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Abstract

We examined puberty-specific effects on affect-related behavior and on the psychophysiology of
defensive and appetitive motivation while controlling for age. Adolescents (N=94, ages=12 and 13
years), viewed 75 pictures (IAPS: pleasant, neutral and aversive) while listening to auditory probes.
Startle response and postauricular (PA) reflex were collected as measures of defensive and appetitive
motivation respectively. Pubertal status and measures of anxiety/stress reaction and sensation/thrill
seeking were obtained. Mid/late pubertal adolescents showed enhanced startle amplitude across all
picture valences. A puberty by valence interaction revealed that mid/late pubertal adolescents showed
appetitive potentiation of the PA, while pre/early pubertal adolescents showed no modulation of the
PA reflex. Mid/late pubertal adolescents also scored significantly higher on measures of sensation/
thrill seeking than did their pre/early pubertal peers and puberty moderated the association between
psychophysiology and behavioral measures, suggesting that it plays a role in reorganizing defensive
and appetitive motivational systems.
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Introduction

Adolescence is of particular importance in the study of developmental psychopathology.
Defined as the interval between the onset of puberty and the transition into adult roles
(Steinberg, Dahl, Keating, Kupfer, Masten et al., 2006), it is distinguished by marked and rapid
biological, cognitive and emotional changes, and restructuring of children’s social contexts
(Adams & Berzonsky, 2003). The transformations that take place during this period constitute
improvements in almost every domain we can evaluate (Dahl & Spear, 2004). Despite these
improvements, the rates of morbidity and mortality paradoxically double from childhood to
adolescence (Grunbaum, Kann, Kinchen, Williams, Ross et al., 2002). In addition to increased
mortality, there is an upsurge in psychiatric disorders during adolescence including affective
disorders, schizophrenia, eating disorders, and substance use disorders (Cicchetti, Fred, &
Toth, 1994).
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Noting the health paradox of adolescence, Dahl (2004) argued that problems in emotion
regulation and changes in affect-related processes that influence behavioral choices underpin
a key dimension of the increased mortality and morbidity during this period. Research is
accumulating to support the argument for puberty-associated modifications in brain regions
supporting emotion, arousal, response inhibition and the calibration of risks and rewards (Dahl
& Spear, 2004). These changes may include increases in the intensity of emotions experienced
by adolescents, their sensitivity to emotional influences, and their difficulty in regulating
emotions in the face of conflicting demands (Steinberg, 1989). Notably, there is also mounting
evidence of a temporal gap between the maturation brain regions involved in behavior
regulation (i.e., of dorsal areas of the prefrontal cortex, PFC); and regions controlling emotional
processing and behaviors associated with reward/ punishment (ventral-medial areas of the
PFC) that have bi-directional connections with the amygdala and the hypothalamus (Conklin,
Luciana, Hooper, & Yarger, 2007). Thus, the argument is that experiencing more intense
emotions in the context of slowly developing regulatory skills makes adolescents more
vulnerable to psychopathology and errors of judgments than children (who experience lower
levels of motivation and arousal) or adults (who have stronger regulatory capabilities)
(Steinberg et al., 2006).

The neurobiological changes described above may be influenced by both experience and
pubertal maturation. Puberty represents a core set of biological processes that are foundational
to the adolescent transition. Nonetheless, differentiating puberty-specific effects from
experiential effects during adolescence is challenging. The world of adolescence differs from
the world of childhood. Social relationships and roles change dramatically. Individuals become
increasingly more embedded in their peer groups and spend less time with their families
(Eccles, 1999). Relationships with parents are redefined from one of unilateral authority in
childhood to one of cooperative negotiation in adolescence (Steinberg et al., 2006). At the same
time, emotional relations with friends become more favorable and important, while those with
family often become temporarily less positive (Larson & Richards, 1991). To a large extent,
these social changes correlate with age, which is also correlated with pubertal stage, thus
obscuring the specific role of puberty-specific processes in influencing emotional changes in
adolescence. One method of disentangling pubertal and social-experiential changes is to study
effects of puberty among adolescents of roughly the same age. Early adolescence provides the
opportunity for such an analysis, as early in adolescence it is not difficult to find many children
who have and many who have not progressed far in the pubertal transition.

The Role of Puberty

There are a number of reasons to expect that puberty will have significant effects on emotion
processing (see for a review, Patton & Viner, 2007). In animal models increases in gonadal
steroids are known to exert robust effects on brain areas mediating affect and behavior in ways
that underscore not just the effect of hormones but puberty-specific changes in brain receptivity
to their influence (Romeo, 2001). Puberty may also be as a unique formative period for future
behavioral tendencies. Animal models show that hormonal influences on behavior are
important during initial encounters with stimuli, though once behavior patterns are established
they become less susceptible to hormonal influences (Fleming & Corter, 1995). Therefore
puberty is likely to change behavior-biology associations. For example, predicted relations
between serotonin or sexual hormones and patterns of maladaptive behavior have been found
only after the pubertal transition (Twitchell, Hanna, Cook, Fitzgerald, & Zucker, 2000). These
findings suggest the importance of taking into account pubertal status as a moderator in various
models of behavior-physiology relations.

In humans there is also evidence for the role of gonadal steroids in the shaping of social
processes such as sexual activity, maternal behavior, social bonding, and social memory
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(Nelson, Leibenluft, McClure, & Pine, 2005). Sexual hormones play a key role in neural
plasticity. For example, neural plasticity in the hypothalamus and the hippocampus is regulated
by the ebb and flow of estrogens in females (McEwen, 1994). Both estrogens and androgens
influence verbal fluency, spatial abilities, verbal memory and motor skills (McEwen & Alves,
1999). There are many domains aside from sexuality that exhibit puberty-specific maturational
changes including sensation seeking, sleep/arousal regulation (Dahl, 2004), appetite and
feeding (Barb, Hausman, & Czaja, 2005), mood lability, and risk for affective disorders among
girls (Ge, Kim, Brody, Conger, Simons et al., 2003). Taken as a whole, these findings suggest
that puberty is not only a useful milestone for studying a specific developmental process within
the broader set of transformations of adolescence, but also that pubertal processes may trigger
rapid modifications in the intensity, direction and calibration of multiple emotional and/or
motivational domains.

The Current Study

The purpose of the present study was to examine the role of puberty in the transformations of
two systems that characterize emotional life: defensive and appetitive motivation (Lang,
1995). Changes in these core dimensions of emotion are believed to contribute to the increased
morbidity and mortality of adolescence (Spear, 2000). The defensive motivational system
supports avoidance of predators and safeguarding of physical integrity; and its neurobiology
is common to both pathological anxiety and normative fearfulness (Rosen & Schulkin,
1998). The appetitive motivational system, which underlies reward and primary reinforcers,
supports behavior directed toward multiple stimuli such as food, sex, pair bonding, money and
drugs of abuse (Sevy, Hassoun, Bechara, Yechiam, Napolitano et al., 2006; VVolkow, Fowler,
& Wang, 2004; Young, Murphy Young, & Hammock, 2005). The neural bases of these systems
and behaviors may significantly change during the adolescent transition (Galvan, 2006;
Laviola, Adriani, Terranova, & Gerra, 1999), and these transformations are hypothesized to
be linked to the onset of multiple forms of psychopathology and behavior problems (Nelson
etal., 2005). Our goal was not only to examine self-reported changes in defensive and appetitive
behavior, but also to explore how the pubertal transition would influence the psychophysiology
of appetitive and defensive emotions. This in turn would allow us some insight into how puberty
might alter the neural bases of these emotion systems. To accomplish this we examined the
psychophysiology of emotional processing while controlling for age so that significant
findings, if any, could be more directly linked to pubertal status. Below we elaborate on each
motivational system and the psychophysiological measures associate with them.

Defensive Motivation: Fear and Anxiety

The period of adolescence is characterized by an increase in stress and socio-environmental
challenges (Shirtcliff, Dorshorst, Nguyen, & Pollak, 2006), particularly for adolescents
undergoing puberty and those who mature early. These factors are noted by many authors as
part of the underlying causes for increased prevalence of stress-related psychopathology during
this period, such as anxiety and panic disorders (Pine, Cohen, Gurley, Brook, & Ma, 1998).
Related emotional states, such as self-consciousness (Roth, 1999), also increase with the
physical changes of puberty. In summary, adolescents as a group are generally more likely to
evidence signs of enhanced anxiety and physiological stress reactivity (Spear, 2000). However,
it should be noted that some researchers propose that adolescence is characterized by a weak
harm-avoidance system and a more active reward-sensation seeking system (See Ernst, Pine,
& Hardin, 2006). While this not automatically contradictory with our premise, given the
manifold complexity of the neural bases of these systems, there is evidence for puberty-specific
effects on anxiety and stress related disorders. For example, more advance pubertal status in
girls is associated with more symptoms of depression, anxiety and stress perception (Huerta
& Brizuela-Gamino, 2002). Altogether, when epidemiological data and pre-clinical studies are
considered, it would appear that adolescents are experiencing higher levels of anxiety and stress
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and they also find themselves in situations that would trigger intense fears (Greist, 1995).
Against this background we target the specific role that pubertal processes may play in
increased defensive motivation and anxiety during adolescence.

We examined the emotional modulation of the eye-blink startle reflex in pre/early pubertal and
mid/late pubertal adolescents. The eye-blink startle reflex is part of a set of fear and defense
motivated behaviors. The startle response has emerged as a useful non-invasive tool for the
study of emotion and processing of frightening/negative events in particular. The eye-blink
startle magnitude to sudden acoustic probes (specifically the strength of the orbicularis oculi
contraction) is augmented during exposure to noxious stimulus (termed startle potentiation)
and inhibited during pleasurable ones. Startle potentiation during aversive stimuli is modulated
by the amygdala (Davis, 1988), and is intrinsically linked to the neurobiology of fear and
anxiety. There is a growing literature on emotion modulated startle in children and adolescents.
Startle modulation has been successfully obtained in children using pictures (McManis,
Bradley, Berg, Cuthbert, & Lang, 2001). Additionally the startle response differentiates
clinically anxious individuals from not affected individuals in studies with children,
adolescents and adults (Grillon, Ameli, Foot, & Davis, 1993; Grillon, Dierker, & Merikangas,
1998), and it has been successfully used to differentiate maltreated from not maltreated children
(Klorman, Cicchetti, Thatcher, & Ison, 2003). Therefore this is a well validated measure of
defensive motivation and processing of aversive events. Finally, in addition to startle we
sampled self report measures of anxiety and stress reactivity, and we screened for other forms
psychopathology and maladaptive behaviors. Our hypotheses were as follows. (1) Mid/late
pubertal adolescents would report increased anxiety and stress when compared to pre/early
pubertal adolescents. (2) Mid/late pubertal adolescents would evidence enhanced startle
reactivity during aversive stimuli (startle potentiation) compared to pre/early pubertal peers.
(3) Startle potentiation during aversive stimuli would relate to individual differences in anxiety
and individual differences in sensation seeking. And, (4) puberty would moderate the relation
between anxiety related behaviors and fear potentiated startle. Specifically, behavioral
measures of anxiety and stress reactivity would link more strongly to fear-potentiated startle
in mid/late pubertal than pre/early pubertal adolescents.

Appetitive Motivation: Sensation Seeking and Risk Taking

During adolescence there is a shift toward increased sensation seeking and risk taking that may
reflect a larger modification in reward systems and appetitive motivation during this period.
Adolescent animals, when compared with adults, are characterized by increased novelty
seeking, increased risk-taking behavior as well as elevated levels of impulsivity and
restlessness (Laviola, Macri, Morley-Fletcher, & Adriani, 2003). Similarly, human adolescents
show increased use of psychoactive drugs, and they engage in more extravagant and reckless
behavior, hazardous driving, and unprotected sex when compared to adults (Spear, 2000).
Again the hormonal changes of puberty may play a specific role in the increased drive for thrills
and sensations; for example, higher levels of testosterone and estradiol are linked to higher
sensation seeking in college-age males and females (Daitzman, Zuckerman, Sammelwitz, &
Ganjam, 1978). Additionally, one study employing self-report measures showed that higher
sensation seeking was positively correlated to pubertal maturation but not to increasing age
(Martin, Kelly, Rayens, Brogli, Brenzel et al., 2002). However, there are no data on how the
putative effects of puberty on sensation seeking and risk taking may be evident in the
psychophysiology of reward systems. Our research questions in this domain pertain to the
specific role of puberty in increases in appetitive motivation observed during adolescence. In
the present study we examined the postauricular (PA) reflex and its modulation in pre/early
pubertal and mid/late pubertal adolescents. The PA reflex is a vestigial muscle response in
humans that acts to pull the ear upward and backward (Berzin & Fortinguerra, 1993). It is
recorded from electrodes positioned over the postauricular muscle behind the ear (Patuzzi &
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O’Beirne, 1999). PA reflex magnitude is modulated by emotional stimuli so generally it is
larger during pleasant stimuli (termed PA reflex potentiation) and smaller during aversive ones.
PA reflex magnitudes are potentiated during pleasant pictures and sounds and inhibited during
aversive pictures and sounds (Benning, 2006; Benning, Patrick, & Lang, 2004). PA reflex
magnitude is also greater during exposure to happy facial expressions and inhibited during
exposure to angry expressions (Hess, Sabourin, & Kleck, 2007).We also examined self-report
measures of affect-related behavior such as sensation seeking, behaviors regarding risk taking
and thrill seeking and measures of competence, positive emotionality and adaptive functioning.
All of these dimensions could be theoretically related to the PA potentiation and evidence
transformations during the pubertal transition. Our specific hypotheses in this domain were as
follows (1) Mid/late pubertal adolescents would report higher levels of sensation seeking than
same age pre/early pubertal peers. (2) As an indication of changes in the neurobiology of
reward, relative to pre/early pubertal adolescents, mid/late pubertal adolescents would
evidence stronger potentiation of the PA reflex during pleasurable stimuli. (3) PA potentiation
during pleasurable stimuli would be related to individual differences in sensation seeking. (4)
Puberty would moderate the relationship between sensation seeking behaviors and the
psychophysiology of reward/pleasure. Specifically, increases in sensation seeking would be
linked more strongly to appetitive potentiation of the PA in mid/late pubertal than pre/early
pubertal adolescents.

The study involved a total of 94 participants (20 pre/early pubertal females and 22 mid/late
pubertal females, 31 pre/early pubertal males and 21 mid/late pubertal males). Participants and
their families were recruited through a registry of families who, at the time of their child’s
birth, indicated interest in participating in child development studies. This registry is largely
composed of middle- to upper-income families and parents with at least college educations.
Nearly all the participants were Caucasian (99% Caucasian, 1% other). Given our particular
interest in the specific effects of puberty on emotional process, age was strictly controlled so
that any observable effects could be clearly linked to puberty not age. All participants were 12
and 13-years old. There was no age differences between pre/early pubertal (M = 13 yrs, 1
mos, SD = 0.63) and mid/late pubertal adolescents (M = 13 yrs, 3 mos, SD = 0.43); t(92) =
1.4,p=.16.

Participants were selected so that roughly half of each sex would be pre/early pubertal and half
mid/late pubertal. Selection was accomplished by screening the participants via parent report
over the phone at the time of recruitment. Questions from the Pubertal Development Scale
(PDS), parent report (Petersen, Crockett, Richards, & Boxer, 1988) were used to establish a
tentative initial classification. Participants scoring 2.5 or above during phone screening were
recruited as mid/late pubertal while those scoring below 2.5 were recruited as pre/early pubertal
participants. Girls who had not reached menarche were classified as pre/early pubertal,
irrespective of their score on the PDS. Occasionally experimenters were aware of the first
tentative classification from parent report, but not of the final classification, which was
established after participants finished the procedure. Potential participants that had a history
of psychiatric or physical illnesses were screened out at the time of recruitment.

Participants arrived at the laboratory with at least one parent. After consent and assent were
obtained participants sat on a chair at a distance of 135 cm from a 21-in computer monitor
positioned directly in front of them. Following electrode placement, physiological responses
were recorded using a PC computer running ERP-W 32 software (New Boundaries
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Technologies Inc.), which was also used to deliver the emotionally valenced pictures and noise
probes. Before starting the experiment, both the parent and the experimenter left the room but
could see the participant through closed circuit camera. Placement of the electrodes and
viewing of the pictures took 45 minutes. The electrodes were removed and the participant
completed ratings of the pictures for emotional valence and arousal (Lang, 1980). Pubertal
status was verified at the time of testing by having the participants complete the Pubertal
Development Scale. The PDS correlates with Tanners Stages on physical exam and predicts
basal hormones related to pubertal development (Brooks-Gunn, Warren, Rosso, & Gargiulo,
1987; Shirtcliff, Heiligenstein, Hoornstra, Squires, & Pollak, 2007). To score the PDS, we
included only questions that reflected the main axes of puberty: growth (item 1), adrenal (items
2, 3), and gonadal (males: items 4 and 5, females: item 6). Placement in pre/early pubertal and
mid/late pubertal groups was based on the participant-reported data. The result was a 4 point
scale composite measure with a median score of 2.5 that was used to split participants into pre/
early pubertal and mid/late pubertal groups.

Experimental Stimuli and Measures

Participants viewed 75 pictures from the International Affective Picture System (Lang &
Bradley, 1999) and heard brief loud burst of white noise while viewing the pictures. The
acoustic probe was a bilateral 40 ms probe (M intensity= 99.84 dB, SD = 1.09) with nearly
instantaneous rise time; acoustic probes were presented within an average of 3579 ms, SD =
1027 after picture onset. To diminish probe predictability, 9 no-probe picture trials were
interspersed with probed trials and 6 probes were delivered during no-picture presentation
intervals. The probes were presented binaurally through Sony insert earphones. The mean inter-
probe interval was 11019 milliseconds, SD = 2601.8; the mean inter-trial interval was 5881
ms, SD = 687. Pictures were presented for 6 seconds in 5 different counterbalanced orders with
appropriate stimulus substitutions made for female and males. Within and between orders, the
position of the pictures was counterbalanced such that all valence, content, and intensity
conditions were represented equally across orders at each serial position. No more than two
picture of the same valence occurred consecutively. Additionally, within any stimulus order
pictures of the same content never appeared consecutively.

Picture contents were gender balanced on dimensions of normatively rated valence. Five
pictures were included in each of the following rationally established content categories: (1)
Pleasant Valence: Romantic (couples in romantic postures and activities), Food (appetizing
depictions of individual food items or buffets), Adventure (thrilling scenes, such as high-speed
skiing and cliff-diving), Nurturing/Attachment (scenes of young children, animals, and
families), Attractive People (attractive members of the opposite sex). (2) Neutral Valence:
Buildings (scenes of large edifices), Landscape: (low arousal nature scenes), Objects
(household utensils and appliances), Humans (depictions of humans with neutral facial
expressions and poses; 2 sets of 5 pictures of this content category were presented to
compensate for the large number of humans depicted in both pleasant and aversive pictures).
(3) Aversive Valence: Threat (depictions of attackers with pointed guns or other weapons,
aimed at the viewer), Disqust (depictions of violations of social and hygiene norms), Disgusting
Animals (cockroaches and other vermin); Victim (depiction of attacks), and Dangerous
Animals (snakes, dogs, and sharks in attack postures aimed at the viewer).

Manipulation Check

As a manipulation check, participants rated each image for both valence and arousal in a 1-6
scale employing a variation of the Self-Assessment Manikin (SAM) system (Bradley & Lang,
1994). For valence ratings, there was the expected main effect of picture Valence, F(1.71,127)
=264,p<.001, nzp =.781, inwhich pleasant pictures were rated as more pleasant than aversive
pictures, linear Valence F(1,75) = 385, p <.001, nzp =.837, and neutral pictures were rated
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intermediately between pleasant and aversive. No other main effects or interactions of interest
were significant; in particular, the Valence x Puberty interaction was not significant, F
(1.71,127) = 0.78, p = .444, nzp =.010 (see Figure 1).

For arousal ratings, there was the expected main effect of picture Valence, F(2.00,150) = 342,
p <.001, nzp =.822, in which pleasant and aversive pictures were rated as more arousing than
neutral pictures, quadratic contrast F(1,75) = 683, p <.001, nzp =.902 (linear contrast F(1,75)
=14.3,p <.001, nzp =.162). As before, the Valence x Puberty interaction was not significant
for arousal ratings, F(2.00,150) = 1.05, p = .355, nzp =.014 (see Figure 2). The results of the
manipulation check indicated that regarding valence and arousal dimensions, mid/late pubertal
and pre/early pubertal participants judged the stimuli comparably.

Physiological Measures

Both eye-blink startle and PA reflexes were measured by recording electromyographic (EMG)
activity employing disk electrodes (Ag-AgCl) using a Grass bioamplifier. The ground electrode
was placed in the forehead (all impedance levels less than 10 kQ). Rectification, integration,
and (in the case of PA reflexes) averaging of trials were done employing ERP-W 32 software;
the sampling rate was 1000 Hz. The time constant for integrating the startle blink data was 20
ms. Because ERP-W 32 did not allow rectifying the PA channels without integrating the signal,
PA reflexes were integrated with a time constant of 1 ms to most closely approximate the raw
rectified data. Baseline was calculated as the average rectified EMG activity during the 100
ms before the onset of the noise probe. Baseline-corrected EMG activity was used in the
analyses. The initial picture trial was excluded from all analyses, as it acted as a habituation
stimulus (Benning, Patrick, & lacono, 2005). For both startle blink and PA reflexes, trials were
inspected and coded visually. Startle blinks were inspected and analyzed on a trial-by-trial
basis, whereas PA reflexes were inspected and analyzed after signal averaging of all trials
within each content category. Startle blink trials or averaged waveforms for each PA content
category with excessively noisy background EMG activity were excluded from averaging
procedures.

Sensor placement for the eye-blink startle reflex was done as described by Blumenthal et al.
(2005). Startle EMG activity was filtered with a bandpass of 30-300 Hz and amplified 20,000x.
Peak startle EMG activity was selected employing ERP-W software within a window of 20-175
ms after probe onset. The PA reflex was collected and measured as described by Sollers and
Hackley (1997). In this study, raw EMG signals for each ear were recorded for 103 ms before
noise onset until 400 ms after probe onset. PA data were filtered on-line with a bandpass of
10-1000 Hz and amplified 20,000x. Average PA waveforms per picture content were then
exported to a spread sheet and maximum EMG peak activity was selected within a window of
8-30 ms after noise probe onset.

Trait Measures

To obtain measures of defensive and appetitive motivation, participants completed several trait
measures: the easy reading version of the Multidimensional Personality Questionnaire, brief
form (MPQ, Patrick, Curtin, & Tellegen, 2002), the Sensation Seeking Scale for Children
(SSSC, Russo, 1991), and the Behavior Assessment System for Children, 2" Edition (BASC-2,
Reynolds & Kamphaus, 1998). These instruments were used to derive measures of anxiety/
stress reaction as an index of defensive motivation and sensation/thrill seeking as an index of
appetitive motivation. For anxiety/stress reaction the MPQ Stress Reaction scale and the
Anxiety scale from the BASC-2 were chosen because they are conceptually linked to brain
systems underlying defensive-withdrawal behaviors (Tellegen, 1985). Two subscales of the
SSSC (Thrill and Adventure Seeking, and Social Disinhibition) and the Sensation Seeking
scale from the BASC-2 were chosen because they are conceptually and empirically linked to
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traits of sensation seeking in physical and social domains (Russo, Stokes, Benjamin, Christ,
McBurnett et al., 1993). These five scales were subjected to principal component analysis with
varimax rotation which yielded, as expected, two factors explaining 78.7% of the variance. An
Anxiety/Stress Reaction factor (eigenvalue = 1.78) was marked by high loadings of BASC
anxiety (.93) and MPQ stress reaction (.95); and a Sensation/Thrill Seeking factor (eigenvalue
= 2.22) marked by high loadings of BASC sensation seeking (.86), SSSC thrill and adventure
seeking (.85), and SSSC social dishinibition (.84). The individual scales were then standardized
and the resulting z-scores were added to yield two summary composite measures: Anxiety/
Stress Reaction and Sensation/Thrill Seeking.

Missing Data

All physiological data for three participants were lost due to equipment failure, and PA reflex
data were lost for one participant due to sensor failure. Insufficient responses across all
conditions, defined as overall mean reflex magnitude < 2 pv, resulted in elimination of 9
participants for startle and 5 for the PA reflex. Participants with missing psychophysiological
data were not different on trait measures from participants with usable psychophysiological
data, t(90)=1.22, p < .22. Psychophysiological data could assumed to be missing at random
[Little’s MCAR test, 2 (1568) = 109, p = 1.00]. However, imputation of psychophysiological
data was not advisable because these were our main outcome variables. Thus a total of 82
participants had usable startle blink data (20 pre/early pubertal girls, 28 pre/early pubertal boys,
18 mid/late pubertal girls, 16 mid/late pubertal boys) and 85 participants had usable PA reflex
data (19 pre/early pubertal girls, 28 pre/early pubertal boys, 21 mid/late pubertal girls, 17 mid/
late pubertal boys). Two participants had missing data on the BASC-2 (one of them also with
missing the MPQ data) due to an error of collating the questionnaires. However, these
participants had complete SSSC data. There were no differences in psychophysiology between
participants with and without complete questionnaire data, t(89) = 1.54, p =.13; and data were
missing at random as indicated by Little’s MCAR test, x2(148) = 0.00, p = 1.00. Therefore,
scores in the missing scales that comprised the composite behavioral measures for these two
participants were imputed employing expectation-maximization procedures.

Data Analysis Plan

Startle and PA reflex data were analyzed using a mixed analysis of variance (ANOVA) on
baseline corrected (pre-peak baseline EMG activity) peak responses. For the startle blink, the
design was 3 (Picture Valence) x 2 (Pubertal Status) x 2 (Gender). For the PA reflex, the design
also included a factor for ear (Left/Right). Significant interactions were decomposed using
simple effects, and picture Valence effects were parsed a priori into difference (for startle blink)
or Helmert (for PA reflex) orthogonal contrasts. We chose different contrasts for startle and
PA reflexes so that we could describe the specific patterns of emotion modulation that were
meaningful for each reflex. Partial eta squared (nzp) was calculated as a measure of effect size.
Effects in the ANOVAs were evaluated at an a level of .05, with the Greenhouse-Geisser
correction applied to the degrees of freedom in the omnibus ANOVAs to correct for non-
sphericity; follow-up t-tests were evaluated at an o level of .01 (owing to Bonferroni correction
for the number of contents within each valence). Because the PA reflex is a relatively new
measure, to better understand the stimuli evoking PA responses, we examined PA reflex
modulation to each of the pleasant and aversive contents, comparing these responses against
the average of the neutral valence pictures using t-tests. All analyses were performed on raw
data, square root-transformed data (to normalize the distribution of the psychophysiological
data), and within-subjects z-scored data (to ensure that all participants contributed equally to
the overall findings). However, as the results were comparable for both raw and transformed
data, only the analyses of the raw data are presented to ease interpretation of the findings.
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The final set of analyses examined the two trait indices, Anxiety/Stress Reaction and Sensation/
Thrill Seeking. To examine sex and pubertal status effects on these measures, ANOVAs were
computed. We then computed Pearson correlations to examine relations between behavioral
and psychophysiological data. These correlations were computed within each pubertal group.
For startle, correlations were computed with both aversive potentiation (aversive minus
neutral) and pleasant inhibition (pleasant minus neutral) of the startle response. For the PA
reflex, correlations were computed with pleasant potentiation (pleasant minus neutral). To
further examine the role of puberty in moderating behavior-psychophysiology associations,
moderation analyses were computed using regression with puberty by behavior measure
interaction terms.

Startle Blink Reflex

As shown in Figure 3, there was a main effect of picture Valence on startle blink magnitude,
F(1.82,140) = 27.7, p < .001, 12 p=.264. The magnltude of startle was larger during aversive
than during other pictures, F(1,78) = 37.8, p < .001, 12 p = -326, and startle blink magnitudes
during neutral pictures were also greater than those during pleasant pictures, F(1,78) = 9.77,
p =.002, n2p =.111, reflecting startle inhibition during pleasant picture contents. There was a
main effect of puberty with mid/late pubertal children showing significantly greater overall
startle blink magnitudes than pre/early pubertal children, F(1,78) = 6.26, p =.014, 2 p=.074.
There was no Valence x Puberty interaction, F(1.83,143) = 0.68, p = .495, 2 p= 009 nor were
any other main effects or interactions significant in the model, Fs < 1.7, ps > .19, n ps <.025.
Further examination indicated that approximately equal numbers of pre/early pubertal and mid/
late pubertal children exhibited numerically greater startle blink reflexes (startle potentiation)
during aversive pictures compared to those during neutral pictures (pre/early pubertal = 73%,
mid/late pubertal = 70%).

Postauricular Reflex

As depicted in Figure 4, there was a significant Valence x Puberty interaction for PA reflex
magnitude, F(1.77,143) = 5.47, p = .007, nzp =.063. Tests of simple effects showed that there
was a significant effect of picture Valence in mid/late pubertal children, F(1.64,59.1) = 17.9,
p <.001, an =.332. Follow-up contrasts showed that mid/late pubertal children had
significantly greater PA reflexes during pleasant pictures than during all other pictures, F(1,36)
=24.3, p<.001, Tl =.403, and PA reflexes during neutral pictures were not different from
those during aversrve pictures, F(1,36) = 0.35, p = .560, n =.010. In contrast, there was no
significant VValence effect in pre/early pubertal children, F(l 67,74.6) = 0.03, p = .970, Tl

001. Thus, mid/late pubertal children exhibited the expected appetitive modulation of PA reflex
modulation, whereas pre/early pubertal children failed to show emotional modulation of the
PA reflex. Consistent with these results, 82% of the mid/late pubertal but only 49% of the pre/
early pubertal children exhibited numerically greater PA reflexes during pleasant pictures
compared to those during neutral pictures. Additionally, there was a trend for PA reflex
magnitudes to be larger in mid/late pubertal participants than pre/early pubertal participants,
F(1,81) = 2.94, p =.090, an =.035.

To examine which picture contents produced the greatest PA reflex modulation, follow-up t-
tests for content categories were conducted using data only from mid/late pubertal children.
PA reflexes during nurturant pictures (M = 25.7 uV, SE = 5.08), scenes of food (M =23.5 uV,
SE = 3.76), romantic pictures of couples (M = 23.1 uV, SE = 3.52), and scenes involving
attractive opposite-sex individuals (M = 22.2 uV, SE = 3.44) were all significantly greater than
those during neutral pictures (M = 18.7 uV, SE = 3.11), t(37)s > 2.83, ps < .008. PA reflexes
during adventure and thrill seeking situations (M = 19.5 uV, SE = 3.35) were not significantly

Dev Psychopathol. Author manuscript; available in PMC 2010 August 30.



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

1duasnuey Joyiny vd-HIN

Page 10

different from those during neutral pictures, t(37) = 1.27, p = .213. No PA reflex magnitudes
during aversive contents were significantly different from those during neutral pictures, [t(37)
s| < 1.5, ps>.16.

Trait Measures: Puberty, Gender and Associations with Psychophysiology

There were no effects of puberty, F(1,90) = 1.29, p = .259, or gender, F(1,90) = 1.47, p = .239,
on Anxiety/Stress Reaction. However, mid/late pubertal adolescents had significantly higher
Sensation/Thrill Seeking scores than pre/early pubertal adolescents, F(1,90) = 4.33, p = .040,
nzp =.046. There was also a significant effect of gender with boys reporting more total sensation
seeking than girls, F(1,90) = 15.5, p < .001, nzp =.147.

To test our hypothesis of puberty as a moderator we computed regression equations for both
Anxiety/Stress and Sensation/Thrill Seeking personality traits with both startle potentiation
during aversive pictures and startle inhibition during pleasant pictures. In preliminary analyses
both trait measures were associated with startle potentiation; therefore, the regression model
involved puberty by trait terms for both trait summary measures. However, only Anxiety/Stress
reaction was associated with startle inhibition; therefore, only one interaction term was entered
into the prediction of startle inhibition. The results shown in Table 1 confirm a moderating role
of puberty in associations between behavioral traits and startle modulation. To further clarify
the meaning of the significant interaction terms in our moderation analyses, we computed
correlations between behavioral traits, startle and PA reflex modulation within puberty groups.
As shown in the Table 2, for mid/late pubertal participants startle potentiation was positively
correlated with Anxiety/Stress Reaction and negatively correlated with Thrill/Sensation
Seeking, while startle inhibition was negatively correlated with Anxiety/Stress Reaction. PA
reflex potentiation during pleasant pictures was negatively correlated with Anxiety/Stress
Reaction but unrelated to Sensation/Thrill Seeking. In contrast, there were no significant
correlations between startle modulation and trait measures for pre/early pubertal children, even
though as previously reported, pre/early pubertal children exhibited startle modulation during
pleasant and aversive pictures. In combination, the ANOVA and correlational findings
suggested that, as predicted, puberty moderates the association between startle modulation and
behavioral traits.

Our initial hypothesis that the PA reflex would index sensation and thrill seeking was not
confirmed. Therefore, to better understand trait correlates of PA potentiation, we explored the
psychological correlates of this measure among the mid/late pubertal adolescents by examining
additional subscales of the questionnaires we employed. Overall, PA reflex potentiation during
pleasant pictures was associated with measures of well-being (i.e., MPQ Well-being, r = .40,
p =.013, BASC-2 Personal Adjustment, r = .40, p =.013) and interpersonal affiliation (i.e.,
BASC-2 relationships with parents, r = .39, p =.017, BASC-2 interpersonal relations, r = .36,
p = .027). Additionally, this measure was negatively correlated with MPQ Negative
Emotionality = —.58, p< .001.

Discussion

Our findings regarding the effects of puberty on the psychophysiology of fear and positive
emotions are particularly striking given our unique design. Some theoretical models would
predict little to no developmental effects arising from a design where participants were so close
in age and varied only in puberty. It was precisely this age restricted design which allowed us
to scrutinize puberty-specific maturational changes.

We predicted that measures of anxiety/stress reaction would increase with puberty, and that
startle potentiation during aversive pictures would be greater for mid/late pubertal than pre/
early pubertal children, but neither of these predictions were confirmed. Instead, we obtained
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a significant increase in overall startle magnitude with puberty. Additionally, only among mid/
late pubertal participants was startle modulation associated with measures of anxiety/stress
reaction and sensation/thrill-seeking. We predicted that puberty would be associated with
increased sensation/thrill seeking and this was observed. In addition, our prediction that puberty
would increase the potentiation of the PA reflex to pleasant pictures was confirmed. In fact,
we found that only among mid/late pubertal children was the PA reflex modulated by picture
valence. However, while we hypothesized that PA reflex potentiation during pleasant pictures
would be associated with greater sensation and risk taking, this hypothesis was not confirmed.
Post-hoc analyses revealed that among mid/late pubertal adolescents, PA reflex potentiation
during pleasant pictures was associated with higher scores on measures of social well-being
and positive emotionality. We now consider each of our findings and their implications.

Startle Reflex and Puberty

Puberty appears to increase the overall magnitude of the startle reflex, though both mid/late
pubertal and pre/early pubertal participants showed similar patterns of fear-potentiated startle
and there were no differences in self-reported anxiety. This intriguing finding can be interpreted
in several ways, given the neural circuitry of the startle response and the neurodevelopmental
changes associated with the onset of puberty. The magnitude of the auditory startle response
can be parsed in two substantive ways, general reactivity and affective modulation, which are
mediated by different neural pathways. A primary pathway which, after activation of auditory
sensors in the cochlea, involves a first synapse in the cochlear nucleus and a second one in the
brainstem specifically regions of the nucleus reticularis pontis caudalis (Wu, Suzuki, & Siegel,
1988). These impulses are then transmitted to the spinal cord resulting in motor output such
as blinking and/or full body startle (Lee, Lopez, Meloni, & Davis, 1996). If this primary
pathway is damaged, the startle response is completely eliminated (Davis, Gendelman,
Tischler, & Gendelman, 1982). However, at the level of the nucleus reticularis pontis caudalis,
the primary pathway receives modulatory input from the amygdala, which supports processing
of aversive stimuli and defensive behavior. Lesions of this secondary pathway eliminate fear-
potentiated startle leaving intact both startle reactivity and the capacity to startle (Davis, Falls,
Campeau, & Kim, 1993). Therefore it is possible that the overall enhancement of startle taking
place with onset of puberty is mediated by changes at the level of the primary reflex pathway
but not at the level of the amygdala input.

Potential candidates are neurotransmitters and structures which control arousability, alertness,
and wakefulness such as the nucleus reticularis pontis caudalis; and adolescent development
is accompanied by dramatic changes in the timing and the amounts of sleep and wakefulness.
These changes, including the temporal delay of sleep wakefulness cycles, (Carskadon, Acebo,
& Jenni, 2004) and changes in sleep activity patterns, have been linked specifically to the
pubertal transition (Carskadon, Harvey, Duke, Anders, Litt et al., 1980). Nevertheless, it is
important to underscore the complexity of the factors that might link puberty to sleep arousal
cycles and startle reactivity as they are likely to be both puberty-specific and puberty-
independent factors.

Puberty related changes in the catecholaminergic system might account for increased startle
amplitude. Substances such as yohimbine which activate norepinephrine (NE) systems
exacerbate startle reactivity (Morgan, Grillon, Southwick, Nagy, Davis et al., 1995; 1993),
while decreasing NE by clonidine dampens the startle response (Kumari, Cotter, Corr, Gray,
& Checkley, 1996). Research suggests that the “triggers” of puberty involve both weakening
of inhibitory tone and amplified excitatory tone such as increased NE activity, (Genazzani,
Bernardi, Monteleone, Luisi, & Luisi, 2000; Spear, 2000). In non-human primates NE
increased significantly from the pre- and early pubertal to the mid pubertal stage, acting as a
key trigger of puberty (Gore & Terasawa, 1991). Therefore an initial “hyperactive” phase of
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central catecholamines seems to contribute to the onset of puberty. There are evidences of
increased NE output and heightened sympathetic reactivity with increased pubertal
development in humans (Teinturier, 2002; Weise, Eisenhofer, & Merke, 2002). Thus increased
excitatory output of catecholamines associated with gonadarche might enhance startle
reactivity in pubertal adolescents who are transitioning toward sexual maturity.

While attractive, there are some inconsistencies with this hypothesis. First, a general increase
in NE activity also would be expected to heighten NE transmissions in the amygdala (Fendt,
Koch, & Schnitzler, 1994). Thus this hypothesis is difficult to reconcile with our evidence that
fear-potentiated startle was not greater among the mid/late pubertal participants. This
inconsistency points to other puberty-associated mechanisms, perhaps in addition to increased
catecholaminergic activity, being involved in the overall increase in startle amplitude we
observed. Clearly further work would require longitudinal studies of the psychophysiology of
appetitive and defensive motivations. Interestingly, Avenevoli and collegues (2003) recently
found greater fear-potentiated startle to a conditioned threat stimulus linked to the onset puberty
in a longitudinal and cross-sectional study. It will also be important to determine whether these
effects are replicable.

Postauricular Reflex and Puberty

Regarding the PA reflex, we found that mid/late pubertal adolescents showed appetitive
potentiation of the PA reflex, while their same age pre/early pubertal peers showed no
modulation of this reflex. Puberty appears to have divergent effects in PA and startle reflexes,
in terms of general reactivity and affective modulation. The overall magnitude of the PA reflex
was not significantly different across pubertal groups, but its magnitude was significantly
modulated by emotion only in the mid/late pubertal participants. While these findings, and the
ones discussed below, were statistically significant, a cautionary note is warranted. We found
more inter-subject variability in PA reflex magnitude than in the startle response. As a result,
the observed power for detecting magnitude differences was relatively low (observed power
=.396). Thus we need to be cautious about concluding that the PA reflex is unaffected by
picture valence until puberty. Nevertheless, the present results clearly indicate that despite
generally low power, among mid/late pubertal adolescents a clear PA reflex potentiation to
pleasantly-valenced pictures was noted. It is curious that for our adolescent participants the
magnitude of the PA reflex was larger than that typically observed for adult samples.
Developmental studies across the lifespan could elucidate whether PA reflex magnitudes
decline during the course of normal development, or whether the overall magnitude of this
reflex reaches an asymptote at some as-yet unstudied point in the lifespan.

Little is known about the neurobiology of the PA reflex to guide interpretation of why PA
reflex potentation might be less readily detected among pre/early pubertal than mid/late
pubertal adolescents. Davis (1965) theorized that the PA reflex is an analogue of Preyer’s
reflex, an orienting response to alerting sounds that is frequently studied in guinea pigs (cf
Douek & Clarke, 1976). The PA reflex appears to originate from the cochlea (Yoshie &
Okudaira, 1969), and the facial nerve may be the efferent nerve to the postauricular muscle
that generates the PA reflex (Bochenek & Bochenek, 1976). Nevertheless, the circuitry of the
PA reflex between the cochlea and the facial nerve, including its emotional modulation, remain
unstudied. However, in our mid/late pubertal participants, PA reflexes were significantly
greater during appetitive stimuli (food, sexuality and bonding/attachment) that reliably activate
the neurabiology of reward and primary reinforcers. Our findings and other accounts of PA
reflex potentiation (Benning, 2006; Hess et al., 2007) suggest that the PA reflex might receive
input from reward processing structures. Thus puberty’s effect in appetitive potentiation of the
PA reflex may be linked to characteristic changes in reward directed behavior and reward
neurobiology that take place during adolescence. For example during adolescence there are
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increased basal PFC dopamine levels (Andersen, Thompson, Rutstein, Hostetter, & Teicher,
2000). Additionally, there is evidence of exaggerated accumbens activity relative to prefrontal
activity in adolescents, compared with children and adults (Galvan, 2006). Scrutiny from an
affective neuroscience framework would be necessary in order to disintangle specific neural
systems of both appetitive and defensive motivation that are impacted by pubertal maturation.

Although the PA reflex was clearly potentiated by appetitive stimuli among the mid/late
pubertal adolescents, our hypothesis that it would be associated with thrilling, high sensation
stimuli was not confirmed. Among the picture contents, those depicting rewarding social events
modulated the PA reflex, while those depicting high sensation, thrilling activities (e.g.,white
water rafting, rollercoaster rides) had no impact on this reflex. Notably, among adults,
sensation/thrill seeking pictures also did not evoke significant potentiation of the PA reflex
(Benning, 2006). We are also cautious about generalizing beyond the education and income
group we studied. While puberty may play a role in the emergence of PA potentiation to
appetitive stimuli, it is also likely that experience with various thrilling and risky situations
will impact the developing adolescent’s understanding of the risks and rewards inherent in
different high stimulation conditions. With age or among different socioeconomic groups,
adolescents may have more experience with high sensation activities or may view these
situations as more unambiguously positive than the participants in our sample. Finally,
although the PA reflex was not modulated by adventure/thrilling picture content, it emerged
as an indicator of positive emations, adaptive functioning and rewarding affiliation. These
findings suggest that in mid/late pubertal adolescents, PA reflex potentiation may serve as a
sensitive reflexive measure of individual differences in trait positive emotionality and well
being.

Personality/Behavior Traits and Psychophysiology

As we hypothesized, puberty moderates how personality and behavioral traits are associated
with emotional modulation of psychophysiology. This moderating effect was not surprising
for the PA reflex, as pre/early pubertal adolescents did not modulate the PA reflex with picture
valence. It was more striking for the startle response, as there were no puberty effects on
emotion modulation of the startle reflex.

Individual differences in trait anxiety and traits such sensation seeking have been studied as
predictors of startle potentiation in both children and adults (Lissek & Powers, 2003).
Additionally, the association between biological measures with certain behavior patterns
emerges only after puberty (Granger, Shirtcliff, Zahn-Waxler, Usher, Klimes-Dougan et al.,
2003; Twitchell et al., 2000). But to our knowledge, this is the first instance where appetitive
and defensive psychophysiology relations to behavioral characteristics are moderated by
puberty in participants so close in age. Steinberg et al.(2006) noted that the adolescent transition
marks a relative consolidation of patterns in behavior and psychopathology. In our study the
onset of puberty signaled enhanced coherence between the psychobiology of emotional
processing and specific behavioral traits. This can be interpreted as a crystallization of traits
and symptoms taking place during adolescence, conceivably due to puberty specific processes.
A related idea is that with increased psychosocial challenges the “emotional stakes” rise during
the transition through puberty, and individual differences in reactivity to danger become more
pronounced. Pubertal adolescents who are stress reactive and anxious would lean toward
increased vigilance in threatening contexts, whereas those prone to seek thrills and new
sensations will tend to lower vigilance and stress reactivity in similar contexts. In a sense, it is
as if puberty enhances individual predispositions in fast emotional processing mechanisms of
both threats and rewards.

We found that mid/late pubertal participants had a significantly greater propensity to seek new
sensations and thrills compared to their pre/early pubertal peers. Thus, we replicated Martin
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and colleagues’ (2002) findings regarding the particular role of puberty in the rise of risky
behavior in a clinical sample of adolescents. However, higher sensation seeking in typical mid/
late pubertal adolescents may also be linked to the increased importance of peer and romantic
relationships as well as the excitement of trying more adult-like roles. We had expected that
increased sensation/risk seeking during adolescence would relate to reward systems
(heightened appetitive motivation as measured by the PA reflex). Instead we found that
increased sensation seeking was expressed through the defensive motivational system as
indexed by its negative relation to startle potentiation. This is congruent with the triadic model
of motivated behavior in adolescence (Ernst et al., 2006), which posits that during this period
reward and novelty seeking in the face of potential harm is due to: first - a strong reward system
(nucleus accumbens), second - a weak harm-avoidant system (amygdala), and/or third - an
inefficient supervisory system (medial/ventral PFC). However, our findings suggest an
amendment to the second point by demonstrating that in fact there is a very strong harm-
avoidant system during adolescence linked to puberty specific increases in overall startle
reactivity. If puberty is associated with an increase in the harm-avoidance system, then
alternative explanations are needed to explain the increase in risk-taking behavior noted at this
stage of development. Likely candidates include the third component in Ernst et al.’s (2006)
model, an immature regulatory executive system which is insufficiently developed to harness
the arousal levels and intense emotions experienced during adolescence.

There are a number of limitations of the present study. First, while we were able to differentiate
pubertal effects from age by studying only very young adolescents, this necessarily precluded
an examination of the role of later stages of pubertal maturation in affecting fear-potentiated
startle and PA potentiation to appetitive stimuli. Second, our participants represented only a
circumscribed group of adolescents, those from the dominant racial group living in middle- to
upper-middle class homes with parents sufficiently interested in child development to register
their children at birth to take part in such research. We cannot be sure that our findings will
generalize beyond similar groups of young adolescents. Finally, although the behavioral
correlates we obtained with the PA reflex were consistent with the picture content that evoked
PA reflex potentiation, these were not the correlates we predicted. Thus, these post-hoc findings
need to be replicated.

Implications for Psychopathology and Intervention

The results of the present study have implications for our understanding of the role of puberty
in heightened risk for psychopathology during adolescence. Heightened startle amplitude with
puberty might be expected to increase the physiological repercussions of anxiety-provoking
events, allowing greater sensitivity to threat stimuli among adolescents at risk for affective
disorders. Indeed, individuals with higher baseline startle are more likely to evidence higher
startle potentiation to aversive stimuli (Grillon & Baas, 2002). Pubertal moderation of the
association between psychological traits and the psychophysiology of defensive and appetitive
motivation may increase the odds that individuals at risk for both externalizing and
internalizing psychopathology will evidence clinically significant symptoms with the onset of
puberty. Additionally, if pubertal processes mark a crystallization of predispositions in
physiological reactivity and behavior, intervention efforts for those individuals at risk should
take place before the onset of puberty. However, the clearest implication for research on
psychopathology comes from evidence in this study and in the others in this special section
that puberty plays a role in re-organizing physiological systems associated with defensive and
appetitive motivation. These data, coming from low-risk samples of youth, should provide
strong motivation for continued examination of the role of puberty in altering the
neurobiological substrates underlying the various forms of psychopathology that exhibit
increases in prevalence during adolescence.
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Figure 1.
Valence Ratings for Pre/early and Mid/late Pubertal Adolescents
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Arousal Ratings for Pre/early and Mid/late Pubertal Adolescents
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Effect of Puberty on Startle Reflex Magnitude
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Associations of Startle Potentiation and Inhibition with Behavioral Measures: Moderation by Pubertal Status

Outcome: Startle Potentiation during Aversive Pictures

Predictors B SEB B Significance
Puberty 601 .695 .087 ns
Anxiety/Stress Reaction .061  .260 .034 ns
Sensation/Thrill Seeking -223 165 -.164 ns
Puberty™Anxiety/Stress Reaction 781 .369 300 037
Puberty”Sensation/Thrill Seeking —-940 293 —.224 069
Outcome: Startle Inhibition during Pleasant Pictures
Puberty 441 548 .082 ns
Anxiety/Stress Reaction -128 205 —.090 ns
-725 291 358 .015

Puberty*Anxiety/Stress Reaction

Dependent variable startle potentiation to aversive pictures, R=.487, R2=.238, R2 change=.238, p<.001

Dependent variable startle inhibition to pleasant pictures, R=.442, RZ:.195, R2 change=.195, p<.001
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Pearson Correlation Coefficients for Startle Reflex Modulation with Behavioral Traits in Pre/early and Mid/late
Pubertal Adolescents: Anxiety/Stress Reaction and Sensation/Thrill Seeking

Startle Reflex PA Reflex
N=82 N=85
Pubertal  Trait
Status Measures Potentiation  Inhibition  Potentiation
During During During
Aversive Pleasant Pleasant
Pre/early ~ Anxiety/Stress Reaction .054 -.101 .093
Sensation/Thrill Seeking =231 .053 .039
Mid/late  Anxiety/Stress Reaction 426™* — 546" 332"
Sensation/Thrill Seeking —.420F 134 —.026
**
=p<.01
*
=p<.05
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