.43-0.65)
High-risk trauma 0.60 (0.49-0.71) 0.40 (0.29-0.51)
PTSD 0.46 (0.31-0.62) 0.54 (0.38-0.69)
MDD 0.27 (0.21-0.37) 0.73 (0.63-0.79)

Abbreviations: MDD, major depressive disorder; PTSD, posttraumatic
stress disorder.
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or low-risk trauma exposure. Additive genetic and non-
shared environmental correlations among the 4 pheno-
types are reported in Table 5. Moderate to high genetic
correlations were observed between low-risk trauma ex-
posure and high-risk trauma exposure (r =0.50), PTSD
(r=0.57), and MDD (r=0.57). An extremely high degree
of genetic overlap was observed with high-risk trauma ex-
posure and both MDD (r=0.89) and PTSD (r=0.89). Com-
plete correlation of genetic factors contributing to MDD
and to PTSD (r=1.0) was observed.

COMMENT

The present study furthers our understanding of the links
among trauma, MDD, and PTSD. These findings pro-
vide additional evidence of the substantial contribution
of genetic factors to liability for MDD and PTSD and the
overlap in heritable influences on the 2 disorders; in this
study, all the genetic influences on PTSD are attribut-
able to heritable factors shared with MDD. We ex-
tended this line of investigation by incorporating trauma
phenotypes into genetic models of PTSD and MDD and
differentiating low- from high-risk trauma, which al-
lowed us to uncover distinctions by trauma severity in
genetic overlap with PTSD and MDD. The heritability es-
timate for high-risk trauma is only slightly higher than that
for low-risk trauma; however, these results indicate that
inherited vulnerabilities to MDD and PTSD are shared to
a much greater extent with heritable influences on high-
than low-risk trauma exposures.

The estimated heritability of MDD in the present
sample is 27%, somewhat below the 35% to 40% re-
ported in the literature.15-17 The present heritability es-
timate of 46% for PTSD falls between the 30% estimate
reported for the Vietnam Era Twin Registry sample (the
all-male sample examined in most twin studies of PTSD)
and the estimate of 71% reported for an all-female sample
in earlier work by our group.22 The high degree of ge-
netic overlap between MDD and PTSD observed in the
present study is also consistent with previous studies based
on the Vietnam Era Twin Registry sample.14,20

The finding that a significant proportion of the variance
inhigh-andlow-risktraumacanbetracedtoheritablesources
is somewhat consistent with the study by Stein et al.24 They
used a sample of 406 twin pairs to estimate the relative
contributions of genetic factors to different trauma types,
assaultivevsnonassaultive traumas,which,except forcom-
bat exposure, closely map onto the present high- and low-
risk trauma categories. The present heritability estimates
areconsiderably larger thanthecomparablevalues fromthe
study by Stein et al24: high risk (60%) vs assaultive (20%)
andlowrisk(47%)vsnonassaultive(0%).Substantialmeth-
odologicaldifferencesmayhavecontributed to thediscrep-
ancy in heritability estimates. Their sample was composed
solely of twin pairs and opposite-sex pairs were excluded
from their calculations of heritability estimates for trauma
exposure. The intrapair correlations they reported, which
include all pairs, suggest that higher heritability estimates
wouldhavebeenobtainedifopposite-sexpairswereretained
(approximated by twice the difference in MZ-DZ correla-
tionas30%forassaultiveand28%fornonassaultivetrauma).
Theinclusionofdata frombothtwinsandsiblingswithcon-

trol for sex could have contributed to the higher estimates
inthepresentstudy(seethe“Limitations”subsection).Their
analyses used quantitative factor scores derived from or-
dinal scores for each trauma type, ranging from 0 (never
occurred) to 3 (occurred at each age range assessed). The
present analyses used separate binary composite measures
for any lifetime occurrence of high- and low-risk trauma
exposure that were derived from binary scores represent-
ing the presence or absence of each assessed trauma type.
Although the present sample is several-fold larger, sample
size is a limitation shared by both studies.

Differences could also be attributable to bias secondary
to ascertainment of the sample on the basis of twins’ self-
report of CSA or CPA. To address this possibility, we ex-
amined whether similar relationships between MDD and
low-andhigh-risk traumaare foundin the full community-
ascertained cohort II sample (PTSD was not assessed) (see
eTables5and6andeFigure2).Wefoundasomewhathigher
estimated heritability of MDD (37%) and a slightly lower
value for low-risk trauma (40%). The value for high-risk
trauma was nearly identical (61%) to the value estimated
in the main sample. A slightly lower genetic correlation for
MDD and high-risk trauma was observed (0.72), whereas
the genetic correlation for the 2 trauma types (0.56) was
similar to that found in the main sample (0.52). Overall,
the resultsof these supplementaryanalyses suggest that as-
certainment bias had very limited effect on these findings.
Thus, these findingsprovideevidence that low-risk trauma
exposure is moderately heritable and that there is consid-
erable overlap in genetic factors that influence high- and
low-risk trauma exposure.

Although influenced by some of the same heritable fac-
tors, low-risk trauma exposures differed substantially from
high-risk trauma exposures in the degree of genetic over-
lap with MDD and PTSD. The genetic correlation of low-
risk trauma with MDD and PTSD was 0.50 compared with
0.89 for high-risk trauma. Together with the finding that
all the genetic variance in PTSD was attributable to heri-
table factors common to PTSD and MDD, the evidence sug-
gests that nearly all the genetic influences on PTSD, MDD,
and high-risk trauma exposure can be traced to the same
sources. Identification of these sources is beyond the scope
of the present study, but the limited research in this area
suggests that heritable traits associated with depression and
PTSD, such as neuroticism3,41,42 and propensity to exter-
nalizing behaviors,14,43,44 are likely possibilities.

Table 5. Correlations (r ) Between Additive Genetic and
Nonshared Environmental Influences on Low- and High-Risk
Trauma, PTSD, and MDDa (n = 2545)

Phenotype
High-Risk
Trauma PTSD MDD

Low-risk trauma 0.50 (0.39-0.62) 0.57 (0.46-0.67) 0.57 (0.46-0.69)
High-risk trauma 0.89 (0.78-0.99) 0.89 (0.77-0.98)
PTSD 0.48 (0.30-0.65) 1.00
MDD 0.20 (0.06-0.32)

Abbreviations: MDD, major depressive disorder; PTSD, posttraumatic stress
disorder.

aGenetic correlations are shown in the unshaded area, and nonshared
environmental correlations are shown in the darker shaded area.
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The results of the present study have important im-
plications for the prevention of trauma-related psycho-
pathology. These findings indicate that PTSD and MDD
are different manifestations of common inherited vul-
nerabilities. Because genetic risk is not disorder spe-
cific, a family history of either disorder puts individuals
at elevated risk for PTSD, MDD, or both. Those with a
positive family history should be closely monitored fol-
lowing trauma exposure for signs of either disorder. It
is important to remember, however, that although more
susceptible to trauma-related psychopathology, those with
high genetic liability are by no means destined to de-
velop either PTSD or MDD, both of which are influ-
enced to a greater extent by environment than by genes.

LIMITATIONS

Certain limitations should be kept in mind when inter-
preting findings from the present study. First, although the
categorization of low- vs high-risk traumas closely paral-
lels the assaultive vs nonassaultive distinctions used in the
larger trauma literature, the finding that combat exposure
did not confer high risk for PTSD is inconsistent with stud-
ies conducted with US samples. This inconsistency is likely
due to differences in military experiences between these
US samples and that of the present study (whose age pre-
cluded participation in Vietnam and for whom assess-
ment largely preceded recent conflicts [ie, Afghanistan and
Iraq]). It does make an important point that research using
broad categories of traumatic events must be interpreted
with consideration of the distribution of exposure sever-
ity represented and, perhaps, the population-specific per-
ception of individual events. It is possible that the sample-
specific empirical categorization of trauma risk may have
contributed to the magnitude of the overall association ob-
served between high-risk trauma and PTSD. Second, the
design included oversampling of families in which twins
reported childhood maltreatment. Thus, to the extent that
the relationship between trauma and MDD in this high-
risk group differs from that in the general population, gen-
eralizability of these findings may be limited. However,
results of the analyses we conducted with the community-
based full cohort II sample suggest that any ascertainment
bias likely had a very limited impact. Third, the ordering
of variables had some effect on the heritability estimates
obtained from the final reduced model. Estimates of heri-
tability robust to the order of the first 3 variables, derived
from the saturated AE model (shown in eFigure 1), are 36%
for MDD, 46% for low-risk trauma, and 58% for high-risk
trauma. Thus, the heritability for MDD calculated from the
reduced model may have been slightly reduced. Fourth,
given the aim of characterizing heritability and overlap-
ping genetic influences on trauma exposure, MDD, and
PTSD, twins make up a large proportion of the sample. Al-
though they compose a small minority of the general popu-
lation and they differ from singletons with respect to cer-
tain health outcomes in childhood, these differences are
not significant beyond age 5 years45,46 and are, therefore,
unlikely to influence the outcomes of interest in this study.
Fifth, although the DZ twin, sib-twin, and sib-sib correla-
tions are similar, the models include an assumption of their
overall equality. A reduction in resemblance for these phe-

notypes in nontwin siblings, vs that of DZ twin pairs, would
reduce the estimate for comparison with MZ twin pairs and,
consequently, inflate estimates of genetic effects. Sixth, given
that PTSD and MDD have partially overlapping symp-
toms, diagnostic imprecision could have contributed to the
estimates of shared vulnerability that we obtained. Sev-
enth, the approach of coding individuals with no history
of trauma exposure as missing for PTSD, consistent with
DSM-IV Criterion A, clearly affected the findings. The al-
ternative, coding them as not meeting criteria for the dis-
order, would have added solely to those cells containing
individuals without PTSD and each type of trauma expo-
sure, thus increasing the magnitude of correlations be-
tween each trauma type and PTSD and the respective es-
timates of their total shared variance. The present approach
reduced the number of comparisons informative for cal-
culating parameter estimates for PTSD and, thus, limited
ourability toexaminealternativemodels (eg,obtainingsepa-
rate estimates for women and men). Eighth, given the sam-
ple’s complex family structure and sample size con-
straints, we used models that controlled for the main effect
of sex. By doing so, we may have failed to detect underly-
ing genotype � sex interactions.

FUTURE DIRECTIONS

There are a variety of possible directions for further inves-
tigation of common mechanisms underlying susceptibil-
ity to trauma exposure, MDD, and PTSD. First, given the
relative lack of research on shared heritable influences on
these phenotypes, replication in other community-based
samples is necessary. Additional research is also needed to
identify the heritable traits or behaviors that contribute to
the heritability of trauma exposure. Given that personal-
ity traits, such as neuroticism and antisociality, have been
reported16,25 to influence the likelihood of selecting envi-
ronments in which risk of stressful events is higher, this
line of research should include testing for mediating of ge-
netic effects by these and related traits (eg, openness to ex-
periences). In addition, the possibility that similar rela-
tionships to those observed herein exist among other
disorders known to co-occur with PTSD and MDD and to
begin or worsen following traumatic events (eg, sub-
stance use disorders) merits exploration. It is critical as well
that we work toward identifying the specific genes and gene
� environment interactions that contribute to the mani-
festation of PTSD and MDD following trauma exposure.
These findings strongly suggest the importance of incor-
porating examination of genetic risks contributing to trauma
exposure into such investigations.
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