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Abstract

Investigating Heterogeneous Associations in Fear Responses Among PTSD
Patients Using Quantile Regression

By Hanna Mar

Post traumatic stress disorder (PTSD) is a heterogeneous disorder with characteris-
tics including a heightened fear response or a reduced ability to inhibit fear in safe
situations. The mechanisms that lead to this response are not fully understood. Fear
Potentiated Startle (FPS) is a tool often used to study fear response by exposing pa-
tients to visual cues that are associated with safety and danger, and measuring their
startle responses (Jovanovic et al., 2005). This thesis will use quantile regression to
conduct a secondary analysis of fear responses to better understand the heterogeneous
associations between potential covariates and heightened startle response. Study par-
ticipants were recruited at a large hospital in Atlanta, GA, and were predominately
from a low-income, urban area. Participants were asked to complete questionnaires to
assess past trauma and current PTSD symptoms before undergoing fear potentiated
startle experiments. Startle response measurements were recorded in response to the
safety and danger cues during fear acquisition, and for early, mid, and late fear extinc-
tion.

Gender and reexperiencing symptoms were found to influence the distribution of startle
response to the safety cue at higher quantiles, but not at the lower or middle quantiles.
At the 75" quantile females experienced a 27.31 (p = 0.004) point increase in star-
tle response compared to males, and a one point increase in reexperiencing symptoms
was associated with a 2.39 (p = 0.049) point increase in startle response to the safety
cue. The effect of childhood trauma on the 75" quantile of the safety cue was also
significant (p = 0.036). No covariates were found to be significantly different from
zero at lower or middle quantiles of the startle response to the danger cue. At the
75" quantile, gender was associated with a 30.53 (p = 0.003) point increase in startle
response to the danger cue. A one point increase in reexperiencing symptom severity
was associated with a 4.27 (p = 0.003) point increase in startle response to the dan-
ger cue, while a one point increase in hyperarousal symptom severity was associated
with and 3.03 (p = 0.028) point decrease in startle response to the danger cue. These
results demonstrate that gender and reexperiencing symptoms play an important role
in influencing the startle response to the safety and danger cues for patients with high
startle responses. Subjects with high startle responses to the danger cue may also be
differentiated by hyperarousal symptom severity. Future studies on subjects who have
high startle responses may help to further understand the heterogeneity of PTSD.
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1 Introduction

Posttraumatic Stress Disorder (PTSD) is an anxiety disorder which may develop after
a person witnesses or experiences a traumatic event. Populations with high risk of ex-
posure to trauma, such as military veterans (Hoge et al., 2004) and low-income, urban
areas, (Gillespie et al., 2009) experience heightened rates of PTSD (Diagnostic and
statistical manual of mental disorders, 1994; Kessler et al., 1995). PTSD is character-
ized by three symptom categories which include reexperiencing the trauma, avoiding
reminders, and increased arousal. All three types of symptoms must be present for at
least one month for an individual to be diagnosed with PTSD (Diagnostic and sta-
tistical manual of mental disorders, 1994). In chronic cases of PTSD, symptoms may
persist for much longer, and in cases of delayed onset, symptoms may not appear for

six months after trauma (Breslau et al., 1998).

PTSD is a complex disorder that is not well understood. The symptoms experienced
and their duration can vary by individual, and although some individuals recover com-
pletely, others experience symptoms that temporarily dissipate and return (Diagnostic
and statistical manual of mental disorders, 1994). While it was estimated that 60.7%
of men and 51.2% of women will experience a traumatic event in their lifetime, the
prevalence of PTSD in the general population is 7.8% (Kessler et al., 1995). It is
unclear why some individuals develop PTSD after experiencing a traumatic event and
some don’t (B. van Der Kolk, 2000). In addition, PTSD patients are at higher risk for
secondary disorders, such as mood or anxiety disorders, and are more likely to attempt
suicide. They may struggle with simple everyday activities (B. van Der Kolk, 2000),
be less productive at work, or have trouble in the workforce because of the stress in-

volved (Kessler, 2000).

PTSD is one of several disorders that cause exaggerated fear responses and an in-

ability to suppress fear under safe conditions (Jovanovic et al., 2005). The study of



fear response is motivated by the need to further understand the mechanisms that
influence heightened fear response and the role that trauma plays. The use of fear
conditioning helps inform about the differences in fear processing between healthy in-

dividuals, and anxiety and PTSD patients (Duits et al., 2015).

Studies looking at fear expression have utilized different methods to measure fear in-
cluding eye blink contraction, heart rate and skin conductance (Norrholm et al., 2011;
Metzger et al., 1999; Glover et al., 2011; Jovanovic et al., 2013). To elicit a fear re-
sponse, studies have used a small electric shock (Guthrie & Bryant, 2006) or an air

blast to the throat (Jovanovic, Norrholm, et al., 2009).

Fear Potentiated Startle is a useful tool to study fear response (Jovanovic et al.,
2005). It involves a conditioning procedure where participants are exposed to two vi-
sual cues that correspond to danger and safety. The danger cue is followed by an air
blast to the throat while the safety cue is not (Norrholm et al., 2011). Patient’s fear
expression is assessed by measuring the startle response through the muscle contrac-
tion of participants’ eye blink (Jovanovic et al., 2005). Regardless of the method,
all studies have sought to identify predictors that are associated with an increase in
fear expression or a reduced ability to inhibit fear under safe circumstances. While
there has been a recent surge in the number of studies using fear potentiated startle
(Duits et al., 2015), results are varied and have identified prior traumatic experiences,
including child abuse (Jovanovic, Blanding, et al., 2009), and PTSD symptom severity

(Norrholm et al., 2011) as contributing to heightened fear expression.

A recent meta-analysis consisting of studies of all anxiety disorders found that fear
responses to the safety cue differed by the severity of anxiety symptoms (Duits et
al., 2015). A study of Vietnam veterans and PTSD symptom severity found it to be
associated with startle response, specifically how effectively patients were differentiat-

ing between the danger and safety cues (Jovanovic, Norrholm, et al., 2009). Another



study cited childhood trauma as being associated with a heightened startle response
(Jovanovic, Blanding, et al., 2009). When considering PTSD symptom categories sepa-
rately, a study revealed that the type of symptom was associated with startle responses

(Norrholm et al., 2011).

In fear potentiated startle, interest lies in the examination of heightened fear expres-
sion, such as an increased fear response to the visual cue, or continuing to have a fearful
response when the situation becomes safe. Previous work has focused on factors that
influence the mean of the fear response (Duits et al., 2016; Jovanovic, Blanding, et
al., 2009; Jovanovic, Norrholm, et al., 2009; Norrholm et al., 2011). This thesis will
provide a secondary analysis of fear potentiated startle using a more flexible method
called quantile regression. This will allow us to examine how patient characteristics
are associated with different segments of the distribution of startle response. For in-
stance, it is plausible that a covariate may be associated with the fear response at high

quantiles, but not at low quantiles.

The objective of this thesis is reanalyze fear potentiated startle responses using quantile
regression. This analysis will provide further insight into the investigation of factors
that are responsible for variations in fear outcomes among subjects who have low,

middle, or high startle responses.

2 Methods

2.1 Participants

Data were collected as part of a larger cross-sectional study on genetics and environ-
ment factors and their relation to PTSD in a predominately African American and low
income civilian population. Study participants were approached in the primary care

and obstetrics and gynecology waiting rooms of a large hospital in Atlanta, GA (The



Grady Trauma Project, n.d.). Patients provided demographic information and com-
pleted the self-administered PTSD Symptom Scale (PSS) and the Traumatic Events
Inventory (TEI). Some participants continued to the second round of assessments, at
which point they underwent the fear potentiated startle assessment (Norrholm et al.,

2011).

2.2 Clinical Assessments

The following scales were administered to patients to assess previous adult and child-

hood traumatic experiences and PTSD symptoms.

2.2.1 Traumatic Events Inventory (TEI)

The Traumatic Events Inventory (TEI) consists of 13 items assessing prior experience
of traumatic events. Individuals respond yes or no to each item indicating whether they
have experienced the traumatic event. Two items are specific to childhood, while the
remaining eleven relate to traumatic events experienced during adulthood (Schwartz

et al., 2005).

222 PTSD Symptom Scale (PSS)

The PTSD Symptom Scale (PSS) is a 17 item questionnaire measuring the presence of
PTSD symptoms in the past two weeks. Each item is scored on a four point scale (0 -
3), and the 17 items are summed for the total score. PTSD diagnoses are based on PSS
scores (Breslau, Peterson, Kessler, & Schultz, 1999). Symptoms are categorized into
three groups: Reexperiencing includes intrusive thoughts and reexperiencing the trau-
matic event. Avoidance symptoms consist of avoiding or numbing against reminders of
the trauma. Hyperarousal includes increased arousal or hyper vigilance. The scores of
the questions addressing each category are summed to get a total score for the symp-
tom subcategory. Reexperiencing and hyperarousal symptoms pertain to five questions
each, for a total score ranging from 0 - 15. Seven questions address avoidance for a

total score between 0 - 21.



2.3 Fear Potentiated Startle

Patients with PTSD experience heightened fear expression and a reduced ability to
inhibit fear, even in safe situations, but a full understanding of the mechanisms con-
tributing to these responses is not yet known (Briscione, Jovanovic, & Norrholm, 2014).
Fear Potentiated Startle (FPS) is used to assess an individual’s startle response to vi-
sual cues and provides a useful tool for studying PTSD (Norrholm et al., 2014). Startle
response is measured by placing sensors below participants’ eyes that capture the mus-

cle contraction of their eye blink (Jovanovic et al., 2005).

FPS takes place in two stages. During the first stage, called fear acquisition, par-
ticipants are presented with two visual cues or conditioned stimuli (CS). The danger
cue, CS+, is paired with a blast of air to the throat. Over a series of trials, participants
learn to expect the air blast after seeing the CS+ and will exhibit a stronger startle
response. The safety cue, CS-, is presented without the air blast. There are three
fear acquisition blocks, and during each block the CS+, CS-, and NA are presented
four times each. The NA is an auditory startle probe presented without any visual
cues that acts as a baseline startle response. The second stage is fear extinction. Fear
extinction consists of three blocks (early, mid, and late) during which participants are
presented with the same cues as before. The difference is that the danger cue is no
longer followed by the air blast. Over a series of trials, the fear associated with the
CS+ is extinguished and the startle response decreases as participants learn that the

CS+ no longer signals danger (Norrholm et al., 2011).

The recorded startle reactions are used to calculate a difference score. The score is
calculated for both conditioning stimuli cues during the final block of acquisition, re-
ferred to as late acquisition, and the danger cue (which is no longer dangerous) for
early, mid, and late extinction. The average of the NA trials is subtracted from the
average of the responses to the conditioning stimuli creating a total of five startle re-

sponse variables (startle responses to the danger and safety cues during fear acquisition



and to the newly safe danger cue during early, mid, and late fear extinction) (Norrholm
et al., 2011). These five variables are used to assess patients’ fear expression. Each
variable is continuous, and since the baseline startle reaction was subtracted, can take

on all values.

2.4 Quantile Regression

In multiple linear regression (MLR), it is often of interest to model how the expected
value of the mean of the response variable, y, changes depending on the value of the

predictor variables, x. Such a model takes the form

y = Po+ Brix1 + ... + Bpp + €, (1)

where ¢; represents the error term and ¢; ~ N(0, 02). Inference for the 3;’s are de-
veloped with maximum likelihood methods or least squares theory. This approach
assumes the effect of the (§;’s are the same across all quantiles. The ordinary least
squares method is attractive for many reasons. For one, it is relatively easy compu-
tationally. Additionally, the resulting linear model has a nice interpretation making
it a popular choice for regression analysis. Use of maximum likelihood methods in
Equation 1 requires that certain distributional assumptions be met, mainly that the
error term, ¢; be homoscedastic. That is, the variance of €; should not differ according

to values of x.

Ordinary least squares is limited by distributional assumptions and by its ability to
only provide inference about the conditional mean of the response variable. Quantile
regression differs from linear regression because it does not focus on the mean of y,
but rather on the quantiles of y. The 7" quantile of a random variable Y is defined
by F~(7) = inf{y|F(y) > 7} where F(y) is the cumulative distribution function of y
and 0 < 7 < 1. For instance, when 7 = 0.5, F~1(0.5) is the median (Koenker, 2005).

In situations where the assumptions of ordinary least squares are not met due to a



heterogeneous outcome, or if interest lies in a parameter other than the mean, quantile
regression provides an alternative. Not only does it enable examination of an upper
or lower quantile, it does not require distributional assumptions. In this way, quan-
tile regression can provide a robust and comprehensive examination of the association

structure between covariates and response.

Instead of considering F(y|x) as in least squares, quantile regression considers the
quantiles of the response variable conditioned on covariates x. A linear quantile re-

gression model at the 7" quantile may take the form,
Qy(rlx) = x"B(7). (2)

The estimated regression coefficients, 3 (1) can be found through optimizing

min Y p-(yi — 2 B), (3)
=1

BERP <

where p;(u) = u(t — I(u < 0)), which is a piecewise linear function called the “check
function” (Koenker, 2006; Koenker & Hallock, 2005). The objective function in Equa-
tion 3 is piecewise linear, but not differentiable at zero. For a given 7, the solution to
Equation 3 gives the estimated covariate effects on the 7" conditional quantile of y.
When 7 = 0.5, Equation 2 corresponds to median regression. Note that the effect of the
predictor variables may not have the same effect across quantiles. Examining different
quantile levels provides a sweeping view of the response distribution, rather than the
snapshot view from ordinary least squares. As a result, quantile regression can provide
a more robust assessment of covariate effects than linear regression. Taken together,
these qualities make quantile regression an appealing alternative in the presence of

heterogeneous associations (Koenker, 2005).



2.5 Statistical Analysis

The 13-item TEI Questionnaire was broken down into two variables, one for questions
pertaining to adult trauma, and the other childhood trauma. The adult trauma vari-
able was collapsed into a categorical variable consisting of four groups: no trauma
experienced, only interpersonal trauma experienced (such as being attacked by an-
other person with or without a weapon), only non-interpersonal trauma experienced
(including experiencing an accident or the murder of a family member), and both types
of trauma experienced. The childhood trauma questions asked whether patients were
sexually or physically abused. These two questions were collapsed into a three group
categorical variable with levels corresponding to no childhood trauma, one childhood
trauma (either sexually or physically abused), and two childhood trauma (both sexu-

ally and physically abused).

We summarized each demographic and clinical variable, as well as the five startle
outcomes by the mean and standard deviation if continuous, or the count and percent-
age if categorical. We also compared them by PTSD diagnosis to determine whether
there were differences between the PTSD and non-PTSD groups. Two-sample t-tests

were used for continuous variables and, x? tests for categorical variables.

Additional tests were conducted to assess the univariate association between each of
the explanatory variables and the five outcome variables. For categorical variables
with two levels, the Wilcoxon Rank Sum Test was used, while the Kruskal-Wallis Test
was used for categorical variables with three or more levels. Correlation was tested
for the continuous variables, and for variables not meeting the normal assumption,
the Spearman Rank Correlation Coefficient, a non-parametric analogue to the Pearson

Correlation Coefficient, was used.



2.5.1 Univariate Quantile Regression

In the preliminary step of univariate quantile regression, each of the five fear variables
were treated as separate outcomes and models were fit with each demographic and
clinical variables as an individual predictor. The 25!, 50", and 75" quantiles were
chosen for all models. For each of the quantile regression models, separate parameter
estimates were calculated, such that every model had three parameter estimates and
standard errors, one for each quantile. The standard error was calculated using a
bootstrap resampling method (Davino, Furno, & Vistocco, 2014). This method was
chosen because it does not require any distributional assumptions to be made and
has been shown to robustly estimate the standard error, provided the sample size is

reasonably large.

2.5.2 Multivariate Quantile Regression

While the univariate models describe the marginal relationships between the predictors
and fear outcomes, it is of interest to investigate how multiple covariates jointly influ-
ence the outcome distribution. It is possible that the effects of predictors may change
across different quantiles of the outcome. Consequently, the set of significant predic-
tors may vary across quantiles. PTSD symptom categories and adult and childhood
trauma had previously been identified as variables of particular interest. First, a big
model was fit with all predictors for the 25", 50t", and 75" quantiles. This model was
used to identify important predictors at each quantile. Then individual models were
fit for the three quantiles and all outcomes. The goal was to fit a meaningful model at

each quantile and outcome.

2.5.3 Model Fitting and Variable Selection Process

It was decided to adjust for age and gender in all models leaving five possible predictors
to add. Models with each combination of the five predictors (reexperiencing, avoid-
ance, and hyperarousal symptoms, and adult and childhood trauma) were fit. The

results from each model were examined to see if the additional predictors contributed



to a model that better explained the variability of the fear outcome. Once candidate
models were identified, the larger model was compared to the reduced model to deter-
mine if the additional covariates were necessary. Models needed to be nested, and the
quantiles in the two models must be the same. A Wald test similar to ANOVA was
used (Koenker & Bassett, 1982; Koenker, 2016; Davino et al., 2014). An F statistic
compared whether the smaller model fit as well as the full model. Under Hy: All addi-
tional B’s = 0 vs Hy: At least 1 of the additional 5’s # 0, with a statistically significant
p-value indicating the additional predictors in the full model were necessary and that
model was chosen. Otherwise, the reduced model was selected. For a given outcome,
the models for the three quantiles were allowed to have different sets of predictors as
the goal was to determine if a predictor was important across quantiles, and if so, to
gain inference into how the effect of a predictor varied across quantiles. Finally, a mul-
tiple linear regression model was fit for each outcome to compare the results to those

from the quantile regression models.

Statistical analysis was performed using R version 3.3.2 (R Core Team, 2016). The
quantreg package version 5.29 was used to conduct quantile regression (Koenker,

2016).

3 Results

A total of 190 patients were included in the final dataset. Full Baseline Characteristics
are displayed in Table 1. The mean age was 40.6 years (range 18-66 years old), and pa-
tients with PTSD were slightly older (41.1 years, SD = 11.1) on average than patients
without PTSD (40.2 years, SE = 12.3). There were more females in the total sample
(65.8%), with the PTSD group having a higher proportion of females (70.3%) than the
group without PTSD (62.9%). A total of 74 patients met criteria for PTSD diagno-
sis. Adult trauma was associated with PTSD diagnosis (p = 0.04), as was childhood

trauma (p < .0001). The mean score for reexperiencing, avoidance, and hyperarousal

10



symptoms differed by PTSD diagnosis (p < .0001 for all).

Table 2 shows the mean startle response for each of the five fear outcomes by PTSD
group, as well as results of the two sample t-tests. Figures 1 - 5 show scatter plots
of PSS Total Scores with each fear outcome. For all fear outcomes, high startle re-
sponses are displayed by both PTSD and non-PTSD patients. The upper quantiles
of the startle responses have larger variability than the middle quantiles showing the
heterogeneous variance of startle responses across quantiles. Within the PTSD and
non-PTSD groups, there was large variability for all of the fear outcomes. No differ-
ence in the mean startle response between PTSD and non-PTSD groups was found for
any of the five fear outcomes (Danger Cue: p = 0.95, Safety Cue: p = 0.56, Early

Extinction: p=0.72, Mid Extinction: p = 0.06, Late Extinction: p = 0.37).

3.1 Univariate Quantile Regression

The univariate quantile regression models displayed in Table 3 show the association
between individual predictors and the startle response to the safety cue during fear
acquisition. Without adjusting for any other covariates, gender was not associated

5" quantile (p = .91). However, females exhibited a 6.84

with startle response at the 2
(p = 0.02) point increase at the 50" quantile, and a 26.42 (p = 0.004) point increase
at the 75" quantile compared to males. Additionally, while no association was found
for the effect of reexperiencing symptoms at the 25" (p = 0.85) or 50" (p = 0.63)

5" quantile, higher symptoms were associated with a 2.63 (p=0.02)

quantiles, at the 7
point increase. In both cases, these results suggest that the association of gender and
reexperiencing symptoms change across quantiles. Neither avoidance, hyperarousal or

adult or childhood trauma were associated with startle response to the safety cue on

their own.

Presented in Table 4 are results from the univariate quantile regression where the

outcome was startle response to the danger cue during fear acquisition. The effect of

11



gender was not significant at the 25 (p = 0.21) and 50" (p = 0.09) quantiles. At
the 75" quantile, the estimated gender difference increased to 33.32 (p = 0.002). All
of the trauma and PTSD symptoms were non-significant at the 25", 50", and 75"

quantiles.

3.2 Multivariate Quantile Regression

3.2.1 Safety Cue

Parameter estimates for the parsimonious models are presented in Table 5. Figure 6
visually shows the value of the coefficient estimates as the quantiles change. Quantile
regression produces an estimate for each parameter at each quantile, and by plotting
them, we can see how these estimates are changing across quantiles. In Figure 6, the
dots represent the parameter estimate at the 1% through 99** quantiles. The shaded
area is the 95% confidence interval for that estimate. When the shaded area crosses
the horizontal line, the estimate is not significantly different from 0 at that quantile.
Each covariate included in the model has its own plot. For example, the estimates
for gender are plotted in Figure 6a. At the lower quantiles, the coefficient estimates
hug the horizontal line indicating that gender is not associated with startle response
to the safety cue. However, the parameter estimates appear to increase as the quantile
increases. At some quantiles, especially at and above the 75" quantile, the shaded area
is completely above 0, indicating that the startle response for females is significantly

higher than males.

Parsimonious models for the safety cue did not find that additional predictors were

5t quantile, reexperienc-

meaningful at the 25" or 50" quantiles. However, for the 7
ing and childhood trauma were added to age and gender, and all three models are
shown in Table 5. Gender was not significantly different from 0 at the lower (p =

0.41) or middle (p = 0.06) quantiles, but it did increase to 27.31 (p=0.004) at the

75" quantile. Figure 6a shows that the coefficient estimate for gender continues to in-



crease above the 75" quantile. Reexperiencing also demonstrates an increase at higher
quantiles. Similar to gender, the plot for reexperiencing in Figure 6b shows that it is
not significantly associated with startle response to the safety cue at low and middle

quantiles. However, at the 75"

quantile, a one point increase in reexperiencing score
is associated with a 2.39 (p = 0.049) point increase in the 75" quantile of the safety
cue. The absence of reexperiencing and childhood trauma in the model at the 25" and
50" quantiles suggests that the effect of these variables changes across quantiles. Even

though gender was always kept in the model, Figure 6a demonstrates its pronounced

increase with quantile level, 7.

The Type III test for the three-level categorical variable representing childhood trauma
was significant (p = 0.036), indicating that not all coefficients for childhood trauma
were equal to 0. However, pairwise tests were not significant. Patients who had ex-
perienced one type of trauma during childhood did not have a startle score that was
significantly different from patients who had not experienced trauma during childhood
(p = 0.13). This was also the case when comparing patients who had experienced two

types of trauma with those who had experienced none (p = 0.11).

3.2.2 Danger Cue

Table 6 and Figure 7 contain parameter estimates and coefficient plots for the multi-
variate quantile regression models for the danger cue. Childhood trauma was the only
additional predictor added to the 25" quantile. No additional predictors were added
to the 50" quantile, and reexperiencing and hyperarousal were both added to the 75"
quantile. At the 25" quantile, the overall test for childhood trauma was significant (p
= 0.048), although the pairwise tests were not. Gender was not significant at lower (p
= 0.22) or middle (p = 0.10) quantiles. It did have a strong effect at the 75" quantile
where females were found to have a difference score that was 30.53 (p = 0.003) points

higher than males. Reexperiencing symptoms were not present in the model at lower

and middle quantiles. From Figure 7c, the increase in the effect of reexperiencing is

13



evident, and there was a strong effect of reexperiencing at upper quantiles. Also in-
cluded at the 75" quantile was hyperarousal symptoms where a one point increase
in hyperarousal symptom severity was associated with a 3.03 (p = 0.028) decrease in
difference score. Figure 7 displays the noticeable change in the effect of gender, reex-
periencing, and hyperarousal. None of these variables were significantly different from
zero at lower and middle quantiles. However, the association changed at the higher

quantiles.

The results from multiple linear regression models are displayed in Tables 7 and 8.
For the safety cue, the multiple linear regression model contained the same covariates
as the quantile regression model for the 75" quantile. What’s noticeable is the differ-
ence in magnitude of the parameter estimates between the two models. MLR estimated
that the effect of gender on the mean startle response to the safety cue was 15.87 (p
= 0.014). The quantile regression model estimated a much larger effect (27.31, p =

0.004) for females at the 75" quantile.

When looking at the two models for the danger cue, (Tables 6 and 8) its important to
note the absence of hyperarousal from the MLR model. From the coefficient plot for
hyperarousal in Figure 7d, it is evident that the effect of hyperarousal was minimal
until the upper quantiles. Therefore, it is not surprising that hyperarousal would be
absent from a linear regression model as it is unlikely to exert any effect on the mean
startle reaction. In this instance, quantile regression was able to pick up on the effect

5th

of hyperarousal by taking into account the covariate effects on the 75" quantile of the

outcome.

4 Discussion

Previous studies have noted that PTSD patients showed a heightened fear response

to the safety cue in addition to the danger cue, as demonstrated in a study of veter-
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ans (Grillon & Morgan, 1999). In a study of civilians where PTSD symptoms were
categorized as high or low, patients exhibiting low symptoms responded similarly to
controls, while high symptom patients had fear responses to the safety cue that were
not significantly different from their responses to the danger cue (Norrholm et al.,
2011). The findings in this analysis add credence to prior results, especially the effect
of reexperiencing symptoms which was highlighted by Norrholm et al., 2011. The use
of quantile regression in this thesis enabled us to detect and demonstrate the varying
effect of covariates. At upper quantiles, the magnitude of the effect of gender and re-
experiencing symptoms was greatest. This goes beyond the multiple linear regression

analysis which is limited to evaluating covariate effects on the mean outcome.

Interestingly, the effect of childhood abuse on the safety cue, and avoidance on the
danger cue were negative. This seems counter intuitive as one would think that expe-
riencing child abuse, or having higher PTSD symptoms would cause startle response
to increase. It is not completely understood why this effect may be present. A previ-
ous study found childhood abuse was associated with an increase in startle response
(Jovanovic, Blanding, et al., 2009). In a study focusing on environmental factors that
contribute to PTSD, childhood and adult trauma were both identified as contributing
to an increase in the overall PSS Total Score (Gillespie et al., 2009). As the number of
childhood or adult trauma experienced increased, the PSS Total Score also increased.
However, exposure to more traumatic events also incurs more stress on the body. In
the case of PTSD, reminders of the event, such as visual cues, can turn innocuous
situations into stressful events. The body handles these situations by producing hor-
mones such as cortisol, but the constant stress and necessity for the body to combat
new situations can lead the body to react differently causing a blunting of the stress
response (B. A. van Der Kolk & Saporta, 1991). The decrease in the difference in

startle reaction could be a product of this blunting effect.

Also of note is the negative effect of higher avoidance symptoms. Higher avoidance
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symptom severity is associated with a decrease in the difference score for the danger
cue at the 75" quantile. The startle responses are calculated as a difference score
by subtracting the mean of the baseline scores from the mean of the scores for the
conditioned stimuli. Because of this, baseline scores and fear responses to each cue
are not explicitly known. Therefore, a larger difference score doesn’t necessarily mean
that the fear expression was greater, simply that there was a greater difference be-
tween the fear response to the baseline and conditioned stimuli. While it is possible
that patients with higher hyperarousal symptom scores had lower fear potentiation
scores, it is also possible that it wasn’t their fear response to the conditioned stimuli
that was high, but rather their response to the baseline noise only probe. It is also a
possibility that patients with higher hyperarousal scores had fear responses equivalent
to those without heightened hyperarousal symptoms. In this situation, if hyperarousal
was associated with increased baseline scores, then the estimated effect of hyperarousal
symptoms would be negative and it would appear that hyperarousal was protective.
This example does not capture what effect hyperarousal symptoms have on patient’s
fear responses to the danger cue, but it is illustrative that the difference score does not
provide any information on the patient’s baseline score, or the score in response to the

conditioned stimuli.

As previously mentioned, a limitation of this study was the inability to specifically
know the baseline and visual cue startle response. In addition, the cross-sectional
study design makes it impossible to know whether the startle response precedes or
follows the traumatic experience or PTSD diagnosis. Furthermore, while the the TEI
and PSS assessments are widely used, they were all self reported and contingent on
how patients perceived their own experiences. Finally, this analysis treated each fear
variable as an individual outcome. As measurements were taking on the same individ-
ual over a series of trials, the fear responses are correlated. A future analysis could
build on this one by using a statistical method that takes the correlated fear responses

into account.
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5 Conclusion

Our analysis using quantile regression revealed that gender and reexperiencing symp-
toms had a heterogeneous association with the startle response to the danger and safety
cues. While gender and reexperiencing symptoms have been previously identified as
important to the study of fear potentiated startle, this analysis demonstrated that the
effect of these covariates on startle response to the safety and danger cues becomes more
prominent at the higher quantiles. Future studies may consider focusing on patients

with high startle responses to the danger and safety cues.

17



References

Breslau, N., Kessler, R. C., Chilcoat, H. D., Schultz, L. R., Davis, G. C., & Andreski,
P. (1998). Trauma and Posttraumatic Stress Disorder in the Community. Archives

of General Psychiatry, 55(July 1998), 626—632.

Breslau, N., Peterson, E. L., Kessler, R. C., & Schultz, L. R. (1999). Short screening
scale for posttraumatic stress disorder. American Journal of Psychiatry, 156 (6), 1026.

doi: 10.1176/ajp.156.6.908

Briscione, M. A., Jovanovic, T., & Norrholm, S. D. (2014). Conditioned fear associated
phenotypes as robust, translational indices of trauma-, stressor-, and anxiety-related

behaviors. Frontiers in psychiatry, 5(July), 88. doi: 10.3389/fpsyt.2014.00088

Davino, C., Furno, M., & Vistocco, D. (2014). Quantile Regression: Theory and

Applications. Chichester, West Sussex : John Wiley & Sons, Inc.

Diagnostic and statistical manual of mental disorders (4th ed.). (1994). Washington,

DC : American Psychiatric Association.

Duits, P., Cath, D. C., Heitland, I., & Baas, J. M. P. (2016). High current anx-
iety symptoms, but not a past anxiety disorder diagnosis, are associated with im-
paired fear extinction. Frontiers in Psychology, 7(February), 1-12. doi: 10.3389/fp-

syg.2016.00252

Duits, P., Cath, D. C., Lissek, S., Hox, J. J., Hamm, A. O., Engelhard, I. M., ...
Baas, J. M. P. (2015). Updated meta-analysis of classical fear conditioning in the

anxiety disorders. Depression and Anziety, 32(4), 239-253. doi: 10.1002/da.22353

Gillespie, C. F., Bradley, B., Mercer, K., Smith, A. K., Conneely, K., Gapen,
M., ... Ressler, K. J. (2009). Trauma exposure and stress-related disorders in
inner city primary care patients. General Hospital Psychiatry, 31(6), 505-514.
Retrieved from http://dx.doi.org/10.1016/j.genhosppsych.2009.05.003 doi:

10.1016/j.genhosppsych.2009.05.003

18



Glover, E. M., Phifer, J. E., Crain, D. F., Norrholm, S. D., Davis, M., Bradley, B., ...
Jovanovic, T. (2011). Tools for translational neuroscience: PTSD is associated with
heightened fear responses using acoustic startle but not skin conductance measures.

Depression and Anzxiety, 28(12), 1058-1066. doi: 10.1002/da.20880

The grady trauma  project. (n.d.). Retrieved  2017-01-28,  from

http://gradytraumaproject.com/project/project-overview/

Grillon, C., & Morgan, C. (1999). Fear-potentiated startle conditioning to explicit
and contextual cues in Gulf War veterans with posttraumatic stress disorder. Journal

of abnormal psychology, 108(1), 134-142. doi: 10.1037/0021-843x.108.1.134

Guthrie, R. M., & Bryant, R. a. (2006). Extinction learning before trauma and
subsequent posttraumatic stress. Psychosomatic medicine, 68(2), 307-311. doi:

10.1097/01.psy.0000208629.67653.cc

Hoge, C. W., Castro, C. A., Messer, S. C., McGurk, D., Cotting, D. 1., & Koffman,
R. L. (2004). Combat Duty in Iraq and Afghanistan, Mental Health Problems, and
Barriers to Care. The New England Journal of Medicine, 351(1), 1991-2002. doi:
10.1056 /NEJMoa1414264

Jovanovic, T., Blanding, N. Q., Norrholm, S. D., Duncan, E., Bradley, B., & Ressler,
K. J. (2009). Childhood abuse is associated with increased startle reactivity in

adulthood. Depression and Anxiety, 26(11), 1018-1026. doi: 10.1002/da.20599

Jovanovic, T., Keyes, M., Fiallos, A., Myers, K. M., Davis, M., & Dun-
can, E. J. (2005). Fear potentiation and fear inhibition in a human fear-
potentiated startle paradigm. Biological Psychiatry, 57(12), 1559-1564. doi:

10.1016/j.biopsych.2005.02.025

Jovanovic, T., Norrholm, S. D., Fennell, J. E., Keyes, M., Fiallos, A. M., Myers, K. M.,
... Duncan, E. J. (2009). Posttraumatic stress disorder may be associated with im-
paired fear inhibition: Relation to symptom severity. Psychiatry Research, 167(1-2),
151-160. Retrieved from http://dx.doi.org/10.1016/j.psychres.2007.12.014

doi: 10.1016/j.psychres.2007.12.014

19



20

Jovanovic, T., Sakoman, A. J., Kozari¢-Kovacic, D., Mestrovi¢, A. H., Duncan, E. J.,
Davis, M., & Norrholm, S. D. (2013). Acute stress disorder versus chronic posttrau-
matic stress disorder: Inhibition of fear as a function of time since trauma. Depression

and Anziety, 30(3), 217-224. doi: 10.1002/da.21991

Kessler, R. C. (2000). Posttraumatic stress disorder: The burden to the in-
dividual and to society. Journal of Clinical Psychiatry, 61(SUPPL. 5). doi:

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-4679

Kessler, R. C., Sonnega, A., Nelson, C. B., & Bromet, E. (1995).
Posttraumatic  Stress Disorder in the National Comorbidity Survey.
Archives of General Psychiatry, 52(12), 1048-1060. Retrieved from
http://archpsyc. jamanetwork.com/article.aspx?articleid=497313#qundefined

doi: 10.1001/archpsyc.1995.03950240066012

Koenker, R. (2005). Quantile Regression. Cambridge ; New York : Cambridge

University Press.

Koenker, R. (2006). Quantile regression methods for reference
growth charts. Statistics in medicine, 25(8), 1369-82. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/16143984 doi: 10.1002/sim.2271

Koenker, R. (2016). quantreg: Quantile regression [Computer software manual]. Re-
trieved from https://CRAN.R-project.org/package=quantreg (R package version

5.29)

Koenker, R., & Bassett, G. (1982). Tests of linear hypotheses and
1”1 estimation. Econometrica, 50(6), 1577-1584. Retrieved from

http://www.jstor.org/stable/1913398 doi: 10.2307/1913398

Koenker, R., & Hallock, K. F. (2005). Quantile Regression.
Econometric  Society = Monographs, 15(38),  368. Retrieved  from
http://www.cambridge.org/catalogue/catalogue.asp?isbn=9780521845731&ss=cop

doi: 10.4135/9781412985550



Metzger, L. J., Orr, S. P., Berry, N. J., Ahern, C. E., Lasko, N. B., & Pitman, R. K.
(1999). Physiologic reactivity to startling tones in women with posttraumatic stress
disorder. Journal of Abnormal Psychology, 108(2), 347-352. doi: 10.1037/0021-

843X.108.2.347

Norrholm, S. D., Jovanovic, T., Briscione, M. a., Anderson, K. M., Kwon, C. K.,
Warren, V. T., ... Bradley, B. (2014). Generalization of fear-potentiated startle in the

presence of auditory cues: a parametric analysis. Frontiers in behavioral neuroscience,

8(October), 361. doi: 10.3389/fnbeh.2014.00361

Norrholm, S. D., Jovanovic, T., Olin, I. W., Sands, L. A., Karapanou, 1., Bradley, B.,
& Ressler, K. J. (2011). Fear extinction in traumatized civilians with posttraumatic
stress disorder: Relation to symptom severity. Biological Psychiatry, 69(6), 556—
563. Retrieved from http://dx.doi.org/10.1016/j.biopsych.2010.09.013 doi:

10.1016/j.biopsych.2010.09.013

R Core Team. (2016). R: A language and environment for statistical
computing [Computer software manual].  Vienna, Austria. Retrieved from

https://www.R-project.org/

Schwartz, A. C., Bradley, R. L., Sexton, M., Sherry, A., & Ressler, K. J. (2005).
Posttraumatic stress disorder among African Americans in an inner city mental
health clinic. Psychiatric services (Washington, D.C.), 56(2), 212-5. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/15703352 doi: 10.1176/appi.ps.56.2.212

van Der Kolk, B. (2000). Posttraumatic Stress Disorder and the Nature of Trauma.

Dialogues in clinical neuroscience, 2(1), 7-22.

van Der Kolk, B. A., & Saporta, J. (1991). The biological response to psychic trauma:
Mechanisms and treatment of intrusion and numbing. Anziety Research, 4(3), 199—

212. doi: 10.1080/08917779108248774

21



Table 1: Baseline Characteristics of Subjects

Variable Total (n = 190) PTSD (n=74) Non-PTSD (n = 116) Test Statistic (p-value)
Age @ 40.6 (11.8) 411 (1L.1) 402 (12.3) 0.5 (0.63)
Gender (Female) ? 125 (65.8%) 52 (70.3%) 73 (62.9%) 1.1 (0.3)
Adult Trauma ° 8.5 (0.04)
None 16 (8.4%) 3 (4.1%) 13 (11.2%)
Non-Interpersonal 16 (8.4%) 3 (4.1%) 13 (11.2%)
Interpersonal Only 10 (5.3%) 1 (1.4%) 9 (7.8%)
Both 83 (43.7%) 39 (52.7%) 44 (37.9%)
Childhood Trauma ® 24.9 (< .0001)
0 Types of Childhood Trauma 110 (57.9%) 27 (36.5%) 83 (71.6%)
1 Type of Childhood Trauma 56 (29.5%) 30 (40.5%) 26 (22.4%)
2 Types of Childhood Trauma 24 (12.6%) 17 (23%) 7 (6%)
PTSD Symptoms
Reexperiencing ¢ 3.8 (3.9) 6.8 (3.6) 1.9 (2.6) -9.9 (< .0001)
Avoidance ¢ 6.2 (5.6) 11.3 (4.4) 3 (3.6) -13.6 (< .0001)
Hyperarousal ¢ 5.4 (4.6) 9.2 (3.6) 3(3.3) -12.1 (< .0001)
@ Mean (SD) Two-sample t-test, * Frequency (%) x? test
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Table 2: Fear Outcomes by PTSD Group

Variable Total (n = 190) PTSD (n = 74) Non-PTSD (n = 116) Test Statistic (p)
Fear Acquisition
Danger Cue 36.9 (60.9) 37.2 (65.1) 36.6 (58.3) 0.1 (0.95)
Safety Cue 16.7 (41.7) 18.9 (41.3) 15.3 (42.1) -0.6 (0.56)
Fear Extinction
Early 44.5 (60.2) 46.4 (60.2) 43.2 (60.4) 0.4 (0.72)
Mid 18.4 (39.7) 25.7 (45.3) 13.8 (35.1) ~1.9 (0.06)
Late 1.7 (27.3) 3.9 (26.2) 0.3 (28) 0.9 (0.37)

Mean (SD) Two-sample t-test
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Table 3: Univariate Models for Safety Cue using Quantile Regression

Quantile
Variable 25% 50% 75%
Estimate (SE) p  Estimate (SE) p  Estimate (SE) P

Age 001 (0.12) 093 -0.22 (0.13) 0.07 -0.4(0.39)  0.27
Gender Female (vs Male) 0.3 (2.73) 091  6.84 (2.58) 0.02 26.42 (8.13)  0.004
Adult Trauma

None (Reference Group) - - - - - -

Non-Interpersonal Only 7.84 (5.63) 033 599 (5.4) 041 12.52 (21.91)  0.64

Tnterpersonal Only 401 (10.53) 0.7 559 (11.6)  0.56  5.36 (25.98)  0.84

Both 5.76 (5.95) 0.42  0.82 (5.79) 09  3.08(21.43) 0.89
Childhood Trauma

0 Types of Childhood Trauma (Reference Group) - - - - - -

1 Type of Childhood Trauma -4.19 (4.09)  0.25  -4.78 (3.74) 0.2  -3.02(11.23)  0.79

2 Types of Childhood Trauma -1.06 (4.29) 0.77  -1.96 (5.43) 0.74 -0.34 (14.77) 0.98
PTSD Symptoms

Reexperiencing 0.06 (0.31) 0.85 0.28 (0.54) 0.63 2.63 (1.17) 0.02

Avoidance 012 (0.2) 057  -0.20 (0.3)  0.33  1.14 (0.66)  0.15

Hyperarousal 0.17 (0.27) 0.57  0.25 (0.49) 0.64 1.19 (0.67) 0.1

Univariate Quantile Regression Models were fit with the Safety Cue as the outcome for each predictor at the 25", 50t", and 75" quantiles.
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Table 4: Univariate Models for the Danger Cue using Quantile Regression
Quantile
Variable 25% 50% 75%
Estimate (SE) p  Estimate (SE) D Estimate (SE) P

Age 021 (0.16)  0.17  -0.66 (0.2)  0.002 -0.49 (0.67)  0.42
Gender Female (vs Male) 3.22 (2.32) 0.21 14.13 (7.67) 0.09 33.32 (9.44) 0.002
Adult Trauma

None (Reference Group) - - - - - -

Non-Interpersonal Trauma Only -2.3 (5.3) 0.62  8.43 (20.28) 0.7 -0.28 (29.1) 0.99

Interpersonal Trauma Only -10.33 (16.79) 0.6 4.9 (25.52) 0.84 -23.95 (27.97) 04

Both 493 (6.23) 037  1.76 (17.94)  0.93 -11.36 (27.14)  0.68
Childhood Trauma

0 Types of Childhood Trauma (Reference Group) - - - - - -

1 Type of Childhood Trauma -4.14 (2.38)  0.21  -10.51 (10.4) 0.28  -3.59 (18.76)  0.84

2 Types of Childhood Trauma -2.48 (4.79) 0.68 -10.65 (9.47) 0.21  -17.76 (23.99) 0.48
PTSD Symptom Categories

Reexperiencing 0.04 (0.4) 092  228(15) 011  258(1.95)  0.13

Avoidance 0.23(0.23) 0.3 -0.22 (0.76) 075  0.76 (1.19)  0.56

Hyperarousal -0.35 (0.29)  0.27  -0.31 (0.74) 0.65 1.02 (1.64) 0.51

Univariate Quantile Regression Models were fit with the Danger Cue as the outcome for each predictor at the 25, 50" and 75" quantiles.
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Table 5: Multivariate Models for the Safety Cue using Quantile Regression

Quantile
Covariates 0.25 0.5 0.75
Estimate SE P Estimate SE P Estimate SE P

Age -0.092 0.133  0.491 -0.195 0.161  0.229 -0.046 0.292 0.874
Gender Female (vs Male) 2.232 2.675  0.405 6.206 3.236  0.057 27.305 9.327 0.004

Reexperiencing - - - - - - 2.394 1.207 0.049
Childhood Trauma*

0 Types of Childhood Trauma (Reference Group) - - - - - - - - -

1 Type of Childhood Trauma - - - - - - -12.198 7.919 0.125

2 Types of Childhood Trauma - - - - - - -21.136 12.989 0.105

Multivariate Quantile Regression Models were fit individually for the 25!, 50", and 75" quantiles. A dash (-) indicates that a particular variable
was not included in the model at that quantile.

Qo.25 = —0.092 x age + 2.232 x gender

Qo.5 = —0.195 * age + 6.206 * gender

Qo.75 = —0.046 x age + 27.305 * gender + 2.394 x Reexperiencing — 12.198x(1 Type of Childhood Trauma Experienced)—21.136x(2 Types of Childhood
Trauma Experienced)

* The p-value for the Type III test comparing the current model to a model without childhood trauma was 0.036. This test was used to determine
if the two coefficients for the childhood trauma groups in the larger model were jointly equal to 0. Additional pairwise tests were conducted against
the reference group of no childhood trauma and are included in the table.
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Table 6: Multivariate Models for the Danger Cue using Quantile Regression

Quantile
Covariates 0.25 0.5 0.75
Estimate SE P Estimate SE P Estimate SE P

Age -0.221 0.172 0.201 -0.720 0.243  0.003 -0.756 0.396  0.058
Gender Female (vs Male) 3.704 2.979 0.215 10.970 6.629  0.100 | 30.525 9.959  0.003
Reexperiencing - - - - - - 4.265 1.540  0.006
Hyperarousal - - - - - - -3.025 1.362  0.028
Childhood Trauma*

0 Types of Childhood Trauma (Reference Group) - - - - - - - - -

1 Type of Childhood Trauma -5.148 4.022 0.202 - - - - - -

2 Types of Childhood Trauma -10.110 6.991 0.150 - - - - - -

Multivariate Quantile Regression Models were fit individually for the 25! 50" and 75" quantiles. A dash (-) indicates that a particular variable
was not included in the model at that quantile.

Qo.25 = —0.221 * age + 3.704 * gender — 5.148+(1 Type of Childhood Trauma Experienced)—10.110%(2 Types of Childhood Trauma Experienced)
Qo.5 = —0.720 * age + 10.970 * gender

Qo.75 = —0.756 * age 4+ 30.525 * gender + 4.265 * Reexperiencing — 3.025 x Hyperarousal

* The p-value corresponding to the Type III test comparing the current model to a smaller model without childhood trauma was 0.048. This test was
used to determine if the two coefficients for the childhood trauma groups in the larger model were jointly equal to 0. Additional pairwise tests were
conducted against the reference group of no childhood trauma and are included in the table.
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Table 7: Multiple Linear Regression Model for the Safety Cue

Covariates

Estimate SE P
Age 0.025 0.254 | 0.923
Gender Female (vs Male) 15.856 6.377 | 0.014
Reexperiencing 1.670 0.807 0.040
Childhood Trauma*
0 Types of Childhood Trauma (Reference Group) - - -
1 Type of Childhood Trauma -15.542 6.830 0.024
2 Types of Childhood Trauma -12.897 9.649 0.183

Multiple Linear Regression Model for the Safety Cue Outcome during Fear Acquisition.
E(y) = 0.025 * Age + 15.856 x Gender + 1.670 x Reexperiencing — 15.542%(1 Type of Childhood Trauma
Experienced)—12.897(2 Types of Childhood Trauma Experienced)
* The p-value corresponding to an ANOVA test comparing nested models with and without childhood trauma

is 0.060
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Table 8: Multiple Linear Regression Model for the Danger Cue

Covariates

Estimate SE P
Age -0.438 0.373 0.242
Gender Female (vs Male) 16.889 9.353 | 0.073
Reexperiencing 2.447 1.183 0.040
Childhood Trauma *
0 Types of Childhood Trauma (Reference Group) - - -
1 Type of Childhood Trauma -16.529 10.018 0.101
2 Types of Childhood Trauma -27.378 14.153 0.055

Multiple Linear Regression Model for the Danger Cue Outcome during Fear Acquisition.
E(y) = —0.438 x Age + 16.889 * Gender + 2.447 x Reexperiencing — 16.529x(1 Type of Childhood Trauma
Experienced)—27.378(2 Types of Childhood Trauma Experienced)
* The p-value corresponding to an ANOVA test comparing nested models with and without childhood trauma

is 0.082.
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Figure 1: Scatter Plot of PSS Score and Startle Response to the Safety Cue
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Plot of the distribution of startle responses to the Safety Cue by PSS Total Score. PTSD diagnosis is based
on the PSS score, so patients with PTSD have higher PSS scores. However, high startle responses are
exhibited by patients in both groups.
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Figure 2: Scatter Plot of PSS Score and Startle Response to the Danger Cue

300-

[14] L]
=
c 200-
4]
] ™ . .
FE . PTSD Diagnosis
@ . * noPTSD
j
o R ° * PTSD
= .
@« - -
o .
o 100~ .t : £ .
E . * - . . .o -
L] -
w : . & '... o O . . 3
: . - - L
'Y ] - I - -
l.' .: ll. - - : s e . °
: o...:': .. . - o . - . s -
0- lol".o " R | -.]:.'. L S . w8 .
. . s .*
- . -
L] L] - ]
. *
1 -
0 10 20 30 40

PSS Total Score

Plot of the distribution of startle responses to the Danger Cue by PSS Total Score. PTSD diagnosis is
based on the PSS score, so patients with PTSD have higher PSS scores. However, high startle responses are
exhibited by patients in both groups.
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Figure 3: Scatter Plot of PSS Score and Startle Response during Early Extinction
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Plot of the distribution of startle responses during Early Extinction by PSS Total Score. PTSD diagnosis is
based on the PSS score, so patients with PTSD have higher PSS scores. However, high startle responses are
exhibited by patients in both groups.



Figure 4: Scatter Plot of PSS Score and Startle Response during Mid Extinction
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Plot of the distribution of startle responses during Mid Extinction by PSS Total Score. PTSD diagnosis is
based on the PSS score, so patients with PTSD have higher PSS scores. However, high startle responses are

exhibited by patients in both groups.



Figure 5: Scatter Plot of PSS Score and Startle Response during Late Extinction
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Plot of the distribution of startle responses during Late Extinction by PSS Total Score. PTSD diagnosis
is based on the PSS score, so patients with PTSD have higher PSS scores. However, in both groups, most

patients have extinguished fear.
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Figure 6: Plot of Coefficient Estimates for a Quantile Regression Model for the Safety Cue
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Plots of the coefficient estimates and 95% Confidence Intervals for each covariate in the Multivariate

Quantile Regression Model show how the effects of covariates are changing across quantiles.

Parameter

Estimates and Standard Errors were calculated for each of the 1% through 99*" quantile. The black dots
correspond to estimates and the shaded gray area represents the 95% CI. For example, 6a shows the
estimates for gender. At the lower quantiles, gender is not significantly different from zero as evident by
the confidence intervals crossing zero. As the quantiles increase, the effect of gender also increases and at
quantiles where the shaded area is entirely above zero, the effect of gender is statistically significant.

*Childhood Trauma is a 3-level categorical variable. The reference group is 0 types of childhood trauma
experienced. The plots displayed in Figures 6¢ and 6d are coefficient estimates for the pairwise comparisons
to the reference group.
Age was also included in the model but is not displayed here.
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Figure 7: Plot of Coefficient Estimates for a Quantile Regression Model for the Danger Cue
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Plots of the coefficient estimates and 95% Confidence Intervals for each covariate in the Multivariate
Quantile Regression Model show how the effects of covariates are changing across quantiles. Parameter
Estimates and Standard Errors were calculated for each of the 1% through 99*" quantile. The black dots
correspond to estimates and the shaded gray area represents the 95% CI. For example, 7c¢ shows the
estimates for reexperiencing symptoms. At the lower quantiles, reexperiencing is not significantly different
from zero as evident by the confidence intervals crossing zero. As the quantiles increase, the effect of
reexperiencing also increases and at quantiles where the shaded area is entirely above zero, the effect of
reexperiencing is statistically significant.



Appendix

Table 9: Univariate Association with Fear Outcomes
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Fear Acquisition

Fear Extinction

Variable Safety Cue Danger Cue Early Mid Late
Age @ -0.11 (0.12) -0.17 (0.02) | -0.2 (0.01) -0.09 (0.21) 0.08 (0.3)
Gender (Female) ? 3127 (0.01) 3201 (0.02) | 3078 (0.01) 3544 (0.15) 4118 (0.88)
Adult Trauma © 3.86 (0.28)  2.66 (0.45) | 6.44 (0.09)  1.69 (0.64) 5.14 (0.16)
Childhood Trauma ¢ | 3.41 (0.18)  4.15 (0.13) 0.72 (0.7) 1.5 (0.47)  0.01 (0.99)
PTSD Symptoms

Reexperiencing ¢ 0.08 (0.25)  0.11 (0.12) 0.15 (0.04)  0.18 (0.01) -0.02 (0.8)

Avoidance ® -0.01 (0.94) -0.02 (0.75) | 0.03 (0.67)  0.07 (0.31) -0.01 (0.84)

Hyperarousal ¢ 0.08 (0.26) -0.03 (0.66) | -0.002 (0.98) 0.06 (0.4) -0.06 (0.44)

- Spearman Rank Correlation Coefficient (p), * - Wilcoxon Rank Sum (p), ¢ - Kruskal-Wallis Rank Sum (p)



Table 10: Univariate Models for Early Fear Extinction using Quantile Regression

Quantile
Variable 25% 50% 75%
Estimate (SE) D Estimate (SE) P Estimate (SE) p
Age 032 (0.1) 0.008 -0.93 (0.33) 0.002  -0.71 (0.47) 0.13
Gender (Female) 5.83 (2.32) 0.01 27.08 (8.81)  0.0003  26.67 (16.37) 0.07

Adult Trauma
None (Reference Group) - - - - - -
Non-Interpersonal Trauma Only -4.42 (7.19) 0.52  -5.98 (18.27) 0.75 6.3 (28.45) 0.84
Interpersonal Trauma Only 2.83 (20.9) 0.89 1.44 (36.29) 0.97  63.07 (46.84) 0.23
Both 771 (5.43)  0.26  -27.88 (19.12)  0.11  -18.68 (28.35) 0.52
Childhood Trauma
0 Types of Childhood Trauma (Reference Group) - - - - - -

1 Type of Childhood Trauma 2.94 (3.11) 0.38  3.89 (10.47) 0.75 7.75 (18.04)  0.66

2 Types of Childhood Trauma -0.53 (4.42) 0.91 5.06 (14.5) 0.71 -9.48 (17.54)  0.65
PTSD Symptoms

Reexperiencing 0.2 (0.57) 0.74 3.2 (1.45) 0.03 1.78 (1.1) 0.15

Avoidance 0.11 (0.16) 047  0.24 (12) 0.84  1.05 (1.56)  0.51

Hyperarousal -0.08 (0.24) 0.77 0.36 (1.11) 0.74 0.71 (1.2) 0.59

Parameter Estimates for each covariate based on estimates from Univariate Quantile Regression models for Early Fear Extinction at the 25", 50,
and 75" quantiles

8¢



Table 11:

Univariate Models for Mid Fear Extinction using Quantile Regression

Quantile
Variable 25% 50% 75%
Estimate (SE) p  Estimate (SE) p  Estimate (SE) p

Age 0.02 (0.05) 0.65 -0.15(0.13) 0.26 0.3 (0.3) 0.3
Gender (Female) 0.75 (1.23)  0.52  3.71(2.96) 017  11.75 (5.39)  0.02
Adult Trauma

None (Reference Group) - - - - - -

Non-Interpersonal Trauma Only 0.08 (3.56) 0.98 1.94 (7.22) 0.76  5.21 (12.77)  0.65

Interpersonal Trauma Only 1.36 (6.45) 0.85  0.92 (7.99) 0.92 -5.66 (14.5)  0.69

Both 0.07 (3.24) 099  -2.5(5.38) 0.69 -0.42 (13.58) 0.97
Childhood Trauma

0 Types of Childhood Trauma (Reference Group) - - - - - -

1 Type of Childhood Trauma 0.17 (1.33) 0.91 1.7 (3.34) 0.56  4.55 (7.78) 0.6

2 Types of Childhood Trauma -3.63 (2.09) 0.12 1.78 (5.36) 0.75 -6.06 (6.8) 0.41
PTSD Symptoms

Reexperiencing -0.02 (0.24)  0.93 1.12 (0.67) 0.1 2.82 (1.4) 0.04

Avoidance 0.04 (0.14) 076  0.16 (0.38)  0.65  0.66 (1.03)  0.58

Hyperarousal -0.03 (0.16)  0.86  0.38 (0.39)  0.36  1.16 (0.71)  0.08

Parameter Estimates for each covariate based on estimates from Univariate Quantile Regression models for Mid Fear Extinction at the 25", 50,

and 75" quantiles

6€



Table 12: Univariate Models for Late Fear Extinction using Quantile Regression

Quantile
Variable 25% 50% 75%
Estimate (SE) p  Estimate (SE) p  Estimate (SE) p

Age 0.09 (0.08) 0.24 -0.01 (0.07) 0.81 -0.01 (0.13)  0.95
Gender (Female) -1.35 (2.03) 0.47 -0.72 (1.19) 0.52 2.73 (3.19) 0.41
Adult Trauma

None (Reference Group) - - - - - -

Non-Interpersonal Trauma Only -0.14 (3.28)  0.96  0.18 (3.71) 0.96 5.52 (6) 0.61

Interpersonal Trauma Only -5.46 (6.16)  0.34 1.79 (6.35) 0.79 -3.23 (10.11)  0.73

Both -0.92 (3.24) 0.76  -1.23 (3.46) 0.73  -5.44 (7.86)  0.39
Childhood Trauma

0 Types of Childhood Trauma (Reference Group) - - - - - -

1 Type of Childhood Trauma 0.31 (2.59) 0.88  0.72 (1.54) 0.65  0.15 (3.08) 0.96

2 Types of Chidhood Trauma -1.68 (2.85) 0.55 -0.82 (3) 0.8 8.17 (7.05) 0.28
PTSD Symptoms

Reexperiencing -0.37 (0.22) 0.19 -0.03 (0.2) 0.89 0.71 (0.52) 0.16

Avoidance 0.23(0.12)  0.06 -0.11 (0.13) 0.41  0.31(0.42)  0.48

Hyperarousal -0.31 (0.2) 0.16  -0.08 (0.17) 0.6 0.31 (0.48) 0.54

Parameter Estimates for each covariate based on estimates from Univariate Quantile Regression models for Late Fear Extinction at the 25", 50,
and 75" quantiles

0¥



Table 13: Multivariate Models for Early Fear Extinction using Quantile Regression

Quantile
Covariates 0.25 0.5 0.75
Estimate SE P Estimate SE D Estimate SE P
Age -0.215 0.107  0.047 | -0.806 0.289  0.006 | -0.630 0.546  0.250
Gender Female (vs Male) 3.694 2.958 0.213 | 20.899 6.425 0.001 | 27.931 15.584 0.075

Multivariate Regression Models were fit individually for the 25", 50", and 75! quantiles.
Qo.25 = —0.215 x age + 3.694 x gender

Qo.5 = —0.806 * age + 20.899 x gender

Qo.75 = —0.630 * age 4+ 27.931 * gender

v



Table 14: Multivariate Models for Mid Fear Extinction using Quantile Regression

Quantile
Covariates 0.25 0.5 0.75
Estimate SE P Estimate SE D Estimate SE D
Age -0.011 0.063 0.862 | -0.206 0.138 0.138 | -0.466 0.260 0.075
Gender Female (vs Male) 0.669 1.286 0.604 4.452 3.079  0.150 3.687 6.444  0.568
Reexperiencing - - - - - - 2.735 1.596  0.088

Multivariate Regression Models were fit individually for the 25", 50" and 75! quantiles. A dash (-) indicates that a particular variable was not

included in the model at that quantile.
Qo.25 = —0.011 x age + 0.669 * gender
Qo.5 = —0.206 * age + 4.452 * gender
Qo.75 = —0.466 * age + 3.687 x gender + 2.735 * Reexperiencing
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Table 15: Multivariate Models for Late Fear Extinction using Quantile Regression

Quantile
Covariates 0.25 0.5 0.75
Estimate SE P Estimate SE D Estimate SE D
Age 0.139 0.071  0.053 | -0.012 0.068 0.861 | -0.012 0.145 0.936
Gender Female (vs Male) -0.278 1.671 0.868 | -0.735 1.369  0.592 2.743 3.429 0.425
Avoidance -0.340 0.133 0.011 - - - - - -

Multivariate Regression Models were fit individually for the 25", 50" and 75! quantiles. A dash (-) indicates that a particular variable was not

included in the model at that quantile.
Qo.25 = 0.139 x age — 0.278 * gender — 0.340 x Avoidance
Qo.5 = —0.012 x age — 0.735 * gender

Qo.75 = —0.012 % age + 2.743 x gender
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