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Abstract

Comorbidity presents significant problems to investigators engaged in the
search for biomarkers of post-traumatic stress disorder (PTSD) because it
means that multiple overlapping psychiatric phenotypes may be present in any
PTSD sample. This chapter reviews research on an internalizing/externalizing
model of post-traumatic psychopathology and discusses its relevance to the
search for PTSD biomarkers. It focuses on two candidate biomarkers that
have been studied extensively in relation to PTSD—basal cortisol level and
startle reflex amplitude—but have yielded complicated and mixed results. Our
review of the cortisol literature finds evidence for links between disorders of
the internalizing spectrum and elevated levels of cortisol and links between
externalizing psychopathology and low levels of cortisol. The review of the
startle reflex literature reveals an association between exaggerated startle and
fear-related disorders of the internalizing spectrum. These findings illustrate
how individual differences in internalizing and externalizing comorbidity may
moderate associations between these measures and PTSD diagnostic status.
The chapter concludes with a discussion of the advantages of studying latent
dimensions of comorbidity in future PTSD biomarker research.

Key Words: Comorbidity, cortisol, heterogeneity, internalizing, externalizing,
startle.

INTRODUCTION

Post-traumatic stress disorder (PTSD) is the product of an environmental
pathogen (i.e., a traumatic stressor) operating on a variety of individual diathe-
ses or predispositions. These diatheses span the spectrum of human variation
in vulnerability to psychopathology and result in extensive heterogeneity in the
phenotypic expression of the disorder. One manifestation of this is a diverse pat-
tern of diagnostic comorbidity associated with PTSD. Brown et al. (/) assessed
the co-occurrence of current and lifetime Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-IV) anxiety and unipolar mood
disorders in 1,126 community outpatients and found that, of all the disorders
assessed, PTSD showed the most prevalent and varied pattern of comorbidity.
Of individuals with a current diagnosis of PTSD, 92% met criteria for another
current Axis I disorder, with the most frequent being major depressive disor-
der (77%), generalized anxiety disorder (38%), and alcohol abuse/dependence
(31%). Similarly, in studies of veterans receiving clinical services, 82% of those
with a current diagnosis of PTSD met criteria for another Axis I disorder (2),
and the National Vietnam Veterans Readjustment Study showed that 50% of
veterans with PTSD had an additional Axis I diagnosis (3).

Comorbidity presents significant problems to investigators engaged in the
search for biomarkers of PTSD. It undermines the assumption that PTSD is a
discrete syndrome that is qualitatively and mechanistically distinct from other
DSM-IV disorders. It also means that multiple overlapping psychiatric phenotypes
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may be present in any PTSD sample, which can obscure the search for markers
that reliably distinguish cases from controls. The aims of this chapter are to review
research on an internalizing/externalizing model of the phenotypic heterogeneity
(i.e., clinical presentations) among individuals with PTSD and to discuss the
relevance of this model for the search for PTSD biomarkers. We review the
literature on two measures that have been the focus of extensive PTSD biomarker
research—basal cortisol levels and startle reflex amplitude—and illustrate
how individual differences in internalizing and externalizing comorbidity may
moderate associations between these measures and PTSD diagnostic status.

THE INTERNALIZING AND EXTERNALIZING
MODEL OF PSYCHIATRIC COMORBIDITY

The internalizing/externalizing model of psychiatric comorbidity proposes
that patterns of behavioral disturbance and psychiatric symptoms among com-
mon mental disorders cohere along two underlying, or latent, dimensions. It is
rooted in over 30 years of research in the area of childhood behavior disorders
(cf.4,5) and has recently come to the fore in the adult psychopathology literature
as the result of a series of influential factor-analytic studies of the structure of
adult mental illness (6—/2). Krueger, Kendler, Kessler, and others have shown
that comorbid disorders tend to cohere along these dimensions, with the alcohol
and substance-related disorders and antisocial personality disorder loading on
the externalizing dimension and the unipolar mood and anxiety disorders falling
on the internalizing dimension. In several studies, the latter has been subdivided
into correlated factors termed anxious-misery (defined by major depression,
dysthymia, generalized anxiety disorder) and fear (comprised of panic and pho-
bic disorders; 8, /2—14). This structure has demonstrated invariance across gen-
ders and multiple samples drawn at random from a larger sample (6,8) and has
also been shown to account for patterns of diagnostic comorbidity in combat
veterans (/5). Twin and adoption studies have implicated genetic factors in the
etiology of the externalizing and internalizing latent factors (/6,17), and the
magnitude of these genetic effects increases with the severity of the behavior
problems on a given dimension (/8).

The externalizing/internalizing model is consistent with other major models
of comorbidity that posit that the co-occurrence of disorders among broad
classes (e.g., the anxiety and unipolar mood disorders) is due largely to the
fact that they emerge from a common diathesis (e.g., /9,20). This concept is
supported by evidence suggesting that whereas much overlap exists in terms
of the predisposing factors within a given spectrum of psychopathology, the
manifestations of these diatheses differ considerably as a function of exposure
to various environmental factors (e.g., trauma exposure, other life stressors,
or developmental experiences). In other words, the different manifestations of
these shared vulnerability dimensions are represented by the various DSM-IV
diagnoses. This concept is in accord with a leading theoretical explanation for the
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high rate of co-occurrence of disorders within a spectrum of psychopathology
(i.e., “Disorders A and B co-occur because they are both influenced by another
underlying or causal factor C”’; cf. 21), although further empirical work is needed
to explore the influence of other possibilities (e.g., disorder A predisposes
or causes disorder B; disorders A and B are associated because they share
overlapping definitional criteria; disorders A and B should not be considered
comorbid because they can be subsumed into a larger category that has been
artificially split by the classification system).

INTERNALIZING AND
EXTERNALIZING PTSD SUBTYPES

Recent studies suggest that the internalizing/externalizing model may also
be relevant to the understanding of patterns of comorbidity (i.e., phenotypic
heterogeneity) among individuals with PTSD and their links to underlying bio-
logic mechanisms and biomarkers (15,22—24). Specifically, through a series of
cluster analytic studies of personality inventories completed by individuals with
PTSD, Miller and colleagues found evidence of internalizing and externaliz-
ing subtypes of PTSD in both male and female samples totaling over 1,000
subjects. Summarizing across these three studies, Miller et al. found that one
subtype, termed externalizing, was characterized by the tendency to express
post-traumatic distress outwardly through antagonistic interactions with others
and conflict with societal norms and values. Individuals in this subgroup
had elevated rates of antisocial personality and substance-related disorders,
endorsed high levels of anger and aggression, and produced personality inven-
tory profiles defined by high disconstraint (i.e., impulsivity) coupled with high
negative emotionality. They described themselves as easily upset, chronically
stressed, and prone to act impulsively with little regard for the consequences
of their actions. On measures of personality disorder features, they described
themselves as tending toward exhibitionistic, manipulative, and unconventional
behavior. In both studies of veterans in which data on premilitary characteristics
were available, externalizers reported elevated rates of premilitary delinquency,
suggesting that these characteristics may reflect the influence of externalizing
personality traits that were present prior to the trauma.

In contrast, the internalizing subtype was characterized by tendencies to direct
post-traumatic distress inwardly through shame, self-defeating/deprecating and
anxious processes, avoidance, depression, and withdrawal. Across these three
studies, individuals in this subtype were characterized by high rates of comor-
bid major depression and panic disorder, schizoid and avoidant personality dis-
order features, and personality profiles defined by high negative emotionality
combined with low positive emotionality. Individuals in this subtype further
described themselves as unenthusiastic, uninspired, easily fatigued, and lacking
interests, but like externalizers, prone to experiencing frequent and intense neg-
ative emotions. They reported having few friends, feeling aloof and distant from
others, and preferring to spend time alone. In contrast with the externalizers,
internalizers reported that they tended to be self-effacing and humble and did
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not feel particularly special, admirable, or talented. They endorsed a restricted
range of emotions in interpersonal settings and feelings of social inhibition,
inadequacy, and hypersensitivity to negative evaluation.

These findings suggest that the internalizing/externalizing model of psycho-
pathology, originally developed to account for covariation among broad classes
of mental disorders (9; c.f.11), is relevant to the understanding of the heterogene-
ity of PTSD comorbidity. Moreover, similar patterns that can now be interpreted
as reflecting individual differences in internalizing and externalizing processes
were described in earlier cluster analytic studies of U.S. and Australian veterans
with PTSD (25-27). Taken together, these findings suggest that the internaliz-
ing/externalizing model may be a useful heuristic for studying the influence of
comorbidity on the relationship between PTSD and candidate biomarkers.

RELATIONSHIP BETWEEN PTSD AND CORTISOL AND
THE MODERATING INFLUENCE OF INTERNALIZING
AND EXTERNALIZING COMORBIDITY

The hypothalamic-pituitary-adrenal (HPA) axis is a key neurobiological
substrate of the stress response, and abnormalities in its functioning have long
been implicated in the pathophysiology of PTSD (for reviews, see Refs. 28—30).
Activity of this system is initiated by the release of corticotropin-releasing hor-
mone (CRH) from the paraventricular nucleus of the hypothalamus. CRH acts
as a neuropeptide in the production of adrenocorticotropic hormone (ACTH) in
the pituitary and as a neurotransmitter in an elaborate network of interconnected
neurons in the limbic system, brain stem, and cortex that are reactive to exog-
enous challenge and endogenous distress (for a review, see Ref. 37). Once CRH
is released from the paraventricular nucleus into the hypophyseal portal blood
of the median eminence, it is transported to the anterior lobe of the pituitary,
where it stimulates the secretion of ACTH. ACTH in turn enters the general
circulation and triggers the adrenal cortex to begin the synthesis of cortisol from
low-density lipoprotein (LDL) cholesterol.

Cortisol has many peripheral effects on metabolic and immune processes.
Centrally, it plays an important role in negative-feedback control of HPA axis
activity by binding to glucocorticoid receptors of the hypothalamus and pitui-
tary, which inhibits the release of CRH and ACTH, respectively (32,33). There
is also evidence that adrenalectomy, which leads to a loss of negative feedback
from peripheral cortisol, results in greatly increased numbers of CRH-contain-
ing storage vesicles in the central nucleus of the amygdala and bed nucleus
of the stria terminalis, suggesting that cortisol also exerts inhibitory effects on
CRH production in a variety of extrahypothalamic regions (34).

Cortisol has been the most commonly studied component of the HPA axis as a
potential biomarker for PTSD because it is easily sampled, can be measured in urine,
plasma, or saliva, and is a well-established marker of the body’s response to stress.
Unfortunately, 20 years of clinical studies that have examined the relationship
between cortisol levels and PTSD have yielded complicated and mixed results.
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Many investigations have found lower levels of cortisol under baseline or non-
stressful conditions using both urinary (35,36) and plasma samples (37—40) in
individuals with PTSD compared to controls. Investigators have also reported
evidence for a reduced rise in salivary cortisol on awakening in PTSD (41,42),
and patients with PTSD have been found in many studies to respond to dex-
amethasone administration with enhanced cortisol suppression, suggesting a
heightened sensitivity to cortisol in PTSD (38,41,43,44). These findings are not
uniform, however. Other studies have found higher levels of cortisol in individu-
als with PTSD compared to controls in cerebral spinal fluid (CSF; 45), urine
(46—48), plasma (49), and saliva (50). Still others have shown no significant
differences in salivary cortisol between groups differing in PTSD diagnostic
status (517,52).

In an effort to integrate these discrepant findings, investigators have focused
primarily on demographic differences between samples (e.g., age, sex, chro-
nicity of PTSD, type of trauma) and variability in the methods used to assess
cortisol, such as the time of day of sample collection, the source of the sample
(e.g., plasma, urine, saliva, or CSF), or the conditions under which the sam-
ple was collected (baseline vs. pre- or post-psychological or physical stress).
These factors account for a large proportion of variation in cortisol levels, and
a recent meta-analysis of over 100 studies linking stress to HPA axis function
showed that such factors contribute significantly to differential findings across
studies (53). Results of that analysis also showed that, across studies, PTSD was
associated with significantly lower daily levels of cortisol (Cohen’s d = —0.34)
and lower levels of cortisol post-dexamethasone administration (Cohen’s d =
—0.25) compared to control subjects exposed to the same stress.

One explanation for variation in study findings that has received little direct
attention to date is the hypothesis that internalizing and externalizing comorbid-
ity moderates the association between PTSD and cortisol levels. In many studies,
the influence of comorbid disorders has not been well assessed or examined in
the data analyses. When comorbidity has been factored into study designs or
analyses, the focus has generally been on major depressive disorder because
it is highly comorbid with PTSD and in non-PTSD samples generally associ-
ated with hyper- as opposed to hypo-cortisolism. In the section that follows,
we review the literature on the differential relations between internalizing and
externalizing psychopathology and cortisol levels to illustrate the moderating
influences that these dimensions of comorbid psychopathology may have on the
relationship between cortisol and PTSD.

EVIDENCE FOR THE LINK BETWEEN
INTERNALIZING DISORDERS AND ELEVATED CORTISOL

Research on childhood behavior disorders has been the source of consider-
able evidence for a link between internalizing symptoms and elevated cortisol.
Internalizing symptoms, such as social withdrawal and anxiety, have been asso-
ciated with greater salivary cortisol levels under baseline conditions (54) and
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in response to a social stressor in children and adolescents (55,56). Behavioral
inhibition, a trait related to shyness, withdrawal, and anxiety, evidences a similar
association (57,58), and infants whose mothers have panic disorder have been
found to have higher salivary cortisol levels compared to controls (59). Greater
salivary cortisol reactivity in response to a social stressor has also been shown to
prospectively predict the development of subsequent anxiety disorders (60).

Studies with adult participants have paralleled these findings. Specifically,
adults with panic disorder have been found to exhibit higher levels of base-
line plasma (61,62) and urinary and salivary (63) cortisol compared to controls.
Numerous studies have linked basal hypercortisolism and dexamethasone non-
suppression to major depression (for a review, see Ref.64), and Miller, Chen,
and Zhou’s (53) meta-analysis estimated that the size of the depressed ver-
sus control group difference in postdexamethasone cortisol levels to be large
(d = 1.13). Similar effects have been observed in individuals with generalized
anxiety disorder (65,66). Taken together, these studies provide strong evidence
for a link between disorders of the internalizing spectrum and elevated levels
of cortisol.

EVIDENCE FOR THE LINK BETWEEN
EXTERNALIZING DISORDERS AND LOW CORTISOL

A contrasting body of research suggests an association between disorders
of the externalizing spectrum and abnormally low levels of cortisol. Theorists
have long conjectured that the neural substrate for externalizing disorders
involves diminished arousal (67-69), and since cortisol secretion is thought
to partially reflect the arousal state of the organism, many investigators have
focused on cortisol as a potential biomarker for this class of psychopathology.
For example, Vanyukov et al., (70) found that young boys with antisocial
fathers had lower levels of baseline salivary cortisol compared to controls,
and their total number of conduct disorder symptoms was inversely correlated
(r = =.20) with their cortisol levels. Similarly, investigators have reported
associations between low basal cortisol concentrations and aggression toward
peers (71), hostility to the teacher (72), and conduct disorder severity (70).
Finally, salivary (73) and serum (74) cortisol has been shown to be inversely
associated with psychopathic traits (i.e., callousness, lack of remorse) in older
male adolescents/young adults.

Similar effects have also been observed in research with adults with external-
izing disorders. For example, King, Jones, Scheuer, Curtis, and Zarcone (75)
found that inpatient adults with substance use diagnoses exhibited lower base-
line levels of plasma cortisol than controls. Interestingly, in that sample no par-
ticipants met criteria for major depressive disorder, while in a second study of
substance users with comorbid depression, elevated serum cortisol levels were
found (76). There is also evidence that trait impulsivity, which is the personality
dimension thought to underlie propensities toward externalizing disorders, may
be inversely associated with cortisol levels. For example, Wang et al. (77) found



284 Miller et al.

that novelty seeking (a personality construct closely related to impulsivity) was
inversely associated with urinary cortisol (r = —.43) in male Vietnam veterans
with PTSD. King et al. (75) reported similar findings in a community sample
control group. In sum, considerable evidence suggests that children and adults
with problems in the externalizing domain exhibit low basal cortisol, and these
findings align with theories that emphasize the role of hypo-arousal in the etiol-
ogy of disorders in this spectrum (e.g., 69). On the other hand, high levels of
basal cortisol have often been found in association with disorders of the anx-
ious-misery spectrum (e.g., major depression and generalized anxiety disorder)
and problems in the domain of excessive behavioral inhibition.

THE STARTLE RESPONSE

Like basal cortisol, the startle response has been the focus of extensive
research as a possible biomarker for PTSD. Exaggerated startle responding has
been recognized as a core symptom of PTSD since the earliest descriptions of
combat soldiers suffering adverse effects of exposure to the stress of combat.
Many individuals with PTSD report extreme reactions to startling events in the
environment. They may report flinching or recoiling in response to an unex-
pected touch or springing awake in response to an unexpected noise in the night
and being unable to fall back to sleep. Combat veterans describe “hitting the
dirt” or “ducking for cover” at the sound of a car backfiring. In each instance,
the initial startle response may be followed by a cascade of anxious arousal
symptoms, with recovery taking minutes to hours.

From a psychophysiological perspective, the startle response is a constella-
tion of reflexive motor movements, phasic autonomic responses, and voluntary
orienting responses that occur in response to any sudden, intense change in
stimulus intensity. The reflexive component of the reaction begins with an eye-
blink between 20 and 50 ms after the onset of a startle-eliciting stimulus (e.g.,
car backfiring) and spreads distally throughout the body. In humans, it is meas-
ured via electromyography (EMG) recordings of the contraction of the orbicu-
laris oculi muscle, which closes the eyelid. Startle-eliciting stimuli are typically
loud noises presented over headphones, and the magnitude of the muscle con-
traction is the primary measure of interest. Secondary, longer latency autonomic
responses include heart rate acceleration and skin conductance increases. These
begin within a second after the onset of a startling stimulus and typically peak
several seconds later.

The startle response has attracted considerable attention as a potential PTSD
biomarker. Exaggerated startle is unique among the PTSD symptoms in terms
of the degree of correspondence between the clinical symptom that occurs
in humans and the behavioral analogue that can studied in the clinical psy-
chophysiology lab or using animal models. Perhaps because of this, more is
known about the neurocircuitry and neuromodulators of startle than for any
other symptom of the disorder. Two primary systems in the brain have been



Chapter 13 / Low Basal Cortisol and Startle Responding as Biomarkers 285

implicated as possible mechanisms for the symptom of exaggerated startle in
PTSD: the locus coeruleus/norepinephrine system and the hypothalamic/CRH
system. Evidence for these links includes studies showing that lesions of the
locus coeruleus and drugs that inhibit its activity decrease startle reactivity,
whereas drugs that increase locus coeruleus activity have the opposite effect
(78). Likewise, CRH administration produces a pronounced, dose-dependent
enhancement of startle that can be blocked by pretreatment with a CRH receptor
antagonist (e.g., 79,80).

Although these findings point to the promise of the startle response as a pos-
sible biomarker of PTSD, clinical laboratory studies have yielded mixed find-
ings regarding the validity of exaggerated startle as a symptom of PTSD. Pole
(81) recently conducted a meta-analysis of 20 studies that compared samples
of individuals with and without PTSD on measures of startle responding and
found that the effect size for the eyeblink reflex, weighted to control for sam-
ple size differences, was significant but modest (r = .13). Of those 20 studies,
approximately half showed significant positive group differences in eyeblink
startle amplitude, with some showing quite large effects (i.e., »r > .50; §2,83).
These findings suggest that there may be one or more important moderating
variables that have not been consistently addressed by procedures used in past
startle studies.

One variable that has received considerable research attention in studies
of startle in PTSD is contextual anxiety, with the idea being that exaggerated
startle in PTSD is a context- or state-dependent phenomenon related to anxi-
ety processes (84,85). This hypothesis follows from the seminal research of
Michael Davis and colleagues (e.g., 86,87) on the neurobiology of fear, anxiety,
and startle, which showed that the amplitude of the startle response is potenti-
ated by both exposure to contextual threat (i.e., anxiety; as in returning to the
location of previous aversive conditioning) and explicit threat (i.e., fear; as in
exposure to a conditioned stimulus signaling imminent shock). In line with this,
a growing body of clinical research with PTSD patients suggests that differ-
ences between PTSD and non-PTSD groups are most reliably observed under
test conditions involving the distal anticipation of an aversive stimulus and are
not observed under conditions involving proximal threat (for a review, see Ref.
88). For example, Grillon et al. (85) examined startle responses in veterans with
and without PTSD during an initial laboratory session that involved no aversive
manipulation followed several days later by startle testing during an aversive
conditioning procedure that involved anticipation of a mild shock. Significant
group differences in baseline startle amplitude were observed only during
session 2, suggesting that group effects were linked to the anxiogenic context
in which the shock conditioning took place. Consistent with the possibility that
exaggerated startle in PTSD is linked exclusively to the neurobiological system
underlying contextual anxiety and not to the system underlying fear, no group
differences in the fear response to presentation of conditioned threat cues (i.e.,
a CS+) were found.
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EFFECTS OF COMORBIDITY ON BASELINE
AND OVERALL STARTLE AMPLITUDE

Comorbidity may also serve a moderating role in the relationship between
PTSD and amplitude of the startle response. Several studies have found
exaggerated startle responding in samples of individuals with other anxiety
disorders, which raises questions about the specificity of the measure as a
possible biomarker of PTSD. For example, exaggerated baseline startle has
been observed in several studies of patients with panic disorder (89-93).
Grillion and colleagues (94) examined startle as a possible vulnerability marker
among offspring of parents with anxiety disorders or alcoholism and found
that the magnitude of baseline startle was greater in children with a parental
history of anxiety than in children without a parental history of anxiety. Similar
findings were observed in a sample of individuals at risk for depression by
virtue of their parents’ depression diagnoses (95). In addition, Cuthbert et al.
(96) reported that baseline startle responses were significantly larger among
anxiety disorder patients with depression than for anxiety patients without
depression, suggesting an additive effect of internalizing comorbidity on startle
amplitude.

Other studies suggested that startle amplitude may tap individual differences
in level of trait fearfulness. For example, rats that differ in fearfulness can be
distinguished on the basis of their behavioral reactions to startling stimuli, with
fearful rats exhibiting more extreme responses (97). In humans, individuals who
score high on Cloninger’s measure of harm avoidance (i.e., “‘a heritable tendency
to respond intensely to aversive stimuli and to learn to avoid punishment, novelty
and non-reward passively”; 98) exhibit larger overall startle response amplitudes
compared to their counterparts who score low on the measure (99). Together, these
findings suggest a link between exaggerated startle and psychopathology of the
internalizing spectrum broadly and fear-related disorders more specifically.

CONCLUSIONS AND DIRECTIONS
FOR FUTURE RESEARCH

Comorbidity of PTSD presents problems on multiple levels for clinicians
and researchers alike. In the clinical arena, individuals with comorbid Axis I
or II disorders have been shown to have more severe PTSD symptoms (e.g.,
100-102) and poorer responses to treatment (e.g.,/03,104). For researchers,
PTSD comorbidity often represents a nuisance variable addressed through post
hoc statistical controls or challenging (and arguably ill-advised) efforts to select
“pure” PTSD cases from highly comorbid samples. The heterogeneity within
PTSD also means that there is potential for multiple overlapping phenotypes
to occur within any sample of individuals with the disorder. As the forego-
ing literature review suggests, the diagnostic composition of any sample and
the proportion of cases with predominantly internalizing versus externalizing
comorbidity can have a substantial influence on associations between candidate
biomarkers and measures of PTSD.
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PTSD is not alone among psychiatric disorders in this regard. Psychiatric
epidemiology studies suggest that similar heterogeneity exists in some, but not
all, mental disorders with the determining factor being the breadth of comorbidity
associated with the index disorder. PTSD shows a particularly severe and diverse
pattern of diagnostic comorbidity with frequently co-occurring conditions
ranging from those of the internalizing spectrum to the externalizing spectrum.
Certain other disorders, such as alcohol abuse/dependence, show similar patterns
of comorbidity. Cloninger (98) emphasized this when he advanced a two-
class typology of alcohol dependence. In his model, type I alcoholics (i.e., an
internalizing type) were defined as individuals who use alcohol in association
with heightened negative affectivity to avoid, dampen, or escape those states. In
type II alcoholism (i.e., an externalizing type), alcohol problems were thought
to stem from propensities toward sensation seeking and risky or uninhibited
behavior. On the other hand, other psychiatric disorders with a narrower range of
comorbidity—and more distinct and circumscribed phenotypes—rarely co-occur
with each other. For example, Kessler and colleagues (7) reported that the
internalizing spectrum disorders obsessive-compulsive disorder and separation
anxiety disorder were negatively correlated with the externalizing syndromes
drug dependence and conduct disorder. Generalizing from this, one would
not expect to find large numbers of externalizers among samples composed
of individuals with protoypic internalizing diagnoses, especially those related
to pathological fear or vice versa (e.g., antisocial personality disorder is not a
problem commonly found among individuals with simple phobia).

The foregoing literature review suggests that exaggerated startle, low basal
cortisol, and perhaps any candidate biomarkers for PTSD are pleiotropic, mean-
ing that the same marker may relate to the occurrence of several different diag-
nostic phenotypes. We know that psychiatric disorders do not co-occur by chance
but rather cohere along latent dimensions of psychopathology. By extension, we
should expect most psychiatric biomarkers to correlate with disorders within a
spectrum of psychopathology rather than with individual diagnoses, as basal cor-
tisol and startle appear to. In future studies, it may be advantageous to model
associations between biomarkers and phenotypes using analytic approaches that
better map onto the complex nature of these associations. Latent variable methods
would be well suited for the study of pleiotropic biomarkers because they can be
used to model the common factor underlying a broad class of disorders as well as
the unique factors that predict individual disorders. This permits the investigator
to examine separately (1) the strength of associations between the candidate
biomarker and the common factor underlying a set of diagnostic indicators and
(2) the strength of the association between the biomarker and individual diagnos-
tic indicators. Furthermore, the latent factors underlying co-occurring diagnoses
can be conceptualized as endophenotypic traits, which represent purer, error-free
measures of the dimension underlying the diagnoses of interest. As a result, one
can expect latent dimensions of psychopathology to map more directly and com-
pletely onto their biologic substrate and yield substantially increased predictive
power for biomarker association analyses compared to analyses that focus on
identifying biomarkers of individual disorders.
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