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Abstract

Background Uncertainty-related distress is considered a hallmark of anxiety and obsessive compulsive disorders (OCD).
Previous research in community samples has demonstrated that individuals with high Intolerance of Uncertainty (IU), the
tendency to find uncertainty aversive, display altered threat extinction learning and retention.

Methods Here, we conducted an exploratory secondary analysis of an existing dataset (Steinman et al., 2022) to examine the
extent to which IU in a clinical sample with anxiety and OCD predicts threat extinction learning and retention. Participants
with an anxiety disorder and/or OCD completed a differential threat learning task across two days (n=27). Skin conductance
response (SCR) was used as an index of conditioned responding.

Results No significant effects of self-reported IU were observed for differential SCR during any of the experimental phases.
However, higher self-reported IU, while controlling for trait anxiety, was specifically associated with greater SCR overall
during same-day extinction training, next-day extinction training, and next-day reinstatement test.

Conclusions Such findings provide preliminary evidence that higher IU within clinical samples with anxiety and/or OCD
may be associated with heightened arousal under uncertainty, and highlight IU as a promising treatment target for anxiety
and OCD.

Keywords Anxiety - OCD - Intolerance of uncertainty - Threat conditioning - Threat extinction - Skin conductance

Introduction

Principles of associative threat and safety learning have
supported human models of the development, treatment,
and relapse of anxiety and obsessive-compulsive disorders
(OCD) (Craske et al., 2008; Jacoby & Abramowitz, 2016).
In particular, principles of associative threat and safety
learning have been used to inform evidence-based therapies
for anxiety and OCD such as exposure therapy (Boschen et
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al., 2009; Carpenter et al., 2019; McNally, 2007). The aim
of exposure-based therapies is to reduce anxiety or OCD
symptoms gradually by exposing patients to the situations
or objects that make them feel anxious (Barlow, 2002; Foa
& Kozak, 1996). Exposure-based therapies are thought to
allow the patient to challenge old threat associations (e.g. in
the past, I went to the shop and had a panic attack) by form-
ing new safe associations (e.g. recently, I went to the shop
and did not have a panic attack). Unfortunately, after expo-
sure therapy completion, many anxiety and OCD patients
relapse (Bandelow et al., 2017).

A potential factor that may maintain anxiety and OCD
during exposure-based therapy is uncertainty (e.g. how can
I be sure that when I go to the shop next, that I won’t have
a panic attack?). Indeed, alterations in contingency, such as
threat to safety, may not always be easy to identify in the first
instance, as ‘it may take a few experiences to recognise that
something that once signalled threat may now signal safety’
(Morriss et al., 2020, p. 8). Uncertainty about changes in
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contingency from threat to safety may delay threat extinc-
tion learning and retention (e.g. the reduction of anxious
responses to old threat associations) (Bouton, 2002). Nota-
bly, uncertainty-related distress plays a fundamental role in
anxiety and OCD (Brosschot et al., 2016; Carleton, 2016;
Grupe & Nitschke, 2013; Pulcu & Browning, 2019). Ini-
tially, individual differences in Intolerance of Uncertainty
(IU), the tendency to interpret and react to uncertainty nega-
tively (Birrell et al., 2011; Freeston et al., 1994), was thought
to underlie worry in Generalised Anxiety Disorder (Dugas
etal.,2004). However, IU is now considered a transdiagnos-
tic dimension, as high levels of [U are observed across many
different types of mental health disorders, including anxi-
ety and OCD (McEvoy et al., 2019). Crucially, IU shows
promise as a trans-therapy change process, as reductions in
IU have been found using evidence-based treatments such
as cognitive behavioural therapy for youth and adults with
anxiety disorders (Mahoney & McEvoy, 2012; McEvoy &
Erceg-Hurn, 2016; Palitz et al., 2019; Sperling, 2022).

In community samples, individual differences in IU
have been linked to threat extinction learning and retention
(Lonsdorf & Merz, 2017; Morriss, Zuj et al., 2021), core
principles underscoring exposure-based therapies (e.g. the
reduction of anxious responses to old threat associations)
(Craske et al., 2014; McNally, 2007). More specifically, in
a recent meta-analysis of eighteen studies, higher IU was
associated with poorer threat extinction learning (e.g. diffi-
culty updating an ‘old’ learned threat cue to a learned safety
cue). Essentially, individuals with higher IU continue to
display greater skin conductance response (SCR) to ‘old’
learned threat cues, relative to learned safety cues (Morriss,
Wake et al., 2021). Additionally, higher IU is associated
with poorer threat extinction retention, as demonstrated by
greater SCR to ‘old’ learned threat cues, relative to learned
safety cues: (1) during next-day (24 h later) extinction train-
ing (Dunsmoor et al., 2015; Morriss et al., 2020; Wake,
Dodd et al., 2021; Morriss, Wake et al., 2021) and (2) during
same-day reinstatement test (e.g. unsignalled presentation
of an unconditioned stimulus such as electric shock) (Lucas
etal., 2018).

The majority of research on IU and threat extinction
learning and retention has been conducted in community
samples (Morriss, Zuj et al., 2021). As far as we are aware,
research is limited on the role of IU in threat extinction
learning and retention in clinical samples with anxiety and
OCD. Clarifying the generalisability of previous IU and
threat extinction learning/retention findings from commu-
nity samples to clinical samples has important implications
for understanding [U-related mechanisms and translation of
experimental research to clinical therapies in general (Ein-
stein, 2014; Shihata et al., 2016) and especially in relation to
exposure-based therapies (Gee & Odriozola, 2021; Knowles
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& Olatunji, 2018). Notably, the literature remains mixed as
to whether difficulties in threat extinction learning/reten-
tion consistently occur across different anxiety disorders
(for reviews and meta-analyses see, Cooper & Dunsmoor,
2021; Duits et al., 2015; Wake et al., 2023). Thus, exam-
ining whether IU, a transdiagnostic dimension, predicts
threat extinction learning/retention in clinical samples with
anxiety and OCD may help contextualise previous research
based on categorical dimensions (e.g. categorical diagnosis
of anxiety and OCD).

Here, we conducted an exploratory secondary analysis
of an existing dataset (Steinman et al., 2022) to examine
the extent to which IU in a clinical sample with anxiety and
OCD predicts extinction learning and retention. The differ-
ential threat learning task was conducted across two days
and included four experimental phases: acquisition training,
same-day extinction training (extinction learning), next-day
extinction training (extinction retention), and next-day rein-
statement test. SCR was used as an index of conditioned
responding. Similar to previous research (Morriss, Wake et
al., 2021; Sjouwerman et al., 2020), the specificity of TU
was assessed against trait anxiety (Spielberger et al., 1983),
a measure of characterological anxiety (Barlow et al., 2014;
Clark & Beck, 2011).

Based on prior literature, we hypothesised that higher [U
would be associated with greater SCR to the learned threat
(CS+) versus safe (CS-) cue during: (1) same-day extinc-
tion training (Morriss, Wake et al., 2021), (2) next-day
extinction training (Dunsmoor et al., 2015; Morriss et al.,
2020; Wake, Dodd et al., 2021; Morriss, Wake et al., 2021),
and (3) next-day reinstatement test (Dunsmoor et al., 2015).

Methods

For a detailed account of the procedure and design please
refer to the original study (Steinman et al., 2022).

Participants

The sample consisted of 27 participants (for demographic
information, see Table 1) who met criteria for one or more
anxiety disorders or OCD (for diagnosis information, see
Table 1), were free of psychotropic medication, and did not
have other mental health disorders such as depression, sub-
stance abuse etc. Participants were assessed and screened
for mental health disorders by trained clinicians using a
structured clinical interview (First et al., 1995).
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Table 1 Participant demographics

n (%)
N 27
Age M=24.33,SD=4.77
Sex
Female 15 (55.6%)
Male 12 (44.4%)
Ethnicity
American Indian/Alaskan Native 1 (3.7%)
White 17 (63%)
Asian or Pacific Islander 3 (11.1%)
Black 3(11.1%)
Other 3 (11.1%)
Diagnosis
Generalised Anxiety Disorder 1 (3.7%)
Obsessive Compulsive Disorder 4 (14.8%)
Panic Disorder 1 (3.7%)
Social Anxiety Disorder 7 (22.2%)

Multiple
Years of education

14 (51.9%)
M=14.81,SD=2.71

Note M =mean, SD =standard deviation

Procedure

The current study was conducted at the Anxiety Disorders
Clinic, an outpatient research clinic, at the New York State
Psychiatric Institute (NYSPI) and Columbia University
Medical Center, and was approved by the NYSPI Institu-
tional Review Board. Following informed consent, partici-
pants completed measures of intolerance of uncertainty, trait
anxiety, interpretation bias (not reported here), and a first
session of the differential threat learning task, consisting
of acquisition training and extinction training. Participants
were randomized to either standard extinction (discussed
in this paper) or novelty-facilitated extinction training (not
reported here). Participants returned to the lab 24 h later,
where they completed a second session of the differential
threat learning, consisting of extinction training and extinc-
tion training after reinstatement.

Electric Shock Work-Up

On Day 1 and two Ag/AgCl electrodes were attached to
the participants’ right wrist, to deliver electric shocks. The
electric shock was generated by the SHK1 Pain Stimulation
Shocker (Contact Precision Instruments, Massachusetts,
USA) and lasted 200 ms. An electric shock work-up was
conducted to determine the level of electric shock that each
participant found to be highly annoying, but not painful (for
more detailed information on the electric shock work up
procedure used in this study, see Steinman et al., 2022).

Differential Threat Learning Task

Participants completed the differential threat learning task
over the course of two days (see Fig. 1). PsyLab (Contact
Precision Instruments, Massachusetts, USA) was used to
run the differential threat learning task. Conditioned stimuli
(CS) consisted of two angry white male faces (Dunsmoor
et al., 2015). In each trial, the CS was presented for 6 s,
followed by a 12 s intertrial interval. In CS + paired trials,
the electric shock co-terminated with the presentation of the
CS. The trial order was pseudorandomized so that no more
than 3 trials of the same type occurred in a row.

On Day 1, following the electric shock work-up, partici-
pants were instructed to sit comfortably and pay attention
to the images displayed on the screen. They were told they
may or may not receive electric shocks, and that there would
be an association between pictures and electric shocks, but
they would need to learn it themselves. Participants wore
headphones (Sennheiser PRO) to block out noise. On Day
1, the task began with habituation (5 trials each of CS +and
CS-). Then, there were two runs of acquisition training (first
run: 4 CS+trials that co-terminated with a shock to the
wrist, 7 CS +trials unpaired with shock, and 7 CS- trials;
second run: 4 CS+trials paired with shock, 8 CS +trials
unpaired with shock, and 8 CS- trials). Next, there were two

DAY 1 DAY 2
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Fig. 1 Image Depicting Experimental Conditions and Procedure
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runs of extinction training (the first and second run were
identical and included 10 CS +trials and 10 CS- trials).

On Day 2, no new instructions were given that would
indicate any departure from the procedures from the pre-
vious day. Electrodes were reattached and the electric
shock intensity was set at the level determined on Day 1.
On Day 2, the task began with an extinction training ses-
sion (10 CS+trials and 10 CS- trials). After this, partici-
pants received three unsignaled electric shocks to the wrist
to reinstate conditioned responses. Then, there was a run of
reinstatement test (10 CS+and 10 CS- trials).

Questionnaires

The Intolerance of Uncertainty Scale (IUS: Freeston et al.,
1994) consists of 27 items and the Trait subscale of the
State-Trait Anxiety Inventory (STAI-T: Spielberger et al.,
1983) consists of 20 items.

Data Collection and Reduction of SCR

SCRs were collected using PsyLab (Contact Precision
Instruments, Massachusetts, USA) at 500 Hz. SCRs were
collected on Day 1 and 2, by attaching two Ag/AgCl elec-
trodes to the hypothenar eminence of the participants’ left
hand. SignaGel Electrode Gel (Parker Labs, New Jersey,
USA), a highly conductive saline gel, was used.

SCRs were calculated using an automated MATLAB
(The MathWorks, Inc., Natick, Massachusetts, USA) script
(Green et al., 2014). SCRs to the CS were considered valid
if: (1) the trough-to-peak deflection occurred within a 0.5
to 6.0 s time window starting at CS onset, (2) the response
lasted between 0.5 and 5.0 s, and (3) the response was
greater than 0.02 microsiemens. If a given response on a
trial did not meet these criteria, it was scored as zero. Raw
SCR values were square-root transformed to reduce skew-
ness. No SCR exclusion criteria (e.g. non-responding or
non-learning) were applied.

SCRs from the CS+trials paired with the shock dur-
ing the acquisition training phase were not included in the
analysis due to potential contamination of the SCR signal
from the shock (Dunsmoor et al., 2015). SCR-transformed
values for the CS +and CS- were averaged across all trials
separately for the acquisition training, next-day extinction
training, and next-day reinstatement test phases. SCR-
transformed values for the CS+and CS- were averaged
across early (first 10) and late (last 10) trials separately for
the same-day extinction training phase, in line with prior
research on IU and threat extinction learning (Morriss,
Wake et al., 2021).
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Analysis Plan

We conducted multilevel models (MLMs) in R version 4.3.1
using the /mer function from the Ime4 package (Bates et al.,
2015). The data and analysis scripts are available at https://
osf.io/p258h/. To first establish whether successful threat
acquisition and subsequent extinction and reinstatement
effects were observed, separate MLMs were conducted for
skin conductance response for (i) acquisition, (ii) extinction
learning, (iii) extinction retention, and (iv) reinstatement
test. For the acquisition, extinction retention, and reinstate-
ment test phases, Stimulus (CS+, CS-) was entered at level
1 and individual subjects at level 2. For the extinction learn-
ing phase, Stimulus (CS+, CS-) and Time (Early Extinc-
tion: first 10 CS+/CS- trials, Late Extinction: last 10 CS+/
CS- trials) were entered at level 1 and individual subjects
at level 2. Furthermore, as the sample consisted of patients
with either one or multiple diagnoses, we entered Diagno-
sis Status (One, Multiple) as a group factor at level 1 in
each of the MLMs to ascertain whether this would influ-
ence our findings. ! Fixed effects included Stimulus, Time
and Diagnosis Status, and random effects included a random
intercept for each individual subject. A maximum likelihood
estimator was utilised in all models. Level 1 variables were
categorical and therefore effect coded (Stimulus: CS+=1,
CS- = -1; Time: Early Extinction=1, Late Extinction = -1;
Diagnosis Status: Multiple=1, One = -1).

We then carried out separate MLMs to investigate the
effect of individual difference predictors IUS and STAI-T,
where grand-mean centred IUS and STAI-T scores were
included as continuous predictor variables in the MLMs,
with all parameters as described above. Separate MLMs
were initially carried out to investigate the effect of each
individual difference predictor on SCRs (i.e., separate mod-
els for IUS and STAI-T). In the case of significant effects or
interactions observed with IUS or STAI-T scores, follow-up
MLMs were conducted with both IUS and STAI-T scores
included to assess specificity. A significant interaction with
one of these predictors (IUS or STAI-T) but not the other
would indicate specificity of that predictor. * In line with
previous work (Klingelhofer-Jens et al., 2022; Mertens &
Morriss, 2021; Morriss et al., 2022), to further understand
any significant IUS/STAI-T effects or interactions from
the MLMs, we conducted follow-up two-tailed partial

! There were not any significant effects or interactions observed with
Diagnosis Status for any of the MLMs. See Supplementary Materials
for outputs of results.

2 As there were not any significant effects or interactions observed
with IUS or STAI-T throughout acquisition, we did not run additional
MLM analyses to examine specificity of IUS or STAI-T during the
acquisition phase.
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Fig. 3 Scatterplot With Histograms Depicting Correlation Between
IUS and STAI-T. Note The distribution of IUS scores is displayed on
top of the figures in yellow, and the distribution of STAI-T is displayed
on the right side of the figures in orange. Shaded areas represent 95%
confidence intervals. Higher IUS was associated with higher STAI-T
[1(27)=0.76, p<.001, 95% CI [0.53, 0.88]] in all participants, as well
as when grouped by Multiple [#(14)=0.82, p<.001 [95% CI 0.51,
0.94]] or One diagnosis [#(13)=0.61, p=.026, 95% CI [0.09, 0.98]].

correlations between the relevant self-report measure (IUS
or STAI-T) and SCRs during the relevant phase(s).

A sensitivity analysis based on a point biserial correla-
tion model was conducted (one tailed/two tailed, a=0.05,
1 - B err prob=0.8, n=27). The effect size that we were
able to detect in the current study was between 0.44 and
0.48. This effect size is larger than that reported in a recent

30 40 50 60

70 80
STAI-T

meta-analysis of correlational data between IU and SCR
during threat extinction learning (e.g. 0.28-0.31) (Mor-
riss, Wake et al., 2021). Even though the current study is
underpowered to detect individual differences in IU, this
exploratory study provides an opportunity to examine the
relationships between IU and conditioned responding in
a clinical sample with diagnosed anxiety disorders and/or
OCD.

Results
Questionnaires

Scores on the IUS (M=75.22; SD=19.82) and STAI-
T (M=51.37, SD=9.32) were similar to that previ-
ously reported for clinical samples with anxiety and OCD
(Abramowitz & Deacon, 2006; Khawaja & Yu, 2010; Yook
et al., 2010) (see Fig. 2 for frequency distributions). Higher
IUS was associated with higher STAI-T [r(27)=0.76,
p<.001,95% CI [0.53, 0.88]] in all participants (see Fig. 3),
as well as when grouped by Multiple [#(14)=0.82, p <.001
[95% CI 0.51, 0.94]] or One diagnosis [#(13)=0.61,
p=.026,95% CI [0.09, 0.98]].
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Skin Conductance Response Data

The results are presented by conditioning phase (acquisi-
tion, extinction learning, extinction retention, reinstatement
test). In each section, the first paragraph reports the results
of the initial MLM analyses which included Stimulus, Time,
and Stimulus x Time interactions (where applicable). These
results are also visualised in Fig. 4 (see figure note for a
summary of these effects). The second paragraph of each
section reports the results for the MLM analyses including
the main effects of IUS, as well as Stimulus/Time x IUS
interactions. The third paragraph of each section reports the
MLM analysis results including the main effects of STAI-
T, as well as Stimulus/Time x STAI-T interactions. These
results are also presented in Table 2. Follow-up tests (i.e.

Fig.4 Violin plots depicting main
effects of stimulus and time on
skin conductance responses (scrs) 1.6
per conditioning phase.Note

Individual datapoints presented 1.4
here are SCRs averaged for each
participant per stimulus during
acquisition (A), per stimulus and
time during Extinction Learn-

ing (B), per stimulus during
Extinction Retention (C), and per
stimulus during Reinstatement
Test (D). Filled circles denote
mean of SCRs per stimulus, (time
for Extinction Learning only)

and conditioning phase. SCR

is square root transformed (V)
and in microsiemens (uS). Error
bars denote standard error of

the mean. Early =first 10 CS+/
CS- Extinction Learning trials;
Late=1last 10 CS+/CS- Extinc-

A 1.8

Skin Conductance Response vuS
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MLMs with both TUS and STAI-T assessing their specific-
ity) are presented in the text only. For overall model effect
sizes, please refer to Table 3, and for standardised betas
from the MLM analyses indicating the effects of IUS and
STAI-T, please refer to Table 4.

Descriptive statistics of SCR data and scatterplots depict-
ing the relationships between IUS and SCRs across all four
phases, as well as IUS and SCRs in response to the CS +and
CS-, and IUS and SCR CS discrimination (CS+ - CS-) are
presented in the Supplementary Materials.

B Earl Late
y

tion Learning trials. MLM analy- 0.2
ses indicated that significantly

decreased SCRs for the CS +vs.

CS- were observed during all C
four phases, and there were no

significant differences in SCRs
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Table 2 1US and STAI-T main effects and interactions from MLMs per conditioning phase, while controlling for diagnosis status

Acquisition Extinction Learning Extinction Retention Reinstatement Test
IUS F(1,27)=3.80, F(1,27)=17.00, F(1,27)=6.81, F(1,27)=5.69,
p=.062 p=.01311 p=.015" p=.0248
STAI-T F(1,27)=0.02, F(1,27)=0.22, F(1,27)0.34, F(1,27) 0.05,
p=.878 p=.645 p=.563 p=.818
Stimulus x IUS F(1,27)=0.01, F(1,81)=2.22, F(1,27) 1.09, F(1,27)=0.08,
p=.908 p=.140 p=.306 p=.781
Stimulus x STAI-T F(1,27)0.01, F(1,81)=0.70, F(1,27)0.03, F(1,27)0.05,
p=.933 p=.405 p=.864 p=.831
Time x IUS - F(1,81)=0.76, - -
p=.387
Time x STAI-T - F(1,81)=0.07, - -
p=.795
Stimulus x Time x IUS - F(1, 81)=0.04, - -
p=.851
Stimulus x Time x STAI-T - F(1, 81)=0.00, - -
p=.954

Note Entries in the table that are formatted in bold indicate p <.05 and that the effect was significant when controlling for IUS or STAI-T. Black
font indicates p <.05 and that the effect was not significant when controlling for IUS or STAI-T. Gray font denotes p> .05

(1 Main effect of TUS on SCR during Extinction Learning remained significant after controlling for STAI-T [IUS: F(1, 27)=28.44, p=.007,
STAI-T: F(1, 27)=2.51, p=.125]. Higher IUS was associated with greater SCRs overall during Extinction Learning [r(27)=0.38, p=.049]

(21 Main effect of IUS on SCR during Extinction Retention remained significant after controlling for STAI-T [IUS: F(1, 27)=8.20, p=.008;
STAI-T: F(1,27)=2.30, p=.141]. Higher IUS was associated with greater SCRs overall during Extinction Retention [#(27)=0.39, p=.045]

131 Main effect of TUS on SCR during Reinstatement Test remained significant after controlling for STAI-T [IUS: F(1, 27)=9.19, p=.005; STAI-
T: F(1,27)=3.65, p=.067]. Higher IUS was associated with greater SCRs overall during Reinstatement Test [(27)=0.33, p=.091], however,
this relationship was not statistically significant

Table 3 Marginal R?, Conditional R’and Intraclass Correlation Coefficients (ICC)s with 95% confidence intervals from MLMs for diagnosis status

per conditioning phase

Acquisition

Extinction Learning

Extinction Retention

Reinstatement Test

Model 1: Effects of Stimulus (and Time)

Conditional R>  0.937,
95%CI [0.854, 0.961]

Marginal R? 0.016, 95%CI [0.006, 0.195]
ICC 0.921, 95%CI [0.697, 0.952]
Model 2: Effects of IUS

Conditional R>  0.940, 95%CI [0.877, 0.974]
Marginal R? 0.175, 95%C1 [0.043, 0.473]
ICC 0.765, 95%CI [0.435, 0.866]
Model 3: Effects of STAI-T

Conditional R>  0.941, 95%CI [0.902, 0.975]
Marginal R? 0.047, 95%CI [0.028, 0.363]

ICC 0.894, 95%CI [0.579, 0.927]
Model 4: Specificity of IUS vs. STAI-T
Conditional R? -

Marginal R? -

ICC

0.606, 95%CI [0.437, 0.734]

0.104, 95%CI1 [0.047, 0.282]
0.502, 95%CI1 [0.244, 0.627]

0.634, 95%CI1[0.527, 0.797]
0.249, 95%CI1 [0.204, 0.497]
0.384, 95%CI1[0.132, 0.525]

0.624, 95%CI [0.521, 0.771]
0.139, 95%CI [0.118, 0.403]
0.485, 95%CI [0.188, 0.566]

0.653, 95%CI [0.576, 0.833]
0.327, 95%CI [0.314, 0.653]
0.326, 95%CI [0.106, 0.372]

0.845, 95%CI [0.725, 0.929]

0.093, 95%CI [0.036, 0.243]
0.751, 95%CI [0.539, 0.863]

0.852, 95%CI [0.759, 0.936]
0.267, 95%CI [0.105, 0.533]
0.585, 95%CI [0.281, 0.701]

0.857, 95%CI [0.744, 0.940]
0.133, 95%CI [0.085, 0.410]
0.724, 95%CI1 [0.420, 0.795]

0.866, 95%CI [0.798, 0.949]
0.338, 95%CI [0.234, 0.681]
0.529, 95%CI [0.239, 0.627]

0.902, 95%CI1[0.811, 0.952]

0.075, 95%CI1 [0.015, 0.323]
0.826, 95%CI [0.601, 0.912]

0.903, 95%CI1 [0.826, 0.962]
0.231, 95%CI1[0.093, 0.557]
0.673, 95%CI1 [0.293, 0.818]

0.905, 95%CI1[0.807, 0.957]
0.091, 95%CI1 [0.034, 0.384]
0.815, 95%CI [0.511, 0.879]

0.906, 95%CI [0.856, 0.966]
0.328, 95%CI [0.203, 0.679]
0.579, 95%CI [0.243, 0.723]

Note Conditional R? refers to the variance explained by fixed slopes (stimulus, time, diagnosis status, [US/STAI-T, wherever relevant) and ran-
dom intercept variation (individual subjects). Marginal R? refers to the variance explained by fixed slope variation (stimulus, time, diagnosis
status, [IUS/STAI-T, wherever relevant). ICC refers to the variance explained by random intercept variation (individual subjects)

Acquisition Individual differences in TUS were not significantly
related to SCRs across acquisition [IUS: F(1, 27)=3.80,
p=.062] or to differential SCRs in response to the CS + vs.
CS- [Stimulus x IUS: F(1, 27)=0.01, p=.908].

During acquisition, SCRs were significantly larger to the
CS+ (M=0.45; SD=0.32), compared to the CS- (M =0.39;
SD=0.32) [Stimulus: F(1,27)=7.15, p=.013].
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Table 4 TUS and STAI-T standardised betas, standardised standard error, and standardised 95% CI from main effects and interactions from MLMs
per conditioning phase, while controlling for diagnosis status

Acquisition Extinction Learning Extinction Retention Reinstatement Test
IUS b=0.43 (0.22), b=0.49 (0.21), b=0.28 (0.21), b=0.32 (0.21),
95% CI[-0.01,0.88]  95% CI[0.06,0.911™M  95% CI[-0.14,0.70] ™ 95% CI[-0.11, 0.75] !
STAI-T b=0.15 (0.24), b=0.37 (0.22), b=0.14 (0.23), b=0.18 (0.23),
95% CI1 [-0.46, -0.08]  95% CI [-0.07, 0.82] 95% CI [-0.31, 0.60] 95% CI1[-0.29, 0.64]
Stimulus (CS-) x IUS b=0.06 (0.08), b =-0.43(0.21), b=0.13 (0.13), b =-0.06 (0.11),
95% CI [-0.11, 0.23]  95% CI [-0.85,-0.02]  95% CI [-0.14, 0.40] 95% CI[-0.28, 0.15]
Stimulus (CS-) x STAI-T b=0.09 (0.08), b=-0.32(0.21), b=0.18 (0.13), b =-0.07 (0.11),
95% CI [-0.08, 0.25]  95% CI [-0.74, 0.09] 95% CI [-0.09, 0.44] 95% CI [-0.29, 0.14]
Time (Late) x IUS - b =-0.20 (0.21), - -
95% CI [-0.61, 0.22]
Time (Late) x STAI-T - b =-0.24 (0.21), - -
95% CI [-0.66, 0.18]
Stimulus (CS-) x Time (Late) x IUS - b=0.29 (0.30), - -
95% CI[-0.30, 0.88]
Stimulus (CS-) x Time (Late) x - b=-0.36 (0.30), - -

STAI-T

95% CI[-0.23, 0.95]

' When controlling for STAL-T, IUS: b=0.53 (0.35), 95% CI [-0.16, 1.23]; STAI-T: b = -0.06 (0.35), 95% CI [-0.75, 0.63]
21 When controlling for STAI-T, TUS: b=0.50 (0.35), 95% CI [-0.20, 1.21]; STAI-T: b = -0.27 (0.35), 95% CI [-0.97, 0.43]
BB1 When controlling for STAI-T, IUS: b=0.52 (0.35), 95% CI [-0.19, 1.23]; STAL-T: b = -0.25 (0.35), 95% CI [-0.95, 0.46]
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Fig. 5 Scatterplot With Histograms Depicting the Partial Correla-
tion Between IUS (Controlling for STAI-T) and Skin Conductance
Responses (SCRs) across the Extinction Learning Phase. Note The
distribution of IUS scores is displayed on top of the figures in yellow,
and the distribution of SCRs across Extinction Learning is displayed
on the right side of the figures in blue. SCR is square root transformed
(?) and in microsiemens (?S). Shaded areas represent 95% confidence
intervals. Higher IUS was associated with increased SCRs across
Extinction Learning

No significant effects of STAI-T were observed across
acquisition [STAI-T: F(1, 27)=0.02, p=.878] or to dif-
ferential SCRs in response to the CS +vs. CS- throughout
acquisition [Stimulus x STAI-T: F(1, 27)=0.01, p=.933].

Extinction Learning
During extinction learning, SCRs were significantly larger

to the CS+ (M=0.50; SD=0.36), compared to the CS-
(M=0.31; SD=0.23) [Stimulus: F(1, 81)=21.30, p<.001].

@ Springer

SCRs to the CS+versus CS- did not fall across time, sug-
gesting little evidence of extinction learning [Stimulus
x Time: F(1, 81)=0.05, p=.830; Time: F(1, 81)=0.05,
p=.817]

A significant main effect of IUS for SCRs through-
out extinction learning was observed both when IUS was
entered into the model alone (p=.013, see Table 2) and
when entered together with STAI-T [IUS: F(1, 27)=8.44,
p=.007; STAI-T: F(1,27)=2.51, p=.125]. A follow up par-
tial correlation confirmed that higher IUS, while controlling
for STAI-T, was associated with greater SCRs overall dur-
ing extinction learning [#(27)=0.48, p=.013; see Fig. 5].
IUS was not significantly associated with differential SCRs
to the CS +vs. the CS- during extinction learning [Stimulus
x Time x IUS: F(1, 81)=0.04, p=.851; Stimulus x IUS:
F(1, 81)=2.22, p=.140] or with SCRs across time during
extinction learning [Time x IUS: F(1, 81)=0.76, p=.387].

STAI-T was not significantly associated with SCRs dur-
ing extinction learning [STAI-T: F(1, 27)=0.22, p=.645],
and individual differences in STAI-T were not significantly
related to differential SCRs to the CS +vs. CS- [Stimulus x
Time x STAI-T: F(1, 81)=0.00, p=.954; Stimulus x STAI-
T: F(1, 81)=0.70, p=.405], or with SCRs across time dur-
ing extinction learning [Time x STAI-T: F(1, 81)=0.07,
p=.795;1.

Extinction Retention
During extinction retention, SCRs were significantly larger

to the CS+ (M=0.54; SD=0.34), compared to the CS-
(M=0.39; SD=0.32) [Stimulus: F(1,27)=19.16, p<.001].
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Extinction Retention
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Fig. 6 Scatterplot With Histograms Depicting the Partial Correla-
tion Between IUS (Controlling for STAI-T) and Skin Conductance
Responses (SCRs) across the Extinction Retention Phase Note The
distribution of IUS scores is displayed on top of the figures in yellow,
and the distribution of SCRs across Extinction Retention is displayed
on the right side of the figures in blue. SCR is square root transformed
(?) and in microsiemens (?S). Shaded areas represent 95% confidence
intervals. Higher IUS was associated with increased SCRs across
Extinction Retention

Reinstatement Test
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Fig. 7 Scatterplot With Histograms Depicting the Partial Correla-
tion Between IUS (Controlling for STAI-T) and Skin Conductance
Responses (SCRs) across the Reinstatement Test Phase. Note The dis-
tribution of IUS scores is displayed on top of the figures in yellow,
and the distribution of SCRs across Reinstatement Test is displayed
on the right side of the figures in blue. SCR is square root transformed
(?) and in microsiemens (?S). Shaded areas represent 95% confidence
intervals. Higher IUS was not significantly associated with increased
SCRs across Reinstatement Test

Scatterplot With Histograms Depicting the Partial Correlation Between
IUS (Controlling for STAI-T) and Skin Conductance Responses
(SCRs) across the Reinstatement Test Phase. Note The distribution of
TUS scores is displayed on top of the figures in yellow, and the dis-
tribution of SCRs across Reinstatement Test is displayed on the right
side of the figures in blue. SCR is square root transformed (?) and
in microsiemens (?S). Shaded areas represent 95% confidence inter-
vals. Higher IUS was not significantly associated with increased SCRs
across Reinstatement Test

IUS was significantly associated with SCRs across extinc-
tion retention both when IUS was entered into the model
alone (p=.015, see Table 2), and when entered into the
model together with STAI-T [IUS: F(1,27)=8.20, p=.008;
STAI-T: F(1, 27)=2.30, p=.141]. A follow up partial cor-
relation confirmed that higher IUS, while controlling for
STAI-T, was associated with greater SCRs overall during
extinction retention [(27)=0.48, p=.012; see Fig. 6]. IUS
was not significantly related to differential SCRs to the
CS+vs. CS- throughout extinction retention [Stimulus x
1US: F(1,27)=1.09, p=.306].

There were no significant effects of STAI-T on SCRs
throughout extinction retention [STAI-T: F(1, 27)=0.34,
p=.563], and SCRs in response to the CS+vs. CS- were
not significantly related to individual differences in STAI-
T across extinction retention [Stimulus x STAI-T: F(1,
27)=0.03, p=.864].

Reinstatement Test

For the reinstatement test, SCRs were larger to the CS+
(M=0.46; SD=0.40), compared to the CS- (M=0.37,
SD=0.32) [Stimulus: F(1, 27)=9.01, p=.006].

A significant main effect of IUS for SCRs was observed
during reinstatement test both when IUS was entered into
the model alone (p=.024, see Table 2) and when entered
with STAI-T [IUS: F(1, 27)=9.19, p=.005; STAI-T: F(1,
27)=3.65, p=.067]. The follow-up partial correlation
showed that higher IUS, while controlling for STAI-T, was
significantly associated with greater SCRs across the rein-
statement test [#(27)=0.50, p=.009] (see Fig. 7). IUS was
not significantly associated with differential SCRs to the
CS +vs. CS- across reinstatement test [Stimulus x [US: F(1,
27)=0.08, p=.781].

Individual differences in STAI-T were not significantly
associated with SCRs across reinstatement test [STAI-T:
F(1, 27)=0.05, p=.818], or with differential responses
to the CS+vs. CS- during reinstatement test [Stimulus x
STAI-T: F(1, 27)=0.05, p=.831].

Discussion

The current study examined whether self-reported IU in
a clinical sample with diagnosed anxiety disorders and/
or OCD was associated with differential threat extinction
learning and retention. No significant effects of IU were
observed for differential SCR (threat vs. safe cues) during
same-day extinction training, next-day extinction training
and next-day reinstatement test. Interestingly, higher IU
was specifically associated with greater SCR overall dur-
ing same-day extinction, next-day extinction training, and
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next-day reinstatement test. These findings provide pre-
liminary evidence that individuals with higher levels of IU
within clinical samples with anxiety and/or OCD may be
more susceptible to heightened arousal under uncertainty.
Such findings further highlight the relevance of IU as a
potential treatment target in therapies for anxiety and OCD
that rely on principles of associative threat and safety learn-
ing, such as exposure-based therapies.

Typical effects of threat conditioning were observed e.g.
greater SCR to learned threat versus safety cues (for review
see, Lonsdorf et al., 2017). However, there was little evi-
dence of threat extinction learning in this clinical sample
with anxiety and OCD e.g. SCR’s did not decrease to the
learned threat versus safety cues across the threat extinction
learning phase. This finding is in line with prior research
suggesting poorer threat extinction learning in clinical sam-
ples with anxiety and OCD (for reviews and meta analyses
see, Cooper & Dunsmoor, 2021; Duits et al., 2015). This
explanation is more likely, given that previous research
from different lab groups have found successful threat
extinction learning in community samples using this exact
experimental design (Dunsmoor et al., 2015; Morriss, Wake
et al., 2021).

Prior research in community samples has shown that
higher IU is associated with greater SCR to learned threat
versus safety cues during same-day and next-day extinction
training (Dunsmoor et al., 2015; Morriss et al., 2020; Wake,
Dodd et al., 2021; Morriss, Wake et al., 2021), as well as
during same-day reinstatement test (Lucas et al., 2018).
However, in this clinical sample with anxiety and OCD,
no significant effects of IU (although means were in the
expected direction) were observed for SCR to learned threat
versus safe cues during any of the experimental phases.
Notably, the majority of the sample in this study had higher
than average IU (Abramowitz & Deacon, 2006; Khawaja
& Yu, 2010; Yook et al., 2010), and maintained a differen-
tial SCR throughout the same-day extinction training phase
(Steinman et al., 2022), similar to individuals with high TU
in community samples (Morriss, Wake et al., 2021). Thus,
it is possible that [U-related effects for differential SCR are
difficult to observe without the full range of IU scores (e.g.
both the low and high end). Furthermore, perhaps in a clini-
cal sample, more experimental trials would be required to
observe an [U-related effect on differential SCR.

In this clinical sample, higher IU, controlling for trait
anxiety and diagnosis status, was associated with greater
SCR overall during same-day extinction training, next-day
extinction training, and next-day reinstatement test. Indi-
viduals with high IU may have displayed greater SCR over-
all because they found the unexpected uncertainty during
these phases more anxiety-provoking (e.g. the uninstructed
change in contingency from threat to safety). While not
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expected, these findings are in line with recent research in
patients with anxiety disorders, who demonstrate greater
SCR overall during same-day extinction training (Abend et
al., 2020). Further replication of IU-related effects in larger
samples is required to clarify the extent to which higher IU
leads to greater physiological arousal in anxiety and OCD
populations, and whether this results in longer-term disrup-
tion of new safety learning and retention.

The study did have several limitations. Firstly, the sam-
ple size was small, limiting statistical power. Secondly,
there was considerable variation in anxiety and OCD diag-
noses, making it difficult to fully contextualise the results in
relation to past research on threat conditioning in different
clinical samples (for reviews and meta analyses see, Cooper
& Dunsmoor, 2021; Duits et al., 2015; Wake et al., 2023).
Thirdly, the lack of control group (e.g. healthy sample
without anxiety and OCD diagnoses) does not allow us to
ascertain whether the [U-related heightened arousal in the
anxiety and OCD sample in this study is related to threat
generalisation, which is commonly observed across clini-
cal samples with anxiety and OCD (for meta-analysis see,
Cooper et al., 2022).

In sum, no significant effects of IU were observed for
differential SCR (threat vs. safe cues) during same-day and
next-day extinction training or next-day reinstatement test.
However, higher IU was specifically associated with greater
SCR overall during same-day extinction training, next-day
extinction training, and next-day reinstatement test. These
findings provide preliminary evidence that higher IU within
clinical samples with anxiety and OCD may be associated
with heightened arousal under uncertainty. Further research
is warranted on the role of IU in clinical samples with anx-
iety and OCD to understand the utility of targeting IU in
evidence-based therapies (Hui & Zhihui, 2017; Oglesby et
al., 2017; Robichaud & Dugas, 2006; Wahlund et al., 2020)
that rely on principles of associative threat and safety learn-
ing, such as exposure-based therapies.
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