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Abstract

The aim of the current study was to compare the unified protocol for transdiagnostic
treatment of emotional disorders (UP) with and without transcranial direct current
stimulation (tDCS) for the treatment of emotion regulation and executive control
dysfunction in individuals diagnosed with generalized anxiety disorder (GAD) and
comorbid major depressive disorder (MDD). A total of 43 individuals with GAD and
co-morbid MDD were randomly assigned to three groups including UP with tDCS
(UP+tDCS; n = 15), UP alone (UP; n = 13) or wait-list control (n = 15). Difficulties in
emotion regulation, reappraisal, suppression, inhibition and working memory were
assessed at baseline, post-treatment and 3-month follow-up. Treatment with both
UP+tDCS and UP alone resulted in significant improvements in difficulties in emo-
tion regulation, cognitive reappraisal, and working memory, and significant reductions
in suppression and inhibition relative to wait-list controls at post-treatment and
3-month follow-up. Relative to UP alone, UP+tDCS showed significantly greater
improvements in difficulties in emotion regulation, cognitive reappraisal, inhibition,
and working memory at post-treatment and 3-month follow-up. These results sug-
gest combination of UP treatment with tDCS may be an efficacious intervention to
improve emotion regulation and executive function in GAD with co-morbid MDD.
Trial registration reference is IRCT20140929019334N1 (see https://irct.ir/trial/
27988).
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shared underlying vulnerability that represents common transdiagnostic
features relevant to both disorders (Kelly & Mezuk, 2017). Thus, inter-

Generalized anxiety disorder (GAD) and major depressive disorder
(MDD) are two of the most common forms of psychological disorders
and often co-occur. In the absence of DSM rule-out criteria, GAD and
MDD show co-morbidity rates as high as 40%-98% (Brown
et al., 1995; Newman et al., 2010; Sanderson et al., 1990; Sunderland
et al,, 2010). The high co-morbidity rates of these disorders indicates a

ventions that specifically target these shared core deficits in GAD and
MDD may offer a parsimonious and efficacious approach to treatment.
Both GAD and MDD are characterized by deficits in emotion regu-
lation, further exacerbated by the co-occurrence of both disorders
(Zhou et al., 2017). In addition, individuals with GAD and MDD show
deficits in key aspects of executive functioning that are relevant to
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emotion regulation, including attention regulation, response inhibition,
and working memory, all functions necessary for the ability to maintain
goal directed behaviour in the context of irrelevant or context inappro-
priate emotion-related responses. For example, the ability to remember
information in mind when performing complex tasks, the ability to
apply past experiences to use in the present situation, and to use
problem-solving for the future are all important functions associated
with working memory and integral to successful emotion regulation
(Baddeley, 2012). The ability to flexibly focus attention on relevant
stimuli, and to inhibit inappropriate or maladaptive responses in service
of goal directed behaviour are also key executive functions at the cen-
tre of successful emotion regulation (Goldstein & Naglieri, 2014). Fur-
ther, evidence suggests individuals who experience frequent and
severe negative emotions develop cognitive impairments, including
concentration and memory problems, and have difficulties processing
information, suggesting bi-directional effects between executive func-
tion and emotion processing (Figueira et al., 2017).

Individuals with GAD have been shown to experience abnormal
emotion processing and emotion regulation relative to healthy con-
trols, including experiencing emotions as more intense and intolerable,
having difficulty detecting, describing, and explaining emotional expe-
riences, holding more catastrophic beliefs about the consequences of
positive and negative emotions, and finding it difficult to manage
strong emotions (Mennin et al., 2005). Individuals with GAD also
exhibit poorer performance on working memory tasks relative to
healthy controls (Tallon et al., 2016), and these performance deficits
have been shown to be associated with worry, the hallmark feature of
GAD (Vytal et al., 2016). Working memory impairments in turn are
associated with a decreased ability to inhibit worry-inducing thoughts
(Bomyea & Amir, 2011). Previous studies have shown a negative rela-
tionship between inhibition and worry in adults with GAD, in which
decreased ability to inhibit responses is associated with an increased
tendency towards worry (Hallion et al., 2014).

Similarly, individuals suffering from MDD have also demonstrated
increased frequency of negative emotional experiences and decreased
ability to regulate these emotions. Individuals with MDD show low
awareness of their emotions, difficulty tolerating negative emotions,
and use more maladaptive emotion regulation strategies (Joormann &
Gotlib, 2010). In addition, individuals with MDD show deficits in exec-
utive function relevant to successful emotion regulation (LeMoult &
Gotlib, 2019; Rock et al., 2014). For example, in a systematic review
and meta-analysis of working memory performance in MDD, individ-
uals with MDD consistently demonstrated increased errors in n-back
tasks for 1-, 2- and 3-back tasks compared to control group (Nikolin
et al., 2021). Individuals with MDD additionally show impairment in
cognitive inhibition (Gohier et al., 2009), attention regulation and cog-
nitive flexibility (see Keller et al., 2019 for recent review).

1.1 | Targeting Emotion Regulation and Executive
Functions with the Unified Protocol

Given the high co-occurrence of GAD and MDD and the demon-
strated deficits in both emotion regulation and executive control

Key Practitioner Message

o Treatment with the UP resulted in significant improve-
ments in emotion regulation and executive control
dysfunction.

e Treatment with the UP-+tDCS resulted in significant
improvements in emotion regulation and executive con-
trol dysfunction.

e UP-+tDCS resulted in significantly greater improvements
in emotion regulation and executive control dysfunction.

e Improvement of UP+tDCS outcomes remained at 3-
month follow-up

across both disorders, developing interventions that directly target
these processes transdiagnostically is an important goal for treatment
development efforts. The unified protocol for transdiagnostic treat-
ment of emotional disorders (UP), was developed to target common,
core underlying deficits in emotion processing across mood and anxi-
ety disorders. The principles of the UP are derived from cognitive
behavioural therapy and emotion regulation research (Barlow,
Farchione, Sauer-Zavala, et al., 2017). The UP focuses on teaching
patients about the adaptive function of emotions, increasing present-
focused awareness of the components of emotion experiences
(thoughts, physiological sensations, and behaviours), identifying and
modifying maladaptive associations between thoughts, physiological
sensations and behaviours, increasing cognitive flexibility, countering
avoidance behaviours, and increasing tolerance of the physiological
sensations associated with emotions. Using emotion regulation strate-
gies acquired through the course of treatment, new associations
between thoughts, physiological sensations and behaviours are
learned and consolidated through emotion exposures. Thus, the UP
teaches patients to cope with unpleasant or uncomfortable emotions
and to use their emotion experiences to help them respond in an
adaptive manner. The focus on increasing emotion regulation skills
through increased cognitive flexibility, attentional control, and inhibi-
tion of prepotent responses in favour of goal-directed behaviour sug-
gest the UP also targets core executive processes that serve to

support adaptive emotion regulation.

1.2 | Evidence for Efficacy of the UP

Several studies have now examined the efficacy of the UP in the
treatment of anxiety (Barlow, Farchione, Bullis, et al., 2017), unipolar
depression (Sauer-Zavala et al., 2020), bipolar depression (Ellard
et al,, 2017), and co-morbid GAD and MDD (Nasiri et al., 2019). In a
study conducted by Southward and Sauer-Zavala (2022), within-
person use of UP skills decreased anxiety and depression
(Southward & Sauer-Zavala, 2022). Also, Ito et al. (2022) examined
the effectiveness of UP for improving people suffering from depres-

sion and/or anxiety-related disorders. Their findings showed that UP
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is effective for depression and anxiety and the improvement main-
tained at 43 weeks (Ito et al., 2022). In a case study about effective-
ness of UP on a patient with co-morbid health anxiety and
depression, the results showed reduction in number of health check-
ing episodes, time spent health checking and in depression (Gaskell
et al., 2021). Some other studies have consistently shown treatment-
related reductions in mood and anxiety symptoms and improvement
in emotion regulation, with modest effect sizes. For example, Ellard
et al. (2017) examined the UP plus pharmacotherapy treatment as
usual compared to pharmacotherapy alone in a sample of bipolar
patients with co-morbid anxiety. The addition of the UP to pharmaco-
therapy resulted in greater decreases in both depressive and anxious
symptoms. Further, for those treated with the UP, greater treatment-
related increases in emotion regulation skills predicted greater
improvements in anxiety related symptoms (Ellard et al., 2017). In a
study of adolescents with chronic pain and co-morbid anxiety and
depression, Allen et al. (2012) found significant improvements in emo-
tion regulation skills following treatment with the UP (Allen
et al., 2012). Bullis et al. (2015) administered UP in group format and
showed significant improvement in emotion regulation skills in indi-
viduals with anxiety and co-morbid depression relative to a wait-list
control (Bullis et al, 2015). Alivand et al. (2018) administered
14 weekly individual sessions of the UP in a sample of patients with
insomnia and showed reduced behavioural inhibition, or avoidance of
unpleasant experiences, from pre- to post-treatment (Alivand
et al., 2018). Similarly, significantly decreased behavioural inhibition
and avoidance was found following treatment with the UP in a study
of 32 female students with social anxiety disorder (Arshadi
et al., 2018).

Whereas collectively these results are promising, it is important
to note that not everyone treated with the UP has shown improve-
ment in these studies. Response rates for patients with co-morbid
anxiety and depression across studies remain modest, suggesting
there is still room for improvement. Thus, continuing to improve upon

the efficacy of the UP remains an important goal.

1.3 | Enhancing the Efficacy of the UP with tDCS

One possible barrier to improvement with the UP may lie in pre-
existing executive control deficits. Effective emotion regulation relies
to a large extent upon the effective recruitment of executive
resources. Indeed, individuals suffering from both GAD and MDD
have demonstrated deficits in prefrontal regions implicated in adap-
tive emotion regulation and executive control. Both GAD and MDD
are associated with impairments in the right ventrolateral (VLPFC) and
dorsolateral prefrontal cortex (DLPFC), key regions implicated in the
cognitive control of emotion processing (Madonna et al., 2019; Rogers
et al., 2004), as well as impairments in DLPFC functional connectivity
to distributed regions implicated in emotion regulation (Mochcovitch
et al., 2014; Park et al., 2019). Deficits in DLPFC activation have been
associated with impaired inhibition and regulatory mechanisms in

MDD (Wang et al., 2015). Similarly, studies show that people suffering

from anxiety show less working memory load-related activation in the
DLPFC (Balderston et al, 2017). Metabolic dysfunctions in the
prefrontal-limbic network, including the DLPFC and hippocampus
have also been found in both GAD and MDD (Delvecchio et al., 2017;
Palazidou, 2012). The DLPFC in particular plays an important role in
regulating and directing targeted behaviours and emotions (Etkin
et al., 2015; Goldstein & Naglieri, 2014), and decreasing right DLPFC
activation has been shown to improve inhibitory control of emotion
(Cho et al, 2010). Collectively, these results suggest normalizing
DLPFC functioning in GAD and MDD may be an important target of
intervention towards improving emotion regulation and overall treat-
ment outcomes.

The presence of pre-existing deficits in the neurocircuitry sup-
porting executive control may impede the ability to benefit fully from
a behavioural intervention such as the UP, and it is an open question
whether enhancing executive control through other means such as
neuromodulation might increase the therapeutic impact of the UP,
specifically with regard to learning and consolidating adaptive emotion
regulation skills. Therefore, the current study seeks to examine
whether intervening directly upon the neurocircuitry supporting exec-
utive control using neuromodulation of the DLPFC with transcranial
direct current stimulation (tDCS) adjunctive to treatment with the UP
will improve treatment related outcomes, specifically executive func-
tion and emotion regulation skills.

14 | Targeting executive functions with tDCS
Transcranial Direct-Current Stimulation (tDCS) as a brain stimulation
technique is used to facilitate or inhibit spontaneous neuronal activity.
It's a method to help people with brain injuries or psychiatric condi-
tions. Two electrodes including anode and cathode are used to deliver
a low electric current between 1 and 2 mA on the surface of the skull.
Anodal stimulation facilitates behaviours and cathodal stimulation
inhibits behaviours (Wagner et al., 2007).

Evidence suggests that tDCS can be a powerful, effective, and
cost-effective neuromodulatory approach to improving executive and
high-level cognitive functions (Priori et al., 2009; Schaal et al., 2017,
Smirni et al., 2015; Wang et al., 2018). To date there is no study on
improving executive functions of individuals with GAD, but several
studies have targeted working memory and inhibition using tDCS in
healthy populations and yielded positive results (Oldrati et al., 2016;
Smirni et al., 2015; Wang et al, 2018; Zmigrod et al., 2014).
Weidacker et al. (2016) showed inhibitory performance on a go-no go
test improved significantly during cathodal stimulation of the right
DLPFC (Weidacker et al., 2016). Zmigrod et al. (2014) showed that
stimulation of the right DLPFC, but not left DLPFC, improved cogni-
tive control in healthy individuals (Zmigrod et al., 2014). Beeli et al.
(2008) showed that cathodal tDCS of the right DLPFC reduced impul-
sivity in undergraduate participants (Beeli et al., 2008). Loftus et al.
(2015) showed that inhibition of the right DLPFC improved inhibitory
control in young adults (Loftus et al., 2015). TDCS has also demon-
strated positive effects on working memory. Meiron and Lavidor
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(2014) demonstrated improvements in working memory (verbal n-
back task) following anodal tDCS to DLPFC (Meiron & Lavidor, 2014).
Hunter et al. (2018) found the combination of tDCS and mindfulness-
based training resulted in higher improvement of working memory
and attention in healthy individuals compared to mindfulness training
alone (Hunter et al., 2018).

TDCS has also demonstrated positive effects on emotion regula-
tion in healthy and patient samples (Chrysikou et al., 2019; Kelley
et al,, 2018). For example, Chrysikou et al. (2019) applied simulta-
neous anodal (excitatory) tDCS to left DLPFC and cathodal (inhibitory)
tDCS to right DLPFC in MDD patients during reappraisal of negative
stimuli. This resulted in upregulated ventromedial prefrontal cortex
(vmPFC) activity, corresponding to decreased ratings of negative
affect during reappraisal (Chrysikou et al., 2019). To our knowledge,
no published studies have investigated the efficacy of tDCS on the
emotion regulation of GAD patients. However, in a study of 25 indi-
viduals suffering from GAD, improvements in emotion regulation fol-
lowing low-frequency (inhibitory) repetitive transcranial magnetic
stimulation (rTMS) to the right DLPFC were found both post-
treatment and at 3-month follow-up (Diefenbach et al., 2016). The
authors suggest the mechanism by which rTMS improved emotion
regulation was potentially through enhancement of the cognitive
mechanisms necessary to support adaptive emotion regulation
(Diefenbach et al., 2016).

Few studies have examined the efficacy of the combination of
tDCS with psychological treatments for GAD and MDD. D'Urso et al.
(2013) showed the effects of combined tDCS+CBT were stronger
than either treatment alone in a case study of a patient with MDD
(D'Urso et al., 2013). Nord et al. (2019) administered eight weekly ses-
sions of anodal (excitatory) stimulation to left DLPFC prior to treat-
ment with CBT. The addition of tDCS showed modest but
insignificant effects over and above the effects of CBT. However, this
effect was moderated by baseline activation of left DLPFC as mea-
sured by task-based functional magnetic resonance imaging (fMRI),
such that greater pre-treatment activation resulted in greater augmen-
tation effects of tDCS. The authors suggest the low frequency of
tDCS sessions (weekly rather than daily) may also have contributed to
the modest effects (Nord et al., 2019). We recently conducted a ran-
domized controlled trial of the UP with and without tDCS in individ-
uals with GAD and co-morbid MDD (Nasiri et al., 2019). Patients
underwent 10 daily sessions of the tDCS, consisting of 30 min stimu-
lation with 2 mA direct current in the last 2 weeks of the UP. Results
showed UP+tDCS resulted in significantly greater reductions in anxi-
ety, worry, and anxiety sensitivity relative to UP alone at post-
treatment and 3-month follow-up (Nasiri et al., 2019). However, the
mechanism for this improvement remains unknown.

The current study seeks to further understand the outcomes
reported in Nasiri et al. (2019) by examining the effect of combined
tDCS+UP on emotion regulation and executive function, in an
attempt to better understand potential mechanisms of treatment
response. We hypothesized that concurrent use of tDCS with UP may
result in greater improvement in emotion regulation and executive

control indices than UP alone in individuals suffering from GAD and

co-morbid MDD. Specifically, due to the high activity of the right
DLPFC of people with GAD and MDD, and due to previous findings
of improved executive function following right DLPFC stimulation, we
hypothesized that cathodal (inhibitory) tDCS of the right DLPFC
adjunctive to treatment with the UP will lead to greater improvement

in emotion regulation and executive control.

2 | METHODS

2.1 | Design

This study reports secondary analyses from the RCT conducted by
Nasiri et al. (2019). The study was a double-blind, randomized con-
trolled trial (therapists and participants). Participants were randomly
assigned to UP alone (n=15), UP+tDCS (n=13), or wait-list
(n = 15) and assessed using questionnaires and neuropsychological
tasks (see Section 2.3) at pre-treatment, post-treatment, and after a
3-month follow-up. The research was approved and registered in
Iranian Registry of Clinical Trials (see https://irct.ir/trial/27988 with
the registry code of IRCT20140929019334N1). Additional details of
screening, consenting and randomization procedures can be found in

the Supplement.

2.2 | Participants

Participants were referred from the Counselling Centre of Ferdowsi
University of Mashhad by mental health professionals. Inclusion cri-
teria were (1) DSM-V criteria for GAD as the primary diagnosis and
MDD as a co-morbid disorder; (2) not receiving medication; (3) age
range 18-40 years; (4) ability to speak and read Persian fluently;
(5) have the physical health to perform computerized tasks; and
(6) the ability and willingness to participate in all assessment and
treatment sessions. Exclusion criteria were (1) history of receiving
more than eight sessions of a CBT-based intervention within the past
5 years; (2) diagnosis of any psychological or mental disorder other
than GAD and MDD; (3) substance abuse or dependence; and (4) seri-
ous suicidal thoughts. Patients were discontinued from the study if
they expressed opposition to participate at any phase of research, or
were in need of immediate medical attention or other interventions.

Of the 74 individuals recruited for assessment sessions, 47 were
qualified to participate in the study. Participants were randomly
assigned to three groups including UP alone (n = 15), UP+tDCS
(n = 15), and wait-list (n = 17). Of these, 43 individuals completed the
study. Figure 1 indicates the details of participant enrolment and
study flow.

The mean age of the participants was 20.79 (SD = 3.01). The
majority were single (90.7%) and undergraduate students (83.7%).
Mean age of the participants in the UP+tDCS group was 20.23
(SD = 2.89) and in the UP group was 21.53 (SD = 3.56). Mean age of
the participants in the wait-list group was 20.53 (SD = 2.53). Table 1
shows details of participants' demographic data.
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FIGURE 1 Diagram illustrating
participant flow during the study.
Participants were tracked during
enrolment, allocation, and analysis.
[Colour figure can be viewed at
wileyonlinelibrary.com]

74 Assessed for eligibility

27 Excluded

2 Had prior CBT

other than GAD and MDD

18 Did not meet inclusion criteria
5 Declined participation

2 Had psychological disorders

— 47 Randomized

Allocation

17 Allocated to wait-list
15 Completed the study
2 Did not complete the study

15 Allocated to UP
15 Completed intervention
0 Did not complete intervention

15 Allocated to UP-tDCS
13 Completed intervention
2 Did not complete intervention

[ Analysis ]
I
z
= 15Analyzed ] 15Analyzed 13 Analyzed
Q? 2 Excluded from analysis 0 Excluded from analysis 2 Excluded from analysis
o
7 15Analyzed
% 15Analyzed 0 Excluded fi Iysi 13 Analyzed
= 0 Excluded from analysis Xcluded from analysis 0 Excluded from analysis
o

TABLE1 Demographic data across Demographic Wait-list (n = 15) UP (n = 15) UP--tDCS (n = 13)
conditions
Gender (female), n (%) 11 (73.3%) 11 (73.3%) 10 (76.9%)
Age, years, mean (SD) 20.53 (2.53) 21.53 (3.56) 20.23 (2.89)
Marital status (single), n (%) 14 (93.3%) 13 (86.7%) 12 (92.3%)
Education
Bachelor, n (%) 14 (93.3%) 11 (73.3%) 11 (84.6%)
Master, n (%) 1(6.7%) 3 (20%) 2 (15.4%)
PhD, n (%) 0 1(6.7%) 0
Abbreviations: UP, unified protocol for transdiagnostic treatment of emotional disorders; tDCS,
transcranial direct current stimulation.
23 | Measures 2.3.2 | Outcome measures
2.3.1 | Diagnostic screening measure Difficulties in emotion regulation scale (DERS)

Anxiety disorders interview schedule for DSM-5 (ADIS-5)

This is a semi-structured interview to diagnosis of anxiety, mood,
somatoform disorders and previous mental health history. The
ADIS-5 also screens the psychotic symptoms and alcohol or sub-
stance abuse. Reliability of this interview has been acceptable
for the anxiety and mood disorders. In the current study,
the Persian version of ADIS-5 was administered (Brown &

Barlow, 2014).

This is a 36-item scale that has six sub-scales including lack of emo-
tional awareness; lack of emotional clarity; difficulty regulating behav-
iour; difficulty engaging in goal-directed cognition and behaviour;
unwillingness to accept certain emotional responses; and lack of access
to strategies for feeling better. Gratz and Roemer (2004) have reported
Cronbach's alpha coefficient of .93 and the test-retest reliability coeffi-
cient of .85 during the 5-week period (Gratz & Roemer, 2004). In the
Persian version of this scale the internal consistency and split-half reli-
ability of .86 and .80 were reported respectively (Asgari et al., 2009).
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Emotion regulation questionnaire (ERQ)

It has 10 items and two subscales, reappraisal and suppression. The
items are answered on a five-point scale. Alpha coefficients of .79 and
.73 have been reported respectively for reappraisal and suppression.
ERQ has demonstrated test-retest reliability of .69 during a 3-month
period (Gross & John, 2003). In a preliminary study of the Persian ver-
sion of the ERQ conducted by Mohammadi et al. (2014) on 41 stu-
dents with a mean age of 22.8, internal consistency of .76 and .71
have been reported respectively for reappraisal and suppression.
One-month test-retest reliability of .67 and .64 have been obtained
respectively  for (Mohammadi
etal, 2014).

reappraisal and  suppression

Go/no go task

The go/no go task is a computerized test widely used to assess inhibi-
tory control, consisting of two stimuli: a Go stimulus and a No-go
stimulus. In this task, the stimuli for a period of 500 ms are shown in
the middle of a 16-inches computer screen at a distance of 60 cm
from the subject. Individuals are instructed to press a button rapidly in
response to presentation of Go stimuli only and inhibit responding to
No-go stimuli. Several practice rounds are administered to ensure the
subject fully understands the task and the answer key placement. Sub-
sequently, 100 trials appear, of which 70 are GO stimuli. The greater
number of GO trials primes automatic responding, which the subject
must inhibit to correctly perform No-go trials. All responses and reac-
tion times of the subjects are recorded. In a study conducted in
Iranian culture, the reliability of this task was reported to be .87
(Mirdoraghi et al., 2012).

N-back task

The n-back task as a widely used task for the assessment of working
memory function. It involves a variety of stimuli (e.g., a shape and a
number). The participants are instructed to decide whenever the cur-
rent stimulus is the same as the one displayed n trials ago. For exam-
ple, in 2-back task, participants must press the button in response to
two trials earlier. Participants must press a button in response to the
relevant or targets and to avoid responses to distractor or non-targets
stimuli. In the current study, a 1-back version was used. Validity coef-
ficients of this task has been reported in the range of .54 to .84. The
reliability of this task as a measure for assessment of working memory

performance is highly accepted (Kane et al., 2007).

24 | Procedures

All participants were assessed at baseline using a battery of question-
naires and neuropsychological tasks (see below). Participants assigned
to UP or UP+tDCS were given 12-weekly one-hour sessions of the
UP. Participants in the UP+tDCS group additionally received 10 daily
sessions (except weekends) of tDCS during the last 2 weeks of UP
treatment, corresponding to the relapse prevention module. At the

end of treatment (12 weeks post baseline) and after 3-month follow-

up, all participants were re-evaluated using the same baseline

instruments.
25 | Treatment
2.5.1 | Unified protocol for transdiagnostic of

emotional disorders (UP)

UP treatment was administered in 12, 60-min weekly individual ses-
sions. The translated workbook of the UP treatment was provided to
the participants (Barlow et al., 2011/2018). After each treatment ses-
sion, relevant topics were identified for between-session home prac-
tice to consolidate skills. For more details of the treatment protocol,

please refer to (Barlow, Farchione, Sauer-Zavala, et al., 2017).

2.5.2 | Transcranial direct current stimulation

(tDCS)

Ten daily sessions (except weekends) of tDCS was administered at a
fixed hour of the day. Following procedures used previously in similar
studies, the cathode was placed on the right DLPFC (inhibitory stimu-
lation) and the anode was placed on the left arm. Electrodes' size was
25 cm?. A direct current of 2 mA and a duration of 30 min stimulation
were applied. The time of ramp up and ramp down was also set to
30s.

2.5.3 | Therapists and treatment integrity

The present study was performed by two expert and trained thera-
pists. The therapists were officially licensed for professional practice
and had more than 7 years of therapeutic experience. In addition,
both therapists were under the supervision of professional supervi-
sors and underwent the necessary courses to perform the UP treat-
ment and the tDCS intervention. The UP supervisor is a specialist in
CBT and mindfulness and has conducted numerous courses on the
topics to students and therapists. The tDCS supervisor is an expert
in neuropsychological interventions, and particularly tDCS. To assure
the competence in mastering the UP and tDCS, the therapists trea-
ted several patients before beginning the main research study.
Based on various criteria including patient satisfaction (report of sig-
nificant reduction of symptoms), frequency of improved patients
(two of three patients) improvement rate (at least 30% decrease in
OASIS and ODSIS scales after treatment) and evaluations of the
supervisor, the therapists' ability was certified. After the beginning
of the study, all sessions and treatment process were monitored by
the supervisors. Therapists also spent 16 h familiarizing and working
with neuropsychological tasks. Prior to conducting the research,
these tasks were administered experimentally on several pilot

subjects.
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2.6 | Statistical analyses

A 3 (treatment group) x 3 (time point) repeated measures multivari-
ate analyses of covariance (MANCOVA) was run separately on emo-
tion regulation and executive function measures to assess the
effectiveness of the treatments. Box's M and Levene's test were
used prior to running MANCOVAs to test model assumptions.
Results of assumption testing were not significant for any of the
emotion regulation variables (Box's M = 53.54, F=0.99, p =.49)
and executive functions (BOX's M = 117.37, F = 1.14, p = .19), and
the homogeneity of variance/covariance matrices was correctly
observed. The Levene's test was non-significant for all variables,
suggesting equality of inter-group variances for all variables
(Table 2). Statistical analyses were subsequently performed and
Bonferroni correction was used to control error caused by multiple
comparisons. The adjusted p-value was set after this correction for
emotion regulation variables (.016) and executive functions (.012).
Reported p-values are two-sided. Analyses were conducted using
SPSS software version 25.0.

3 | RESULTS

Chi-square and analysis of variance (ANOVA) tests were conducted to
detect differences in demographic variables between treatment
groups. No significant differences were found between groups in any
demographic category, including age (Fip, 40 = 0.73, p = .49), gender
(x2 = .06, p =.97), marital status ()(2 = .45, p =.80), and education
® =3.21,p = .52).

TABLE 2 Levene's test of equality of error variances
Variables F2, 40) p
DERS Post-treatment 2.81 .07
Follow-up 3.04 .06
Reappraisal Post-treatment 0.98 .38
Follow-up 1.44 .25
Suppression Post-treatment 247 .10
Follow-up 0.77 47
Inhibition Post-treatment 0.40 .67
Follow-up 1.84 17
Inhibition's RT Post-treatment 2.54 .09
Follow-up 3.03 .06
Working memory Post-treatment 0.32 .73
Follow-up 0.66 .52
Working memory's RT Post-treatment 0.60 .55
Follow-up 2.30 A1

Abbreviations: DERS, difficulties in emotion regulation scale; RT, reaction
time.

3.1 | Efficacy of UP and UP-+tDCS at the post-
treatment

The results of the MANCOVA detected a significant difference
between treatment groups on at least at one of the emotion regula-
tion variables (Wilk's lambda = .03, F = 24.26, 1% = .82, p < .001) and
executive functions (Wilk's lambda =.07, F = 10.06, q2 =.73,
p < .001) at the post- treatment or follow-up. The results showed sig-
nificant main effects of difficulties in emotion regulation
(F2, 37y =275.48, r12 =.94, p < .001), suppression (F, 37 = 10.37,
r12 =.36, p < .001), reappraisal (F2, 37y = 48.21, r12 =.72, p < .001),
inhibition accuracy as measured by go/no go task (Fp, 3¢ = 21.52,
r]z = .54, p < .001), inhibition reaction time as measured by go/no go
task (F(2, 3¢) = 78.30, q2 = .81, p <.001), working memory accuracy as
measured by n-back task (F(o, 35 = 42.05, 2 = .70, p < .001), working
memory reaction time as measured by n-back task (F, 3¢ = 82.86,
r12 = .82, p < .001) after controlling for the effects of pre-treatment
scores. The effect of treatment groups was high on all variables. This
showed that a high percentage of the variance in the scores of the
variables was explained by the effects of the treatments. The mean
and standard deviation of the variables in the pre-treatment, post-
treatment, and follow-up are shown in Table 3.

Bonferroni post hoc comparisons of the UP group with the wait-
list group showed that UP alone significantly improved difficulties in
emotion regulation (MD = —42.11, SE = 2.44, p < .001), suppression
(MD = —-4.25, SE=1.41, p= .014), and reappraisal strategies
(MD = 6.90, SE = 1.19, p < .001) relative to wait-list controls. Signifi-
cantly improved inhibition reaction time (MD = —35.10, SE = 3.96,
p < .001), inhibition accuracy (MD = 2.59, SE = .47, p < .001), working
memory reaction time (MD = —22.61, SE = 2.44, p < .001), and work-
ing memory accuracy (MD = 3.47, SE = .72, p < .001) were also found
relative to wait-list.

Post hoc comparisons of UP-+tDCS and wait-list group showed
that UP+tDCS significantly improved difficulties in emotion regula-
tion (MD = —59.55, SE = 2.64, p < .001), suppression (MD = —6.85,
SE=153, p< .001), and reappraisal strategies (MD = 12.55,
SE = 1.28, p < .001) relative to wait-list controls. Significant improve-
ments in inhibition reaction time (MD = —51.22, SE = 4.31, p < .001),
inhibition accuracy (MD = 2.97, SE = .52, p < .001), working memory
reaction time (MD = —32.27, SE = 2.65, p < .001) and working mem-
ory accuracy (MD = 7.14, SE = .78, p < .001) were also found relative
to wait-list.

3.2 | Comparison of UP and UP4-tDCS at post-
treatment

Pairwise comparisons of the two treatments showed that UP+tDCS
relative to UP alone resulted in significantly increased improvements
in difficulties in emotion regulation (MD = —17.44, SE = 2.50,
p < .001) and reappraisal strategies (MD = 5.65, SE = 1.21, p < .001),
as well as improved inhibition reaction time (MD = —16.12, SE = 4.36,
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TABLE 3 Means and standard deviations for measures

UP+tDCS (n = 13)

UP (n = 15)

Wait-list (n = 15)

Post-treatment Follow-up

Means (SD)

Pre-treatment
Means (SD)

Post-treatment Follow-up

Means (SD)

Pre-treatment
Means (SD)

Post-treatment Follow-up

Means (SD)

Pre-treatment

NASIRI ET AL.

Means (SD)

Means (SD)

Measures
DERS

8.69)
3.84)
3.61)
1.31)

12.87)
1.30)
6.68)

63.69
32.31

10.87)
3.80)
4.03)
0.80)

15.77
37.69
326.08

13.76)
1.44)
4.68)

117.23

652.08

66.92
29.92

16.75)
6.74)
4.46)

14.38
37.85

1.89)

327.31

17.03)
3.15)
9.41)

117.61

650.46

123.61

9.62)
5.16)
4.01)
1.10)

16.85
20.23

34.08
385.54

14.47)
2.58)
7.09)

110.38

686.46

78.33
26.93
15.87
37.73
347.60

10.40)
4.67)
5.67)
1.35)

12.68)
2.40)
6.65)

113.40

658.00

81.86
25.47
15.80
37.87
345.87

12.81)
5.69)
4.57)
1.33)

19.92)
2.82)
9.45)

113.73

657.53

120.13

10.36)
3.94)
4.19)
2.36)

18.87
18.93
35.27
389.93

13.92)
2.25)
8.56)

110.13

680.40

123.40

12.41)
4.47)

18.87
18.53

5.44)
2.02)

35.00
379.93

11.93)
2.42)

110.27
680.07

9.11)

121.73

15.88)
5.20)

19.87
18.20
35.27

380.80

5.96)
2.58)

12.34)
2.58)

110.53

680.67

11.46)

117.40

20.67

Reappraisal

16.27
35.27

387.67

Suppression

Inhibition

Inhibition's RT

110.67

Working memory

681.27

Working memory's RT

Abbreviations: DERS, difficulties in emotion regulation scale; RT, reaction time; UP, unified protocol for transdiagnostic treatment of emotional disorders; tDCS, transcranial direct current stimulation.

p= .002) and working memory accuracy (MD = 3.67, SE =.79,
p < .001).

3.3 | Efficacy of UP and UP+4tDCS at follow-UP

At follow-up, significant improvements in difficulties in emotion regu-
lation (Fp, 37 = 374.01, 112 =.95 p< .001), suppression
(Fo, 37 =9.40, 1° =.34, p= .001), reappraisal (Fio, 37 = 62.09,
n?=.77, p < .001), inhibition accuracy (Fo, 36 = 17.94, 1> = .50,
p < .001), inhibition reaction time (F2, 3¢) = 55.67, r12 =.76,p < .001),
working memory accuracy (Fip, 36 = 37.31, n° = .67, p < .001) and
working memory reaction time (Fo, 36) = 76.62, 1% = .81, p < .001)
were present after controlling the effect of pre-treatment scores. The
effect of treatment groups was high on all variables. This showed that
a high percentage of the variance in the scores of the variables was
explained by the effects of the treatments.

Post hoc comparisons of the UP alone and wait-list groups
showed sustained improvements at follow-up in difficulties in emo-
tion regulation (MD = —46.28, SE = 2.23, p < .001), suppression
(MD = —3.97, SE = 1.13, p = .003), reappraisal strategies (MD = 9.19,
SE=1.31, p< .001), inhibition reaction time (MD = -32.47,
SE =4.37, p< .001), inhibition accuracy (MD = 2.75, SE = .55,
p < .001), working memory reaction time (MD = —21.76, SE = 2.42,
p < .001) and working memory accuracy (MD = 3.37, SE=.71,
p < .001) in the UP alone group relative to wait-list controls.

Post hoc comparisons of UP+tDCS and wait-list groups showed
sustained improvements in difficulties in emotion regulation
(MD = —62.64, SE=2.41, p< .001), suppression (MD = —4.84,
SE =1.21, p = .001), reappraisal strategies (MD = 15.64, SE = 1.42,
p < .001), inhibition reaction time (MD = —51.48, SE = 5.05, p < .001),
inhibition accuracy (MD = 3.07, SE = .59, p < .001), working memory
reaction time (MD = —30.73, SE = 2.64, p < .001), and working mem-
ory accuracy (MD = 6.67, SE = .78, p < .001) in the UP+tDCS group

relative to wait-list controls.

34 |
UP

Comparison of UP and UP+4-tDCS at follow-

At follow-up, UP+tDCS demonstrated significantly greater improve-
ments in difficulties in emotion regulation (MD = —16.35, SE = 2.28,
p < .001), reappraisal strategies (MD = 6.44, SE = 1.34, p < .001), inhi-
bition reaction time (MD = —19.02, SE = 5.10, p = .002) and working
memory accuracy (MD = 3.30, SE = .78, p < .001) relative to UP

alone.

4 | DISCUSSION

To our knowledge, this is the first study comparing the effects of
transdiagnostic treatment with the UP alone versus the UP aug-

mented with tDCS on emotion regulation and executive control
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(working memory, response inhibition) in individuals suffering from
GAD co-morbid with MDD. Compared to a wait-list control group,
treatment with both the UP alone and UP plus tDCS significantly
improved indices of general emotion regulation skills, suppression and
cognitive reappraisal. Further, treatment with both the UP alone and
UP plus tDCS resulted in improvements in indices of executive func-
tion, including decreased reaction time and improved accuracy on
behavioural tasks of response inhibition and working memory. These
results are consistent with previous studies demonstrating the UP's
effectiveness at improving emotion regulation skills of individuals suf-
fering from anxiety and depressive disorders (Allen et al., 2012; Bullis
et al,, 2015; Ellard et al., 2017) and studies showing the UP's effec-
tiveness in improving executive functions (Alivand et al., 2018;
Arshadi et al., 2018). Further, augmenting the UP with the addition of
tDCS resulted in greater treatment gains relative to the UP alone,
leading to significantly greater improvements in general emotion regu-
lation skills, the use of reappraisal strategies, working memory accu-
racy and inhibitory response times. These effects were found at post-
treatment and were sustained at 3-month follow-up. This suggests
augmenting the UP with tDCS may be a viable strategy to improve
treatment outcomes by further increasing emotion regulation capacity
through improved indices of executive control.

Our findings are consistent with previous studies showing posi-
tive effects of tDCS on cognitive functions and regulation of emotion
(Wolkenstein & Plewnia, 2013), inhibition (Weidacker et al., 2016) and
non-verbal recognition memory performance (Smirni et al., 2015). In
the current study, tDCS adjunctive to the UP may improve outcomes
through reinforcing the capacity for cognitive control, potentially
enhancing the ability to engage emotion regulation skills such as cog-
nitive reappraisal, mindful awareness, and inhibition of avoidance
behaviour that are the focus of the UP (Feeser et al., 2014). We used
cathodal tDCS to inhibit activity of right DLPFC, but it may also
impact on other cortical and subcortical regions through functional
connectivity between the DLPFC and a broader network of regions
supporting emotion regulation, including the VLPFC (Braver
et al., 2003; Nord et al., 2019; Tracy et al., 2014). Results of the cur-
rent study are also consistent with previous studies showing that a
combination of psychological and neuropsychological interventions is
more effective than either treatment alone, both at the end of treat-
ment and at follow-up (D'Urso et al., 2013; Hunter et al., 2018; Nasiri
et al., 2019). Additionally, previous studies have shown these effects
increase by simultaneous cognitive training during tDCS (Segrave
et al., 2014), an area for further research.

One of the primary goals of UP is to improve and enhance the
emotion regulation skills of individuals, and most techniques of the
UP are designed for this purpose. Some techniques, including cogni-
tive reappraisal, mindfulness and modifying emotion-driven behav-
iours rely upon executive control processes such as working memory,
attentional control and response inhibition. The UP may exert a posi-
tive effect on emotion processing by improving cognitive skills that
support adaptive emotion regulation, through improvements in work-
ing memory and inhibitory control. The results of the current study

suggest augmenting the UP with tDCS strengthen these effects and

may be a viable strategy to augment therapy when treatment with the

UP alone does not lead to clinically significant improvement.

41 | Study limitations and future directions

Despite the strengths of the present study, there were some limita-
tions. First, because of the low sample size, the generalizability of the
findings may be limited. In future studies, larger sample sizes are
recommended to replicate the results of the current study. The
follow-up timeframe was relative short-term (3 months). In future
studies, it is recommended to use 6- and 12-month follow-up to bet-
ter evaluate the durability of treatment effects found here. We did
not use tDCS alone or sham tDCS. Therefore, it cannot be ruled out
that results in the UP+tDCS group may have represented a placebo
or Hawthorne effect. Future studies including both sham tDCS and
tDCS alone are needed to clarify the effects found in the current
study. The current study delivered tDCS in the last 2 weeks of treat-
ment with the UP. Future studies are needed to determine the rela-
tive effects of early versus late augmentation. The tDCS montage
used in the current study involved inhibitory modulation of the right
DLPFC. It remains to be seen if enhancing left DLPFC using tDCS
would demonstrate equivalent, superior or inferior effects. Future
studies are needed to clarify which tDCS montage is the most effec-
tive for improving emotion regulation and executive control in
patients with co-morbid anxiety and depression. Finally, future studies
are needed to clarify optimal augmentation strategies, such as simulta-
neous UP-tDCS sessions, sequential strategies (e.g. tDCS preceding or
following treatment with the UP), or the strategic combination of
tDCS with the delivery of specific UP modules (e.g. tDCS and present-
focused awareness; tDCS and reappraisal; tDCS and emotion expo-
sures). Although the results of the current study are promising, future
studies clarifying optimal augmentation strategies may confer even

greater benefit.

5 | CONCLUSION

The potential for simultaneous or combined psychological and neuro-
psychological interventions to improve treatment outcomes for indi-
viduals who do not respond to stand-alone behavioural therapy is a
promising area for research. Paying attention to both the psychologi-
cal and biological basis of disorders and the simultaneous use of psy-
chological and neurological interventions has the potential to lead to
greater treatment effectiveness or accelerated improvements for
patients. Depending on the problem and taking into account various
factors, we should use suitable and proportionate treatment solutions
and if necessary, use these interventions in a synchronous and com-
plementary manner so that the treatment results are maximized in the
most efficacious way. The results found in the current study, if
repeated, offers evidence to encourage therapists to pay more atten-
tion to the simultaneous use of psychological and neurological

interventions.
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The augmentation of psychological treatments with
neuroscience-based interventions such as tDCS allows for more
direct targeting of neurocircuit dysfunction underlying symptoms
and impairment, and may result in better and longer improvement
for non-responders to behavioural interventions alone. In the pre-
sent study, combining tDCS with the UP resulted in significantly
greater improvement in emotion regulation, inhibitory control and
working memory compared to UP alone at post-treatment and
3-month follow-up. Therefore, combining these two interventions
may be a promising strategy to improve emotion regulation and
executive function in patients with GAD and co-morbid depression.
To lend credence to the results of the current study, future studies
are needed to results

replicate  and expand upon the

reported here.
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