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Abstract

Background—Epidemiologic studies reveal that posttraumatic stress disorder (PTSD) is highly
comorbid with both conduct disorder and major depression in men. The genetic and environmental
etiology of this comorbidity has not been examined.

Methods—Data were analyzed from 6,744 middle aged male-male monozygotic and dizygotic
twins from the Vietnam Era Twin Registry. Conduct disorder, major depression, and PTSD were
assessed via telephone interview using the Diagnostic Interview Schedule for the DSM-111-R in 1992.
Structural equation modeling was used to estimate additive genetic, shared environmental and
individual-specific environmental effects common and specific to conduct disorder, major
depression, and PTSD.

Correspondence concerning this article should be addressed to: Qiang. Fu, M.D., Ph.D., Department of Community Health, St. Louis
University School of Public Health, 3545 Lafayette Avenue, Suite 300, St Louis, MO 63104, USA. Email: gjfu@slu.edu.

Drs Fu and Koenen contribute equally to this work
Financial Disclosures: No financial conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Fuetal.

Page 2

Results—The association between conduct disorder and PTSD was explained primarily by common
shared environmental influences; these explained 10%(95% CI: 6-17%) of the variance in PTSD.
The association between major depression and PTSD was largely explained by common genetic
influences; these explained 19%(95% CI: 11-26%) of the variance in PTSD.

Conclusion—Our findings suggest different etiologic mechanisms explain the association of
conduct disorder and major depression with PTSD in male veterans. If replicated in other populations,
results suggest research aimed at identifying of specific genetic and environmental factors that
influence PTSD may benefit from starting with those that have been more consistently and strongly
associated with major depression and conduct disorder.

Introduction

Epidemiologic studies of military veterans and civilians reveal that posttraumatic stress
disorder (PTSD) is highly comorbid with both conduct disorder and major depression in men
15 Pre-existing conduct problems increase risk for both exposure to potentially-traumatic
events and for developing PTSD among individuals exposed to such events.6:7 A history of
juvenile conduct disorder is also highly prevalent among adults with major depression.8
Evidence suggests major depression is both a risk factor for and a consequence of PTSD.
9-11 Thus, the relation of conduct disorder and major depression with PTSD is complex. Major
depression appears to increase risk for PTSD and vice versa; conduct disorder is associated
with increased risk of both disorders. However, the association among conduct disorder, major
depression, and PTSD could also be explained by a shared diathesis of genetic or environmental
origin. This study used a twin design to test competing explanations for the etiology of the
association among conduct disorder, major depression, and PTSD in 3,372 male-male twin
pairs from the Vietnam Era Twin (VET) Registry.

Twin studies offer a unique way to test competing explanations for the association among
phenotypes, such as conduct disorder, major depression, and PTSD. The twin method exploits
the different level of genetic relatedness between monozygotic (MZ) and dizygotic (DZ) twin
pairs to estimate the contribution of genetic and environmental factors to individual differences
in an outcome of interest. 12 Multivariate twin studies partition the covariance among
phenotypes into an additive genetic component and two types of environmental components
that are common to those phenotypes. The first is a shared environmental effect that is
correlated between twins and makes siblings from the same family similar to each other. The
second is a non-shared or individual specific environmental effect that is uncorrelated between
siblings and includes measurement error. Variance that is not shared among phenotypes is
partitioned into additive genetic, shared environmental, and non-shared environmental
components that are specific to a phenotype.

This study uses a twin design to assess the relative contributions of genetic, shared
environmental and individual-specific environmental influences to the comorbidity of conduct
disorder, major depression, and PTSD. Genetic influences explain a substantial proportion of
the variance in conduct disorder, 13:14 major depression, 15,16 and PTSD 17:18 in men and,
therefore, might explain their covariation. Prior research on a subsample of the veterans
included in the present study suggested that common genetic influences contribute to the
association between PTSD and major depression. 19,20 However, prior studies did not test
whether common genetic influences remained statistically significant after controlling for
genetic and environmental influences on conduct disorder, which is associated with increased
risk of both major depression and PTSD.6:22 Thus, one possible explanation is that common
genetic influences contribute to the association among conduct disorder, major depression, and
PTSD. This possibility has not been examined.
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A second possible explanation is that environmental factors account for the association among
phenotypes. Twin studies suggest that environmental influences account for about 50 to 70%
of the variance in conduct disorder, 13:14 60% of the variance in major depression, 15,16,21
and 70% of the variance in PTSD. 18 Shared environmental influences also contribute to some
conduct disorder symptoms 13 put not to PTSD. 1718 These three disorders share in common
many putative shared environmental risk factors, such as an adverse childhood environment
23 and low family socio-economic status. 7,24,25 Non-shared environmental risk factors, such
as childhood abuse, have also been assouated with increased risk for conduct disorder, major
depression, and PTSD |nd|V|duaIIy

To inform research and practice, it is critical to establish the etiology of the association among
conduct disorder, major depression, and PTSD. Information on etiology could be used to inform
decisions about disorder classification. Proposals for a quantitative hierarchical organization
for DSM-V have grouped major depression and PTSD under a sub-class of internalizing-
distress-disorders. 28 A common genetic diathesis may be considered evidence in support of
such a classification. Moreover, the absence of such an association between PTSD and conduct
disorder would further build that case by demonstrating the discriminant validity of the
association. Evidence of a common genetic diathesis would suggest that, for example, genes
influencing major depression contribute to variation in PTSD or vice versa. Such information
is valuable in the search for specific genes and neurobiological systems involved in these
phenotypes. Alternatively, if environmental factors influence the association among
phenotypes, then prevention efforts would be guided to target those factors.

Methods and Materials

Sample

Measures

Participants were drawn from the VET Registry. This Registry is a nationally distributed cohort
consisting of male-male twin pairs born between 1939 and 1957 in which both siblings served
on active military duty during the Vietham War era. 29 Zygosity was assessed by twenty
questions about sibling similarity and supplemented with blood typing data obtained from
military records. Zygosity determination by such methods has been shown to have 95%
accuracy. 2~ Registry members are representative of all twins who served in the military during
the Vietnam War on a variety of sociodemographic and other variables. 31,32 The data used
in the present study were from the 1992 Harvard Twin Study of Drug Abuse and Dependence.
The response rate was 79.6% including the 3,372 complete pairs who comprise the sample for
the present investigation. In 1992 the mean age of respondents was 44.6 years (S.D. + 2.8,
range 36-55 years); 90.4% were non-Hispanic white, 4.9% were African-American, 2.7% were
Hispanic, 1.3% were Native American and 0.7% were “other.” Approximately one-third
reported high school as their highest degree attained and 38.6% were college graduates. Over
ninety-two percent were employed full-time and 1.8% part-time. Seventy-five percent had been
married at the time of the study and 11% were never married. Registry members lived in all
50 states of the United States. The majority of participants were MZ twins (55.6%).

Lifetime diagnoses of PTSD, conduct disorder, and major depression were obtalned using the
Mental Health Diagnostic Interview Schedule Version 111 - revised (DIS-111- R) 3 The DIS-
I11-R is a structured psychiatric interview for epidemiological research that leads to clinical
diagnoses based on the Diagnostic and Statistical Manual Third Edition Revised (DSM-II1-R).
Experienced lay interviewers from the Institute for Survey Research at Temple University were
trained by one of the project investigators to administer the telephone interview. The interview
was administered after the respondent had given verbal informed consent. Details of the
interview procedure, types of traumatic events reported, and PTSD diagnostic data was
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reported previously. 11 Reliability of diagnoses of the twins was assessed by re-interviewing
a subset of 146 participants using a different interviewer at a mean interval between interviews
of 466 days (+/- 50.5). Earlier ana(l)yses of the VET data reported fair to good test-retest
reliability of diagnostic measures. 34,35 These reliability estimates are similar to those found
in other community samples.

Statistical Analysis

Univariate and multivariate logistic regression were conducted to estimate odds ratios (OR)
and 95% confidence intervals (Cl) for the associations of PTSD diagnosis with conduct
disorder and major depression diagnosis using STATA 7. The Huber-White robust variance
g%timator was used to adjust estimates of standard errors from non-independent observations.

The twin method exploits the different level of genetic relatedness between monozygotic (MZ)
and dizygotic (DZ) twin pairs to estimate the contribution of genetic and environmental factors
to the association between phenotypes. MZ pairs are genetically identical whereas DZ pairs
are genetically no more alike than ordinary full siblings. In a univariate twin model, the variance
for a phenotype, such as PTSD, is partitioned into the variance due to additive genetic and two
types of environmental influences: nonshared or individual-specific environmental influences
and shared environmental influences. In a multivariate genetic model, the intrapair covariance
or correlation between two phenotypes, such as PTSD and major depression, is partitioned into
the additive genetic, shared environmental, and nonshared environmental influences. MZ and
DZ correlations are compared across twins and phenotypes: that is, one twin’s major depression
symptoms are correlated with the co-twin’s PTSD symptoms. If the cross-twin cross-phenotype
correlations are greater in MZ than in DZ pairs, this implies that genetic factors contribute to
the phenotypic correlation between the two phenotypes. To test this hypothesis, we first
compared polychoric correlations using lifetime diagnostic symptom counts of PTSD, conduct
disorder, and major depression separately for MZ and DZ pairs. The polychoric correlation
estimates the correlation between the normally distributed underlying liability rather than the
observed variables. 37 The polychoric correlations provide more reliable parameter estimates
and confidence intervals than tetrachoric correlations based on dichotomous diagnostic
variables. However, the authors also conducted analyses using diagnoses. Parameter estimates
were similar; confidence intervals were much wider. These analyses are available from the
first authors on request. The polychoric correlation and accompanying asymptotic weight
covariance matrices computed using PRELIS 2 served as the input data for the subsequent twin
modeling analysis. 38

The multivariate twin method is a form of structural equation modeling (SEM), an extension
of most notably multiple regression and factor analysis, that examines multiple relationships
between dependent and independent variables. This method partitions covariation among traits,
such as conduct disorder, major depression, and PTSD, into several sub-components that can
not be directly observed, named latent variables. In the current report, the latent variables
represent additive genetic, shared environmental and nonshared environmental effects
common and specific to conduct disorder, major depression, and PTSD. Measurement error is
included in the nonshared environmental components, which are computed after removing the
additive genetic and shared environmental effects. We tested a series of nested sub-models
with the aim of identifying the most parsimonious model that provided a good fit to the data.
Sub-models were tested according to a priori hypotheses by constraining the non-significant
genetic or environmental parameter estimates to zero. The fit of each sub-model was evaluated
using a goodness-of-fit chi-squared test. A significant chi-squared test (p<0.05) suggests a
worse fit for the sub-model compared to the full model. For non-nested models, a model with
smaller value of Akaike Information Criterion (AIC), 39 defined as —2 (maximum log
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likelihood)+2(number of parameters), suggests a better fit. The best-fitting model was
determined by a balance of parsimony and goodness-of-fit based on both a chi-square test and
AlC.

We fitted a triangular decomposition model to the polychoric correlation and correspondin%
asymptotic weight covariance matrices in MZ and DZ pairs using the SEM software MXx. 3
This model assumed that the additive genetic latent variable associated with conduct disorder
not only influenced conduct disorder, but also influenced major depression and PTSD. After
controlling for the genetic effects on conduct disorder, we tested whether the residual additive
genetic latent variable influenced major depression and PTSD. The remaining residual genetic
effect on PTSD was represented by the third genetic latent variable. The same variance
decomposition technique was applied to shared and nonshared environmental effects,
respectively. A graphical presentation of this model is found in Figure 1 in the Results section.
The one-way arrows represent additive genetic (A), shared environmental (C), and nonshared
environmental (E) influences on the three disorders. The technical aspects of this model can
be found in detail elsewhere. 4041 1n twin analysis, MZ and DZ pairs are not assumed to differ
in their concordance for pertinent shared environmental risk factors, named equal environment
assumption (EEA). Previous research supports this EEA for psychiatric disorders in the VET
Registry, 42 and is consistent with findings in other twin samples.

The prevalence of conduct disorder, major depression and PTSD was 7.9%, 9.2%, and 9.7%,
respectively. Logistic regression analysis indicated that conduct disorder and major depression
were strongly associated with each other as well as with PTSD in this sample. The odds of
having PTSD was 3.5 times (95% CI: 2.8, 4.4) greater for those with a history of conduct
disorder as for those without; the odds of having PTSD was also 7 times (95% ClI: 5.8, 8.6)
greater for those with a history of major depression as for those without. When conduct disorder
and major depression were jointly included as predictors in one regression model, the odds of
having lifetime PTSD was 2.9 times (95% ClI: 2.3,3.6) more likely among those with a history
of conduct disorder and 6.5 times (95% CI: 5.3,7.9) more likely among those with a history of
major depression.

All of the cross-twin within-variable polychoric correlations in MZ pairs were greater than the
corresponding correlations in DZ pairs (correlation coefficients on diagonal in Table 1),
suggesting genetic effects on the variance of each disorder individually. Similarly, the cross-
twin cross-variable polychoric correlations between conduct disorder and major depression as
well as between major depression and PTSD were greater in MZ pairs compared to DZ pairs
suggesting a substantial role for genetic influences in their covariance. However, the cross-
twin cross-variable polychoric correlations between conduct disorder and PTSD were equal
for MZ and DZ twin pairs, meaning that shared environmental influences largely contribute to
their covariance.

The process of searching the best-fitting model is summarized in Table 2 using the model-
fitting indices. The full model gave a good fit (p=0.06, AIC=-3.3). Models 2 and 3 that fixed
genetic or shared environmental variances and covariances of all three disorders to zero
produced a very poor fit to the data. The goodness-of-fit chi-square tests were statistically
significant and the AIC values were greater than the AIC for Model 1. Model 4 that fixed
common genetic covariance between conduct disorder and PTSD to zero as well as fixed
genetic variance specific to PTSD to zero provided an excellent fit to the data. The goodness-
of-fit chi-square test was not statistically significant and the AIC value was smaller than that
for Model 1. Similarly, an alternative model (Model 5) that fixed common shared
environmental liability to major depression and PTSD to zero as well as fixed shared
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environmental variance specific to major depression and PTSD to zero also provided an
excellent fit to the data. Finally, Model 6, which simultaneously assumed no common genetic
covariance between conduct disorder and PTSD, no common shared environmental covariance
between major depression and PTSD, and no genetic and shared environmental variances
specific to PTSD, was gave a better fit than any of the other models (p=0.23, AIC=-13.0). This
model was the most parsimonious and the best-fitting model.

The genetic and environmental variance-covariance estimates for the best-fitting model (Model
6, Table 2) were presented in Figure 1. Under this model, 19% of the variance in conduct
disorder was explained by genetic influences, 22% by shared-environmental influences, and
59% by individual-specific environmental influences. For major depression, 35% (0.11+0.24)
of the variance was explained by genetic influences, 3% by shared environmental influences,
and 62% by individual-specific environmental influences.

The association between conduct disorder and PTSD was explained by common shared
environmental influences; 10% of the variance in PTSD overlapped with shared environmental
variance in conduct disorder. No shared environmental variance specific to PTSD was found
after controlling for shared environmental influences overlapping with conduct disorder.
Equivalently, the shared environmental correlation was unity between conduct disorder and
PTSD. Of the individual-specific environmental variance of PTSD (71%), only 3% of the
variance in PTSD overlapped with the individual-specific environmental variance in conduct
disorder. Taken together, 13% of the total variance in PTSD overlapped with the environmental
variance in conduct disorder. The genetic covariance between conduct disorder and PTSD was
not statistically significant from zero.

However, the association between major depression and PTSD was almost entirely explained
by common genetic influences; 19% of the variance in PTSD overlapped with the genetic
variance in major depression after controlling for shared genetic covariance between conduct
disorder and major depression. There were no additional genetic influences specific to PTSD
above and beyond that shared with major depression. This means that the genetic correlation
between major depression and PTSD was unity after adjusting for the genetic correlation
between conduct disorder and major depression. Of the total individual-specific environmental
variance of PTSD, 8% of the variance in PTSD overlapped with individual-specific
environmental variance in major depression. A total of 27% (0.19+0.08) of the variance in
PTSD overlapped with genetic and individual-specific environmental variance in major
depression. Individual-specific environmental effects specific to PTSD were responsible for
60% of variance in PTSD. The shared environmental covariance between major depression
and PTSD was not statistically different from zero after adjusting for the shared environmental
effect associated with conduct disorder.

In addition, the association between conduct disorder and major depression was explained
primarily by common genetic influences; 11% of the variance in major depression overlapped
with the genetic variance in conduct disorder. This common genetic covariance was
independent of the common genetic covariance between major depression and PTSD.
However, 2% and 3% of the variance in MD overlapped with shared environmental and
individual-specific environmental variance in conduct disorder, respectively. No additional
shared environmental influences on MD were found after controlling for shared environmental
influences on conduct disorder.

Discussion

This study focused on the etiology of the comorbidity among PTSD, conduct disorder and
major depression. Our findings suggest that differential etiologic mechanisms explain the
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association between conduct disorder and major depression with PTSD in this population of
male veterans. Shared environmental risk factors were almost entirely responsible for the
association between PTSD and conduct disorder. In contrast, the association between PTSD
and MD was primarily accounted for by shared genetic influences. These shared genetic
influences were different from those causing the association between conduct disorder and
major depression. The magnitude of the covariance (genetic plus individual-specific
environmental) between major depression and PTSD was about twice as large as that for the
covariance (shared plus individual-specific environmental) between conduct disorder and
PTSD. This suggests the etiology of PTSD is more closely related to major depression than
conduct disorder. This study extends previous findings from the bivariate analysis for conduct
disorder and PTSD 6 and for major depression and PTSD, 19,20 respectively, by revealing the
differential etiology of the associations among these three disorders. It is important to point
out that the majority of the variance in PTSD is explained by non-shared environmental risk.
This is consistent with previous findings. 19

The association between conduct disorder and PTSD was largely explained by shared
environmental factors. Although this study is not able to specify what these shared
environmental factors might be, our results suggest these factors are present in environments
shared between siblings such as those in the family, school, and neighborhood. This is
supported by other studies showing an adverse and unstable family environment in childhood
and low socioeconomic status increase risk for both disorders independently. 23-25 Although
the association between an adverse or unstable family environment and conduct disorder may
be genetically mediated via parental externalizing psychopathology, emerging evidence also
supports environmentally mediated effects of family environment on conduct disorder44-46
and possibly PTSD. Moreover, a small but significant proportion of the association between
conduct disorder and PTSD is also explained by common individual-specific environmental
factors. Evidence suggests individuals with externalizing problems, such as conduct disorder,
are more likely to be exposed to potentially-traumatic events, which in turn increase risk for
PTSD.’ Individual-specific environmental risk factors that predispose people to conduct
disorder and PTSD may also include lifestyle factors such as substance abuse that increases
risk for trauma exposure and PTSD through direct and indirect mechanisms.

The common genetic liability to major depression and PTSD implies that genes associated with
major depression are good candidates for PTSD and vice versa. Initial molecular genetic
studies, although there are few for PTSD, provide preliminary support for this suggestion.
Caspi et al. first demonstrated a significant interaction between the short version of a functional
polymorphism in the promoter region of the serotonin transporter gene (SLC6A4) and negative
life events in the development of major depression. 47 This polymorphism has also been
associated with PTSD in a Korean sample. 48 Gene-hunters focused on identifying genes
associated with PTSD may benefit from starting with those that have been more consistently
and strongly associated with major depression.

The majority of the variance in all three disorders was accounted for by individual-specific
environmental influences. Individual-specific environmental influences common to conduct
disorder and major depression also explained a significant, albeit small, proportion of the
variance in PTSD. Such influences suggest the association of conduct disorder and major
depression with PTSD is not entirely explained by shared familial (genetic or environmental)
influences. Significant individual-specific environmental influences on phenotypic covariance
are consistent with a causal relationship between phenotypes; 49 conduct disorder may be a
risk factor for PTSD. They could also result from shared measurement error or environmental
risk factors uncorrelated between siblings. Our study does not specify which factors make up
such influences; however, previous work with this sample suggests they could include type or
severity of trauma exposure, level of education at entry into the military or age at entry into
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the military. 11 Individual-specific environmental influences may also contain gene by
environment interaction; in variance components models variance explained by the interaction
between additive genetic and individual-specific environmental influences is contained in the
term for the individual-specific environment.

Our findings are subject to several limitations. First, the sample consisted entirely of male
Vietnam era veterans. The etiology of the association of CD and MD with PTSD may not
generalize to civilians, females or other cohorts. Second, selection into military service
probably excluded those with severe, early onset antisocial behavior or psychopathology. This
would result in only those with mild to moderate psychopathology being included in the sample.
Thus, the association among phenotypes in this sample may be underestimated. Third, our
study relied on retrospective self-reported lifetime psychiatric diagnoses. Misclassification of
MD and PTSD contributes to measurement error, usually resulting in an underestimate of the
role of additive genetic factors and an overestimate of the role of individual-specific
environmental factors in etiology. Thus, the contribution of genetic influences to the
association between MD and PTSD in this study is likely to be an underestimate. If
measurement error is uncorrelated among phenotypes, this would lead to an underestimate of
non-shared environmental influences. Data were cross-sectional and could not distinguish
subjects with current disorders from those with temporally separate disorders over the lifespan.
Additionally, patterns of comorbidity and our results may have been influenced by DSM
diagnostic decision/hierarchy rules. Finally, our data are based on the DSM-III-R and results
may not be the same under DMS-IV.

Our finding of a differential etiology of conduct disorder and major depression with PTSD has
implications for theory, research, and practice. This study is only one in a series of
investigations that support the role of a shared etiology for many of the common psychiatric
disorders. 90-52 This study demonstrates that both internalizing and externalizing factors,
indexed by major depression and conduct disorder in this work, contribute to the etiology of
PTSD. Taken together, these findings support R. Krueger’s view that research on the etiology
of psychiatric disorders will benefit from focusing on coregrocesses underlying multiple forms
of psychopathology rather than on discrete disorders. 53,54 Much research has focused on
identifying risk factors for PTSD; research aimed at understanding the structure and etiology
of PTSD comorbidity is sorely needed.

In practical terms, investigators interested in identifying causal environmental or genetic risk
factors for posttraumatic psychopathology may benefit from focusing on those factors that
appear to be robust across disorders and from usin% comorbidity to identify subtypes of
psychiatric disturbance with a common etiology. 55 Such research may benefit from
identifying coherent patterns of PTSD comorbidity, such as those proposed by Miller and
colleagues in their work on developing an internalizing/externalizing typology of posttraumatic
response. 56 Research aimed at identifying patterns of PTSD comorbidity and their etiologic
substrates may inform where PTSD best fits in terms of either the current DSM-IV
classification or the more recently proposed dimensional or hierarchical models put forward
for DSM-V. The identification of environmental factors and specific genes that are common
risk factors for the development of multiple mental disorders is necessary to inform the
development of interventions that will ultimately improve population mental health.
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Figure 1.

Variance components and 95% confidence intervals for the best fitting model of conduct
disorder (CD), major depression (MD), and posttraumatic stress disorder (PTSD). Acd =
additive genetic influences on conduct disorder; Ccd = shared environmental influences on
conduct disorder; Ecd = individual-specific environmental influences on conduct disorder;
Amd = additive genetic influences on major depression; Emd = individual-specific
environmental influences on major depression; Eptsd = individual-specific environmental
influences on PTSD.
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