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Objective: The anxiety and depressive
disorders exhibit high levels of lifetime co-
morbidity with one another. The authors
examined how genetic and environmen-
tal factors shared by the personality trait
neuroticism and seven internalizing disor-
ders may help explain this comorbidity.

Method: Lifetime major depression, gen-
eralized anxiety disorder, panic disorder,
agoraphobia, social phobia, animal pho-
bia, situational phobia, and neuroticism
were assessed in over 9,000 twins from
male-male, female-female, and opposite-
sex pairs through structured diagnostic in-
terviews. Multivariate structural equation
models were used to decompose the cor-
relations between these phenotypes into
genetic and environmental components,
allowing for sex-specific factors.

Results: Genetic factors shared with neu-
roticism accounted for between one-third
and one-half of the genetic risk across the

internalizing disorders. When nonsignifi-
cant gender differences were removed
from the models, the genetic correlations
between neuroticism and each disorder
were high, while individual-specific envi-
ronmental correlations were substantially
lower. In addition, the authors could iden-
tify a neuroticism-independent genetic
factor that significantly increased risk for
major depression, generalized anxiety
disorder, and panic disorder.

Conclusions: There is substantial, but
not complete, overlap between the ge-
netic factors that influence individual
variation in neuroticism and those that
increase liability across the internalizing
disorders, helping to explain the high
rates of comorbidity among the latter.
This may have important implications for
identifying the susceptibility genes for
these conditions.

(Am J Psychiatry 2006; 163:857–864)

The existence of high rates of comorbidity among the
internalizing (i.e., anxiety and depressive) disorders is
well established (1). Studies have consistently demon-
strated associations between high levels of neuroticism
in individuals and increased likelihood that they suffer
from one or another of these syndromes. A smaller num-
ber of studies have examined the role that neuroticism
may play in explaining the comorbidity findings. An-
drews et al. analyzed patterns of comorbid neurotic dis-
orders and neuroticism scores in a subsample (N=892) of
the Australian Twin Registry plus a clinical sample of 165
panic disorder patients and found that higher neuroti-
cism scores predicted the number of internalizing disor-
ders diagnosed in a subject (2). In their examination of
the relationship between the five-factor model of per-
sonality and comorbidity among phobic, panic, and de-
pressive disorders, Bienvenu et al. showed not only that
neuroticism was significantly associated with each disor-
der but also that it was the strongest predictor of comor-
bidity (3). In an earlier analysis in the Virginia Adult Twin
Study of Psychiatric and Substance Use Disorders, our
group demonstrated that neuroticism accounted for a
high proportion of phenotypic comorbidity across a
range of internalizing disorders (4).

Some studies have begun to examine the sources of cor-
relation between neuroticism and anxiety and depressive
symptoms and disorders. The authors of a report on one
large population-based twin study that examined neurot-
icism and self-report symptoms of anxiety and depression
concluded that genetic variation in these symptoms
largely depends on the same factors as those affecting
neuroticism (5). Our group has extended these findings in
two separate studies examining the genetic and environ-
mental sources of covariation between neuroticism and
major depression (6) and between neuroticism and gener-
alized anxiety disorder (7). Each of those analyses showed
substantial genetic correlation between neuroticism and
the respective psychiatric disorder.

In this study, we sought to answer several related ques-
tions. First, to what extent are the associations between
levels of neuroticism and risk for each of the internalizing
disorders explained by genetic versus environmental fac-
tors, i.e., what etiologic factors are behind the observed as-
sociations between neuroticism and the internalizing dis-
orders? Second, to what extent do the genetic and
environmental factors underlying neuroticism account
for comorbidity among these disorders? Third, are there
genetic and environmental factors independent of neu-
roticism that also contribute to their comorbidity?
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Method

Sample and Assessment Procedures

The twins in this study derive from the population-based Vir-
ginia Adult Twin Study of Psychiatric and Substance Use Disor-
ders (9). Female-female twin pairs from birth years 1934–1974
became eligible if both members previously responded to a
mailed questionnaire in 1987–1988, the response rate to which
was about 64%. They were approached for four subsequent
waves of personal interviews conducted between 1988 and 1997,
with cooperation rates ranging from 85% to 92%. The male-male
and male-female twin pairs, covering the birth years 1940–1974,

were ascertained in a separate study—with an initial cooperation
rate of 72%—and were approached for two waves of interviews
from 1993 until 1998. Zygosity was determined by a combination
of standard questions (8), photographs, and DNA analysis (9).
The mean age of the female-female participants was 36.6 years
(SD=8.1) at their final interview, and for the male-male and male-
female subjects it was 36.8 years (SD=9.1). At each wave, the
members of each twin pair were interviewed by different inter-
viewers, who were blind to clinical information about the co-
twin. Each interviewer had a master’s degree in a mental health-
related field or a bachelor’s degree in this area plus 2 years of clin-
ical experience.

FIGURE 1. Multivariate Twin Model of Genetic and Environmental Risk Factors Neuroticism Shares or Does Not Share With
Major Depression, Generalized Anxiety Disorder, Panic Disorder, Agoraphobia, and Social Phobia (N=9,270)a

a The models contain six sets of latent factors (in circles)—two additive genetic common factors (A1, A2), two shared environmental common
factors (C1, C2), two unique environmental common factors (E1, E2)—and disorder-specific factors (ASP, CSP, ESP). The first common factors (A1,
C1, E1) plus ESP account for all of the variance of neuroticism, while the second common factors (A2, C2, E2) are independent of neuroticism.
Paths that account for more than 5% of the variance in a phenotype (i.e., path loadings greater than √0.05, or 0.23) are depicted with thicker
lines for emphasis.
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Neuroticism was assessed by using the 12 items from the short
form of the Eysenck Personality Questionnaire (10) in a self-re-
port questionnaire. It was analyzed as an ordinal variable with
scores from 0 to 12. We used DSM-III-R diagnostic criteria to as-
sess lifetime major depression and modified DSM-III-R criteria
for lifetime generalized anxiety disorder and panic disorder. Since
their low prevalences had been problematic in previous analyses
(11, 12), we adopted a broad diagnostic approach to these two
disorders, reducing the minimum duration from 6 months to 1
month for generalized anxiety disorder and requiring a history of
panic attacks meeting at least two criteria within 30 minutes for
panic disorder. Phobia was diagnosed by using an adaptation of
DSM-III criteria that required the presence of one or more fears,

out of 22, that the respondent recognized as unreasonable and
that, in the judgment of the interviewer, objectively interfered
with the respondent’s life (13). As we had to restrict our analyses
to the simultaneous modeling of six phenotypes in order to keep
computer run times tractable, we included agoraphobia and so-
cial phobia in one set of analyses and two specific phobias (ani-
mal and situational) in a second set.

The diagnostic data used in these analyses came from various
waves of the two samples. In the female-female sample, all mea-
sures came from the fourth wave except for generalized anxiety
disorder (wave 1) and panic disorder (wave 2). For the sample of
male-male and male-female twins, all measures came from the
second wave with the exception of major depression. The total

FIGURE 2. Multivariate Twin Model of Genetic and Environmental Risk Factors Neuroticism Shares or Does Not Share With
Major Depression, Generalized Anxiety Disorder, Panic Disorder, and Animal and Situational Phobias (N=9,270)a

a The models contain six sets of latent factors (in circles)—two additive genetic common factors (A1, A2), two shared environmental common
factors (C1, C2), two unique environmental common factors (E1, E2)—and disorder-specific factors (ASP, CSP, ESP). The first common factors (A1,
C1, E1) plus ESP

 account for all of the variance of neuroticism, while the second common factors (A2, C2, E2) are independent of neuroticism.
Paths that account for more than 5% of the variance in a phenotype (i.e., path loadings greater than √0.05, or 0.23) are depicted with thicker
lines for emphasis.
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number of complete pairs and singletons available for analysis
differed slightly as a function of interview wave but were approxi-
mately as follows, by zygosity group: female-female monozygotic,
678 pairs and 65 singletons; female-female dizygotic, 467 pairs
and 46 singletons; male-male monozygotic, 869 pairs and 230 sin-
gletons; male-male dizygotic, 653 pairs and 275 singletons; male-
female dizygotic, 1,429 pairs and 462 singletons, giving a total of
9,270 twin subjects.

Statistical Analysis

We have outlined elsewhere our approach to multivariate ge-
netic analysis (14, 15), which is designed to explain covariation
and its sources (genetic and environmental) among multiple vari-
ables with a smaller set of higher-order factors. Using the software
package Mx (16), we fit liability-threshold models by the method
of maximum likelihood to raw data from all individual twins, in-
cluding those without an interviewed co-twin and subjects miss-
ing some of the outcome measures.

For these analyses, we used independent pathway models that
contained two additive genetic common factors (A1, A2), two
shared environmental common factors (C1, C2), and two unique
environmental common factors (E1, E2) in addition to disorder-
specific factors (ASP, CSP, ESP). Common pathway models were
initially tested and subsequently rejected because of poorer fit to
the data. Two factors were used in a confirmatory strategy based
on indications from analyses in this and other samples of a delin-
eation of two clusters representing “anxiety-misery” and “fear”
factors in the structure of the internalizing disorders (17–19).
However, for this analysis, we specified the first factor in each do-
main to account for all of the variance of neuroticism and the sec-
ond factor to be independent of neuroticism. This represents our
central hypothesis that the genetic and environmental factors un-
derlying neuroticism are shared with the internalizing disorders
and account for a portion of their associations, while there may
also be other factors not shared with neuroticism that account for
their remaining associations.

In first fitting this model, we allowed all the parameters, includ-
ing thresholds, to vary by sex. In particular, we fit a sex-limitation
model, which tests for both differences in magnitude of the ef-
fects of the same genetic risk factors between men and women as
well as sex-specific risk factors. We then constrained all the path
estimates (but not the thresholds) to be equal in the two sexes to
test for these two types of sex differences. We did this for all of the
path estimates en masse to test the global structural equivalence
across genders rather than test each individual pathway.

Twice the difference in log-likelihood between the two models
yields a statistic that is asymptotically distributed as chi-square
with degrees of freedom equal to the difference in their number of

parameters. We used Akaike’s information criterion (20) for
model selection.

Results

Figure 1 depicts the path estimates for the full models in
men and women that included agoraphobia and social
phobia. Figure 2 depicts similar path estimates for animal
and situational phobias. Although small differences were
observed in both the effect size and sources of risk be-
tween men and women, when the parameter estimates
were constrained to be equal across the sexes, this pro-
vided a slightly better overall model fit to the data by
Akaike’s information criterion than when we retained sex
differences. Paths that account for more than 5% of the
variance in the phenotype (i.e., path loadings greater than
√0.05, or 0.23) are depicted with thicker lines to provide a
visual representation of the basic covariance structure.
Comparing Figures 1 and 2 shows that substitution of the
phobias produces small changes in the estimates for the
path loadings on the other phenotypes but that the overall
structure is preserved. The figures show that A1, the ge-
netic factor for neuroticism, significantly affects all of the
internalizing disorders, while A2, the common genetic fac-
tor independent of neuroticism, accounts for degrees of
variance and covariance among major depression, gener-
alized anxiety disorder, and panic disorder that are similar
to those for the common genetic factor shared with neu-
roticism. Disorder-specific genetic factors (ASP) are sub-
stantial for the phobias but not the other phenotypes in
this model. The common (C1 and C2) and disorder-spe-
cific (CSP) shared (familial) environmental factors have
much smaller loadings, accounting for less than 5% of the
variance for most of the measures except for panic disor-
der and situational and social phobias. The two common
unique environmental factors (E1 and E2) vary in their ef-
fects, while disorder-specific environmental factors (ESP)
show substantial loadings across most disorders. We
tested submodels to see if they would provide a more par-
simonious explanation of the data, but we chose not to
present them because of space limitations. Those results,

TABLE 1. Proportion of Variance in Liability to Neuroticism and Seven Internalizing Disorders From Common and Disor-
der-Specific Genetic and Environmental Risk Factors, Based on 9,270 Twinsa

Phenotype

Proportion of Variance in Liability

Genetic Factors Shared Environmental Factors Unique Environmental Factors

A1 A2 ASP Total C1 C2 CSP Total E1 E2 ESP Total
Neuroticism 0.36 — — 0.36 0.00 — — 0.00 0.11 — 0.53 0.64
Major depression 0.12 0.20 0.00 0.32 0.00 0.00 0.00 0.00 0.20 0.03 0.45 0.68
Generalized anxiety 

disorder 0.17 0.12 0.00 0.29 0.00 0.00 0.00 0.00 0.24 0.03 0.44 0.71
Panic disorder 0.09 0.09 0.00 0.18 0.03 0.06 0.05 0.14 0.09 0.08 0.51 0.68
Agoraphobia 0.13 0.03 0.12 0.28 0.02 0.00 0.03 0.05 0.29 0.25 0.12 0.66
Social phobia 0.09 0.01 0.03 0.13 0.07 0.01 0.01 0.09 0.14 0.12 0.52 0.78
Animal phobia 0.07 0.01 0.12 0.20 0.01 0.08 0.00 0.09 0.01 0.08 0.62 0.71
Situational phobia 0.09 0.0 0.07 0.16 0.07 0.03 0.00 0.10 0.03 0.42 0.28 0.73
a A1 and A2 are additive genetic common factors; C1 and C2 are shared environmental common factors; E1 and E2 are unique environmental

common factors; and ASP, CSP, and ESP are disorder-specific additive genetic, shared environmental, and unique environmental factors, re-
spectively. The second common factors (A2, C2, E2) are independent of neuroticism.
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which are consistent with the pattern of findings seen in
the full models, are available on request. In particular,
dropping the second genetic factor, A2, produced a signif-
icant deterioration in model fit by chi-square, indicating
that including this neuroticism-independent source of ge-
netic risk provides an improved fit to the data over the fit
with A1 alone. Since the parameter estimates were similar
for the phenotypes neuroticism, major depression, gener-
alized anxiety disorder, and panic disorder estimated in
both models, we took their average value across the two
models to simplify their presentation or that of derivative
measures in the following tables.

The proportions of variance in liability for all of the phe-
notypes due to the factors included in these models are
shown in Table 1. Several key results regarding the pattern
of genetic risk derive from this table. First, A1, the genetic
factor for neuroticism, accounts for between one-third and
two-thirds of the genetic liability for each of the disorders.
Second, the neuroticism-independent common genetic
factor, A2, was similarly important for major depression,
generalized anxiety disorder, and panic and accounts for
the majority of their remaining genetic liability. Third, a
substantial proportion of the total risk variance shared be-
tween phenotypes is due to these two common genetic
factors. Finally, disorder-specific sources of genetic risk not
shared with these other phenotypes uniquely influence an
individual’s liability to the phobic disorders.

An alternative way to compare sources of covariation is
by calculating bivariate genetic and environmental corre-
lations, which are ratios of the covariance between two
phenotypes to the square root of the products of their vari-
ance, where the variance and covariance used are genetic
or environmental, respectively (15). Table 2 lists the esti-
mates for the genetic (rg) and unique environmental (re)
correlations between neuroticism and each of the inter-
nalizing disorders, again averaged across models for the
nonphobic disorders. As indicated, the genetic correla-
tions between neuroticism and each disorder are all posi-
tive and high, in the range of 0.60–0.82. The unique envi-
ronmental correlations are somewhat lower (0.05–0.27).
The point estimates for the shared environmental correla-
tions (not shown) are both positive and negative but vary

widely, not significantly differing from zero owing to the
small parameter estimates from which they derive.

Table 3 shows the estimated genetic correlations be-
tween pairs of internalizing disorders that were included
in the same models, separated into portions associated
with the genetic factor for neuroticism (above the diago-
nal) and those independent of it (below the diagonal). The
total genetic correlation between any two disorders is the
sum of these two components. For example, the genetic
correlation between major depression and generalized
anxiety disorder is 0.47+0.51=0.98, while between panic
disorder and situational phobia the genetic correlation is
0.58+(–0.03)=0.55. It is noteworthy that 50% or more of the
genetic correlations between the internalizing disorders
derives from the genetic factor for neuroticism.

Discussion

In this study we used multivariate modeling of twin data
to examine the genetic and environmental risk factors
shared by the personality trait neuroticism and a range of
internalizing disorders. Our results suggest that the ge-
netic factors underlying neuroticism are largely shared
with those that influence liability to these conditions. En-
vironmental risk factors, on the other hand, are only mod-
estly correlated between these phenotypes. Furthermore,
shared genetic factors account for a substantial amount of
the comorbidity among the internalizing disorders, espe-
cially the genetic factors shared with neuroticism. These
effects are roughly the same in men and women.

Relation to Previous Findings

To our knowledge, this is the first study to examine the
factors underlying the relationship between neuroticism
and a range of internalizing disorders. A large, population-
based study of Australian twins that examined the covari-
ation between neuroticism and current depression and
anxiety symptoms showed genetic correlations between
symptom scores and neuroticism of about 0.8 in both
sexes (5). Our group previously published the results of
separate bivariate analyses on the sources of covariation
between neuroticism and major depression (6) and be-
tween neuroticism and generalized anxiety disorder (7),
with findings consistent with those in the current study.

TABLE 2. Genetic and Individual-Specific Environmental Correlationsa Between Neuroticism and Seven Internalizing Disor-
ders, Based on 9,270 Twins

Correlation With Neuroticisma

Disorder Genetic Correlation (rg)
Individual-Specific 

Environmental Correlation (re)
Major depression 0.60 0.23
Generalized anxiety disorder 0.77 0.24
Panic disorder 0.69 0.15
Agoraphobia 0.67 0.27
Social phobia 0.82 0.17
Animal phobia 0.58 0.05
Situational phobia 0.74 0.07
a Ratio of the covariance between neuroticism and each disorder to the square root of the product of their variance. The variance and covari-

ance used are for either genetic risk factors or environmental risk factors.
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Several large, population-based phenotypic factor ana-

lytic studies examining comorbidity among psychiatric

disorders have provided evidence for a single, higher-or-

der “internalizing” factor that accounts for correlations

among anxiety and depressive disorders and differentiates

itself from an “externalizing” factor, which relates to the

substance use and antisocial personality disorders (17,

18). The internalizing factor is made up of two lower, cor-

related factors, the first roughly corresponding to an “anx-

iety-misery” factor, which loads most strongly on major

depression, dysthymia, and generalized anxiety disorder,

and the second a “fear” factor, which loads primarily on

panic and phobic disorders. This model has been ex-

panded by our group through a population-based twin

sample version of a similar factor analysis that allows dif-

ferentiation of genetic and environmental components of

these factors (19). That study identified internalizing and

externalizing genetic risk factors that help explain the

phenotypic factor structure, the former being made up of

analogous lower-order “anxiety-misery” and “fear” fac-

tors. In this context, the current analysis ascribes a some-

what different partitioning of this two-factor internalizing

structure into genetic factors specifically shared or not

shared with the Eysenck Personality Questionnaire con-

cept of neuroticism. The genetic factors underlying indi-

vidual differences in neuroticism exhibit significant over-

lap with the genetic risk for major depression, generalized

anxiety disorder, panic disorder, and the phobias. They

also account for a sizable proportion of the observed co-

morbidity among these disorders. Other common genetic

risk factors not shared with neuroticism are important for

major depression, generalized anxiety disorder, and panic

disorder but hardly at all for phobias. In addition, each

phobia type has contributions from disorder-specific ge-

netic factors not accounted for by the two common ge-

netic factors. One might speculate that, had we been able

to analyze models with more than two common factors, a

third factor might have been identified that represents ge-

netic risk shared among the phobias alone.

Environmental Correlations

The finding of substantially smaller environmental than
genetic correlations between disorders despite common
factor loadings of similar magnitude is notable. Substan-
tial factor loadings suggest that there are nonfamilial fac-
tors, such as an individual’s unique experience of stressful
life events, that are etiologically related to the develop-
ment of these conditions with nonspecific effects across
disorders. For example, many forms of childhood adver-
sity, such as childhood sexual abuse or parental loss or
separation, are associated with adult psychiatric out-
comes with little specificity (21–24). However, any correla-
tion between the different measures not shared with the
subject’s co-twin could also elevate these factor loadings.
Such correlation might arise from state effects of inter-
viewing twins from a pair on different days, under differ-
ent circumstances, etc. The discrepancy between the mag-
nitude of the factor loadings and the environmental
correlations arises largely from the greater contributions
from the disorder-specific unique environmental factors,
ESP, which decrease the correlations. These may similarly
reflect either environmental risk factors not shared be-
tween disorders or disorder-specific sources of measure-
ment error.

Gene Studies

These findings have several important implications for
identifying candidate susceptibility genes for depressive
and anxiety disorders. First, although many published
studies have used the assumption that the phenotypic re-
lationship between neuroticism and these conditions jus-
tifies its use in searching for genes for anxiety or depres-
sive disorders, this study informs and extends those
findings by establishing neuroticism as a reasonable target
endophenotype in molecular genetic studies of a range of
internalizing disorders. This has increasing relevance as
both association studies (25) and linkage studies (26) have
identified putative genetic regions that influence individ-
ual variation in neuroticism. Second, unlike in classic,
Mendelian disorders, where pure, homogeneous pheno-
types are the most powerful for identifying disease genes,
for complex conditions like those studied herein, a pheno-

TABLE 3. Genetic Correlations Between Seven Internalizing Disorders Accounted for by Two Additive Genetic Common Fac-
tors, Based on 9,270 Twins

Correlation of Additive Genetic Factor A1 (above diagonal) or A2 (below diagonal)a (rg)

Disorder
Major 

Depression

Generalized 
Anxiety 
Disorder

Panic 
Disorder Agoraphobia Social Phobia

Animal 
Phobia

Situational 
Phobia

Major depression 0.47 0.43 0.38 0.47 0.37 0.47
Generalized anxiety disorder 0.51 0.53 0.52 0.63 0.45 0.57
Panic disorder 0.56 0.45 0.39 0.48 0.46 0.58
Agoraphobia 0.28 0.22 0.27 0.55 —b —b

Social phobia 0.25 0.19 0.24 0.10 —b —b

Animal phobia 0.15 0.45 0.12 —b —b 0.43
Situational phobia –0.04 0.57 –0.03 —b —b –0.01
a A1 accounts for all of the genetic variance of neuroticism, and A2 is independent of neuroticism.
b Correlation could not be calculated because the two measures were not analyzed in the same model.
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type that combines information from personality con-
structs, such as neuroticism, and several disorders may
provide a more efficient initial target for gene-finding
studies (27, 28). However, these results also show that neu-
roticism does not capture all the genetic variance underly-
ing the internalizing disorders. Indeed, a second, neuroti-
cism-independent common genetic factor was identified
that accounted for a proportion of the genetic variance for
the nonphobic internalizing disorders (major depression,
generalized anxiety disorder, and panic disorder) that was
similar to the proportion accounted for by the neuroti-
cism-related common genetic factor.

Limitations

The results of this analysis should be interpreted in the
context of several potential limitations. First, we used
broadened diagnostic criteria for generalized anxiety dis-
order and panic disorder to increase prevalence and max-
imize our power to estimate model parameters. Prior anal-
yses suggest that these approaches reflect the same
continuum of liability as the fully syndromal disorders (11,
12). Consistent with this, our prior bivariate analysis of
neuroticism and generalized anxiety disorder produced
findings that did not strongly depend on the stringency of
the definition used (7).

Second, although the overall risk structure was gener-
ally invariant to sex, our study did not possess sufficient
statistical power to determine whether the magnitudes
and sources of genetic correlations among the pheno-
types were the same or different in men and women.
Thus, while such differences would have important impli-
cations for identifying susceptibility genes for these con-
ditions, we were limited, despite the size of our sample, in
our ability to establish their presence with a high degree
of confidence.

Third, we had to restrict our analyses to the simulta-
neous modeling of six phenotypes in order to keep com-
puter run times tractable; therefore, the analysis for ani-
mal and situational phobias was separate from that for
agoraphobia and social phobia. This produced estimates
of path coefficients and correlations for the remaining
phenotypes (neuroticism, major depression, generalized
anxiety disorder, and panic disorder) that differed some-
what from one model to another owing to stochastic vari-
ation. Calculating confidence intervals would have been
desirable to estimate their precision, but the computer
run times would have been prohibitively long.

Fourth, the findings of this analysis are predicated on the
assumptions of the method used, that is, structural equa-
tion modeling of twins. These assumptions include inde-
pendence and additivity of the latent variables, absence of
assortative mating, and equal correlation in monozygotic
and dizygotic twins for environmental experiences of rele-
vance to the trait under study (15). If the latter, known as
the equal environment assumption, is violated, the greater
similarity for monozygotic twins could potentially result

from their increased environmental similarity instead of
greater genetic similarity, potentially biasing the correla-
tions obtained. Using several approaches to this problem,
we have not been able to detect such violations for the psy-
chiatric disorders examined in this study (29, 30).

Fifth, neuroticism and lifetime psychiatric diagnoses
were each assessed at one time point, which potentially
confounds the effects of individual-specific environment
and measurement error, reducing the corresponding esti-
mates of genetic effects. For example, we found, for major
depression in our sample of female-female twin pairs, that
improving the diagnostic reliability by reducing error
through multiple, sequential assessments increased the
heritability estimate substantially (31). This measurement
“noise” would reduce the correlations between twins and
between measures. Given the low reliability for some mea-
sures, such as generalized anxiety disorder, this may have
a substantial effect on our results. If this is the case, our
analysis may have underestimated both genetic and envi-
ronmental correlations.

Sixth, we were unable to examine the longitudinal rela-
tionship between neuroticism and the risk of developing
any of the psychiatric disorders with the current design. In
particular, we cannot differentiate state (i.e., “in episode”)
and scar (“postepisode”) effects of illness on neuroticism
that may disturb it from its premorbid or baseline level
(32). Similarly, while it is possible that some depressive
and anxiety disorders might directly increase the risk for
other disorders that we studied, our design does not test
this model of causation.

Seventh, because the sample was made up entirely of
Caucasian twin subjects born in Virginia, these results
may not generalize to other groups.
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