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Researchers have shown neuroticism decreases with treat-

ment (Roberts et al., 2017), although it is unclear if this

reflects fleeting state-level changes (state-artifact position)

or trait-level change (cause-correction hypothesis). These

theories further propose that changes in neuroticism pre-

dict symptom change (cause-correction hypothesis) or are

predicted by symptom change (state-artifact position).

We compared these theories in a clinical trial of the Unified

Protocol (UP). Participants (N = 38; Mage = 34.55, 71.1%

female, 78.9% Caucasian) meeting DSM-5 criteria for a

primary emotional disorder completed up to 12 weekly ses-

sions of the UP. Neuroticism exhibited state-level changes

by Session 6 but trait-level changes by Session 12.

Within-person reductions in neuroticism exhibited bidirec-

tional relations with anxiety symptom change but pre-

dicted unidirectional session-to-session reductions in

depression. These findings provide relatively more nuanced

support for the cause-correction hypothesis that the UP

leads to trait changes in neuroticism that tend to precede

symptom change.
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NEUROTICISM IS DEFINED as the tendency to experi-
ence frequent and intense negative emotions, along
with the belief that one lacks adequate emotional
coping resources (Barlow, Ellard, et al., 2014). A
neurotic temperament is theorized to develop from
the transaction between (a) heritable genetic con-
tributions (i.e., general biological vulnerability)
and (b) early life experiences that promote a
heightened sense of unpredictability and uncon-
trollability (i.e., general psychological vulnerabil-
ity; Barlow, Ellard, et al., 2014).

Neuroticism has consistently emerged as a
transdiagnostic risk factor for various forms of
psychopathology (Andrews, 1996; Barlow, Sauer-
Zavala, et al., 2014; Clark et al., 1994; Khan
et al., 2005; Krueger & Markon, 2006; Sher &
Trull, 1994; Weinstock & Whisman, 2006). A
meta-analysis of 33 population-based samples
found large associations between this trait and
anxiety, mood, somatoform, schizophrenia, and
eating disorders (Malouff et al., 2005). In the con-
text of prospective studies, there is evidence that
neuroticism predicts the onset of major depressive
episodes (Fanous et al., 2007; Kendler et al.,
1993), as well as generalized anxiety disorder,
social phobia, and specific phobia (Goldstein
et al., 2018). Moreover, neuroticism as an underly-
ing predisposition may explain patterns of
comorbidity among these disorders, accounting
for 20–40% of the covariance among internalizing
disorders (Brown, 2007; Khan et al., 2005) and
demonstrating a robust association (r = .88) with
general psychopathology (Southward et al., 2022).

theories of neuroticism change

Although personality traits have long been consid-
ered stable and inflexible (American Psychiatric
Association [APA], 2013), there is increasing
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evidence that neuroticism changes over time and is
responsive to treatment. For example, age-related
decreases in neuroticism have been observed in
the general population (Eaton et al., 2011;
Roberts & Mroczek, 2008), although the degree
of change varies by person (Helson et al., 2002;
Mroczek & Spiro, 2003; Small et al., 2003). Addi-
tionally, the results of a recent meta-analysis sug-
gest that personality traits change over the course
of relatively brief treatment, with nearly all reduc-
tions in neuroticism occurring within eight ses-
sions of therapy, regardless of the specific
treatment (Roberts et al., 2017). Given that neu-
roticism has historically been considered relatively
stable, especially compared to symptoms of psy-
chopathology, these findings have prompted ques-
tions about the stability of changes in neuroticism
and the relation between changes in neuroticism
and changes in symptoms.

State-Artifact Position
Item-content overlap. Some researchers have

argued that reductions in neuroticism during treat-
ment reflect relatively fleeting state-level changes
rather than more enduring trait-level changes. In
this theory, known as the state-artifact position,1

short-term state-level changes in neuroticism (i.e.,
over hours, days, or weeks) are thought to be pri-
marily accounted for by fluctuations in symptoms
(Roberts et al., 2017). According to the state-
artifact position, this is in part because measures
of neuroticism (putatively assessing a trait) often
include items that overlap, content-wise, with
more state-level measures of psychopathology
(e.g., “I rarely feel fearful or anxious” from the
NEO-Neuroticism scale; “In the past week, how
often have you felt anxious?” from the Overall
Anxiety Impairment and Severity Scale). Thus,
when a treatment produces symptom improve-
ment, reductions on measures of neuroticism
may be driven by shared item content and not
because people have actually experienced long-
lasting change to their personality (i.e., trait
change; see Magidson et al., 2014, for a review
of what constitutes trait change). Measuring
changes in neuroticism without accounting for this
overlapping content may thus obscure the degree
to which changes in treatment reflect state or trait
change.
1 In the treatment literature, this theory has also been referred to

as the state effect hypothesis (Tang et al., 2009). In the personality

and developmental literatures, researchers have discussed closely
related theories such as the complication or scar hypothesis

(Akiskal et al., 1983) and the spectrum or continuity hypothesis

(Hirschfeld & Klerman, 1979). For a review of these theories, see
Clark et al. (1994).
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To begin to address this concern, Sauer-Zavala
et al. (2021) examined changes in neuroticism in a
clinical trial of the Unified Protocol for Transdiag-
nostic Treatment of Emotional Disorders (UP;
Barlow et al., 2018) while covarying measures of
anxiety and depression. The UP led to significant
reductions in neuroticism even when controlling
for anxiety and depression, suggesting that the
variance in neuroticism not accounted for by
symptom measures may reflect stable trait change.

Change in symptoms predicting change in neuroti-
cism. To the extent that changes in neuroticism are
considered artifacts resulting from item content
overlap with symptom measures, neuroticism may
appear to change more slowly than symptoms
because measures of neuroticism are often written
from a trait perspective (i.e., assessing how people
behave generally), whereas measures of symptoms
are often written from a state perspective (i.e.,
assessing symptoms over the past week). Another
perspective on the state-artifact position is that
changes in neuroticism result from changes in symp-
toms. In other words, if changes in neuroticism are
not simply due to item-content overlap, reductions
in symptom severity during treatment may allow
people to gradually return to their trait levels of neu-
roticism established before experiencing an episode
of psychopathology. Reducing how frequently and
intensely people experience negative emotions in
their daily life (i.e., symptom improvement) is
thought to lead to subsequent reductions in how fre-
quently and intensely people perceive themselves to
experience negative emotions in general. Others
have proposed that changes in symptoms occur con-
currently with observed changes in neuroticism and
that these observed changes in neuroticism are a by-
product of symptom improvement.

Researchers have provided indirect evidence for
this position (i.e., symptom improvement predicts
trait improvement). Naturalistically, people expe-
riencing a major depressive episode have reported
concurrent decreases in neuroticism back to base-
line levels as their depressive symptoms decrease
(Barnett & Gotlib, 1988; Ormel et al., 2004), sug-
gesting overlap between these constructs. In a
treatment study of selective serotonin reuptake
inhibitors (SSRIs), patients who responded to
treatment reported decreases in both depression
and neuroticism, whereas those who did not
respond did not report decreases in either con-
struct (Du et al., 2002). These results suggest that
changes in neuroticism may depend on symptom
improvement rather than the direct influence of
medication on personality, but no researchers to
our knowledge have demonstrated that changes
in depression predict changes in neuroticism.
ntucky from ClinicalKey.com by Elsevier on July 01, 2025. 
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2 To reduce participant burden, half of participants were

assigned to complete weekly measures of neuroticism and half

were assigned to complete a measure of UP skill use (Southward &
Sauer-Zavala, 2022). Seventy participants were randomized in the

parent trial, of which 11 did not complete study procedures. The

present subsample was drawn from the 70 randomized
participants.
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Cause-Correction Hypothesis
In contrast to the state-artifact position, the cause-
correction hypothesis posits that changes in neu-
roticism lead to changes in symptoms (Soskin
et al., 2012). Given that neuroticism is associated
with the development of a variety of emotional
disorders, this theory suggests that reductions in
the general frequency with which people experi-
ence and react to negative emotions allows for
changes in specific emotional disorder symptoms.
For example, improvements in neuroticism medi-
ated the effects of SSRI medication on depression
(Quilty et al., 2008; Tang et al., 2009). Similarly,
the effects of antidepressant medication on tem-
perament significantly contributed to improve-
ments in depressive symptoms across several
studies (Soskin et al., 2012) but changes in depres-
sion symptoms have explained relatively little
change in neuroticism (De Fruyt et al., 2006;
Santor et al., 1997). Finally, in the context of per-
sonality disorders, changes in personality have
been shown to precede symptom change, whereas
symptom improvements do not lead to subsequent
change in personality dimensions (Warner et al.,
2004). However, these findings have not been
replicated in the context of emotional disorders
(i.e., anxiety and depressive disorders).

Emerging research suggests that behavioral
interventions specifically designed to target neu-
roticism may be associated with more robust
reductions in this trait (e.g., Armstrong & Rimes,
2016; Sauer-Zavala et al., 2021). The UP is a
cognitive-behavioral intervention that was devel-
oped to engage neuroticism and has shown efficacy
in reducing symptoms of anxiety and depressive
disorders (Cassiello-Robbins et al., 2020; Sakiris
& Berle, 2019). It has also been associated with
significant improvements in neuroticism from
pre- to posttreatment (Carl et al., 2014). Using
multiple timepoints within treatment, researchers
have shown that specific exposure-based modules
of the UP led to greater reductions in neuroticism
than symptom-focused cognitive behavioral ther-
apy (CBT; Sauer-Zavala et al., 2021). However,
it is important to note that the measure of neuroti-
cism used in this study demonstrated relatively low
internal consistency, and the researchers only mea-
sured constructs at five timepoints across treat-
ment, making it difficult to determine the
reliability of these results.

current study

Given the ample evidence underscoring the rela-
tion between neuroticism and psychopathology,
along with growing support for the notion that
neuroticism can be engaged in treatment, it is
Downloaded for Anonymous User (n/a) at University of Kentuck
For personal use only. No other uses without permission. C
important to understand whether neuroticism
demonstrates state or trait change and the tempo-
ral sequence of changes between neuroticism and
symptoms. Indeed, researchers have rarely mea-
sured neuroticism and symptoms frequently
enough to examine temporal precedence regarding
order of change, particularly in the context of
emotional disorders. In a recent trial testing per-
sonalized skill sequencing with the UP (Sauer-
Zavala et al., 2022b), participants completed mea-
sures of neuroticism and anxiety and depressive
symptoms prior to weekly therapy sessions. In this
secondary analysis, we first evaluated whether
neuroticism demonstrated state-artifact or trait
changes over the course of the UP. The state-
artifact position would predict that any changes
observed in neuroticism are accounted for by
changes in symptoms, whereas the cause-
correction hypothesis would predict that changes
in neuroticism predict changes in symptoms and
that these changes in neuroticism occur above
and beyond symptom change. We hypothesized
that participants would demonstrate significant
reductions in neuroticism across treatment and
that these reductions would remain significant
when including anxiety and depressive symptoms
as covariates. We then compared evidence for the
state-artifact position and cause-correction
hypothesis regarding the direction of change
between neuroticism and symptoms. To test the
state-artifact position, we explored whether reduc-
tions in anxiety and depressive symptoms pre-
dicted improvements in neuroticism. To test the
cause-correction hypothesis, we explored whether
reductions in neuroticism predicted improvements
in anxiety and depressive symptoms. We hypothe-
sized that changes in neuroticism would predict
changes in anxiety and depressive symptoms, in
line with the cause-correction hypothesis. Finally,
we conducted a sensitivity analysis to explore the
relations between neuroticism and symptom
change across different lag lengths.

Method

participants

A subsample2 of participants (N = 38,
Mage = 34.55, 71.1% female, 78.9% Caucasian,
y from ClinicalKey.com by Elsevier on July 01, 2025. 
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84.2% heterosexual, median income = $75,000–$
99,999, median education level = undergraduate
degree) were drawn from a sequential multiple
assignment randomized trial (SMART) of the UP
(Sauer-Zavala et al., 2022b) for secondary data
analyses related to the present aims. Individuals
were eligible for the parent trial if they met Diag-
nostic and Statistical Manual of Mental Disorders
(5th ed.; DSM-5; APA, 2013) criteria for an emo-
tional disorder (i.e., anxiety, depressive [major
depression, persistent depression], obsessive-
compulsive and related, or trauma and stressor-
related disorder). The most common primary diag-
nosis was generalized anxiety disorder (n = 15;
39.5%), followed by social anxiety disorder
(n = 9; 23.7%), major depressive disorder (n = 9;
23.7%), and persistent depressive disorder (n = 9;
23.7%). Individuals were excluded from participa-
tion if they endorsed diagnoses or symptoms
requiring clinical prioritization or hospitalization
(i.e., mania within the past year, acute suicide risk,
substance use disorder not in early remission, or
the lifetime presence of psychotic features [i.e.,
hallucinations or delusions]). Potential partici-
pants were also excluded if they had received five
or more sessions of CBT within the last 5 years.
Anyone receiving other psychotherapy focused
on an emotional disorder agreed to discontinue
while participating in the study. Individuals taking
psychotropic medication (n = 9 in the present sub-
sample) were asked to maintain their current
dosages while participating in the study and be
stable on their current medications for 1 month
prior to starting the study. Participants who com-
pleted at least two weekly self-report measures of
neuroticism, anxiety symptoms, and depressive
symptoms within the first seven weeks of the par-
ent trial were included in this subsample.
3 At the beginning of the study, written informed consent was
obtained. When study procedures moved online due to the

COVID-19 pandemic, verbal consent was obtained.
4 A primary aim of the parent trial was to assess whether

delivering UP modules in sequences prioritizing patients’ strengths,

deficits, or the standard published order led to greater reductions

in anxiety and depression symptoms.
5 The second primary aim of the parent study was to test the

effects of early treatment withdrawal to identify which patients

demonstrated maintenance of or continued improvements in

symptoms and which patients required a full course of treatment
treatment

Participants received the five core skill modules of
the UP: Understanding Emotions, Mindful Emo-
tional Awareness, Cognitive Flexibility, Counter-
ing Emotional Behaviors, and Confronting
Physical Sensations (Barlow et al., 2018; Payne
et al., 2014; Wilamowska et al., 2010). These
modules are designed to teach skills of self-
monitoring, nonjudgmental present-moment
awareness, reevaluation of overly negative
thoughts, approach-oriented behaviors, and toler-
ance of uncomfortable physical sensations, respec-
tively. Each module consisted of two weekly,
individual, 50-minute virtual telehealth sessions,
except Countering Emotional Behaviors, which
was delivered across four weekly 50-minute
Downloaded for Anonymous User (n/a) at University of Ke
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sessions, resulting in a total of 12 possible sessions.
Therapists providing treatment included a licensed
clinical psychologist, a postdoctoral fellow, and
two advanced clinical psychology graduate stu-
dents (two men, two women). All therapists were
certified in the provision of the UP by one of its
developers. Each session was audio-recorded, and
average competence was high (M = 4.26 on a 5-
point scale; Sauer-Zavala et al., 2022b).

procedure

All procedures were approved by the local univer-
sity Institutional Review Board, and all partici-
pants provided informed consent prior to
engaging in study procedures.3 After an initial
phone screen, likely eligible participants were
invited to complete a semistructured diagnostic
interview assessment to confirm eligibility and a
battery of self-report measures. In line with one
of the primary aims of the parent study, eligible
participants were randomly assigned to receive
core modules of the UP in one of three sequences:
(1) the standard published order (standard condi-
tion; Barlow et al., 2018), (2) an order that prior-
itized patients’ skill strengths (strengths
condition), or (3) an order that prioritized
patients’ skill deficits (weaknesses condition).4

Skill strengths and deficits were determined by
evidence-based questionnaires selected to measure
the skills targeted by each UP module (see Sauer-
Zavala et al., 2022b, for further details).

Following Session 5, and in line with the second
primary aim of the parent study, participants
underwent a second-stage randomization to deter-
mine if they would terminate treatment after Ses-
sion 6 (brief treatment condition) or continue for
the full 12 sessions (full treatment condition).5 Par-
ticipants assigned to receive modules in the stan-
dard order completed modules targeting
psychoeducation and self-monitoring, mindful-
ness, and cognitive flexibility. Participants
assigned to one of the personalized sequencing
to demonstrate symptom reduction.

ntucky from ClinicalKey.com by Elsevier on July 01, 2025. 
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conditions could receive any combination of 2–3
UP modules in the first 6 sessions.6 In the current
study, 36.8% of participants received Understand-
ing Emotions, 63.2% received Mindful Emotion
Awareness, 63.2% received Cognitive Flexibility,
68.4% received Countering Emotional Behaviors,
and 34.2% received Confronting Physical Sensa-
tions in the first six sessions. Participants were
compensated $25 for completing additional diag-
nostic assessments after baseline (up to $50 total).

measures

Diagnostic Assessment
The Diagnostic Interview for Anxiety, Mood,
and OCD and Related Neuropsychiatric Disor-
ders (DIAMOND; Tolin et al., 2018) is a
semistructured diagnostic interview that assesses
DSM-5 criteria for anxiety, depressive, bipolar,
obsessive-compulsive, trauma- and stressor-
related disorders, and schizophrenia spectrum
and other psychotic disorders. Modules of the
DIAMOND were administered at baseline to
determine the presence of an anxiety, depres-
sive, or related disorder and the absence of
mania or hypomania, substance use requiring
a higher level of care, and psychotic disorders.
Interrater reliability among certified graduate
student assessors masked to treatment condition
was excellent for categorical diagnoses in the
20% of tapes randomly selected for reliability
testing (Krippendorff’s as: .91–1.00;
median = 1.00).

Neuroticism
The NEO Five Factor Inventory–Neuroticism
subscale (NEO-FFI-N; Costa & McCrae, 1989)
is a 12-item self-report subscale of the NEO-FFI
designed to measure the personality dimension
of neuroticism (i.e., “I often feel tense and jit-
tery”; “I am seldom sad or depressed”). Partici-
pants rated each item on a five-point Likert
scale from 1 (strongly disagree) to 5 (strongly
agree) before each session. NEO-FFI-N items
demonstrated good internal consistency in the
present sample across all twelve weeks (McDon-
ald’s xs: .64–.87).

Symptom Severity
The Overall Anxiety Severity and Impairment
Scale (OASIS; Norman et al., 2006) is a five-item
6 If patients in the personalized sequencing conditions were

assigned to complete the Countering Emotional Behaviors module
prior to the second-stage randomization, they received a total of

two UP modules in the first 6 weeks of treatment, whereas if they

were not assigned to complete this module, they received three of
the other 2-session modules.
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measure assessing the severity of and impairment
due to anxiety symptoms over the last week. Par-
ticipants use a five-point Likert-type scale ranging
from 0 to 4 with unique anchors for each item.
Higher scores indicate greater symptom severity
and functional impairment with a clinical cutoff
score of 8. Participants completed the OASIS
before each session. OASIS items demonstrated
good internal consistency in the present sample
across all 12 weeks (xs: .76 –.84).

The Overall Depression Severity and Impair-
ment Scale (ODSIS; Bentley et al., 2014) is a
five-item measure assessing the severity of and
impairment due to depressive symptoms over
the last week. Participants use a five-point
Likert-type scale ranging from 0 to 4 with unique
anchors for each item. Higher scores indicate
greater symptom severity and functional impair-
ment with a clinical cutoff score of 8. Participants
completed the ODSIS before each session. ODSIS
items demonstrated excellent internal consistency
in the present sample across all 12 weeks (xs:
.91–.95).

data analytic plan

We first examined whether the demographic
characteristics of the subsample of patients
included in the present study (n = 38) differed
from the remaining participants from the primary
study (n = 32). We used an independent samples
t-test to determine if the two groups differed in
age and chi-squared tests to determine if the
groups differed in gender identity, marital status,
and sexual orientation. Fisher’s exact test was
used to address the small cell sizes in chi-
squared comparisons. Finally, Wilcoxon-Mann-
Whitney U tests were used to determine if the
two groups differed in education level and family
income.

We then examined whether the UP led to state-
or trait-level changes in neuroticism. Given the
nested structure of the data (i.e., sessions within
patients), we conducted intent-to-treat analyses
using hierarchical linear modeling (HLM) as
implemented in proc mixed in SAS Version 9.4.
We first regressed neuroticism scores on session
number, including dummy-coded variables repre-
senting ordering condition and study therapist,
respectively, as covariates. We also modeled ran-
dom intercepts, used a lag-1 autoregressive covari-
ance structure for the residuals, applied the
Kenward-Roger method to calculate denominator
degrees of freedom, and used restricted maximum
likelihood estimation to adjust parameter esti-
mates in response to missing data. We assessed
patterns of change across the first-stage random-
y from ClinicalKey.com by Elsevier on July 01, 2025. 
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ization (i.e., the first 7 sessions/weeks7) because all
participants were engaged in treatment during this
stage and given that the majority of change in neu-
roticism has been shown to occur by this point
(Roberts et al., 2017). As a supplemental analysis,
we also examined change in neuroticism across all
available sessions (i.e., data from Sessions 1–12 for
full treatment and Sessions/Weeks 1–7 for brief
treatment) to test the durability of these effects
across the full treatment window. Finally, to test
if changes in neuroticism represent state-artifact
effects, we added anxiety and depressive symp-
toms as covariates to each of these models to
examine if changes in neuroticism remained signif-
icant over and above symptom change.

To test the cause-correction hypothesis, we
again used HLM to test if changes in neuroticism
would predict session-to-session changes in anxi-
ety and depressive symptoms across Weeks 1–7.
We first disaggregated participants’ neuroticism
scores into between- and within-person variability
in line with Wang and Maxwell’s (2015) recom-
mendations. Between-person variability in neuroti-
cism was determined by calculating each
participant’s mean neuroticism score across Weeks
1–7, using these scores to calculate a grand mean
of the sample, and subtracting the grand mean
from each participant’s mean score. Within-
person variability in neuroticism was calculated
by subtracting each participant’s mean score
across Weeks 1–7 from their raw neuroticism
score each week. We also created a 1-week lagged
variable for depressive and anxiety symptoms.
Finally, we regressed the target symptom (e.g.,
anxiety) at session t on within- and between-
person neuroticism at session t and the target
symptom at t–1 to test if neuroticism predicted
session-to-session changes in the target symptom.
We again included session number and dummy-
coded covariates representing ordering condition
and study therapist, modeled random intercepts,
used a lag-1 autoregressive covariance structure
for the residuals, applied the Kenward-Roger
method to calculate denominator degrees of free-
dom, and used restricted maximum likelihood esti-
mation. To estimate R2 effect sizes, we used the
Glimmix_R2 macro (Jaeger et al., 2017) in SAS.
To explore these effects at different lag lengths,
we conducted exploratory sensitivity analyses by
regressing anxiety or depression symptoms at
7 Given that participants in the brief treatment condition
continued to fill out all measures above each week until Week

12, data from Week/Session 7 was included to model the effects of

content taught in Session 6, the last session completed by all
participants.
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session t on within- and between-person neuroti-
cism and symptoms (i.e., anxiety or depression)
at session t–1, using the same method of disaggre-
gation and model specifications above.

To test the state-artifact position (i.e., that
changes in symptoms would predict session-to-
session changes in neuroticism), we regressed neu-
roticism scores at session t on within- and
between-person anxiety at session t and neuroti-
cism scores at session t–1, using the same method
of disaggregation and model specifications above.
We then replaced anxiety with depression symp-
toms in a separate model. We again used the Glim-
mix_R2 macro in SAS to estimate R2 effect sizes.
To explore these effects at different lag lengths,
we conducted exploratory sensitivity analyses by
regressing neuroticism scores at session t on
within- and between-person anxiety and neuroti-
cism scores at session t–1, using the same method
of disaggregation and model specifications above.
In a separate model, we replaced anxiety with
depression symptoms.

We conducted sensitivity power analyses to cal-
culate the smallest effect sizes we were powered to
detect. Assuming a = .05, power = .80, n = 38,
with 1 predictor, we were powered to detect
medium-to-large sized between-person effects
(R2 > .18; Faul et al., 2009). Using Lafit et al.
(2021) power analysis Shiny app, we were pow-
ered to detect medium-sized within-person effects
(R2 � .10). All code is available at https://osf.io/
8bhvr/.

Results

preliminary analyses

The sample included in the current study did not
significantly differ in age, gender identity, sexual
orientation, education level, marital status, or fam-
ily income from the remaining participants from
the parent trial, ps > .05. Participants in the pre-
sent sample met criteria for an average of 2.79
diagnoses and reported pretreatment scores of
anxiety (M = 9.70, SD = 3.35) and depressive
symptoms (M = 8.43, SD = 4.79) in the clinical
range. Participants completed a total of 255 ses-
sions that were relatively evenly distributed among
the standard (n = 62; 24.3%), strengths (n = 96;
37.6%) and weakness (n = 97; 38.0%) ordering
conditions.

state and trait change in neuroticism

Treatment with the UP was associated with signif-
icant decreases in neuroticism across the first 7
weeks, B = �.39, SE = .15, p = .01, 95% CI
[�.70, �.09], d = .23 (Table S1). Similarly, both
ntucky from ClinicalKey.com by Elsevier on July 01, 2025. 
on. Copyright ©2025. Elsevier Inc. All rights reserved.
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anxiety, B = �.47, SE = .10, p < .01, 95% CI
[�.67, �.28], d = .95, and depression, B = �.50,
SE = .11, p < .01, 95% CI [�.71, �.29], d = .75,
significantly decreased across the first 7 weeks
(Table 1). Significant decreases in neuroticism
were also observed across all 12 study weeks,
B = �.42, SE = .11, p < .01, 95% CI [�.64,
�.20], d = .26, for all possible sessions (i.e., includ-
ing neuroticism scores from all 12 sessions from
those randomized to the full treatment condition
and neuroticism scores from the first 7 weeks from
those randomized to the brief treatment condition;
Table S2). When adding anxiety and depressive
symptoms as covariates, decreases in neuroticism
across the first 7 weeks were no longer significant,
B = �.15, SE = .15, p = .30, 95% CI [�.46, .15],
R2 = .01 (Table S3). However, decreases in neu-
roticism across all possible sessions remained sig-
nificant when adding anxiety and depressive
symptoms as covariates, B = �.27, SE = .11,
p = .01, 95% CI [�.49, �.06], R2 = .04
(Table S4). This pattern of results supports the
notion that relatively short-term changes in neu-
roticism across the first seven weeks are accounted
for by symptom improvement, in line with the
state-artifact position, yet relatively longer-term
changes in neuroticism across all 12 weeks, above
and beyond symptom change, supports the cause-
correction hypothesis.

testing the state-artifact position
and cause-correction hypothesis

In line with the cause-correction hypothesis that
neuroticism change predicts symptom improve-
ment, within-person improvements in neuroticism
(i.e., lower than one’s personal average) predicted
session-to-session improvements in anxiety,
B = .22, SE = .06, p < .01, 95% CI [.11, .33],
R2 = .08 (Table 2a). Within-person improvements
in neuroticism also significantly predicted
session-to-session improvements in depression,
B = .24, SE = .06, p < .01, 95% CI [.12, .36],
R2 = .07 (Table 2b). However, between-person
neuroticism was not significantly related to anxi-
Table 1
Average Neuroticism, Anxiety, and Depression Scores Across Firs

Session 1 Session 2 Session 3 Ses

Construct M (SD) M (SD) M (SD) M (

NEO-FFI-N 42.48 (8.31) 43.00 (6.53) 42.79 (6.59) 41.

OASIS 9.18* (3.21) 8.36* (3.12) 8.18* (3.60) 8.1

ODSIS 7.74 (4.45) 7.34 (4.81) 7.16 (4.77) 6.7

Note. OASIS = Overall Anxiety Severity and Impairment Scale. ODSIS

N = NEO Five Factory Inventory – Neuroticism subscale.
* Scores above recommended clinical cutoff.
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ety, B < .01, SE = .03, p > .99, 95% CI [�.07,
.07], R2 < .01, or depression, B = .21, SE = .11,
p = .06, 95% CI [�.01, .43], R2 = .17. Further, in
our exploratory sensitivity analyses, neither
within- nor between-person anxiety or depression
predicted subsequent session-to-session changes
in neuroticism, Bs: �.03�.08, ps > .27.

In line with the state-artifact position (i.e.,
symptom change predicts changes in neuroticism),
within-person improvements in anxiety signifi-
cantly predicted session-to-session improvements
in neuroticism, B = .34, SE = .12, p < .01, 95%
CI [.11, .57], R2 = .06 (Table S5a). However, in
contrast to the state-artifact position, within-
person improvements in depression did not signif-
icantly predict session-to-session changes in neu-
roticism, B = .15, SE = .11, p = .16, 95% CI
[�.06, .36], R2 = .02. Further, there were no sig-
nificant between-person associations between anx-
iety or depression and neuroticism, Bs: �.17 to
.35, ps > .19, R2 < .09. In our exploratory sensitiv-
ity analyses, between-person differences in depres-
sion were significantly associated with
neuroticism, B = .18, SE = .09, p = .04, 95% CI
[.01, .35], but within-person changes in depression
did not significantly predict subsequent session-to-
session changes in neuroticism, p > .29. Neither
within- nor between-person anxiety predicted sub-
sequent session-to-session changes in neuroticism,
Bs: �.25 to �.18, ps > .14.

Assessing the cause-correction hypothesis and
state-artifact position using all possible sessions
revealed a similar pattern of results. In line with
the cause-correction hypothesis, within-person
improvements in neuroticism predicted session-
to-session improvements in anxiety, B = .19,
SE = .05, p < .01, 95% CI [.10, .29], R2 = .07,
and depression, B = .27, SE = .05, p < .01, 95%
CI [.16, .37], R2 = .08 (Tables 3a and 3b).
Between-person neuroticism was not significantly
related to anxiety, B = .03, SE = .03, p = .44,
R2 = .02. However, between-person neuroticism
was significantly associated with depression symp-
toms, B = .24, SE = .10, p = .03, 95% CI [.03, .45],
t-Stage Randomization.

sion 4 Session 5 Session 6 Session/Week 7

SD) M (SD) M (SD) M (SD)

43 (5.73) 42.06 (6.85) 39.86 (6.53) 40.25 (8.16)

1* (2.98) 7.03 (2.74) 6.50 (2.83) 6.28 (2.65)

6 (4.13) 6.53 (4.45) 5.14 (4.21) 4.94 (3.78)

= Overall Depression Severity and Impairment Scale. NEO-FFI-
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Table 2a
Neuroticism Predicting Session-to-Session Changes in Anxiety (Sessions 1–7)

Variable B/F SE df p 95% CI R2

Intercept 7.62 1.05 50.3 <.01 [5.52, 9.72]

Session �.24 .12 51 .05 [�.48, .001] .02

Anxiety (Lag-1) .20 .07 133 .01 [.06, .34] .07

Ordering Condition 6.78 2, 19.6 .01 .02

Therapist 5.06 3, 19.5 .01 .02

Neuroticism (Within) .22 .06 174 <.01 [.11, .33] .08

Neuroticism (Between) <.01 .03 18.8 >.99 [�.07, .07] <.01

Note. Random Intercept r2 = 0, Residual r2 = 6.53, AR(1) q = .08, AIC = 968.7,

Model R2 = .35.

Table 2b
Neuroticism Predicting Session-to-Session Changes in Depression (Sessions 1–7)

Variable B/F SE df p 95% CI R2

Intercept 9.74 1.80 36.5 <.01 [6.10, 13.38]

Session �.46 .18 43.6 .01 [�.83, �.09] .03

Depression (Lag-1) �.18 .07 151 .01 [�.32, �.04] .04

Ordering Condition 1.83 2, 21.5 .18 .05

Therapist .98 3, 21.2 .42 .07

Neuroticism (Within) .24 .06 124 <.01 [.12, .36] .07

Neuroticism (Between) .21 .11 22.1 .06 [�.01, .43] .17

Note. Random Intercept r2 = 9.37, Residual r2 = 12.54, AR(1) q = .55, AIC = 1065.3,

Model R2 = .65.
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R2 = .21. In our exploratory sensitivity analyses,
neither between- nor within-person changes in
depression or anxiety were significantly related to
subsequent session-to-session changes in neuroti-
cism, Bs: �.03 to .12, ps > .22.

In line with the state-artifact position, within-
person anxiety significantly predicted session-to-
session changes in neuroticism across all sessions,
B = .25, SE = .10, p = .02, 95% CI [.05, .46],
R2 = .03 (Table S6). However, within-person
depression was not significantly related to neuroti-
cism, B = .16, SE = .09, p = .07, R2 = .02, nor were
there any significant between-person associations
between anxiety or depression and neuroticism,
Bs: �.04 to .26, ps > .16, R2 < .11. In our explora-
tory sensitivity analyses, neither between- nor
within-person changes in depression or anxiety
Table 3a
Neuroticism Predicting Session-to-Session Changes in Anxiety (Al

Variable B/F SE d

Intercept 7.51 .84 5

Session �.17 .06 3

Anxiety (Lag-1) .19 .06 1

Ordering Condition 8.31 2

Therapist 6.43 3

Neuroticism (Within) .19 .05 2

Neuroticism (Between) .03 .03 2

Note. Random Intercept r2 = 0.00, Residual r2 = 6.30, AR(1) q = .16,
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were significantly related to subsequent session-
to-session changes in neuroticism, Bs: �.14 to
.15, p > .08.

Discussion
In this study, we examined state and trait changes
in neuroticism and symptoms of anxiety and
depression. We found that neuroticism signifi-
cantly decreased across treatment with the UP.
When covarying anxiety and depressive symp-
toms, decreases in neuroticism were not significant
across the first stage of treatment but were signifi-
cant when examining a longer course of care. This
pattern of results may support a model in which
early state changes in neuroticism give way to later
trait-level changes. The state-artifact position
posits that changes in neuroticism through the
l Available Sessions)

f p 95% CI R2

9.6 <.01 [5.83, 9.19]

3.9 .01 [�.30, �.05] .03

86 <.01 [.07, .31] .10

, 19.7 <.01 .16

, 18.9 <.01 .15

57 <.01 [.10, .29] .07

0.2 .44 [�.04, .10] .02

AIC = 1259.2, Model R2 = .80.
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Table 3b
Neuroticism Predicting Session-to-Session Changes in Depression (All Available Sessions)

Variable B/F SE df p 95% CI R2

Intercept 8.56 1.54 32.8 <.01 [5.42, 11.69]

Session �.18 .11 35.8 .11 [�.39, .04] <.01

Depression (Lag-1) �.16 .06 225 .01 [�.27, �.04] .06

Ordering Condition 2.45 2, 20.8 .11 .07

Therapist 1.08 3, 19.9 .38 .07

Neuroticism (Within) .27 .05 206 <.01 [.16,.37] .08

Neuroticism (Between) .24 .10 23.4 .03 [.03, .45] .21

Note. Random Intercept r2 = 7.45, Residual r2 = 11.73, AR(1) q = .52, AIC = 1393.3, Model R2 = .70.

neurot i c i sm in the up 101
course of treatment should largely disappear after
controlling for symptom improvement (Tang
et al., 2009). However, consistent with the cause-
correction hypothesis, within-person reductions
in neuroticism predicted session-to-session
decreases in anxiety and depressive symptoms.
Conversely, only within-person reductions in anx-
iety predicted session-to-session reductions in neu-
roticism. This pattern of results suggests that
neuroticism exhibits a unidirectional effect on
session-to-session changes in depression but a bidi-
rectional relation with anxiety, providing some-
what stronger support for the cause-correction
hypothesis than the state-artifact position.

We replicated previous findings regarding
changes in neuroticism in treatments generally
(Roberts et al., 2017) and the UP specifically
(Carl et al., 2014; Sauer-Zavala et al., 2021) using
a more reliable measure of neuroticism adminis-
tered more frequently than in previous studies.
We also extended previous findings that change
in personality traits precede symptom improve-
ments in the context of personality disorders
(Warner et al., 2004) by assessing the temporal
change among these constructs in emotional disor-
ders. Together, these results suggest that treatment
can lead to small-sized reductions in trait neuroti-
cism over 8–16 weeks for patients with emotional
disorders.

Consistent with the state-artifact position,
reductions in neuroticism across the first six ses-
sions were accounted for by changes in anxiety
and depression. However, in contrast to the
state-artifact position, decreases in neuroticism
across the full treatment window occurred rela-
tively independent of symptom change. These
results suggest that early reductions in neuroticism
may primarily reflect state-level changes in the
construct that are more strongly confounded by
concurrent reductions in symptoms, whereas con-
tinued treatment may lead to more trait-level
reductions in neuroticism independent of symptom
change. These latter reductions in neuroticism
Downloaded for Anonymous User (n/a) at University of Kentuck
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independent of symptom change suggest changes
in neuroticism are unlikely to primarily be an arti-
fact of item-content overlap. Instead, treatment
may lead to reductions in initially elevated state
levels of neuroticism and symptoms, as well as
trait levels of neuroticism over time. Given that
these novel findings provide a more nuanced elab-
oration of the state-artifact position, we encourage
future researchers to replicate these results and
apply time-varying effect models (e.g., Wright
et al., 2014) to confirm how many sessions may
be necessary to demonstrate more trait level
changes in neuroticism independent of symptom
change.

A further implication of the state-artifact
hypothesis is that reductions in symptoms will pre-
dict reductions in neuroticism, whereas the cause-
correction hypothesis suggests reductions in neu-
roticism will predict reductions in symptoms. In
line with the cause-correction hypothesis, within-
person reductions in neuroticism predicted
session-to-session reductions in anxiety and
depressive symptoms. We found less consistent
support for the state-artifact position: within-
person reductions in anxiety, but not depressive,
symptoms predicted reductions in neuroticism.
These results conceptually replicate previous find-
ings in which reductions in neuroticism explained
significant variability in symptoms (Soskin et al.,
2012) and mediated reductions in symptoms
(Quilty et al., 2008; Tang et al., 2009) and extend
them to within-person session-to-session changes
in these constructs. Together, these results suggest
that treatment may act more directly on a person’s
sense of how frequently and intensely they react to
negative emotions, which may in turn help pro-
mote reductions in the degree to which people
experience these strong negative emotions
(Barlow, Sauer-Zavala, et al., 2014; Bullis et al.,
2019).

Of note, however, within-person reductions in
anxiety, but not depression, also predicted
session-to-session reductions in neuroticism. The
y from ClinicalKey.com by Elsevier on July 01, 2025. 
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bidirectional relation between anxiety and neuroti-
cism may suggest that reductions in anxiety symp-
toms and neuroticism exert reciprocal effects on
one another. Alternatively, these results may sug-
gest that the UP is acting more directly on func-
tional mechanisms such as aversive reactivity,
leading to reductions in both anxiety and neuroti-
cism (Sauer-Zavala et al., 2022a, 2023) whereas
other functional mechanisms (e.g., reward respon-
sivity; Craske et al., 2019) may be more directly
related to reductions in depression. Finally, it is
possible that these results reflect the greater vari-
ability in anxiety symptoms compared to depres-
sion in this sample, which may have provided
greater power to detect effects of anxiety symp-
toms compared to depression. Given that (a)
researchers have found mixed results regarding
differential associations between neuroticism and
anxiety and depressive disorders cross-sectionally
(Kotov et al., 2010) and longitudinally (Ormel
et al., 2013) and (b) that our measure of neuroti-
cism included a balanced representation of items
from NEO-PI-R-N-Anxiety and -Depression sub-
scales, we believe it is unlikely that greater overlap
between anxiety items and neuroticism, compared
to depression items and neuroticism, drove these
effects.

Interestingly, the pattern of results found for
session-to-session changes in neuroticism and
symptoms did not extend to subsequent session-
to-session changes. Indeed, only between-person
depression predicted next-session neuroticism.
These findings suggest that the effects of neuroti-
cism on symptoms and vice versa may be occurring
more rapidly throughout each week than on a
week-to-week basis or that these effects are occur-
ring relatively simultaneously and may be pre-
dicted by week-to-week changes in other
constructs (e.g., aversive reactivity; Sauer-Zavala
et al., 2022a, 2023). Future researchers should
explore these effects at multiple lags and in the
context of theorized functional mechanisms to
replicate our findings and build on them to develop
a more comprehensive account of the interplay
between personality and symptom change in
treatment.

Other limitations also warrant comment. The
sample size of the current study was relatively
small and composed primarily of White, hetero-
sexual, college-educated women, limiting the gen-
eralizability of our findings to more diverse
populations. Additionally, the parent trial did
not include assessments of neuroticism prior to
the onset of participants’ anxiety and depressive
episodes or follow-up assessments of these con-
structs after week twelve. This design would allow
Downloaded for Anonymous User (n/a) at University of Ke
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for the strongest conclusions regarding the timing
and course of state- and trait-level changes in
symptoms and neuroticism. Future researchers
should consider a follow-up window to assess
whether treatment gains and personality trait
change are maintained for those receiving the full
12 sessions of the UP. Our measures of anxiety
and depression reflect frequency of symptoms as
well as distress and impairment resulting from
these symptoms. Although arguably more compre-
hensive than symptom counts, future researchers
may use measures that better distinguish these
symptom dimensions to isolate their relations with
neuroticism. Finally, our measure of neuroticism
did not specify a timeframe for participants to con-
sider when answering items. Future researchers
should assess whether these results replicate when
using a measure of neuroticism with a specific
timeframe (e.g., since the previous session).

Despite its limitations, in this study we repli-
cated and extended previous findings regarding
state and trait changes in both neuroticism and
symptoms of anxiety and depression. By measur-
ing self-reported neuroticism and symptoms, we
were able to reduce confounds from multimethod
assessments and by measuring these constructs
prior to each session, increased our power to
detect within-person changes and minimized con-
founds that could occur between longer assess-
ment lags. We demonstrated that relatively early
reductions in neuroticism may reflect more state-
level variability in line with the state-artifact posi-
tion whereas a full course of treatment may lead to
more trait-level reductions in contrast to the state-
artifact position. We also found that within-person
reductions in neuroticism predicted session-to-
session reductions in anxiety and depression, in
line with the cause-correction hypothesis, but that
anxiety and not depression exerted a bidirectional
relation with neuroticism. These results provide
more nuance to theories of personality and symp-
tom change and suggest that treatments may be
designed to capitalize on the relatively more unidi-
rectional effects of personality on symptom
changes.

Clinicians implementing the UP may expect to
see small-sized reductions in neuroticism and
large-sized reductions in anxiety and depression
across the first six sessions in their patients. These
early reductions in neuroticism may be more
reflective of improvement in anxiety and depres-
sion than enduring personality change per se. Con-
tinued use of the UP beyond six sessions may lead
to more substantial changes in trait levels of neu-
roticism that is not accounted for by any further
reductions in anxiety and depression. Because
ntucky from ClinicalKey.com by Elsevier on July 01, 2025. 
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reductions in neuroticism predicted reductions in
anxiety and depression, the UP’s approach to tar-
geting aversive reactions to frequently occurring
negative emotions may represent an efficient way
to address both a personality vulnerability to emo-
tional disorders, as well as symptoms themselves.
To that end, we encourage future researchers to
test if the additional trait level change in neuroti-
cism that occurs later in treatment leads to
longer-lasting improvements in symptoms (com-
pared to state-level changes observed when symp-
toms improve) or reduces the likelihood of relapse
as neuroticism contributes to the maintenance of
emotional disorders. Additionally, more research
is needed to determine if the trait-level changes
observed with the UP are maintained past the 12
week treatment window in this study.

Supplementary data to this article can be found
online at https://doi.org/10.1016/j.beth.2023.05.
005.
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