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Abstract

Major depressive disorder (MDD) is highly recurrent. Researchers hapesed
that certain traits predispose people to repeated episodes of this disordeurrditie ¢
study examined the hypothesis that maladaptive emotional responding to stimdli woul
predict a worse depression outcome over six months. Participants were 58 inshvidual
18 controls, 22 individuals with MDD, and 18 individuals with minor depression (mD;
subthreshold depression)—who participated in a diagnostic interview and emotion-
modulated startle procedure at time one, and who returned for a second diagnostic
interview six months later at time two. An identical emotion-modulated spaidteedure
was then repeated at time two with 33 individuals—12 controls, 14 individuals with
MDD, and 7 individuals with mD. Startle probes were presented during unpleasant,
neutral, and pleasant pictures, as well as during inter-trial interva)sr(ithe absence of
pictures. We used eye-blink startle responses to predict the time two levptegsien
severity and the likelihood of depression recurrence. Time one startle in thet obntex
neutral pictures predicted depression outcomes at time two, such thatirfaegen¢
startle responses during neutral pictures were associated with thecpresa time two
depressive episode and higher time two self-report scores of depressiity fBeek
Depression Scale scores). In addition, startle responses during ITUgifag the

absence of pictures) also predicted depression outcome, but in the opposite direction.
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Specifically, larger time one startle responses during ITIs weoeiagsd with better

time two depression outcomes. We discuss the implications of these results.

Vi
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Introduction

Major depressive disorder (MDD) is a disorder of mood that affects one in four
women and one in ten men annually and is a leading cause of disability world-wide
(American Psychiatric Association, 1994; Murray & Lopez, 1997). MDD symptoms
include persistent sad mood and/or loss of interest or pleasure in dailyes;tastwell
as associated somatic and cognitive symptoms, including appetite or weghes,
sleep difficulties, psychomotor agitation or retardation, lack of enerdindeef
worthlessness or guilt, concentration difficulties, and suicidal ideation (AP24).

MDD is also highly recurrent. Over 70% of depressed patients have more than one
episode, and most depressed patients remain symptomatic following a majssigepre
episode (Judd et al., 1998). Furthermore, approximately 40% of individuals with three or
more episodes of depression relapse within 12 to 15 weeks of recovery (Kdller et a
1992; Mueller et al., 1996). The recurrent nature of MDD has naturally motivated a
search for stable vulnerability markers that may explain why some pensonsinerable

to repeated depressive episodes.

Recently, research has focused on individual differences in emotion processing as
a risk factor for depression. According to functionalist theories of emotiartjers
reflect activity in multiple response systems (including facial espre$ehavior,
experience, central and peripheral physiological activity, and cognitieegses) that

1
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serve to organize an individual’s behavior, prepare the individual for adaptive responses
to threats and rewards, and optimize the individual’'s adaptation within his environment
(Lazarus, 1991; Levenson, 1994; Tooby & Cosmides, 1990). Based on this definition of
emotion, functionalist theories posit that emotions represent evolutionarily\ejapti
specific solutions to problems. Emotions, therefore, yield important consequenites fo
organism, such that appropriate and flexible emotional responses will produceifkenefic
consequences, whereas maladaptive and inflexible emotion responses wilhresult
negative outcomes (Keltner & Gross, 1999).

Emotional responding is associated with long-term adaptation for a number of
mental disorders. For example, high levels of negative affect predict thepleesit of
alcohol use disorders (Jackson & Sher, 2003) and the development of post-disaster PTSD
symptoms in young adults (Weems, Pina, & Costa, 2007). High levels of familial
expressed emotion predict a more negative outcome for patients with schizophrenia,
mood disorders, and eating disorders (Butzlaff & Hooley, 1998). Furthermore, a number
of effective therapies, such as Mindfulness-Based Cognitive Therapy,(Bétjaims, &
Teasdale, 2002) and Acceptance and Commitment Therapy (Hayes, Strosahipg, Wils
1999), are designed to alter the client’s typical emotional responses, for exsetgihg
the client identify and accept—rather than control or suppress—emotional responses.

Although emotional processes have been demonstrated to play a significant role
in the development and maintenance of several forms of psychopathology, several
uncertainties remain. One complication in connecting emotion and psychopathology is

that the multiple response systems of emotion do not always act in concert.amptesx
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Egloff and colleagues (Egloff, Wilhelm, Neubauer, Mauss, & Gross, 2002) found that
implicit measures of anxiety corresponded highly to physiological resporsecas an
explicit measure of anxiety did not. A second complication is that there is no amsens
as to what represents “adaptive” emotional processes (e.g., Kring 8evan04;
Porges, Doussard-Roosevelt, & Maita, 1994). For instance, researchers haegyee
on the context within which certain emotion regulation strategies best berve t
individual, and various therapies seek to teach either suppression of negative dityotiona
(e.g., Cognitive Behavioral Therapy; Beck, Rush, Shaw, & Emery, 1979) or acaptanc
of emotions (e.g., mindfulness based cognitive therapy; Segal et al., 2002). , Rimally
most germane to the present context, prior studies aimed at explaining the rtgiohe
in the course of depressive disorders have not produced uniform results (revieaved bel
see also: Morris, Bylsma, & Rottenberg, 2009). The goal of the curreetpi®fo
utilize a physiological index of emotion reactivity to predict the courseagdmand
minor depression.
Theories of Emotional Reactivity and the Course of Depressive Disorders

There are three main views of emotional reactivity deficits in depreséihile
each view has implications for the course of mood disorders, most evaluations of these
views have been cross sectional (prospective tests are less common becausglof the hi
resource costs in conducting longitudinal work). The positive attenuation view
hypothesizes that depressed individuals’ responses to positively valencedatamuli
attenuated compared to the responses of healthy individuals (Berenbaum & Ojtmanns

1992; Rottenberg, Kasch, Gross, & Gotlib, 2002; Sloan, Strauss, Quirk, & Sajatovic,
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1997, Sloan, Strauss, & Wisner, 2001). This type of affective pathology predicts a
pattern of reduced responding to appetitive stimuli, such that depressed individuals wil
exhibit a less robust response to rewarding stimuli in the environment (Heng&iques
Davidson, 2000). The major implication of the positive attenuation hypothesis for
depression course is that those depressed individuals who display less reactivity
positive stimuli will exhibit more severe, longer lasting, or more rectiepressive
episodes.

The negative potentiation view theorizes that the emotional responses of
depressed individuals to negatively valenced stimuli are potentiated, or exedgera
compared to the responses of healthy individuals (e.g., Beck, 1967). This theory of
emotional pathology forms the basis for one of the most widely used treatments for
depression, cognitive behavior therapy. In spite of its popularity as a concagitoali
cross-sectional support for the negative potentiation view remains limiteuh(D
Dalgleish, Lawrence, Cusack, & Ogilvie, 2004; Sloan, Strauss, Quirk, & Sajatovic, 1997;
Sloan, Strauss, & Wisner, 2001). The main implication of the negative potentiation
hypothesis for course is that those depressed individuals who display heightened
reactivity to negatively valenced stimuli will exhibit a more pernicioussmof the
disorder (Gunthert, Cohen, Butler, & Beck, 2005).

Lastly, the emotion context insensitivity (ECI) theory hypothesizestiagor
depression is characterized by a general blunting of emotional respomtioidp t
positively and negatively valenced stimuli (Rottenberg, Gross, & Gotlib, 2005). This

view is supported when evidence for positive attenuation is combined with evidence of
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reduced reactivity to negative stimuli in MDD (Dickens, McGowan, & Dale, 2003;
Gehricke & Shapiro, 2000; Peeters, Nicolson, Berkhof, Delespaul, & deVries, 2003;
Rottenberg, Gross, Wilhelm, Najmi, & Gotlib, 2002; Rottenberg et al., 2002; Wexler,
Levenson, Warrenburg, & Price, 1994). A meta-analytic review recently found
consistent cross-sectional evidence for ECI (Bylsma, Morris, & Rotten®@dg). The
functional implications of the ECI theory are that those depressed individuals who show
blunted emotional responding lboth negatively valenced and positively valenced stimuli
will exhibit a worse course of disorder.

Emotional Reactivity and the Course of Depressive Disorders: Data

In spite of increasing interest in the functional role that emotional responding
plays in the course and maintenance of psychopathology, findings regarding the role of
emotion reactivity and the course of depressive disorders remain somewhatteobns
(Morris et al., 2009). Because emotional responding involves multiple systems (e.g.
cognitive, physiological, experiential, etc.), researchers have usedvanethodologies
to measure the different components of the emotional response. These different methods
often yield conflicting findings.

Several studies have supported the positive attenuation view. For instance,
blunted behavioral and physiological responding to an amusing film (but not a sad or
fearful film) predicted MDD non-recovery among outpatients 6 months later (fRetip
et al., 2002). Studies relying on self-report data have found conflicting assogiati
between positive attenuation and MDD course. For instance, higher levels of anhedonia

were associated with greater chances of depression remission 7 mantimsdat study
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(Clark, Fawcett, Salazar-Grueso, & Fawcett, 1984), but more recent studiestinave f
higher anhedonia and lower reactivity to positive stimuli to be associated mibhea
pernicious course of MDD (Kasch, Rottenberg, Arnow, & Gotlib, 2002; McFarland,
Shankman, Tenke, Bruder, & Klein, 2006; Moos & Cronkite, 1999; Spijker, Bijl, de
Graaf, & Nolen, 2001).

Several studies support the negative potentiation view. For instance, a study
involving retrospective daily self-report assessments of stresgf@vdnts found that
greater reactivity to negative events predicted worse outcome to cognitiapyther
(Gunthert, Cohen, Butler, & Beck, 2005). Higher self-reports on the personatity tra
neuroticism, indicative of greater responding toward negative stimuli, have been
associated with worse depression outcome in a number of studies (Berlanga, 1999;
Heinze, Torres, Apiquian, & Caballero, 1999; Enns & Cox, 2005; Katon et al., 1994;
Lara, Leader, & Klein, 1997; Leskela et al., 2006; Sakado, Sato, Uehara, Sakado, &
Someya, 1999; Scott, Williams, Brittlebank, & Ferrier, 1995). Finally, higher lefels
brain activation in the rostral anterior cingulate (an area associdtedtress
responding) predicted a worse MDD outcome (Kennedy, Koeppe, Young, & Zubieta,
2006; Koeppe, Young, & Zubieta, 2006).

Lastly, a number of studies provide support for the ECI theory, which involves
both positiveand negative attenuation. For instance, blunted reactivity to sad stimuli
predicted a worse depression outcome (Rottenberg, Salomon, Gross, & Gotlib, 2005).
Likewise, blunted physiologic reactivity to both positive and negative stimuli peedic

worse response to antidepressant medication treatment (Fraguas et al., 2007).
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Furthermore, depressed persons who exhibited blunted emotion reactivity to negative a
positive daily life events before the onset of evidence-based pharmacothetdpgHeax
depressive symptom severity one month later and were less likely to exhitetaery
from MDD over an 18-month follow up period (Peeters, Berkhof, Rottenberg, &
Nicolson, in press).

As mentioned previously, the conflicting results may relate to the mutarays
nature of emotional responding. Alternatively, the varying results of thedies may
be due in part to between-study differences in depression subpopulations. For example,
emotional reactivity may vary as a function of depression subtypes (e.gichudia
versus atypical). Between-sample variations in depression severitysodea
important, as depression severity has been linked to variations in emotionaltsesctivi
cross-sectional studies (e.g., Rottenberg, Kasch, Gross, & Gotlib, 2002; Rottenberg,
Chambers, Allen, & Manber, 2007). For instance, it is unclear whether subthreshold
forms of depression are associated with different patterns of emotioci@itgahan
more severe forms of depression. Due in part to this uncertainty, some rescanghe
against the use of subthreshold or dysphoric populations as an analog to depression
(Sweeney, 1986; Anderson, & Bailey, 1986). Because researchers utilize either
dysphoric individual®r major depressed individuals, we have virtually no comparative
emotion data on these depressive subpopulations.

Thus far, the literature on emotional responding and the course of depressive
disorders has focused almost exclusively on the role of emotion in predicting the cours

of major depression. By contrast, the role of emotion in predicting the course of less
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severe mood disorders, such as minor depression, has been ignored. Minor depression
(mD) is defined in the Appendix of the DSM-IV-TR as a period of two or more weeks
during which at least two to four of the nine symptoms for a major depressive episode ar
present, and one symptom must be either depressed mood or lack of interest or pleasure
in most or all daily activities (APA, 1994). Evidence of mD prevalence rates iteaot ¢
Estimates vary depending on the degree of adherence to DSM-IV diagnostia.crit

Data from the nationally representative sample of the National ComorBiglitaey

found lifetime prevalence rates for mD with no prior history of MDD of 10% (i€ess

Zhao, Blazer, & Swartz, 1997). Several studies argue for the need to consider minor
depressive mood states in emotion research: mD results in substantial impatirae

are similar to those of MDD, and individuals with mD may use outpatient services as
frequently as individuals with MDD (Gonzéalez-Tejera, 2005). Individuals with le® a
often experience incomplete resolution of episodes (Kessler et al., 1997), juMRB

In addition, minor depression results in significant functional disability andengsr

with employment attendance to a similar degree as mild MDD (Cuijpers . adé, &rvan
Dorsselaer, 2004; Kessler et al., 1997). Individuals with mD are at increaseaf risk f
developing MDD compared to individuals with no depressive symptoms (Cuijpers et al.,
2004). Indeed, the odds ratio for developing a first-time major depressive episode
following a diagnosis of mD are as large as 5 (Fogel, Eaton, & Ford, 2006). lItis
perplexing that certain individuals with mD do not go on to develop MDD. Differences

in emotional responding may help explain this variation in diagnostic outcomes.
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Emotion-modulated Startle as a Measure of Emotional Responding

The obligatory startle response is a defensive reflex to an aversive stihailiss
characterized by a set of evolutionarily adaptive defensive behaviors,sshithkang of
the eyes, forward and downward movement of the head, and drawing in of the shoulders
(Landis & Hunt, 1939). In humans the startle response is typically quantified by the
magnitude of the eye blink response to the aversive stimulus, called astavdewhich
is often a brief noise burst. Components of the startle response are immepiicady ty
occurring within 20ms of the aversive stimulus. Importantly, although theestartl
response can be elicited reliably, the magnitude of the response varies cbhsidera
depending on the current affective state of the organism.

Studies have continually found that emotional states elicited by affegtiudist
(such as valenced pictures) modulate the amount of displayed startle ma(iticey,
Cuthbert, & Lang, 1990; Bradley & Lang, 2000; Vrana, Spence, & Lang, 1988). The
emotional component of modulated startle appears to be mediated primarily by the
amygdala, whereas the nucleus accumbens and nucleus reticularis pontis taweali
been implicated in the role of motivation and appetitive responding (Davis, 1989, 2006;
Davis, Gendelman, Tischler, & Gendelman, 1982; Lang, 1995; Lang, Bradley, &
Cuthbert, 1990; Patrick, 1994; Pissiota et al., 2003). The amygdala has been implicated
in emotion experience and processing in a variety of contexts (Phillips, BrBagich,
& Lane, 2003; Davidson, Jackson, & Kalin, 2000). Furthermore, amygdala dysfunction

is associated with a number of mood disorders, including depressive disorderssDreve
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2003; Xiang et al., 2008). Therefore, abnormal emotion-modulated startle may provide
an important index for abnormalities in amygdala dysfunction.

The emotion-modulated paradigm is ideal for measuring emotion for several
reasons. Measuring emotional reactivity physiologically with thelstparadigm
reduces some of the error and biases inherent in self-report measures of dmaation (
Bradley, & Cuthbert, 1990), and provides a relatively unobtrusive, immediate, and
continuous sampling of emotional responding. The startle response is rooted in primal
circuits in the brain (Lang, Davis, & Ohman, 2000), and indeed has been studied in rats
(Brown, Kalish, & Farber, 1951), a variety of primates (e.g., Davis, Antoniadiar@lm
& Winslow, 2008), and even fish (e.g., Burgess, Johnson, & Granato, 2009). The
paradigm allows for measurement of the motivational component of emotional tgactivi
a component that is central to emotional deficits in major depressive disogder (e.
anhedonia). In addition, there is some evidence that the emotion-modulated startle is
relatively stabler(= .89,p < .0001 over four weeks; Larson, Ruffalo, Nietert, &
Davidson, 2000). Lastly, the emotion-modulated startle paradigm can be, and frequently
is, combined with other measures of psychophysiology to measure the multiplessystem
involved in emotional responding. Specifically, the emotion-modulated stakleaas
be accompanied by measurements of heart rate and skin conductance, as Viell as sel
report measures of emotion. Multiple measures are essential for a @mplet
understanding of the emotional response.

In healthy subjects, the startle probe that is presented anywhere from 3 to 6

seconds after the onset of the valenced stimuli elicits a greater siapimse if the

10
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subject is viewing unpleasant pictures (e.g., snakes, injured humans) than if tbeisubje
viewing pleasant (e.g., families, food) or neutral pictures (e.g., landscagen gaols),

and pleasant pictures elicit smaller startle responses than neutralgpidissentially, the
startle response is primed by negative affective states (e.g., unpleataespiand
attenuated by positive affective states (e.g., pleasant pictures). This patmotion-
modulated startle does not appear to result from unequal allocation of attentien to t
startle probe (Vrana & Lang, 1990; Bradley et al., 1990). The emotion-modulatibel st
response persists even in the presence of subjects’ habituation to the stbetl@apd is
thus thought to represent underlying evolutionarily developed, motivational processes
inherent in emotional responding (Lang, 1995). Indeed, the typical explanation for this
pattern of emotion reactivity is that startle responses are compatiblaweitsive
motivation (i.e., fight or flight mechanisms) and incompatible with appetitive
motivational states (i.e., approach behaviors; Lang, Bradley & Cuthbert, 1998). This
linear startle response pattern can be conceptualized as normative emadicthatyr¢o
affective stimuli.

Use of the emotion-modulated startle paradigm has provided insight into
emotional responding deficits for a number of disorders. Research evidenceegdicat
disorder-specific patterns of atypical startle responding for a varigtyychopathology.
For example, a lack of startle potentiation during unpleasant picture viewing
characterizes schizophrenic patients, who also display overall deficiettdtei to the
acoustic startle probe (Schlenker, Cohen, & Hopmann, 1995; Taiminen et al., 2000).

Incarcerated, psychopathic males display an abnormal pattern of stadltiéation

11
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compared to controls, generally showing equivalent startle responses for anpéeab
pleasant stimuli and heightened responding to neutral stimuli (Patrick, Br&dlang,
1993). Patients with borderline personality disorder show increased potentiation to
negative stimuli compared to healthy controls (Hazlett, Dawson, Schellie&hterlein,
2007). These varied results provide some indication of the utility of the emotion-
modulated startle paradigm for differentiating disorders according to emagacvity.
Studies of the emotion-modulated startle response in clinically degiresse
outpatients show reduced potentiation to unpleasant stimuli and heightened responding
(i.e., lack of attenuation) to pleasant stimuli when compared to responses tb neutra
stimuli (Dichter, Tomarken, Shelton, & Sutton, 2004; Dichter & Tomarken, 2008), a
pattern consistent with the emotion context insensitivity hypothesis (EGé&rfetg,
Gross, et al., 2005). A flattened pattern of emotion-modulated startle has been
documented in samples at various levels of depression severity (e.g., sevaesget
individuals, Allen, Trinder, & Brennan, 1999; Kaviani, Gray, Checkley, Wilson, &
Kumari, 2004; Forbes, Miller, Cohn, Fox, & Kovacs, 2005; individuals with non-clinical
depression, Mneimne, McDermut, & Powers, 2008). Furthermore, we recently found
that blunted emotion-modulated startle in depressed individuals exists even when
concurrent anxiety disorders are present (Taylor-Clift, Morris, RottenRefgvacs,
2011). A blunted startle pattern indicative of ECI has even been observed in non-
symptomatic Bipolar | outpatients and their unaffected siblings (Giakournakj e
2010). Thus, blunted startle responding may represent a marker of emotional dysfunct

associated with depressive disorders and those at risk.

12
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Very few studies have utilized the emotion-modulated startle paradigm totpredic
future psychiatric outcomes. For instance, emotion-modulated startle pateslics
treatment outcomes for individuals with specific phobias (de Jong, Merckelbach, &
Arntz, 1991; de Jong, Visser, & Merckelbach, 1996). Exaggerated startle responding
under threat predicts the development of post-traumatic stress disorder i(Padenet
al., 2009), but not all (e.g., Griffin, 2008; Guthrie & Bryant, 2005) investigations.

Fewer studies have examined the startle paradigm as a predictor of depressi
outcome. A handful of studies have found relationships between baseline startle
responding (i.e., startle reflexes occurring between picture presastatid in the
absence of any affective stimuli) and depression outcome. For instance baighlane
startle responses among depressed patients were associated witlve rgsgitinse to
antidepressant therapy (Quednow et al., 2004). Consistent with these results, lowe
baseline startle responses in formerly depressed individuals predicteddéuacrea
depressive symptoms two years later (O'Brien-Simpson, Parsia, SimmAhen&

2009). Therefore, in addition to the promise of emotion modulation of startle as a
predictive tool for depression outcome, baseline startle responding may also hold
predictive value.

Specific Aims

The general aim of the study was to examine whether emotion reactivity would
predict the course of a major and/or minor depressive episode. The specifioraimas

proposed study were as follows:

13
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Primary aims.To determine whether emotion-modulated startle responding
would predict recovery from a major or minor depressive episode six months later.

Hypothesis 1aMajor and minor depressed individuals who display the normative
linear pattern of emotion-modulated startle at time one would be more likely to
experience recovery six months later, at time two. This hypothesis \Wikwdtata to
predict recovery from a categorical perspective (recovered versusaoered).

Hypothesis 1b.Based on the ECI view (context inappropriate responses to both
unpleasant and pleasant stimuli will be maladaptive), we predicted thatsedriéme
one startle reactivity during pleasant stimuli and decreased time atieitgauring
unpleasant stimuli would be associated with a worse symptomatic outcome at¢im
This hypothesis uses data to predict recovery from a dimensional perspectver@e
versus not recovered).

Hypothesis 1c.Consistent with prior studies of startle and course of depression,
higher levels of baseline startle responding at time one would predict depresovery
and/or decrease in depression symptomatology at time two.

Secondary aims. To examine the correspondence between time one emotion-
modulated startle and time two emotion-modulated startle. The literatwiegs little
guidance regarding the stability of emotion-modulated startle respondingerials
greater than one month. Therefore, analyses for Secondary Aims wereiexglor
Question of interest: Are emotion modulated startle and other measures of physiology

stable over the six month time period?

14
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Self-report measuresComparisons of self-report ratings of picture arousal and
picture valence have not produced clear group differences between depressed and
nondepressed persons, even in cases where there are group differendds in sta
modulation (e.g. Forbes et al., 2005; Dichter et al., 2004). However, studies have not
examined whether self-report picture ratings have utility for predjaepression course
or severity. Given the weakness of the literature, we made no predictionsnggmitH
report ratings of arousal or valence.

Heart rate and skin conductance hypothesesddition to collecting emotion-
modulated startle, we collected measures of heart rate (HR) and skirctzomodu(SC)
during picture viewing. These additional measures served a twofold purpoggeskiirs
conductance levels vary as a function of arousal, such that levels increagewith t
presentation of arousing stimuli and decrease in response to neutral stianwsofh)
Schell, & Filion, 2007). Therefore, SC serves as a test of equivalent levetsisélafor
pleasant and unpleasant picture conditions. Specifically, we expect that SEwillbe
significantly higher during affective pictures as compared to neutitalregc Because of
the lack of research findings regarding the predictive utility of SC, we madpecific
predictions about the relation between SC at time one and depression outcome at time
two.

Second, HR responses over the presentation of an affective stimulus generally
follow a complex waveform (Berntson, Quigley, & Lozano, 2007). Specifically, HR
initially decelerates (D1) following the onset of a stimulus, indicatimgntation of

attention to that stimulus (Graham and Clifton, 1966). HR subsequently acse{@rBte
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which is thought to be indicative of an increased defensive response (Sokolov, 1963).
Lastly, HR decelerates a second time (D2). Less is known about this secondary
deceleration and it has received little attention in the research literdtie

deceleration could represent a return of HR to pre-stimulus onset levelsiafltely,

D2 may be indicative of an anticipatory response to an expected stimulus(Berg

Donohue, 1992). Specifically, D2 response is enhanced prior to a cued presentation of an
aversive stimulus (Somsen, 1983).

If D1 is indicative of orienting to a stimulus, we would not expect differences in
this variable between controls, depressed individuals, or those individuals who recovered
from depressive symptoms. Therefore, we made no specific hypotheses foedalis®
Al is thought to represent defensive preparation towards a stimulus, we predicted those
individuals who were still depressed at time two would show lower time one Al
responses than those who recovered and controls. Lastly, we did not make directional

predictions regarding D2 due to the questionable purpose of the D2 HR response.
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Method

Time One Procedures

At time one, participants were 88 individuals diagnosed with the Structured
Clinical Interview for DSM-IV-TR Axis | Disorders, Research ¥en, Patient Edition
with Psychotic Screen (SCID-I/P W/ PSY SCREEN; First, Spitzer, Gibbaivjlikams,
2002), as either currently experiencing a major depressive episode (n = 33)t)\curre
experiencing a minor depressive episode (n = 25), or as healthy controls wittonp hist
of psychopathology (n = 30). Within two weeks of diagnosis, participants completed a
36-picture emotion-modulated startle session (see below). Participaettheeitold
that they would be contacted in 6 months. Sample sizes at time one were collected in
anticipation of a 20% attrition rate. However, attrition rates were cloS&%o
Time Two Procedures

Participants were re-contacted approximately 6 months following theéa init
SCID interview. Individuals were invited to return to the lab to participate in the
follow-up interview. Participants were re-diagnosed to assess depressiomyecove
status at time two using a modified version of the SCID. Depression recaatery st
criteria were employed following guidelines set forth by the NIMH &tmirative
Program on the Psychobiology of Depression (Keller et al., 1992). These guidelines

require that in order for an individual to be considered fully recovered, no more than

17

www.manaraa.com



two depression symptoms may be present and only to a mild degree. To be
considered mild, symptoms may not interfere significantly with the indivisldally

life. Previous data suggest that up to 50% of depressed participants can be expected
to recover over a six-month follow-up period (Coryell et al., 1994). Utilizingethe
criteria allowed us to determine any remission during the 6-month period, aswell a
current remission at the time of time two startle testing. Individuals vegr®dered

to be remitted if they were without significant depression symptoms for fono
consecutive weeks.

By means of systematic questioning, the interviewer probed for information
on a week-by-week basis for each symptom to establish the approximate dates and
time periods of critical transition points (e.g., offset of a previous episode, onset of a
new episode, etc.; see Appendix for examples). Despite the arduousness oéthis typ
of specific memory recall, past studies have shown acceptable religbdltgr,

Lavori, & Friedman, 1987; Winokur, Coryell, & Keller, 1993) and feasibility
(Rottenberg, Wilhelm, Gross, & Gotlib, 2002; Rottenberg, Salomon, et al., 2005) for
this kind of questioning at one- and six-month intervals. This interview procedure
provides both categorical (depressed, recovered) and continuous variables (number
and severity of symptoms) for use as dependent measures to test the hypotieses. T
Beck Depression Inventory-Il (BDI-1I; Beck, Steer, & Brown, 1996) wase a
administered to obtain an additional depression severity score.

To examine changes in other important domains of functioning, several

guestionnaires from the time one battery were re-administered at tonel'tve Beck
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Anxiety Inventory (BAI) was administered to assess anxiety symptomityeiigeck,
Epstein, Brown, & Steer, 1988). A Positive and Negative Affect Schedule (PANAS;
Watson, Clark, & Tellegen, 1988) was also administered. The PANAS is a 20 item self
report scale measuring dispositional forms of positive and negative affect.
Physiological Recording Session

Following administration of the modified SCID and self-report questionnaires
participants completed an emotion-modulated startle session procedure ideritiaal
administered at time one. The only difference was that picture order wesd vari
systematically, such that individuals who received order one at time oneetoeder
two at time two, and individuals who received order two at time one received order three
at time two, etc. Emotion-modulated startle procedures were similar to thahected
with prior studies of MDD populations (e.g., Allen et al., 1999; Dichter et al., 2004). An
acoustic startle-probe was administered to participants following the afresfétctive
pictures displayed on a monitor. Participants also rated the subjective valence and
arousal of each picture after each picture was presented. In addition, as ndentione
previously, HR and SC were recorded throughout the startle modulation sessfordto af
secondary measures of physiological arousal.

The participant sat in a comfortable chair for the startle procedure. Recording
procedures followed general recommendations for startle research (Bharetrdl.,
2005). Electrodes used to measure the startle eyeblink response were appliedsas well
skin conductance and heart rate sensors. First, three “large” (8 mm) Betgkrman

electrodes were placed between the participant’s wrist and elbow tanmeasdiac
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activity. Next, two large electrodes were applied to the palm of the pariits non-
dominant hand to measure of skin conductance response. Lastly, two “small” (4 mm)
Beckman-type electrodes were placed just beneath the lower eytialleft eye to

record the contraction of the orbicularis oculi muscle (the eyeblink component of the
startle response). Impedance levels were kept below 20 K Ohms. Once tloeletect
were attached, headphones were placed over the participant’s ears. riResetrdip

took on average ten to fifteen minutes.

Affective picture presentation was modeled after well established aetywised
emotion-modulated startle methodology (Bradley, Lang, & Cuthbert, 1993; Lang,
Bradley, & Cuthbert, 1998; Bradley, Codispoti, Cuthbert, & Lang, 2001). Specifically,
following a five-minute period of acclimation, two neutral pictures were pteddo
familiarize the participant with the picture-viewing sequence, to at@participant to
practice the rating procedure, and to control for habituation effects. Tiw@paent then
viewed one of four randomized sequences of 36 digitized pictures, including twelve each
of neutral (e.g., mushrooms; 7224, 2570, 7187, 7175, 7491, 7217, 7030, 7150, 2580,
7006, 7025, 7009 for males; 5530, 7035, 7031, 7004, 5740, 2840, 7040, 9360, 7010,
7491, 7185, 6150 for females) pleasant (e.g., puppies; slides 8180, 8260, 7501, 8300,
8501, 8470, 1650, 8080, 4689, 4320, 8380, 4653 for males; 8180, 8400, 8030, 8185,
8080, 5910, 5460, 8210, 8200, 4660, 8034, 7502 for females), and unpleasant (e.g., burn
victim; slides 6260, 3060, 3071, 3170, 3530, 3080, 6313, 3015, 6570, 9570, 3053, 9410
for males; 3053, 6312, 9921, 3060, 3120, 3015, 9571, 2730, 9433, 9050, 3100, 3010 for

females) from the International Affective Picture System (IAPSES-NIMH, 1999).
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These pictures were chosen based on standardized normative ratings of piehoe, val
and positive and negative pictures were matched on mean normative ratings of picture
arousal (Lang, Bradley, & Cuthbert, 2005). Because these ratings variedirgdtor
gender, different picture sets were chosen for males and females.

The normed, mean level of arousal for both sets of valenced pictures individually
was 6.02 out of a possible rating of 9—although, out of the entire 700 IAPS slides, the
slide with the highest rated arousal only has a rating of just 7.35 (Lang, Bradley &
Cuthbert, 2005). Participants rated the arousal and valence of each individual picture
with the self-assessment manikin (SAM; Lang, 1980; Bradley & Langl)19Bhe SAM
is a picture-based, interactive, computer program in which valence and areusaédr
on a twenty-one-point scale (Cook, Atkinson & Lang, 1987). Subjects made use of
pictorial SAM rating scales ranging from a smiling figure to a fraxgrfigure (for
valence) and ranging from an excited figure to a sleepy figure (forayoushe SAM is
reliable with split-half correlations of= .94 for valence and= .93 for arousal (Lang,
1985). In addition, the valence and arousal scores from the SAM correlate highly wit
the widely used, longer Semantic Differential Scale (Bradley & Lang,)1994

Pictures were displayed on a large (20-inch) computer monitor placed oe a tabl
directly in front of the participant. The presentation sequence was as fqlg\es
second baseline; (2) 6-second picture viewing; (3) 20 seconds to rate valeaceusadl
using the SAM; (4) variable (15-second average) inter-trial intervais forpresentation
of the next picture. During nine of the inter-trial intervals (three timeblpek), a

startle probe was presented an average of 7.11 seconds following picture offset. This
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post-offset probe provided an assessment of the baseline startle respattesen(thar
absence of picture viewing). In addition, the random offset probes served to make it les
predictable to participants when the noise bursts would be delivered. The stqrtiese
was elicited by a binaural acoustic stimulus (50 milliseconds of white nol€®db with
an instantaneous rise time) during nine of the twelve images in each categaiyyiag
nine of the inter-trial intervals. Probe times occurred randomly between 3500ms and
5500ms after picture onset. These “late onset” startle probes provide the optimal
assessment of the affective influence of valenced pictures (Larson,dRifi@dert, &
Davidson, 2000; Bradley & Lang, 2000; Bradley, Cuthbert, & Lang, 1990). The varying
temporal presentation of the startle probe makes it more difficult for thieipant to
anticipate the onset of the probe during picture presentation. Heart rate and skin
conductance were measured continuously throughout each picture-viewing interval
Picture viewing took approximately 40 minutes.
Data Reduction

Signal processing of startle data followed guidelines and recommendaions s
forth in Blumenthal and colleagues’ committee report (2005). First, EMG data wa
amplified using a high-resolution (A/D) converter. Next EMG signal wadidt to
remove background noise and therefore maximize the signal to noise ratio. The EMG
signal was then rectified to prevent negative and positive values fronlingrtbe other
out. Lastly, the signal was digitally smoothed. EMG signals for each individal w
analyzed for onset latency and, most importantly for the purposes of the curdgnfet

mean peak amplitude by condition. As is common convention, values were transformed
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into standardized scores to account for the large between-subjects differences in
baseline startle values (Blumenthal et al., 2005). Each group’s mean blinkuden it
each startle condition served as the between-subjects factor of unpleasaait, aveaitr
pleasant slide valence.
Hypothesis Testing

Hypothesis 1a. To test the hypothesis that depressed individuals who display the
normative linear pattern of emotion-modulated startle at time one wilbie likely to
experience recovery at time two, a 3 (time one Picture valence: pleasdrdl, ne
unpleasant) by 3 (time two Group Status: recovered, still depressed, controgdepeat
measures Analysis of Variance (ANOVA) was conducted to test for @ dgpolinear or
group by quadratic trend. Either of these polynomial trends would indicate arditfere
in the expected linear pattern of startle modulation. Following significauitses this
test, within group contrasts were conducted to determine the nature of within group
linearity. This analysis allowed for comparison of differences in the |pe#ern of
startle at time one across valence conditions. Specifically, we expleatedéd initial
ANOVA would show group polynomial differences. We further expected that follow-up
analyses would show a normative linear pattern for controls and recovered individuals,
but a lack of linearity (e.g., a blunting of startle responding across picfarestil

depressed individuals. A sample of predicted results are presented below, enlFigur
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Figure 1. An example of hypothesized results for Hypothesis la.

Hypothesis 1b. We predicted that increased time one startle reactivitpsamie
stimuli and decreased time one reactivity to unpleasant stimuli would be a=soditt
a worse symptomatic outcome at time two (see Figure 2 below for hypothesszés).
To test these dimensional hypotheses, a series of regression analysesaected to
determine the unique contribution of time one startle reactivity during pleasantal,
and unpleasant stimuli to time two symptomatology and severity.

Hypothesis 1c. A series of regression analyses were conducted to determine
whether, as predicted, lower time one baseline startle responses weratedsvith an

increase in depressive symptoms and severity at time two.

24

www.manharaa.com



Controls

s ot recovered

Startle Magnitude

Beck Depression Inventory Score

Figure 2. Example of predicted results for Hypothesis 1b.

Secondary Aims. In order to examine the relationship between time one and tim
two startle modulation, correlation and regression analyses tested foebebame
within- group stability of startle responses. We expected to find stroogespondence
between time one and time two measures of startle responding for cootnplared to
depressed or formally depressed individuals.

Heart Rate and Skin Conductan@ecause skin conductance levels vary as a
function of arousal, we expected that skin conductance values would be significantly
higher during affective pictures as compared to neutral pictures. To gestosition
and to determine whether time one skin conductance would predict time two diagnostic
status, we conducted a 3 (Group) by 3 (valence condition) repeated measures ANOVA
Planned contrasts tested the hypothesis that skin conductance peaks duting affec

picture presentation would be greater than to peak skin conductance values duralg neut
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picture presentation. A significant group by valence interaction was folloyvedds
way ANOVAs to determine the nature of the difference.

As described previously, we did not expect to find time two diagnostic group
differences in the time one HR variable D1 or D2. Therefore, we made nocpecifi
hypotheses for these variables and planned exploratory analyses of possible group
differences using repeated measures ANOVAs for each HR variableficgigingroup
by valence interactions would be followed by one-way ANOVAs.

Because Al is thought to represent defensive preparation towards a stimulus, we
predicted that time two never-recovered, depressed individuals would have higher time
one levels of Al during pleasant pictures and lower time one levels of A1 during
unpleasant pictures (consistent with the ECI theory of emotional reaktiVitytest these
hypotheses, we conducted a 3 (time one valence: negative, neutral, positive) lgy 3 (tim
two group) repeated measures ANOVA. Significant results were investigabugh

follow-up tests.
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Results

To set a context for our main analyses, we first provide descriptive statsti
our time one and time two samples, and we describe attrition analyses comparing
participants who did and did not participate in the time two procedures. We then describe
the clinical outcome of our sample in terms of rates of depression recovery and othe
measures of symptom severity. Prior to testing our hypotheses, we hepasults of a
manipulation check (i.e., picture ratings differed in the expected direcpil@asant
pictures < neutral pictures < unpleasant pictures for self-reported vatehpéeasant
pictures = unpleasant pictures > neutral pictures for arousal). We then ddseribe t
results of Hypothesis 1a testing, which predicted that individuals who displayed the
normative pattern of emotion-modulates startle at time 1 would be more bkely t
experience recovery by time 2, followed by tests of Hypothesis 1b, which pdetiate
decreased time one attenuation (i.e., increased reactivity) during plp&sargs and
decreased time one potentiation (i.e., decreased reactivity) during unpleesaet
would be associated with higher levels of depression severity at time twa, Wedist
results from tests of Hypothesis 1c that lower time one baseline stagilenses would
be associated with increased time two depression severity.

We then describe analyses and results of skin conductance and heart rate testing

Although we made no specific predictions regarding the utility of time one skin
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conductance for predicting time two depression status, we expected that SCnalice
be significantly higher during affective pictures as compared to neuttaigsc We also
tested the hypothesis that only the acceleration variable of HR would predidito
depression status. Because of the novelty of this type of longitudinal design w&h the
variables, we tested all time one skin conductance variables and HR measiaks (
acceleration, Al; deceleration, D1; and secondary acceleration, A2) for jpigeditie
two depression status. Finally, we describe the results of secondary worratelyses
between time one and time two measures of physiology, which sought to detestiine t
retest reliability of these physiological variables.
Sample Characteristics

Participants were recruited from fliers and online postings in and around the
Tampa Bay community (Table 1). Of the approximately 450 potential participhots w
were screened by telephone, 171 were invited into the lab to complete the Structured
Clinical Interview based on the Diagnostic and Statistical Manual of MBigalders,
Fourth Edition (DSM-IV-TR) Axis | Disorders, Research Version, Patiertidedwith
Psychotic Screen (SCID-I/P W/ PSY SCREEN,; First et al., 2002). F¥tgessons that
completed the SCID did not meet study inclusion or exclusion criteria. Pantgipare
excluded for history of a major head injury, hearing impairment, diagnosis oftbipola
disorder, substance abuse occurring within 6 months prior to entry into the study, or any
history of primary psychotic symptoms.

Provisional DSM-IV-TR criteria for an mD diagnosis recommend an absence of

past episodes of MDD. To improve study feasibility, we loosened this criterion and 36%
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of mD participants had experienced at least one major depressive episode (MiB&g. T
subjects were only included if there was a period of at least eight wébksowesidual
depressive symptoms between the major depressive episode and the minor depressive
episode. In all cases of mD with a past MDE, MDEs occurred at least orgripeao

the current mD episode.

Table 1. Time one sample demographic characteristics.

Group

MDD mD Controls
Variable (n=33) (n=25) (n=30)
Age, M (SD) 29.88 (11.25) 25.85 (6.88) 26.72 (7.79)
% Caucasian 46.9% 73.1% 61.8%
% Female 88.2% 65.4% 75%
Education 5.29 (1.85)2 5.23(1.75)* 5.63(2.14)2
Income 5.31(3.44) 4.40 (3.07 5.93(3.89)
% Married 17.6% 19.2% 28.1%
% Antidepressants  14.7% 5.3% 3.7%
% Psychotherapy 11.8% 5.3% 0%

aeducation was assessed on an 8-point scale with higher numbers representing more
education—a score of 5.63 reflects graduation from a 2-year or a technicgécolle
PIncome was assessed on a 12-point scale—a score of 5.93 represents an income of
between $25,000 and $34,999.
“One control participant was taking an antidepressant to (successfullsgl coigraine
headaches.
Of those 115 individuals who completed the first SCID interview at time one, 88
(77%) participants—including 30 controls, 33 MDD individuals, and 25 mD
individuals—completed the time one startle procedure. Of those not completing the
startle procedure, some individuals declined to participate (n = 5), but the Igoggyma

failed to attend the session and were unable to be rescheduled (n = 22). Of those

individuals who completed the time one startle procedure, 52 individuals—17 controls,
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18 MDD individuals, and 17 individuals with mD—returned for the second SCID
interview (time two). Following the second interview, a total of 31 individuals—12
controls, 13 MDD individuals, and 6 mD individuals—chose to participate in a second
startle session. Of those who did not participate in the second startle sessioeréour w
unable to be scheduled, while the remaining 19 individuals did not want to participate.
The original sample was collected in anticipation of a 20% attrition ratej base
previous studies in this laboratory. The actual attrition rate for individuals not
completing the time two SCID was 35%.

Table 2. Time two sample demographic characteristics.

Group

MDD at T1 mD at T1 Controls
Variable (n=18) (n=17) (n=17)
% of T1 group 65% 56% 53%
Age, M (SD) 30.18 (10.61) 26.44 (8.16) 29.22 (9.06)
% Caucasian 63.6% 77.8% 33.3%*
% Female 95.5% 66.7%%F 77.8%
Education 5.27 (1.67)2 5.67 (1.88)2 6.00 (2.33)2
Income 5.37 (3.86) 5.29 (2.87 7.36 (3.48)
% Married 22.7% 27.8% 27.8%
% Antidepressants 22.7% 11.1% 5.6%
% Psychotherapy 3.4% 0% 0%

aeducation was assessed on an 8-point scale with higher numbers representing more
education—a score of 6.00 reflects graduation from a junior college.

PIncome was assessed on a 12-point scale—a score of 7.36 represents an income of
between $35,000 and $44,999.

“One control participant was still taking an antidepressant to (successhuilydl
migraine headaches.

*p<.01

1p=.06
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The final sample that participated in the time two follow-up interview (Table 2)
was again primarily Caucasian (57%) females (80%). At time two thexa wignificant
difference between controls (33%) and the clinical groups (64% for MDD and 78% for
mD) in terms of percentage of Caucasian participgots(1). There was a near
significant difference between MDD individuals (95%) and the other groups (67% of mD
individuals and 78% of controls) in terms of percentage of fempkesQ6). Therefore,
sex and ethnicity were entered as covariates in all subsequent analyseserNo ot
significant demographic differences existed between groupsséall 7).

Missing Data

Due to time constraints, time one BAI data were missing for one individual. Time
one startle magnitude data were missing for two individuals because they were
categorized as nonresponders (i.e., the startle probe failed to elicitearstgybonse
during at least two startle probes during each valenced picture categag/jo D
equipment malfunction, heart rate data were missing for four individuals. Three
individuals had skin conditions that eliminated the possibility of measuring skin
conductance (e.g., blisters, hyperhidrosis). Through an unfortunate photocopying error
time two PA and NA scores were missing for 19 individuals. Three individuals chose not
to complete time two PANAS questionnaires, and time two BAI data werengnissian
additional 4 individuals. All missing data was excluded casewise.

Attrition Analyses
Before testing primary hypotheses, attrition analyses were condodaetermine

if those who did and did not participate in the time two SCID differed on descriptive
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variables. A series of 2 (Group: participated, did not participate) by 3 (vaiendéion)
repeated measures ANCOVAs were conducted with gender and ethnicity astesvaria
Individuals who participated in the time two interview (Table 3) did not differ fiooee
who did not participate in terms of BDI scoper(34), BAI score§>.75), NA (> .87),

PA (p>.66), age[§>.88), educational levep$.25), sex £ = 1.33,p =.25), marital status
(x*= 4.15,p =.39), occupationy = 11.10,p =.20), income £ = 9.30,p =.60), or
treatment at time ongA= 4.53,p =.21). Lastly, the three diagnostic groups did not
differ in terms of retention at time tqu(: 1.03,p =.60). Thus, those who were lost to
follow up did not differ in any way from those who were retained in the sample.

Table 3. Demographic characteristics of time two sample by time twoaltc
grouping.

T2 Group

Ever Remitted Never Remitted Controls
Variable (n=17) (n=24) (n=17)
Age, M (SD) 26 (7.15) 30.29 (10.70) 29.24 (9.34)
% Caucasian 82.4% 62.5% 29.4%*
% Female 82.4% 83.3% 13 (76.5%)
Education 4.88 (1.80)2 5.79 (1.64)2 6.12 (2.34)2
Income 5.00 (3.90) 5.58 (3.11) 7.36 (3.48)
% Married 11.8% 33.3% 29.4%
% Antidepressants 23.5% 16.7% 0%
% Psychotherapy 5.9% 4.2% 0%

atducation was assessed on an 8-point scale with higher numbers representing more
education—a score of 6.00 reflects graduation from a junior college.

PIncome was assessed on a 12-point scale—a score of 7.36 represents an income of
between $35,000 and $44,999.

*p=.06
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In addition, we also examined whether those who did and those who did not
participate in the time two protocol differed on any predictor variable. Thekeled
tests of differences for startle magnitude during pleasant, unpleasant, aatigieuires,
as well as baseline startle, heart rate and skin conductance measures;rapdrself
ratings of picture valence and arousal. All were nonsignificanpgat .17), with one
exception. Those who did and did not complete the follow-up interview differed in time
one raw startle magnitude during neutral picturg4,[83) = 5.02p < .05], such that
those who participated had higher raw startle magnitude during neutral pictures
(M=200.38) compared to those who did not (M=134.07).
Clinical Outcome at Follow-up

Groups differed significantly at follow up on several clinical charasttesi
(Table 4). As expected, controls were less likely to experience a majessiepr
episode during the 6-month follow-up period than the mood-disordered participants. In
fact, only one control participant experienced a depressive episode during the 6-month
follow-up period. Individuals diagnosed as MDD or mD at time one did not differ
significantly in the likelihood of a MDE any time in the 6-month follow-up perjpd (
.21) or at time of testing at time twp £ .78). Persons with a MDD diagnosis at time
one met MDD criteria for significantly more weeks over the follow up period tidan di
persons with a mD diagnosis at time op& (.05) who in turn met MDD criteria for
significantly more weeks than did time one contrpls.001). Additionally, time one
MDD individuals experienced more total MDD week-by-week symptoms over the

follow-up period than time one mD individuals<(001), and time one mD individuals
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had a greater number of symptoms than contmi€(). Time one MDD and mD
individuals did not differ significantly in likelihood to remit at any point over the 6-
month period.

We conducted a one-way analysis of variance in order to test for group
differences in self-report measures of symptoms. Time oneB[2, [49) = 63.47p <
.01], BAI [F (2, 48) = 4.05p < .05], PA F (2, 49) = 10.97p < .01], and NA F (2, 49) =
9.08,p < .01] scores differed significantly between groups (Table 4). BDI scdfesedi
significantly for all three groups in the expected direction (with the Mjpddp having
the highest score, followed by the mD group, and confpels;.01). For BAI scores,
controls differed only from mD individualp € .05), who reported higher anxiety scores
than controls. PA scores differed significantly and in the expected dirbetioeen
controls and MDD individualgx(< .01), and approached significance between mD
individuals and MDD individualsp(= .08), as well as between controls and mD
individuals = .07), with controls having the highest levels of positive affect, followed
by mD and then MDD individuals. NA of MDD and mD individuals was significantly
higher than that of controlg € .01), but mD and MDD did not differ from one another.

Time two BDI [F (2, 49) = 12.68p < .01], BAI [F (2, 29) = 6.19p < .01] and PA
[F (2, 29) = 5.44p < .05] scores differed significantly between time one groups. Attime
two, time one MDD and mD individuals had significantly higher time two BDI score
compared to controlg’s < 01), but MDD and mD individuals did not differ. Controls
had significantly lower BAI scores compared to time one MDD individyeds.(05).

Controls had significantly higher time two PA scores than individuals who weil@ MD
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time one p < .05), but no other groups differed on time two PA. Lastly, groups did not
differ significantly on time two NAs > .21; this analysis was compromised by low
power due to missing data).

Because there is currently no widely accepted gold standard for defining
depression recovery, we examined the grouping variable of interest, time twesiepr
status, in two different ways. In the first, participants who had a mood disorder and wer
remitted at the time of the second interview were contrasted with those noissioam
at time two. This first grouping variable presumes that those individuals who ate able
remit and stay remitted for an extended period of time will differ in a sogmfiway
from those individuals who either do not remit at all or remit for a shorter periodeof t
Because controls were not expected to develop a depressive episode, thegaeerapl
a third group. However, one control, who did develop a depressive episode, was included
in analyses for remitted individuals. Only twelve individuals from the cligoalips and
one individual from the control group were in remission at the time of the second
diagnostic interview.

Second, we created an additional grouping that included participants asd-@mitte
they achieved a full remission for one month at any phining the 6-month follow up.

The second grouping variable presumes that those individuals who are able to remit for
even a short amount of time are significantly different from those depresséduats

who do not remit at all over a 6 month period. The ability to recover, even for a short
period of time, may be indicative of more extensive affective resources asi@uhio

those who stay more chronically depressed. This second grouping variableulieade f
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use of the detailed weekly codings in the longitudinal data set. This groupinfedent
four additional participants who experienced a one-month period of full remission at
some point during the 6-month period, for a total of 16 individuals from the clinical
group and one individual from the control group.

To identify whether ever remitted and no current MDE individuals differed from
non-remitted and time two MDE individuals, respectively, on any variables thanoer
of primary interest, we conducted a series of analyses of variance (AB)QViih
diagnostic group as the between-subjects variable and education level, isgehzand
age as the within-subjects variable or Cramer’s V tests, depending on whether
variable was continuous or categorical. Groups did not differ significantly onrgende
education, income, or marital statps ¢ .15). Furthermore, diagnostic groups did not

differ on time one or time two antidepressant use.
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Table 4. Clinical characteristics by time one diagnostic group.

Group

MDD at T1 mD at T1 Controls
Variable (n=18) (n=17) (n=17)
MDE at T2 7 (32%) 5 (28%) 0
Any MDE 15 (68%) 9 (50%) 1 (4%)
Weeks MDD 9.95 (7.30) 4.11 (4.70) 0.33 (1.03)
Total Symptoms* 94.18 (47.53) 47.44 (29.10) 3.06 (9.17)
Full Remissiont 8 (36.4%) 8 (44.4%) 1 (4%)

T1 T2 (n =16) T1 T2 (n=4) T1 T2 (n=13)

BDI 32.05(9.72) 20.82(13.85) 21.88(8.31) 16.65 (10.68) 3.33 (4.98) 3.89 (5.37)
BAI 9.38 (9.81) 16.00 (12.40) 15.47 (9.18) 11.00 (6.36) 7.22 (7.31) 3.50 (3.90)
PA 20.60 (6.19) 26.00 (11.10) 25.71(7.34) 25.25 (9.38) 32.12 (8.82) 27.46 (7.89)
NA 20.90 (8.93) 16.64 (9.68) 18.82 (6.02) 18.50 (10.77) 11.94 (2.63) 11.92 (1.93)

* Total Symptoms equals the total number of symptoms that an individual experiencéaeo&enonth follow-up
period.

¥ Denotes full remission at any point over the follow-up period. In order to achieverfudision, an individual
needed to have less than two symptoms, and neither could be depressed mood or anhedoswat #magdks. In
addition, symptoms had to be experienced to no more than a mild degree to meetaritdrisemission.

Major depressive episode (MDD); Minor depression (mD) Major depressisedep{MDE); Time one (T1); Time
two (T2); Beck Depression Inventory (BDI); Beck Anxiety Inventory (BAlpsitive Affect (PA); Negative Affect
(NA)

37

www.manaraa.com



We then examined whether groups differed in terms of clinical characterist
specifically PA, NA, BDI scores, BAI scores, or 6-month anxiety disadaéggnoses
(Tables 5 and 6). When diagnostic group was defined as ever remitted, nevedyemitte
controls (Table 5), significant group differences were found for BO¥R[ 49) = 58.78p
<.01], PAF (2, 49) = 8.02p < .01], and NAF (2, 49) = 9.96p < .01]. BAI
approached significanc€ [2, 48) = 2.92p = .06], and along with BDI, PA, and NA,
was examined further. Individuals who did not experience remission before timedwo ha
higher BDI, BAI, and NA scores, as well as lower PA scores compared tolsqalips
<.05). BAI scores showed a trend towards larger scores in those who never remitted
compared to those that dipl€ .07). No other time one variables differed between those
who never remitted and those who did remp& % .37). Those who remitted before time
two also had higher time one BDI and NA scores than conpsls (01).

Groups differed significantly on time two BOF [2, 49) = 27.20p < .01], time
two BAI [F (2, 29) = 6.75p < .01], time two PAF (2, 29) = 6.87p < .01], and time two
NA [F (2, 29) = 6.70p < .01]. Time two BDI scores differed in the expected direction
for all three groups, such that those who never remitted before time two had trst highe
scores, followed by those who did experience a remission during the follow-up period,
and then controlgé < .01). Controls had significantly lower time two BAI scores
compared to those who never remittpd(.01). Time two PA was lower in those who
did not experience remission before time two compared to conpralsdl). NA was
highest in those who never remitted compared to conpaeis@5) and those who did

experience a remissiop € .05).
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When diagnostic group was defined as presence or absence of MDE at time two
(Table 6), groups differed significantly on time one BBK2, 49) = 49.04p < .01], time
one PAF (2, 49) =9.01p < .01], and time one NAH (2, 49) =9.11p < .01]. Again,
BAI approached significancé&[(2, 48) = 2.92p = .06]. Specifically, controls reported
significantly lower BDI, BAI, and NA scores and higher PA scores condparthose
with and those without a time two MDR'$ < .05). Groups also differed significantly
on time two measures of BDF[(2, 49) = 23.54p < .01], time two BAI [ (2, 29) =
6.60,p < .01], time two PAF (2, 29) = 9.11p < .01], and time two NAHK (2, 29) =
7.24,p < .01]. Time two BDI was highest in those with a time two MDE, followed by

formerly depressed individuals without a time two MDE and then conp'sls(.01).
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Table 5. Clinical characteristics according to time two MDE group.

Group

No MDE at Time 2 MDE at Time 2 Controls
Variable (n=25) (n=11) (n=16)
Panic Disorder 3 (10.7%) 1 (8.3%) 1 (5.9%)
Social Phobia 4 (14.8%) 3 (25%) 0
Specific Phobia 2 (7.4%) 2 (16.7%) 1 (5.9%)
OCD 0 1 (8.3%) 0
PTSD 1 (3.7%) 1 (8.3%) 0
GAD 6 (22.2%) 4 (33.3%) 0

T1 T2 (n=13) T1 T2 (n=6) T1 T2 (n=12)
BDI 26.82 (9.61) 15.29(11.68) 28.92(12.03) 27.67(9.76) 2.29 (2.39) 3.00 (3.94)
BAI 12.30 (10.19) 12.54 (11.85) 12.83(10.03) 18.50(8.02) 6.12(5.79) 3.50 (3.90)
PA 24.77 (7.81) 25.92 (7.40) 19.92 (4.56) 17.33(5.68) 32.00(9.10) 33.17 (8.35)
NA 19.62 (7.15) 14.00 (4.79) 20.50 (8.82) 24.67 (14.4Q).56 (2.19) 11.92 (1.93)

Major depressive episode (MDE); Obsessive Compulsive Disorder (OCD)r&asiatic Stress Disorder (PTSD);
Generalized Anxiety Disorder (GAD); Beck Depression Inventory (BDHie one (T1); Time two (T2); Beck Anxiety
Inventory (BAI); Positive Affect (PA); Negative Affect (NA)
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Controls had significantly lower time two BAI scores compared to those with a
time two MDE ¢ < .01) and nearly significantly lower scores than those without a time
two MDE (p =.05). Time two PA was lowest in those with a time two MDE compared
to those without a time two MDE and contrgis € .05).

Hypothesis Testing

Subjective ratings of picture valence and aroubkxt, using data from only
those individuals who had diagnostic data at time two, a series of 3 (time one group) by 3
(valence) repeated measures ANCOVAs were conducted to determine nmiime¢hene
subjective ratings differed between time one groups. For subjective ratingiende,
the data was spherical. Therefore, a Huynh-Feldt adjustment was haad & Feldt,
1976). The results indicated a near-significant group by valence interde(@n47) =
2.48,p= .08,n|02 = .09] for subjective ratings of valence. Although this analysis did not
reach conventional levels of significance, we conducted follow-up tests beddhse
small sample size and potential importance for interpreting physiologsuats.
Follow-up analyses indicated that time one groups differed on their valemgss @it
unpleasant pictures, but not pleasant or neutral pictures. Specifically, individials w
time one MDD reported unpleasant pictures to be more unpleasant than did individuals
with mD (p <.05). The group by arousal interaction for subjective ratings of arousal was
nonsignificant p > .10).

We also performed a manipulation check on subjective ratings of valence and
arousal. The ANCOVAs yielded the expected main effegas<(.01). For valence,

unpleasant pictures were rated as least pleasant while pleasantwerirated
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Table 6. Clinical characteristics according to time two remission group.

Group

Ever Remittedt Never Remitted Controls
Variable (n=15) (n=21) (n=16)
Panic Dx 1 (5.9%) 3 (12.5%) 1 (5.9%)
Social Phobia 2 (12.5%) 5 (20.8%) 0
Specific Phobia 1 (5.9%) 3 (12.5%) 1 (5.9%)
OCD 0 1 (4.2%) 0
PTSD 2 (12.5) 0 0
GAD 5 (29.4%) 5 (20.8%) 0

T1 T2 (n = 16) T1 T2 (n = 16) T1 T2

BDI 23.29 (9.77) 11.59 (5.66) 30.52 (9.74) 24.48 (13.29) 2.29 (2.39) 3.00 (3.94)
BAI 12.18 (10.68) 11.00 (14.40) 12.68(9.72) 16.91(7.33) 6.12 (5.79) 3.50 (3.90)
PA 25.19 (8.30) 26.00 (7.84) 21.82 (6.20) 20.70(7.42) 32.00(9.10) 33.17(8.35)
NA 18.44 (6.02) 12.00 (2.12) 20.95 (8.56) 21.45(11.55) 11.56(2.19) 11.92(1.93)

FDenotes full remission at any point over the follow-up period. In order to achieverfudision, an individual needed
to have less than two symptoms, and neither could be depressed mood or anhedonia, for at kst adektion,
symptoms had to be experienced to no more than a mild degree to meet criteriadomifigion.

Major depressive episode (MDE); Obsessive Compulsive Disorder (OCD r&asiatic Stress Disorder (PTSD);
Generalized Anxiety Disorder (GAD); Beck Depression Inventory (BDHjie one (T1); Time two (T2); Beck
Anxiety Inventory (BAI); Positive Affect (PA); Negative Affect (NA
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as most pleasanpg < .001). For arousal ratings, pleasant and unpleasant pictures were
rated as more arousing than neutral pictypes.001), but pleasant and unpleasant did
not differ significantly from each other on rated aroupat (29).
There was a nonsignificant group by valence interaction for ratings of picture
valence for the grouping variable of any 6-month remisdtai2]48) = 0.31p = .79,
npz =.01], as well as for presence of a depressive episode at time {&o48) = 0.22p
= .86,%2 =.01]. The interaction was also nonsignificant for the interaction of time one
ratings of picture arousal by time two presence of depressi(ih f8) = 0.98p = .42,
an: .04]. However, for ratings of picture arousal, there was a near sighifica
interaction of time one ratings by time two remitted grdu?, 48) = 2.23p = .07,np2
=.09]. Although the results did not reach conventional levels of significance, follow-up
comparisons indicated that individuals who did not remit at any time during the 6-month
follow-up period rated unpleasant pictures as more arousing at time one (M = 14n35) tha
controls (M = 10.48p < .05) and those who did remit at some point (M = 11p21;08).
Groups did not differ on ratings of arousal (Figure 1) for pleasant or neutral pictures.
Startle analysesTo test Hypothesis 1a, that blunted time one emotion-modulated
startle magnitude would predict a worse course of mD and MDD, repeatsdmegea
ANCOVAs were conducted with time one startle valence as the predictor antiviim
diagnostic status as the outcome variable. A 3 (time one valence: negativa, neutr
positive) by 3 (Group: remitted for at least 1 month, never remitted, controls)e@peat

measures ANCOVA yielded a nonsignificant valence by group intera¢ti¢h g4) =
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1.50,p :.21,np2 =.06]. Additionally, within-subjects tests did not yield a significant

group by linear trendF{ (4, 44) = 2.12p = .13,n,° = .09; Figure 2].

When current MDE at time two was the grouping variable, the interaction of

valence by group verged on significanBe(4, 47) = 2.27p =.07,n,° = .09]. Although

there was no group by linear trend effd€(4, 46) = 0.10p :-88,T]p2 = .006], there was

a significant group by quadratic trerfd @, 46) = 4.16p < .05,n,° = .15]. Figure 3

depicts that while individuals with a time two current MDE display a quadratierpatf

startle reactivity across picture conditions, controls and individuals withaueawio
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Figure 5. Time one startle responses by picture valence for depressed
individuals, previously depressed individuals and controls.
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MDE do not display this pattern. Inspection of the results indicates that depressed
individuals show an unusual elevation of startle responses during neutral stimuli in
comparison to other valence conditions. Follow-up contrasts confirmed the between
groups difference for startle magnitude during neutral pictgres@1), such that
individuals with a current MDE at time two displayed higher startle ingigcat time one
to neutral pictures (M = 53.42) compared to controls (M = 49.72) and remitted
individuals (M = 49.99). There were no significant between-group differences for
pleasant or unpleasant pictures.

In line with Hypothesis 1b, that blunted startle responding to pleasant and
unpleasant pictures would be associated with higher time two depression severity
(measured continuously), we examined time one startle magnitude from atlawdi
separately, as predictors of time two BDI scores. Prior to testing, psosmof
regression were examined. Examination of the data revealed that BDI\weoeasot
normally distributed. This is not surprising, given that controls with low BDI scuege
combined with depression groups. To remedy this non-normality, BDI scores were
transformed into z-scores with a normal distribution. Next, the variablesylread
established to be associated with time two status (gender, ethnicity and time one
diagnostic category) were entered into a model to predict time two BDI zscbne
model (Model 1; Table 7) was significamt (3, 47) = 3.17p < .05], accounting for 17%
of the variance (12% adjusted).

Two startle conditions predicted time two BDI z-scores: startle magrifuriiey

neutral pictures and baseline startle magnitude. Each of these was erngaratéeinto
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a model with gender, ethnicity and time one diagnostic status. When startleugi@gnit
during neutral pictures was added to the model (Model 2), the model was signFicant |
(3, 47) = 2.99p < .05], accounting for 16% of the variance (11% adjusted).
Standardize@ weights indicate that startle magnitude during neutral pictures predicted
time two depression severity above and beyond time one diagnostic status, with higher
time one startle during neutral pictures predicting higher time two dépresesverity.
When baseline startle was added to the model (with gender, ethnicity and time one
diagnostic status), the model remained significer(8] 47) = 8.00p < .01] and
predicted 34% (28% adjusted) of the total variance. Furthermore, standfraveaghts
(Table 7) indicate that time one baseline startle provided a statisticgiificant
contribution to the model predicting time two BDI scores, with lower time oneihasel
startle predicting with higher time two depression severity.

Because startle magnitudes for valenced conditions can be correlated with
baseline startle magnitude, we tested the strength of the correlatiaehdiaseline
startle and startle during neutral pictures; baseline and neutral stardenoderately
negatively correlated & -.32,p <.05). In order to assess the unique contribution of both
baseline startle and neutral startle, both were entered into a model togetleeidbtione
two BDI z-scores. The model remained signific&n(3, 47) = 5.51p < .01] and
accounted for 39% (31% adjusted) of the total variance. Importantly, in thisiapaly
baseline startle remained an independent predictor of depression severéyeuitil

startle became marginally significant.
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Table 7. Regression models with time one neutral startle predictingnorigll.

Correlations

Model Variable R tvalue p-value B-weight Zero-order Partial Part
T1 Group 17 290  .006 38 39 39 .37
1 Gender 56 .58 07 05 08 .07
Ethnicity 1.99 05 26 29 28 .26
T1 Group 16 2.50 02 32 39 35 .31
2 Gender .33 .75 .04 .05 .05 .04
Ethnicity 2.27 03 28 29 32 .28
Tls't\'a‘?ﬁga' 2.36 02 30 34 33 .29
T1 Group 34 147 15 .20 .39 .21 .18
3 Gender 87 39 11 05 13 .10
Ethnicity 1.63 11 20 29 23 .20
Tlth;‘rstf;i”e 283 002 -39 _51 39 -34
T1 Group 39  1.20 24 19 39 18 .14
Gender 56 58 07 .05 08 .06
4 Ethnicity 1.93 .06 24 30 28 .23
Tls'?:ftf;i”e 231 .03 .33 .51 33 -27
Tls't\'aerﬁga' 1.76 .09 23 35 26 .21
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Figure 6. Time one neutral startle magnitude and time two Beck
Depression Inventory score.

Taken together, results from analyses of startle responding suggest tiratabn
responding during neutral pictures predicts time two depression status. Téris peais
found in both categorical and continuous analyses. Higher startle responses during
neutral pictures were indicative of risk for a depressive episode after 6 months.
Furthermore, higher time one startle responses during neutral picturessaeiaizd
with higher time two depression severity (as indexed by the BDI-II). thtied,
consistent with Hypothesis 1c, lower time one baseline startle responsetaile., s
responses that occur between pictures in the absence of affective stimuliedrbajber

time two depression severity.
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Figure 7. Time one startle during baseline and Beck Depression
Inventory score.

Heart rate analyses. For heart rate (HR) analyses, thereeveralssariables of
interest. As described previously, the pattern of HR over the course of each picture
viewing trial assumes a waveform with an initial deceleration (D4)jpgequent
acceleration (A), followed by a second deceleration (D2). In addition tovhesbles,

a baseline HR was collected in the absence of picture stimuli during a restoty per
before the start of the protocol.

A one-way ANCOVA found no difference between time two groups (ever
remitted, never remitted, controls) in time one baselineptR.85). Next, a 3 (time two
group: ever remitted, never remitted, controls) by 3 (time one HR change theross
picture viewing trial: D1, A, D2) by 3 (time one valence: pleasant, neutral,asgut
repeated measures ANCOVA was conducted to examine whether differertees in t

pattern of time one HR predicted time two diagnosis (Figures 6-9).
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Figure 8. Heart rate wave forms for all conditions and groups.

There was no main effect for HR € .38) or valencep(= .85), nor was there an
interaction for time one HR by time two diagnogis=(.71), valence by group & .19),
or time one HR by valencg & .80). There was, however, a near significant three-way
interaction of time two remitted group by time one HR by tone valence [F (8, 44) =
2.03,p= .07,np2 =.09] but not for time two presence of a depressive episode [F (8, 44) =
1.76,p = .10,n,° = .15].

Although the near significant interaction did not reach conventional levels of
significant, we completed follow-up analyses. A follow-up ANOVA of HR variafiles
controls and never remitted individuals indicated significant differences n<AQp5)
and D2 p < .01) for unpleasant pictures (Figure 9). Specifically, controls displayed less
acceleration and secondary deceleration in response to unpleasant pictaregaasa

to those individuals who never remitted.
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Figure 10. Heart rate waveforms during neutral pictures.
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Figure 11. Heart rate waveforms during unpleasant pictures.

Skin conductance analyses. Exploratory analyses considered the abifite of ti
one skin conductance to predict time two depression status, with a series of repeated
measures ANOVAs with time one SC as the predictor and time two diagnatis &
the outcome variable. A 3 (time one SC by valence) by 3 (Group: remitteddast
months, never remitted, controls) repeated measures ANOVA failed to reveal a
significant main effect of valencé& [(2, 45) = .58p :.51,np2 =.01] or valence by group
interaction F (4, 45) = .64p =.59,np2 =.03]. Additionally, when group was defined as
current MDE at time two, there was no significant main effect of valdn(2 [45) = .26,

p :.71,np2 =.00] nor was there a group by valence interacttof2[ 45) = 1.64p =.19,

np” = .07].
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Table 8. Correlations between time one and time two subjective ratings.

Subjective Rating T2
Time One Valence

Pleasant .62
Neutral 72
Unpleasant .85
Time One Arousal
Pleasant .50
Neutral 73
Unpleasant .56
All ps < .05

Time one and time two physiological correspondence. Test-retiesiligl was
high for ratings of picture valence and arousal (Table 8). In generaiiaave
magnitudes showed greater correspondence over time one and time two as campared t
startle magnitude. Consistent with analyses by Larson and colleaguesw2000)
analyzed raw startle magnitudes, and all test-retest values weifecaig (Table 9).
None of the test-retest values were significant for startle magnitliges a.60).
However, it is not surprising that startle magnitudes were not correlateedretime one
and time two because startle magnitude is obtained by transforming rdevsstares
into within subject, standardizddscores. Computation dfscores removes between-
subject variability, therefore decreasing the likelihood of detecting gigniftest-retest

correlations.
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Table 9. Correlations between time one and time two raw startle magnitudes.

Magnitude

T2 PleasantT2 Neutral

T2 Unpleasant T2 Baseline

T1 Pleasant
T1 Neutral

T1 Unpleasant

T1 Baseline

All ps<.01

.57
.55 .60

HR variables showed varying levels of correspondence over time (Table 10).

Specifically, D1 during neutral pictures£ .53,p< .01), Al during neutral pictures £

44,p < .05), and D2 during neutral € .44,p < .05) and unpleasant pictures=(.48,p <

.05) all showed moderate and significant levels of test-retest relialdiastly, SC

showed good test-retest reliability for pleasant (47,p < .05) and neutral (= .50,p <

.01) pictures only.

Table 10. Correlations between time one and time two heart rate measures.

T2
T1 Baseline .34
T1D1
Pleasant -.07
Neutral S57*
Unpleasant -.03
T1A1
Pleasant 14
Neutral A4A4*
Unpleasant 22
T1 D2
Pleasant .26
Neutral A44*
Unpleasant 48*
*p<.05
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Discussion

MDD is a highly recurrent and impairing disorder. Functionalist theories of
emotion predict that maladaptive emotional responses will be associated withea w
course of MDD. Studies of the emotion-modulated startle response in clinically
depressed individuals have attempted to identify maladaptive emotional rgaatidt
typically have found a reduction of the normal modulation of the startle response by
emotional valence (Dichter et al., 2004; Dichter & Tomarken, 2008). Such a pattern is
consistent with the idea that MDD is characterized by emotion context inagn@iCl;
Rottenberg, Kasch, Gross & Gotlib, 2002) or context-inappropriate emotional responses.
A flattened pattern of emotion-modulated startle has been documented in samples at
various levels of depression severity (e.g., severely depressed individledst al.,

1999; Kaviani, Gray, Checkley, Wilson, & Kumari, 2004; Forbes et al., 2005; and in
individuals with non-clinical depression, Mneimne, McDermut, & Powers, 2008),
although it should be noted that the cross-sectional analyses of our mood disordered
sample at time one did not find blunted emotion-modulated startle (Taylor-Clift, 2008).

The primary aim of the current study was to examine how emotional responding
during a depressive episode predicted recovery 6 months later. To accomphbsmm this
we gathered diagnostic and physiological data on individuals with Major Dygress

Disorder (MDD), Minor Depressive Disorder (mD), and healthy controisnat@ne and
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again, 6 months later, at time two. Specifically, we used the emotion-modulatked sta
paradigm, a well-studied physiological method for examining the motivatiopetiasf
emotional reactivity to valenced stimuli (i.e., normed pictures with emotionartipnt
We also collected subjective ratings of the valenced stimuli, as well @sadteaand skin
conductance data during presentation of valenced stimuli.

Prior to testing our main hypotheses, we examined clinical outcomes at time tw
We also conducted attrition analyses to ensure that our time two participants did not
differ significantly from those individuals who were lost to attrition. Withindbetext
of this information, we then tested our hypotheses. Based on prior studies of emotional
functioning in depression (Morris, Bylsma & Rottenberg, 2009), we hypothesized that
depressed individuals who displayed blunted emotional reactivity at time one, amrthe f
of a flattened pattern of emotion-modulated startle, would be more likely toitehi
worse course of depression, whereas those with normative emotion-modulakedistart
time one would be more likely to demonstrate recovery from a depressive episade dur
the 6 months following the time one assessment. Specifically, we predictedgjoat
and minor depressed individuals who showed the normative, linear pattern at time one
would be more likely to experience recovery at time two (Hypothesis 1a). We als
predicted that higher time one startle during pleasant pictures and lowemninseéartle
during unpleasant pictures (opposite the normative linear pattern of startle)predict
higher time two measures of depression severity (Hypothesis 1b). Our lastdsypdor
startle data predicted that higher time one levels of baseline startle wedict power

time two symptom severity (Hypothesis 1c) in line with prior results (@BSimpson
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et al., 2009). Lastly, we collected startle response data at time one anddimentder
to examine the stability of responses over this period of time.

The collection of self-report ratings of valenced stimuli, heart rate, and ski
conductance was performed to augment our understanding of the startle aealyles
As such, we did not have hypotheses regarding the predictive utility of these measure
We did not expect time one self-report ratings to predict time two depressios, sind
we therefore made no predictions regarding this association. We also made no
predictions regarding the ability of skin conductance values at time one to predict
depression status at time two. In terms of heart rate data, we predicted ottig tirae
one acceleration (A1) component of the heart rate waveform would predict time tw
depression status. Because Al is thought to represent defensive orienting éowards
affectively threatening stimulus, we predicted that lower defensive origtati
unpleasant pictures and higher defensive orienting to pleasant picturesiitext c
inappropriate responses) would predict worse time two depression status.

Clinical Outcome of Sample at Follow-up

Groups differed at time two in ways that might be expected. In general,
individuals who met MDD criteria at time one spent more time with syndroma MD
symptoms and experienced a greater number of total symptoms week by wedle @+er t
month follow-up. Despite the fact that the MDD group was the most burdened by
symptoms, MDD and mD individuals did not differ in their likelihood of achieving a
month long period of full recovery. Likewise, as expected individuals with MDD

reported levels of depression symptom severity (on the BDI) compared to those wit
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mD episode, who in turn reported high levels of symptom severity than controls.
However, individuals with MDD did not report more severe Beck Anxiety Inventory
(BAI) scores than the mD or control groups (mD individuals report higher levels of
anxiety than controls).

Subjective Picture Ratings

Manipulation check analyses confirmed that participants overall ratenlgsdh
the expected ways (e.g., negative pictures rated more negatively on vaknoeutral
pictures). Given the inconsistency of findings with self-report raimgsmilar
paradigms (Forbes et al., 2005; Dichter et al., 2004), we did not expect to find difference
in time one self-report ratings for time two diagnostic groups and subjeatings of
valence did not, in fact, predict clinical outcome at time two. However, individinds w
rated unpleasant picturesrasre arousing weréess likely to recover during the 6-month
follow-up and had higher time two depression severity.

Although these results seem to suggest that individuals who were more activated
by unpleasant stimuli were more likely to experience a worse depressioe, thase
data were not supported by higher startle reactivity in the context of unplpatardgs.
As mentioned previously, this likely represents a frequently observed discontwetine
subjective reporting and other measures of emotion (e.g., Sloan, Strauss, Quirk &
Sajatovic, 1997; Russell, Bachorowski, & Fernandez-Dols, 2003). The disconnect
between self-reported arousal and various other forms of arousal (i.e., fré@tiphas
been used as an argument for the complex nature of arousal as a construct (e.g.,

Davidson, 1978). Indeed, physiological markers of arousal are often employadeéeca
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arousal that exists after the presentation of an arousing stimulus is nat edliayly
accessible through self-reports (Cacioppo, Tassinary Stonebraker, & Petty, 1987).
Furthermore, physiological measures have been found to predict outcomeshbatter t
self-report ratings (e.g., Fox, Cahill, & Zougkou, 2010; Rottenberg, Kaschs &ros
Gotlib, 2002). Although time two depressed individuals in the present study reported
being more aroused by unpleasant pictures at time one, physiological melc s
support group differences in level of arousal (e.g., heart rate or skin conductance
measures of arousal). Therefore, it was the self-report or belief (RolirSkame,
2002), and not necessarily the physiological level of arousal, that prediogetivid
depressive status. It may be the case that those depressed individuals who display a
larger fractionation between physiological indicators of arousal and seltsebor
arousal are at a higher risk for chronic depression.
Startle Responding

We predicted that a non-linear pattern of startle responding at time one would be
associated with a worse course of depression over the 6-month follow-up. Sibgcifica
we expected controls and those individuals who recovered from a depressive @pisode t
show the normative linear pattern of startle modulation and for individuals who did not
recover form a depressive episode to show a blunted pattern of modulated startle.
Although we did not detect a group by linear trend, we did find a significant group by
guadratic trend. Specifically, MDD and mD individuals who were experiencimgjair
depressive episode (MDE) at time two showed a quadratic pattern of sspib@ding,

whereas those who did not have a time two depressive episode and healthy controls did
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not display a quadratic pattern. The quadratic pattern of startle respondingresseel
individuals with a MDE at time two was one in which startle responses duringmngleasa
and unpleasant pictures were attenuated compared to neutral pictures. Sthied in ot
terms, individuals who displayed exaggerated startle responding during nezitred i
and a lack of startle potentiation during unpleasant pictures were more dikady t
experiencing a MDE six months later. Consistent with these results, bightie
responding during neutral pictures also predicted depression symptom satvimiiy
two.

A handful of studies have found relationships between baseline startle responding
(i.e., startle reflexes occurring in between affective pictures aing ialisence of any
affective stimuli) and depression outcome. For instance, higher baselitersigronses
among recovered depressed patients were associated with a positive rasponse t
antidepressant therapy (Quednow et al., 2004). Consistent with these resultseityform
depressed individuals, lower baseline startle responses predicted areintigmessive
symptoms two years later (O’'Brien-Simpson et al., 2009). This study extended the
findings by including a sample with subthreshold depression, as well as healtloysgontr
and by examining the association between startle responses during vaterdigdrcs.
We found that lower startle reflexes occurring in the absence of emotiomali st
(baseline startle) predicted worse depression severity at time two.

Baseline startle responding is generally viewed as an evolutionarilyhadapt
measure of the defensive readiness of an organism (Landis & Hunt, 1939). Whereas

higher levels of baseline startle responding appear to be indicative of Hiyeerac
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defensive responding in individuals with anxiety disorders (e.g., Larsen, Norton, &
Walker, 2002; Elsesser, Sartory, & Tackenberg, 2004), lower baseline stanibea
chronically depressed patients may be indicative of disengagement from tlomerarit
in the absence of stimuli. O’Brien-Simpson and colleagues (2009) found lowerdévels
baseline startle in formerly depressed individuals at greatest riskiémse, suggesting
that hypoactive baseline startle persists even in the absence of deppsgt@ns.
This disengagement seems to put depressed individuals at risk for further depressive
episodes and may be a stable marker for depression chronicity. Furtherreeliagba
startle responding appears to be more heritable than emotion-modulationef start
(Anokhin, Golosheykin, & Heath, 2007), suggesting a strong genetic influence and/or a
possible disruption in the neural circuitry associated with the basic sesplense.

Indeed, attenuated startle responding has been associated with a number of
neurological abnormalities that may provide a clue as to what brain sésieiner
impaired in those more prone to recurrent depression. For instance, MDD has long been
linked to increased levels of cortisol (hypercortisolemia) (Gibbons, 1966; Stokies, Pic
Stoll & Noll, 1975; Sachar, 1976; Carroll, Curtis, & Mendels, 1976). Cortisol is a
hormone released by the adrenal gland during times of stress to predawdytiier the
“fight or flight” defensive response. A dexamethasone suppression test (€SI in
decreased production of cortisol in healthy controls but has no effect on the levels of
cortisol in depressed patients (Carroll, 1982). This nonsuppression after the DST
indicates hyperactivity of the hypothalamic-pituitary-adrenal axi®A}ksee Gillespie &

Nemeroff, 2005). This DST nonsuppression is predictive of a worse course of depression
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(Arana, Baldessarini, & Ornsteen, 1985) and is a predictor of relapser¢Riendon,
Grunhaus, & Greden, 1993). Diurnal variation in baseline startle responding has been
linked to HPA axis activity (Miller & Gronfier, 2006). Specifically, Mr and Gronifer
found that baseline startle responses in healthy individuals were highestwenirege—
when cortisol levels were at their lowest—and lowest in the morning—when cortisol
levels were highest. If MDD individuals are consistently stuck in a defertsive s
because of hypercortisolemia, there may be little room for an increasensidehess in
response to a startle probe. Thus, deficient baseline startle responding armaatker
of hypercortisolemia, which is in turn, a marker of more severe, chronic dimgres
illness.

The amygdala has also been implicated in the impairment of the stadie refl
The amygdala appears to be associated with emotion experience and processing in a
variety of contexts (Phillips, Drevets, Rauch, & Lane, 2003; Davidson, Jackson, & Kalin,
2000; Davidson, Jackson & Kalin, 2000). Researchers also argue that the amygdala is
involved in the vigilance of an organism and the interpretation of potentially thiregte
or ambiguous stimuli in the environment (Davis & Whalen, 2001; Whalen, 1998).
Furthermore, amygdala dysfunction is associated with a number of mood disorders,
including depressive disorders (Drevets, 2003; Xiang et al., 2008). Amygdalar responses
to emotional stimuli are blunted in depressed individuals (Thomas et al., 2001).
Furthermore, amygdala volume is reduced in severely depressed, unmedic&ed M
patients, and this decreased volume is directly proportional to the number of prior

depressive episodes (Kronenberg et al., 2009). Therefore, underactive amygdala
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functioning and reduced amygdala volume may be risk factors or consequences of
chronicity in MDD. Electrical stimulation of the amygdala results in enhraaneof the
startle response (Rosen & Davis, 1988), and lesions to the amygdala are abgdttiate
attenuated startle responding (Angrilli et al., 1996; Funayama, Grillons,Za®helps,
2001). Taken together, this research suggests that our finding of decreased basel
startle responding in the more chronically depressed may be associatadpaired
amygdala functioning.

What might seem most perplexing about our startle results is that both higher
startle in the presence of neutral stimuli and lower baseline staplendisg (in the ITI)
were associated with worse depression outcomes. At first glancehitsegm natural
to consider baseline startle responding as simply another form of “netrdi s
responding. However, it is important to understand the distinction between baseline
startle and startle during neutral pictures when interpreting thesisre Baseline startle
is not a measure of the startle responses occurring at the beginning oibie. sEke
first several startle probes presented to the participant are meant to eabiuat
participant to the noise. However, throughout a startle session, startle respmrisaie
to decline as the participant continues to habituate to the startle probesnésisetie
responses are collected within 9 seconds of picture offset (an average ofrapfetyxy
seconds) in the absence of any stimuli. Neutral stimuli in the present strely we
generally household items (e.g., a spoon, a cup), buildings, or abstract images. Within
the typical emotion-modulated startle paradigm, as was the case here, stential

serve as a reference for comparison of pleasantly and unpleasantly vatenaokd s
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Unlike baseline startle, during neutral pictures participants are askedrid t a

stimulus when the startle probe is presented. Therefore, while baselirersfandsents

a basic measure of the startle reflex, neutral startle represanies @gtiring attending to
non-valenced stimuli. Indeed the correlation between baseline startle regpandi
startle responding during neutral stimuli was only modest, at -.32, suggesting $kat the
variables are only loosely related.

While we cannot claim that startle responses were blunted in those who later
failed to remit from their depressive episode, we also cannot state tleaintiegduals
displayed normative, linear startle responding. On the contrary, nevetedgmit
depressed individuals seemed to display a startle response indicative afyreangutral
stimuli as if they were aversive. One possibility is that those who expedienitme two
MDE interpreted neutral pictures as more threatening. It is espaniaitesting, then,
that groups did not differ on their subjective ratings of picture valence for nstitnali.
However, as previously mentioned, subjective ratings and physiological meaftenes
do not correspond.

These results must be interpreted with caution. This is the first study tcnexam
the predictive utility of startle responses to each valenced condition sepatédsVever,
other research paradigms indicate that depressed individuals may intelpigricam
information more negatively than non-depressed individuals (Lawson & MacLeod,
1999), and that such a bias exists in individuals who are at-risk for developing aepressi
(Dearing & Gotlib, 2009). Although this bias is often argued to be a cognitive one

(requiring prolonged attending to a stimulus), the misinterpretation of ambigiirous$ s
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has even been replicated in a startle reflex paradigm (Leppéanen, Milders cBedel
& Hietanen, 2004), indicating that the phenomenon may be pre-attentive. Therefore,
depressed individuals’ higher startle responding in the context of neutral siomlali c
indicate that they interpreted neutral stimuli as negative stimuli, whichnratiivated a
defensive response. This possibility corresponds to our hypothesis of reduced amygdala
functioning in more chronically depressed individuals, as the amygdala isaasdagith
the resolution of ambiguous stimuli (reviewed above).
Skin Conductance

Skin conductance did not predict time two diagnostic status. Time one skin
conductance levels also did not differ according to valence of pictures in themim
sample. According to the emotion-modulated startle paradigm, skin conductzeise le
in the context of pleasant and unpleasant stimuli should be equivalent, indicating similar
levels of arousal in response to affective stimuli. In addition, arousal rafipsasant
and unpleasant pictures should be significantly greater than arousal chtireggral
pictures. SC data analyses did not match this expected outcome. However, our other
manipulation checks (e.g., subjective ratings, HR), as well as time one maaipulat
checks (Taylor-Clift, 2008) confirm the valence and arousal categorizations of
stimuli.
Heart Rate

Heart rate (HR) data were collected as a secondary measure ajremoti
processing. In healthy controls, the phasic heart rate response involveghn init

deceleration (D1), a subsequent acceleration (Al), and a secondary deceletdR
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following the onset of a stimulus (D2). The current study found differences onlyAn the
and D2 components of the phasic HR response. Specifically, individuals who never
remitted from their time one depressive episode showed greater inigakdef and late
anticipatory responding in the context of unpleasant pictures. Somewhat sislts re
were found in a study of individuals with and without Generalized Anxiety Disorder
(GAD), in which those individuals with GAD showed a distinct acceleration in response
to threatening words, while controls showed a deceleration during the sameriode pe
(Thayer, Friedman, Borkovec, Johnsen & Molina, 2000). During the presentation of a
stimulus that served as a cue for upcoming unpleasant stimuli, those with GAQIshowe
larger D2 response, indicating a greater amount of anticipatory preparaticefofde
it's possible that higher D2 responding in chronically depressed individuals iatiadic
of anticipatory preparation in response to the presentation of unpleasant stimuli.
Test-retest Reliability of Psychophysiological Measures

To date, there are very few studies on the stability of the startle respoose a
two or more time points (Larson, Ruffalo, Nietert & Davidson, 2000) and no results
regarding stability in individuals with MDD. Therefore, the current studyided
exploratory correlational analyses of time one and time two physiologyespondence
differed according to the measure. Consistent with reliability resutiducted by the
authors of the picture stimuli (Lang, Bradley, & Cuthbert, 2005), correspondence was
high for subjective ratings of both arousal and valence, and all correlations were
significant. Although startle magnitud€ gcores) at time one and time two were not

correlated, startle magnitude (raw values) showed strong correlatimss dme points.
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These results are remarkably consistent with results of Larson anabcetewho

examined test-retest stability of startle responses over the counse ofonth. They

found test-retest correlations of .55, .55, and .49 for unpleasant, neutral and pleasant
pictures, respectively, compared to our results of .57, .75, and .61 for unpleasant, neutral,
and pleasant pictures respectively. This adds to the evidence of raw stgrtludeaas

a stable marker of defensive responding.

Measures of heart rate (HR; including baseline HR) were correlated airig du
viewing of neutral pictures, and for the secondary deceleration during unpleasant
pictures. Like startle studies, there are very few longitudinal studies stathikty of
the heart rate waveform, or heart period (HP). There are several longjitstdities of
HR, however, which indicate that cardiovascular measures, such as HP and HR, are
generally stable across time in developing infants (Fracasso, Porges& Rosenberg,
1994), during physiologically stressful tasks across ten years (cold pr&sesornood et
al., 1997), and across various settings (Gerin et al., 1998). In this respect, we are
surprised by the lack of test-retest reliability between time one andwineaseline HR
measures.

Strengths and Limitations

The current study is one of the few studies of startle modulation to have examined
the course of depression in a longitudinal study for the purpose of predicting recovery.
The current study utilized multiple sources of emotion data to predict several eatobm
depression. Furthermore, the inclusion of a subthreshold depression group allowed for

more variability in depression measures and emotional reactivity than in previdies s
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Another strength of the study involves the method of diagnostic assessmeribbbie

up interview. We developed an extensive interview based on the Structured Clinical
Interview for the DSM-1V (SCID; First, Spitzer, Gibbon & Williams, 2002), gbhi

included diagnostic assessment for the entire six-month follow-up period. The intervie
collected diagnostic information for mood symptoms week-by-week. The ngsdéta
provided a more complete context for the course of the depressive episode and included
information that is not captured by the traditional SCID.

There were also a number of potential limitations with the current studytiofttr
was substantial, and above the expected 20% of our original sample for which we had
planned, despite all best efforts. We conducted attrition analyses to ensunesbatiho
participated at time two did not differ from those who did not participate atwme
There were no significant differences in any predictor variable, with tepaan of
startle responding in the context of neutral pictures. Individuals who paridipathe
time two follow-up had significantly higher startle responses to neutral mdtuae did
those who did not participate at time two. Interpretation of startle responseg duri
neutral stimuli should be mindful of possible attrition effects; it is conceithhte
inclusion of attritted individuals with lower startle responses in the context ahheut
stimuli would have eliminated the significant group differences in stasigonding
during neutral stimuli. Our greater than anticipated attrition rates algediwur ability
to conduct certain categorical and covariation analyses. Categoriyaesnaere
limited by small sample sizes. In fact, observed power for repeatestirasadANOVAsS

of group by startle interactions was only .06.
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Summary

These results emphasize the importance of multi-method studies of emotion when
predicting depression course. While self-report ratings of unpleasant piptecicted
depression course, startle responding during neutral pictures predicted time two
diagnostic status. Higher time one startle responding during neutral piotedésted a
worse time two outcome. In addition, baseline startle responding also preuinetedo®
depression severity, such that lower time one startle responding in the absgnte®f
stimuli predicted a worse outcome at time two. Perhaps most compelling, this
association between time one baseline startle and time two depressioly severit
corroborated prior results (O’Brien-Simpson, Parsia, Simmons & Allen, 2009) and may
be indicative of an overall neurologically based deficit in defensive respgonding
associated with dysfunctional HPA axis activity and/or amygdala dyshmncOverall,
raw startle magnitude showed high test-retest reliability, indgahbat startle may serve
as an important marker of emotional responding. Although the current results did not
provide much support for the Emotion Context Insensitivity (ECI) theory of blunted
emotional responding being associated with worse depression course, neither do our data
support the theories of positive attenuation or negative potentiation. In fact, the
interpretation of neutral and ambiguous stimuli as threatening supports the theory of
negative interpretive bias (e.g., Lawson & MacLeod, 1999). Given the novelty of the
current design, these results should be interpreted with caution. However,desults
provide more evidence that low baseline startle responding may serve denaoha

more chronic forms of depression.
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Appendix: Additional Data Analyses

Time Two Startle and Time Two Diagnostic Status

Although the small sample size precluded testing categorical analye® two
physiological variables and time two diagnoses, correlation analyseswreitucted
between time two measures of severity and subjective picture ratings, rsiagnitude,
raw startle magnitude, heart rate variables, and skin conductance fotuakgic
Correlations are listed in Table A.11.

Table A.11. Correlations between time two physiological measures antiionizeck
Depression Inventory scores.

Rating Sartle SC Heart Rate
Condition  Arousal Valence D1 Al D2
Pleasant -31 -.13 -15  -09 -17 -21  -.358
Neutral - 44* -11 .18 -26  -32 -.19 -.19
Unpleasant  -.38* 13 A7 -.03 19 23 33

* p<.05, 8p =.06, all others ns
Startle values are for startle magnitudes; SC = Skin Conductance; D1 ddeegtration
in heart rate; A1 = Acceleration in heart rate; D2 = Second deceleration.
For time two subjective ratings of picture valence and time two BDI, there w
no significant correlations (ghls > .46). For ratings of picture arousal and time two BDI,

correlations for all picture conditions were significant or near significaoh that lower

time two BDI scores were associated with rating pictures as mdrky laigousing at time
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two. There were no significant correlations between time two BDI and timetbastle
magnitude or time two raw magnitude (agl> .17).

There were several near significant associations between time two Hiand
two BDI scores. Specifically, higher time two BDI scores predicted demnidl during
neutral pictures (r = -.33,=.09), a smaller D2 during pleasant pictures {.35,p =
.06), and a larger D2 during unpleasant pictures.83,p = .08; all otheps > .23).
Lastly, there were no significant correlations between time two SC and tome tw

measures of severity (adé > .52).
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