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Abstract

The tripartite model of fear posits that the fear response entails three loosely coupled components:
subjective distress, behavioral avoidance, and physiological arousal. The concept of synchrony vs.
desynchrony describes the degree to which changes in the activation of these components vary
together (synchrony), independently, or inversely (both forms of desynchrony) over time. The
present study assessed synchronony-desynchrony and its relationship to treatment outcome in a
sample of 98 children with specific phobias both prior to and 1 week after receiving one-session
treatment, a 3 hour cognitive-behavioral intervention. The results suggest an overall pattern of
desynchronous change whereby youth improved on behavioral avoidance and subjective distress
following treatment, but their level of cardiovascular reactivity remained stable. However, we
found evidence that synchronous change on the behavioral avoidance and subjective distress
components was related to better treatment outcome, whereas desynchronous change on these
components was related to poorer treatment outcome. These findings suggest that a fuller
understanding of the three response systems and their interrelations in phobic youth may assist us
in the assessment and treatment of these disorders, potentially leading to a more person-centered
approach and eventually to enhanced treatment outcomes.
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Lang (1967) describes three components of the fear response: subjective distress, behavioral
avoidance, and physiological arousal. Synchronous change on these components following
treatment of phobic disorders is hypothesized to predict positive outcomes (Hodgson &
Rachman, 1974). Desynchrony occurs when the components fail to change in concert, and is
thought to predict poorer treatment outcomes. Research in adults is generally consistent with
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these hypotheses, although it is uncommon for all three components to be assessed
simultaneously (Barlow, Mavissakalian, & Schofield, 1980; Michelson & Mavissakalian,
1985; Michelson, Mavissakalian, & Marchione, 1985; Michelson, Mavissakalian,
Marchione, Ulrich, Marchione, & Testa, 1990; Vermilyea, Boice, & Barlow, 1984;
Mavissakalian, 1987). Despite its potential clinical utility, it is unclear how synchrony-
desynchrony might apply to anxious children, and how it relates to treatment outcome in this
population. The current study assesses synchrony-desynchrony across all three components,
as well as its relationship to treatment outcome, in a sample of youth with specific phobias
treated with a cognitive-behavioral intervention.

Synchrony-Desynchrony of the Tripartite Model of Fear

According to Lang’s tripartite model (Lang, 1967, 1979; Lang, Cuthbert, & Bradley, 1998;
Lang, Levin, Miller, & Kozak, 1983), fear is comprised of a neural network of three loosely
coupled components: subjective distress, behavioral avoidance, and physiological arousal.
Although activity in one of these components can activate the remaining components, the
extent of “diffusion” is dependent upon the strength of the initiation and the level of fear
(Hodgson & Rachman, 1974). In some instances the three components co-vary with one
another, and in other instances the components do not respond in concert. In fact, it is
possible for any one of the components to be in ascendance while the others lay relatively
dormant. An intuitive pattern in the tripartite model is heightened subjective distress,
elevated physiological arousal, and avoidance of a feared object or situation; however,
others may approach a feared object or situation, even though they experience subjective
distress and elevated physiological arousal. All eight combinations of activation of the three
components are possible (see Figure 1).

Forty years ago, Hodgson and Rachman (1974) described a high correlation among all three
components as concordance, and a small correlation among the three components as
discordance. Lang and Cuthbert (1984) suggested that concordance among the three
response components should be greater in individuals with specific phobias versus other
anxiety disorders, since the fear response would likely be heightened in these disorders.
While concordance vs. discordance refers to activation patterns in the three components at a
single time point, the notion of synchrony vs. desynchrony describes the degree to which
changes in the activation of these components vary together (synchrony), independently, or
inversely (both forms of desynchrony) over time (Rachman & Hodgson, 1974). For
example, treatment of a specific phobia may lead to subsequent changes in all three of the
response modalities, or only some of the components while others remain unaffected (Davis
& Ollendick, 2005).

The vast majority of research on synchrony-desynchrony has occurred in adults with
specific phobias, with more studies showing evidence of desynchrony following treatment
(Alpers, Wilhelm, & Roth, 2005; Grey, Sartory, & Rachman, 1979; Hellstrom, Fellenius, &
Ost, 1996; Ost, Stridh, & Wolf, 1998; Thomas & Rapp, 1977) than synchrony (Girodo &
Henry, 1977; Rentz, Powers, Smits, Cougle, & Telch, 2003). Of note, these studies vary in
whether they operationalize synchrony-desynchrony according to changes in only two
response systems or all three of the response systems. Studies that incorporate all three
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components of the fear response consistently demonstrate desynchrony, with the
predominant pattern being change in behavioral avoidance and subjective distress, while
heart rate remains stable and largely unaffected by treatment (Hellstrom et al., 1996; Ost et
al., 1998).

In the child specific phobia literature, the results are more limited. In spider phobic children
receiving back-to-back 1.5 hour sessions of in vivo exposure and eye movement
desensitization and reprocessing, both distress and avoidance were found to decrease
following treatment (Muris, Merkelbach, van Haaften, & Mayer, 1997). Similar
synchronous changes in distress and avoidance were found in a large treatment outcome
study of children with a range of specific phobias receiving either one-session treatment
(OST) or an education support treatment (Blinded for review, 2009). Unfortunately, changes
in physiological arousal were not explored in either of these studies. In the only child phobia
study to incorporate physiological measures, children with a heterogeneous array of specific
phobias were found to decrease from pre- to post-treatment (after receiving either OST alone
or OST with a parent present) on avoidance, distress, blood pressure, and heart rate (Ost,
Svensson, Hellstrom, & Lindwall, 2001). However, this study did not account for baseline
physiological measures, making it impossible to determine if participants responded
differently to the phobic stimulus from pre-treatment to-post-treatment, or if their baseline
levels of blood pressure and heart rate changed from pre-treatment to post-treatment.

Synchrony-Desynchrony and Treatment Outcome

Hodgson and Rachman (1974) proposed a number of hypotheses with regard to the concept
of synchrony-desynchrony, not the least of which was that successful treatment of disorders
of fear should involve amelioration, or synchronous change, across all three domains of the
tripartite response system. Individuals demonstrating desynchronous change from pre- to
post-treatment were proposed to evince inferior treatment outcomes. In the decades
following Hodgson and Rachman (1974), researchers have advocated for the collection of
data across all three domains of the fear response with the goal of clarifying the link
between synchrony-desynchrony and treatment outcome (Davis & Ollendick, 2005;
Himaldi, Boice & Barlow, 1985; Michelson, 1984; Silverman & Ollendick, 2005).

Unfortunately, there are no studies to date of synchrony-desynchrony predicting treatment
outcome in child phobia samples. In adults, the evidence for and against Hodgson and
Rachman’s (1974) hypothesis largely comes from patients with agoraphobia.
“Synchronizers” have been found to be less symptomatic than “desynchronizers” at post-
treatment, 1 month follow-up, and 3 month follow-up (Michelson & Mavissakalian, 1985;
Michelson et al., 1985). Vermilyea et al. (1984) reported a trend for treatment non-response
in relation to desynchronous change; however, at 6 month follow-up, the trend disappeared
(Craske, Sanderson, & Barlow, 1987). Further, some studies suggest that it is not
desynchrony per se, but rather the pattern of desynchrony, that may predict sub-optimal
therapeutic outcomes. For example, desynchronous clients with high behavioral avoidance
but low heart rate were more likely to be treatment non-responders, whereas subjects with
low behavioral avoidance and high heart rate were more likely to be treatment-responders
(Mavissakalian, 1987). Finally, the few studies that operationalized synchrony-desynchrony
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according to all three fear components found evidence that desynchrony was related to
poorer outcomes (Michelson et al., 1985; Michelson et al., 1990).

Thus, the adult agoraphabia literature suggests a general relationship between
desynchronous change and inferior treatment outcomes (although when only two response
systems are assessed, certain patterns of desynchrony might be more pertinent than other
patterns). This finding has been replicated in adults with claustrophobia (Alpers & Sell,
2008) and a phobia of flying (Beckham, Vrana, May, Gustafson, & Smith, 1990), with both
studies assessing only two indices of the fear response. However, in a case study of two
adults with a phobia of heights, Abelson and Curtis (1989) showed continued positive
response at 6- and 8-month follow-up, despite both patients showing more change on
subjective distress and behavioral avoidance than physiological arousal (measured via heart
rate, cortisol, epinephrine and norepinephrine). Given the similar time scale in this and the
Craske et al. (1987) paper, it may be that desynchrony is more important in predicting short-
term treatment outcome than longer-term follow-up.

Current Study

In summary, the synchrony-desynchrony literature has suffered from a lack of focus on
children (particularly as it relates to treatment outcome), and rarely incorporates change in
all three components of the tripartite model. The current study aims to address these gaps by
assessing synchrony-desychrony among all three components, as well as its relationship to
treatment outcome, in a sample of phobic youth treated in two randomized control trials with
OST. Davis and Ollendick (2005) note that OST is an intervention uniquely positioned to
tackle all three components of the fear response given its incorporation of graduated
exposure therapy presented in an intensive format, in vivo exposures, participant modeling,
reinforced practice, and direct cognitive challenges through behavioral experiments.
However, they also state that while there is evidence suggesting that OST is effective in
changing behavioral avoidance and subjective distress, it remains to be examined whether it
leads to change in physiological correlates of the fear response. In addition, they
acknowledge that the rapid pace of the session could interfere with the time needed for
physiological responses to sufficiently habituate. This is similar to the idea put forth by
Hodgson and Rachman (1974) that an intervention with high levels of demand will result in
desynchronous change because it will take time for subjective distress and/or physiological
arousal to catch up with the initial rapid decrease in behavioral avoidance.

Our hypotheses were two-fold. First, based on the literature review showing that
desynchronous change is consistently found in adults when all three components of the fear
response are assessed (Hellstrom et al., 1996; Ost et al., 1998; Thomas & Rapp, 1977), we
predicted desynchronous change from pre- to post-treatment across the whole sample of
youth. More specifically, we hypothesized that the physiological arousal component
(measured via cardiovascular reactivity) would be the only one to show non-change from
pre- to post-treatment, again based on the adult literature, and the review of OST by Davis
and Ollendick (2005). Second, based on research with adults, we predicted that a
desynchronous pattern of change across all three components would be associated with
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poorer treatment outcome, while a synchronous pattern of change would be associated with
better treatment outcome.

Method

Participants

Children and adolescents (ages 6—15 years) were recruited for two larger phobia treatment
outcome studies (Blinded for review, 2009, 2015) through referrals from child mental health
services, family medical practices, schools, and newspaper, radio and television
advertisements. Study 1 (Blinded for review, 2015) compared standard OST to an education
support treatment (EST), while Study 2 (Blinded for review, 2015) compared standard OST
to a parent-augmented OST. Inclusion in both studies required participants to meet criteria
for a diagnosis of specific phobia, as defined in the DSM-IV-TR (American Psychiatric
Association, 2000). As such, the participant had to receive a diagnosis of specific phobia
with a clinician severity rating of at least 4 on a 0-8 scale on a semi-structured diagnostic
interview (see below). Exclusionary criteria included presence of a pervasive developmental
disorder, active suicidal ideation, drug or alcohol abuse, or psychosis. Children with phobias
of blood, injection, or injury were also excluded due to their unique physiological profile
(see Sarlo, Buodo, Munafo, Palomba, & Stegagno, 2008). Participants were required to
discontinue other forms of psychotherapy or medication (anxiolytic or antidepressant) for
the duration of their participation in the study.

Children from the larger treatment studies were included in the current study if they received
the standard OST and were excluded if they received either EST in Study 1 or parent-
augmented OST in Study 2. Specifically, 52 children from Study 1 and 46 children from
Study 2 were included. The 98 children included 46 girls (47%) and 52 (53%) boys, with a
mean age of 9.07 years (SD = 2.07). Of the youth, 86% were Caucasian, 11% were African
American, 2% were Hispanic, and 1% were of other ethnicities. Regarding family structure,
77% of children resided in a two-parent home, 21% resided in a single parent home, and 2%
did not report family structure. Mean family income for the combined sample was
approximately $81,000 (SD = $71,011, range = $3,000-500,000). Forty (41%) children had
animal phobias, including fear of dogs (20), spiders (10), bees (7), snakes (2), and cats (1);
42 (43%) children had natural environment phobias, including fear of the dark/being alone
(22), storms (14), heights (3), water (2), and wind (1); and 4 (4%) children had situational
phobias, comprised of fear of flying (2), elevators or enclosed spaces (1), and peanuts (1).
Finally, 12 (12%) children had phobias that fit into the “other” category, including fear of
costumed characters (3), loud noises (4), and other (5).

The reason for referral in all cases was for the treatment of a specific phobia; however, not
all participants had a primary specific phobia (i.e., most severe disorder or disorder resulting
in the most impairment). Primary diagnoses consisted of specific phobia (79%), generalized
anxiety disorder (GAD; 13%), attention-deficit/hyperactivity disorder, combined type
(ADHD-C; 7%), and encopresis (1%). The sample was also highly comorbid with 94%
having at least one comorbid diagnosis: an additional specific phobia other than the one
treated (48%), GAD (20%), social phobia (10%), ADHD-C (3%), separation anxiety
disorder (SAD; 3%), obsessive-compulsive disorder (OCD; 3%), enuresis (3%), attention-

Behav Res Ther. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Allen et al.

Measures

Page 6

deficit/hyperactivity disorder, inattentive type (ADHD-I; 2%), post-traumatic stress disorder
(PTSD; 1%), and oppositional defiant disorder (ODD; 1%). Finally, 76% of the sample had
a tertiary diagnosis: an additional specific phobia (36%), social phobia (15%), GAD (6%),
SAD (6%), ODD (5%), ADHD-C (3%), ADHD-I (2%), OCD (2%), and PTSD (1%).

Anxiety Disorders Interview Schedule for Children (ADIS-C/P; Silverman &
Albano, 1996)—The ADIS-C/P is a semi-structured diagnostic interview administered
separately to children and parents. It is designed to assess anxiety disorders and other
common disorders of childhood (e.g., MDD, ADHD). The ADIS-C/P has demonstrated
adequate test-retest reliability for child (ages 7-16, kappas of .61-.80) and parent (kappas
of .65-1.00) diagnoses (Silverman, Saavedra, & Pina, 2001). Trained graduate student
clinicians conducted the diagnostic interviews for both studies. Following the interview,
parent and child clinicians separately assigned clinician severity ratings (CSRs) for each
diagnosis on a scale from 0 to 8, with a rating = 4 suggesting a clinical level of impairment,
based solely on information obtained during the ADIS interview (i.e., performance on the
behavioral approach test described below was not taken into account). All interviews were
videotaped: 18 of 90 (20%) from Study 1 and 21 of 83 (25.3%) from Study 2 were coded for
reliability. Reliability of parent and child ADIS diagnoses was adequate in both studies (for
detailed information, see Blinded for review, 2009 for detailed information, see Blinded for
review, 2015). A clinical consensus meeting was then held, led by a licensed clinical
psychologist, during which final diagnoses and CSRs were assigned, in order to resolve any
discrepancies between parent and child clinician reports. Mean consensus CSR for the
treated phobia at pre-treatment was 6.16 (SD = 1.07) on the 0-8 severity scale, reflecting a
moderate to severe level of disturbance. Mean consensus CSR dropped to 3.45 (SD = 1.75)
at 1 week post-treatment, reflecting subclinical levels of impairment.

Behavioral Approach Test (BAT)—Based largely on BATSs designed for children by
Ost et al. (2001), BATs were developed for each of the specific phobias in the current study.
For most phobia types, the BATs were realistic in that the child was asked to approach a live
animal or actual feared object or situation. For example, children with a phobia of dogs were
asked to approach and pet a leashed dog on the head for 20 seconds and children fearful of
being in the dark were asked to sit alone in a dark room for 5 minutes. The exceptions to this
were the BATSs for thunderstorms, wind, and flying. For these phobias, children were asked
to view videotaped segments of rain, lightning, and thunderstorms (storms); wind and
tornadoes (wind); and airplanes (flying) for 5 minutes.

For all BATSs, children were escorted to a hallway outside the room in which the BAT was
to be administered and were given instructions regarding the task. All children were
instructed to do their best but were informed that they could stop the task at any time. The
BATS consisted of a series of gradually more difficult steps (ranging from 7 to 12 steps
depending on the specific phobia). BATs were ended at the child’s request or when the
terminal step was completed. Since some children completed very few steps on the BAT or
completed it very rapidly, the actual time in the BAT varied from 30 seconds to 5 minutes.
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Due to the variability in number of steps on the BATS, percentage of steps completed was
used as the measure of behavioral avoidance.

Subjective units of distress ratings—Children were asked to provide ratings of their
anxiety utilizing a subjective units of distress scale (SUDS) ranging from 0 to 8 (0 = None, 2
= A Little, 4 = Some, 6 = A Lot, and 8 = Very Much). Ratings were obtained immediately
following termination of the BAT, while the child was still in the phobic situation. This was
used as the measure of subjective distress.

Interbeat Interval—Prior to the start of the BAT, each child in Study 1 (Blinded for
review, 2009) was connected to the Ambulatory Monitoring System v4.4 (AMS; Vrije
Universiteit, the Netherlands) to record an electrocardiogram (ECG). Ag-AgCl electrodes
were attached to the front torso region according to guidelines set forth in the user manual
(Groot, de Geus, & de Vries, 1998). Children in Study 2 (Blinded for review, 2015) each
wore a Polar S810i heart rate monitor (Polar HR monitor; Polar Electro Oy, Kempele,
Finland). The Polar monitor uses a combined sensor and transmitter that is strapped across
the chest with an elastic band. The receiver, which looks like a normal wristwatch, is worn
on the non-dominant hand. The sensor detects cardiac electrical impulses and the signal is
transmitted to the individual receiver, which calculates the interbeat interval (IBI). The Polar
monitor provides results comparable and strongly correlated with an ECG (Gamelin,
Berthoin, & Bosquet, 2006). Following connection to the AMS or Polar HR monitor, the
child was instructed to sit quietly while watching a 5-minute neutral, non-threatening
cartoon video, which allowed for measurement of the child’s baseline cardiac activity. The
child then completed the BAT itself.

Our measure of physiological arousal was IBI, an index of cardiovascular reactivity. It was
derived from the ECG and Polar HR monitor recordings during baseline and the BATS. 1Bl
is the reciprocal of heart rate, meaning larger IBIs represent slower heart rates. 1Bl was
specifically chosen as the physiological index of arousal because of its relationship with the
fear response (Fowles, 1980; Rushen, Passille, & Munksgaard, 1999). Change in I1BI from
baseline to the completion of the BAT was used as a cardiac chronotropic measure
(Berntson, Cacioppo, & Quigley, 1995).

Trained graduate student therapists administered OST in both studies, under the supervision
of a licensed clinical psychologist. Briefly, OST involved a functional assessment in which
the therapist obtained information from the child about precipitating and maintaining factors
associated with the specific phobia in order to develop a graduated exposure plan. The child
then participated in a 3-hour therapy session in which he or she was gradually exposed to the
phobic stimulus (i.e., dogs, costume characters, dark) under controlled conditions. During
the session, the therapist assisted the child in challenging anxious cognitions associated with
the feared stimulus. Participant modeling and social reinforcement were used throughout the
session. Following treatment, the therapist contacted parents weekly for four consecutive
weeks to determine how the child was doing; however, no prescribed maintenance program
for the child was enacted.
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As noted, children and parents participated in two larger phobia treatment outcome studies
occurring between 2002 and 2012 (Blinded for review, 2009, 2015). As part of the
assessment process both prior to and one-week following treatment, children and parents
were administered a diagnostic interview and questionnaires, and children participated in the
phobia-specific BATs based on information gathered during the interviews.

Institutional Review Board (IRB) approval was acquired for Study 1 and Study 2. Informed
consent and assent were obtained from parents and children, respectively. Participants were
compensated for their involvement.

Data Analytic Plan

All analyses were conducted using SPSS 22 and the PROCESS macro (Hayes, 2013) was
used to probe interactions. Missing values constituted less than 6% of our data, were missing
at random (Little’s MCAR test: 2 = 52.32, df = 49, p = .346), and were estimated using
expectation maximization. First, independent-sample t-tests were conducted to compare
Study 1 and Study 2 on all variables of interest. There were no significant differences
between Study 1 and Study 2 on any measure, and the samples were therefore combined.
Second, based on the possibility that developmental level may have an impact on how fear-
related symptoms are experienced (Muris, 2005), we examined the relationships between
age and all variables of interest. No significant correlations were found and age was
therefore not controlled for in any of the analyses.

To test the first hypothesis, pairwise t-tests and Cohen’s Ds were computed to determine if
there was significant change from pre- to post-treatment in subjective distress (SUDS),
behavioral avoidance (% steps), and cardiovascular reactivity (A IBI) during the BAT.
Pearson correlations between change scores for each of these tripartite components were
then calculated to quantify synchrony (significant correlations) vs. desynchrony (non-
significant correlations).

To test the second hypothesis, treatment outcome, quantified as change in CSR from pre- to
post-treatment, was regressed onto change in each of the tripartite components, as well as
their two-way and three-way interactions. All variables were converted to Z-scores prior to
analyses to ensure standardized regression coefficients. These regression models were
conducted hierarchically, with the first step of the regression controlling for initial values at
pre-treatment, the second step including change scores for each of the tripartite components,
and the third and fourth steps including all two-way and three-way interactions, respectively.
The significance of the interactions was our formal test of whether synchrony-desynchrony
in each pair of the tripartite components (or all three of them, in the case of the three-way
interaction) was related to treatment outcome. For example, a significant interaction between
change in SUDS and change in % steps would indicate that synchrony-desynchrony between
these two components is related to the magnitude of change in CSR following treatment.

Significant interactions were probed using both simple slopes and the Johnson-Neyman
technique (Johnson & Neyman, 1936; Preacher, Curran, & Bauer, 2006). For the later, we
computed the standardized slope and the 95% confidence intervals for the relationship
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between change in the focal predictor and change in the outcome variable (CSR) as a
function of the moderator variable. This plot allows for the detection of regions of
significance (i.e., values of the moderator at which the focal predictor is significantly related
to the outcome). The percentage of the sample that fell within this region of significance was
also computed.

Our examination of synchrony-desynchrony in the tripartite model of fear began with
pairwise t-tests to determine whether subjective distress (SUDS), behavioral avoidance (%
steps), and cardiovascular reactivity (A 1BI) during the BAT significantly changed following
treatment (see Table 1). SUDS decreased significantly and % steps increased significantly,
but there was no significant change in 1Bl response during the BAT. The largest effect size
was a decrease in SUDS, followed by a modest increase in % steps. A significant reduction
in 1Bl from baseline to BAT was evident at both pre- and post-treatment, but this response
was similar in magnitude at both of these time points.

Next, we conducted our formal test of synchrony-desynchrony by computing change scores
for each of the tripartite components and examining each of the three intercorrelations to see
if change in one component was related to change in each of the others. Only one of the
three intercorrelations was significant, suggesting a predominant pattern of desynchrony
among the components. Specifically, a decrease in SUDS following treatment was
significantly related to an increase in % steps (r = —.28, p = .005), but change in 1Bl
following treatment was not related to a decrease in SUDS (r =.13, p =.194) or an increase
in % steps (r = -.07, p = .508). Since there was no significant change in 1Bl following
treatment, these latter two relationships were not unexpected.

Our last set of analyses addressed the question of whether synchrony-desynchrony in the
tripartite model of fear predicted treatment outcome. Change in CSR following treatment
(CSR at time 2 — CSR at time 1, so negative values indicate greater change) was regressed
onto all main effects, two-way interactions, and the three-way interaction between change in
SUDS, % steps, and A 1BI, while controlling for all values at time 1 (see Table 2). The first
step of the regression showed that pretreatment CSR was negatively related to change in
CSR following treatment, such that higher initial CSR levels were associated with a more
pronounced decrease in CSR following treatment. The second step of the regression
included all main effects and showed that change in SUDS following treatment was
positively associated with change in CSR following treatment. In addition, the pretreatment
SUDS rating from step 1 became significant, indicating that initial levels of subjective
distress were positively related to change in CSR, such that higher pretreatment levels of
SUDS were associated with a less pronounced decrease in CSR following treatment.

The third regression model included all two-way interactions, which tested whether
synchrony-desynchrony in each pair of the tripartite components was related to treatment
outcome. The interaction between change in SUDS and change in % steps was the only
tripartite pair that significantly predicted change in CSR following treatment. The fourth
regression model included the three-way interaction among all tripartite components, which
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was not significant. In post-hoc probing of the significant two-way interaction, we first set
change in SUDS as the predictor and change in % steps as the moderator because the former
was directly related to change in CSR . Post-hoc probing of the simple slopes showed that as
% steps completed increased, the relationship between change in SUDS and change in CSR
became stronger (see top of Figure 2). In other words, synchronous change in SUDS (a
decrease) and % steps (an increase) was associated with positive treatment outcome (a
decrease in CSR). Conversely, desynchronous change in these components (i.e.., an increase
in % steps coupled with an increase in distress) was related to worse treatment outcome. The
Johnson-Neyman technique was used to plot the regions of significance (see bottom of
Figure 2). It shows that the standardized simple slope of the relationship between change in
SUDS and change in CSR was significant at all values above a change in % steps of —41%,
which constituted roughly 96% of the sample (see Figure 2). It was only for the small
minority of youth who had a very large decrease in % steps that change in SUDS did not
relate to treatment outcome.

Next, we probed this interaction by setting change in % steps as the predictor and change in
SUDS as the moderator. While % steps was not a significant predictor of treatment outcome
in the second model, this analysis tested whether % steps was significantly associated with
treatment outcome in a subgroup of participants with a certain level of change in SUDS.
Post-hoc probing of the simple slopes showed that as SUDS increased following treatment,
the relationship between change in % steps and change in CSR became significant (see top
of Figure 3). In other words, similar to what is depicted in Figure 2, desynchronous change
in SUDS and % steps (an increase in both) was associated with negative treatment outcome
(relative increases in CSR). The Johnson-Neyman technique was used to plot the regions of
significance (see bottom of Figure 3). It shows that the standardized simple slope of the
relationship between change in % steps and change in CSR was significant at all values
above a change in SUDS of roughly 0, which constituted approximately 30% of the sample.
For the majority of the youth, who decreased in SUDS following treatment, there was no
relationship between change in % steps and treatment outcome.

Discussion

Desynchronous Change Following OST

Despite debuting 40 years ago, the field still knows relatively little about how the concept of
synchrony-desynchrony applies to clinically phobic youth, or how it relates to treatment
outcome in this group. The results of the current study clearly demonstrate desynchronous
change from pre- to post-treatment for phobic children treated with OST, lending support to
our first hypothesis. More specifically, while these youth were less avoidant and less
distressed when confronting their feared stimulus during the BAT at post-treatment, their
cardiovascular reaction was consistent in magnitude with pre-treatment levels. Further,
change in subjective distress was significantly correlated with change in behavioral
avoidance, but neither was related to change in cardiovascular reactivity.

Our finding of overall desynchronous change is consistent with studies in the adult phobia
literature that have assessed all three components of the fear response, which also found
evidence of desynchronous change from pre- to post-treatment, specifically with heart rate
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remaining stable (Hellstrom et al., 1996; Ost et al., 1998). Our study replicates these
findings in a population of phobic youth, and by taking into account baseline levels of
cardiovascular reactivity, overcomes an important limitation in the only other study to assess
synchrony-desynchrony in phobic youth on all three components of the fear response (Ost et
al., 2001).

Why might phobic children improve on subjective distress and behavioral avoidance, but
have consistent cardiovascular reactions when confronting phobic stimuli following OST
treatment? First, it could be that the rapid pace of the 3-hour treatment is incompatible with
the time needed for cardiovascular responses to sufficiently habituate (Davis & Ollendick,
2005). This is consistent with the assertion of Hodgson and Rachman (1974) that
interventions with high levels of demand may result in desynchronous change because it will
take time for physiological arousal to “catch up” with an initial rapid decrease in behavioral
avoidance. Therefore, we might see evidence of more synchronous change if we looked at
the results of a BAT administered at longer-term follow-up. This is in line with findings
from adult agoraphobics, for whom there was a greater tendency for desynchrony in the
earlier phases of treatment, with a shift to more synchronous change in the later phases
(Mavissakalian & Michelson, 1982). On the other hand, because activity in one component
can activate the others (Hodgson & Rachman, 1974), persistent physiological arousal could
potentially reverse the effects of an intervention over time. In other words, continued
activation of this component of the fear response may leave phobic individuals vulnerable to
relapse. Studies investigating longer-term outcomes are needed to parse out these
possibilities.

Second, it is possible that our demonstrated lack of change in cardiovascular reactivity is
due to OST explicitly targeting the subjective and behavioral components of fear, but only
implicitly targeting physiology. That is, in OST the therapist carefully assesses the child’s
behavioral avoidance (e.g., watches for subtle signs of avoidance and escape) and subjective
distress (e.g., asks for SUDS ratings) throughout the session in order to determine when and
how to move the exposure forward. He/she does not, on the other hand, directly assess the
child’s heart rate before deciding on the next step in the graduated exposure. Therefore, it
may be that children are moving on to more difficult exposures before having
physiologically habituated to the prior step. Future studies that incorporate real-time
physiological data into OST would shed more light on this possibility.

The Relationship Between Synchrony-Desynchrony and Treatment Outcome

A particularly unique contribution of the current study was the investigation of the link
between synchrony-desynchrony and treatment outcome in a child phobia sample, the first
to our knowledge to do so. Inconsistent with our second hypothesis, we did not find
evidence that synchrony-desynchrony on all three components was related to treatment
outcome. However, we found that less positive treatment outcome among phobic youth was
associated with desynchronous change between the subjective distress and behavioral
avoidance components of the tripartite model of fear, whereas synchronous change on these
two components was related to improved treatment outcome. These relationships are
captured most succinctly in the top portion of Figure 2. The solid line depicts the children
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who improved the most on % steps (i.e., behavioral avoidance). They also demonstrated the
strongest relationship between change in SUDS (i.e., subjective distress) and change in CSR
(i.e., treatment outcome). This means that a large decrease in SUDS was coupled with a
large decrease in CSR, whereas a relatively smaller decrease (or increase) in SUDS was
coupled with a relatively smaller decrease (or increase) in CSR. Children fitting the first
profile are clearly “synchronizers:” they improved the most on both behavioral avoidance
and subjective distress and had the best treatment outcomes. Children in the latter group
would be “desynchronizers:” they also improved on behavioral avoidance, but showed
relatively less improvement on subjective distress and had relatively poorer treatment
outcomes. The “desynchronizers” are depicted more vividly in Figure 3. For youth who
stayed the same or increased in subjective distress following treatment, the more they
improved on approach behavior, the worse their outcomes were. It should be noted that 96%
of the current sample fit these descriptions. It is only for the 4% of children who had a
decrease in % steps of more than 41% that there was no relationship between change in
SUDS and change in CSR. Therefore, it is for a very small minority of children that
synchrony-desynchrony does not predict treatment outcome.

Why might our study have failed to find support for the hypothesis proposed by Hodgson
and Rachman (1974) and echoed by Davis and Ollendick (2005) that successful treatment
should involve synchronous change across all three domains of the tripartite response
system? In other words, in our sample, why was it that cardiovascular reactivity did not have
to change in order for treatment to be successful? It may be that this particular pattern of
desynchrony can be explained by the effects of emotion regulation (Cisler et al., 2010).
Although children did not change on cardiovascular reactivity from pre- to post-treatment,
they may have learned to reappraise physical sensations in a way that was less-threatening
(i.e., the treatment taught them that they could successfully cope with the feeling of an
increased heart rate when approaching the feared object/situation). This idea was stated early
on by Hodgson and Rachman (1974), who asserted that one’s emotional state is the result of
both the predominant physiological environment and one’s cognitive appraisal of it.
Therefore, desynchrony will be evident if the same physiological state is interpreted
differently at two points in time. Future work in this area should include assessment of the
use of reappraisal in order to determine the role that this type of emotion regulation strategy
might play in the relationship between synchrony-desynchrony and treatment outcome.

Our finding that it is only synchrony-desynchrony between the behavioral avoidance and
subjective distress components that predicts treatment outcome has not been previously
reported; however, it is broadly consistent with the idea that the pattern of desynchrony may
be more important than the presence of desynchrony in the prediction of suboptimal
treatment outcomes (Mavissakalian, 1987). In our sample, children who improved the most
following OST were those who had the greatest decreases in both subjective distress and
behavioral avoidance. It appears that for children, as opposed to adults, these two
components are the ones most explicitly tied to improvement following treatment. It could
also be that this finding is a direct consequence of the result that overall cardiovascular
reactivity did not change in magnitude from pre- to post-treatment, and therefore could not
be related to treatment outcome in the current sample. Alternatively, this result could be due
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to potential overlap between the BAT and CSR. That is, they are both influenced by report
of subjective distress and behavioral avoidance. On the other hand, there is evidence that
these constructs are fairly independent. Child and parent clinicians assigned CSR ratings
completely independent of child’s performance on the BAT, and the BAT was based solely
on child report of distress and behavior, whereas the final CSR incorporated both child and
parent report. More importantly, additional analyses showed that neither distress nor
avoidance on the BAT were correlated with CSR at time 1, and only distress was moderately
correlated with CSR at time 2 (r = .43).

Our study is also the first to find that poor treatment outcome in phobic youth is associated
with an increase in approach behavior coupled with an increase in distress. This finding is
somewhat counter-intuitive, as one would predict that youth who push themselves to be
brave despite their distress will do well in a CBT. This may again be an issue of the timing
of the second BAT assessment. We propose that while children who increase in approach
behavior without simultaneous habituation of distress show concurrent increases in fear, this
pattern may lead to improved outcomes over time.

A Person-centered Approach to Assessment and the Evaluation of Treatment Outcome

More generally, the results of our study remind us that Lang (1985) described the three
response systems as “loosely coupled” and noted that they may not all be equally activated
when an individual is confronted with a phobic stimulus (i.e., discordance). Indeed, not all
components of the tripartite model of fear are equally relevant for all phobic individuals
(Bergman & Piacentini, 2005) and there may be marked differences in the manifestation of
the response systems among various types of specific phobias, as well as individual
differences within phobias (Muris, 2005). Of course, if any one system is not activated in the
phobic response at pre-treatment, it is impossible for it to ameliorate with treatment. This
suggests that concordance-discordance of the three response systems is complexly related to
synchrony-desynchrony following treatment, which raises two related questions: 1) how do
we define activation in each of the three systems at pre-treatment? And 2) should we alter
our definition of synchrony-desynchrony when one or more systems are not activated at pre-
treatment, and if so, how? Regarding the former, there are currently no guidelines available
for determining how much subjective distress, behavioral avoidance, or physiological
arousal must be present in order to indicate that all components of the fear response have
been activated. No normative data exist for these systems (see Ollendick, Allen, Benoit, &
Cowart, 2011). As a result, in our study, we were simply left with defining any change from
pre- to post-treatment as change, and we have no evidence that this change was clinically
meaningful or significant (Jacobson & Truax, 1991). Future research will need to establish
such parameters before we can explore this notion further.

Regarding the second issue, however activation is defined, we suggest that if any
component(s) is not activated at pre-treatment, amelioration of that component is not
possible and therefore our definition of synchrony-desynchrony should be altered. For
example, if a child reports very low distress, yet exhibits an increase in heart rate and is
unable to approach the phobic stimuli, only behavioral avoidance and cardiovascular
reactivity would be expected to show synchronous change following treatment. This issue
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suggests that we need to move to an individualized, person-centered approach to assessment
and the evaluation of treatment outcome (see McLeod, Jensen-Doss, & Ollendick, 2013).
That is, although desirable to measure all three response systems in assessing the phobic
response, only those systems found to be activated (however that is defined) would be used
to determine whether synchronous change has occurred following treatment. Furthermore,
differences in activation might also be used to tailor the treatment to the individual profile of
responding such that treatments would directly address the response systems activated in
each individual. Support for this notion was shown by Ost and colleagues (Ost, Jerremalm,
& Johansson, 1981; Ost, Johansson, & Jerremalm, 1982), who demonstrated that individuals
with phobias who showed relatively greater behavioral avoidance than heart rate reactivity
responded better to exposure therapy whereas those individuals showing relatively greater
heart rate reactivity did better with applied relaxation techniques. In a somewhat similar
vein, Silverman and Kearney (1992) have demonstrated differential treatment effects based
on the assessment profile of both phobic and anxious children (what they referred to as
“prescriptive treatment”). Of course, not all studies have supported this person-centered
assessment approach and whether treatments “matched” to the assessment profile really
produce better treatment outcomes awaits systematic inquiry via randomized control studies.
However, in the least, our findings of overall desynchronous change and a relationship
between synchrony-desynchrony and treatment outcome in phobic youth illustrate the need
for more research as to how we define activation of the tripartite components and how we
should examine synchrony-desynchrony following treatment.

First, there may be disadvantages associated with the BAT as a measure of the phobic
response. Although it is a measure that is uniquely capable of simultaneously eliciting the
three components of the phobic response under controlled laboratory conditions (Dadds,
Rapee, & Barrett, 1994), whether the BAT captures the phobic response as it would be
represented in more naturalistic situations remains to be seen (Ollendick et al., 2011). That
is, the degree of threat may not be as potent as it would be in naturalistic situations, thus the
threat may not be as high as it needs to be in order to produce synchrony over time. There
was also considerable variability in the BATs used for the various phobias treated in the
current study. For example, the BATS for storms, wind, and flying were not “in vivo,” and
therefore may not have activated the fear response as well the BATs that entailed directly
confronting the phobic stimuli/situation. Second, we only assessed synchrony-desynchrony
in relation to pre-treatment and 1 week post-treatment. Future studies should assess these
constructs at longer-term follow-up, especially in light of the hypothesis that it might take
time for the other indices to “catch up” with change in behavioral avoidance (Hodgson &
Rachman, 1974; Muris, 2005). Further, more than two time points would enable the
investigation of a second index of change, which would contribute to a more complete
understanding of synchrony-desynchrony in the tripartite model. Third, our study lacks a
control group of waitlist children (who would have undergone the same procedures minus
the intervention), which limits our ability to parse the effect of time on change in fear
indices. Fourth, the phobic youth in our sample were highly comorbid with other disorders
and it is unclear what effect this may have had on the fear components of interest. Last, our
sample was referred to a specialty clinic, largely Caucasian, medium to high in family
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income, and from largely intact families. As a result, it is unclear whether our findings
related to synchrony-desynchrony would generalize to youth presenting in non-specialty
clinics or in community samples, or youth from other ethnicities or family backgrounds.

Despite these limitations, our study used a well-characterized sample of clinically phobic
youth, employed a methodologically sound measure of the tripartite model of fear, and used
a continuous approach to investigate change in the tripartite model of fear over time (as
opposed to using artificial dichotomization to define “synchronizers” and
“desynchronizers”). Our findings suggest that desynchrony is common in the early treatment
outcome of clinically phobic youth, and that cardiovascular reactivity, in particular, may be
resistant to change following treatment with OST. Further, we provide initial evidence that
synchronous or desynchronous change in behavioral avoidance and subjective distress may
be particularly important in predicting treatment outcome for these youth. These findings are
of importance for treatment-seeking youth with specific phobias and they begin to lay the
foundation for addressing the issue of synchrony-desynchrony more fully. Our findings
suggest that a fuller understanding of the three response systems and their interrelations in
youth with specific phobias will be necessary to assist us in the assessment and treatment of
these disorders. We believe that such an understanding will lead to a more person-centered
approach to assessment and eventually to enhanced treatment outcomes.
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Figure 1.
Possible combinations of activation in the tripartite model of fear.

*Note: Intended for color reproduction on the Web and in black-and-white in print.

Behav Res Ther. Author manuscript; available in PMC 2016 August 01.

Page 20



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Page 21

KoKk

24
7]
Q
5
& Levels of
g Change in
5 % Steps
Completed
] SD
e e Mean
! ' ) ' ) i eeee -1SD
-8 -6 -4 -2 0 2 4 6 25D
Change in SUDS
2 -
> L d
rd
L5 -
L d
L d
o0 /
o -
1 ==
% - -
=N - -
5 - - -
7] —_————— -
<05 4 — =
£ e
& _-
0 >
L d
L d
rd
| - L
-0.5 -
-1 ‘ ‘ T ‘
-100 -50 0 50 100
Change in Percent Steps Completed
Figure 2.

Simple slope plots (top) and regions of significance (bottom) for the relationship between
change in subjective distress and treatment outcome at various levels of change in
percentage of steps completed during the behavioral approach test. The top figure shows the
simple slopes for the relationship between change in SUDS (subjective units of distress) and
treatment outcome (change in CSR or clinical severity rating) plotted at various standard
deviations above and below the mean change in % steps completed. Note: * = p < .05; ** =
p <.01; ***=p<.001; SD = standard deviation. The bottom figure shows the standardized
simple slope on the y-axis for the relationship between change in SUDS and change in CSR
following treatment, plotted against all possible values of change in % steps completed on
the x-axis. The black dashed lines represent the upper and lower limit of the 95% confidence
intervals surrounding the simple slopes (solid black line) at each level of the moderator,
change in % steps. The vertical gray dotted line represents the value of change in % steps at
which the lower limit of the confidence interval crosses the zero point and the relationship
between change in SUDS and change in CSR becomes significant.
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Figure 3.

Simple slope plots (top) and regions of significance (bottom) for the relationship between
change in percentage of steps completed and treatment outcome at various levels of change
in subjective distress during the behavioral approach test. The top figure shows the simple
slopes for the relationship between change in % steps completed and treatment outcome
(change in CSR or clinical severity rating) plotted at various standard deviations above and
below the mean change in SUDS (subjective units of distress). Note: * = p < .05; SD =
standard deviation. The bottom figure shows the standardized simple slope on the y-axis for
the relationship between change in % steps completed and change in CSR following
treatment, plotted against all possible values of change in SUDS on the x-axis. The black
dashed lines represent the upper and lower limit of the 95% confidence intervals
surrounding the simple slopes (solid black line) at each level of the moderator, change in
SUDS. The vertical gray dotted line represents the value of change in SUDS at which the
lower limit of the confidence interval crosses the zero point and the relationship between
change in % steps completed and change in CSR becomes significant.
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