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Abstract: Meta-analysis is a statistical tool used to combine and synthesise the results of multiple
independent studies on a particular topic. To this end, researchers isolate important moderators and
mediators to investigate their influence on outcomes. This paper introduces a novel approach to
meta-analysis, known as multidimensional meta-analysis (mi-MA), to study memory performance in
those with obsessive–compulsive disorder (OCD). Unlike traditional meta-analyses, mi-MA allows
researchers to extract multiple data points (e.g., using different measures) from single studies and
groups of participants, facilitating the exploration of relationships between various moderators while
avoiding multicollinearity issues. Therefore, in the first instance, we outline the use of the mi-MA
approach to quantify the impact of complex models of memory performance in individuals with
OCD. This approach provides novel insights into the complex relationship between various factors
affecting memory in people with OCD. By showcasing the effectiveness of mi-MA in analysing
intricate data and modelling complex phenomena, the paper establishes it as a valuable tool for
researchers exploring multifaceted phenomena, both within OCD research and beyond.

Keywords: obsessive–compulsive disorder; memory performance; multidimensional meta-analysis
(mi-MA); complex cognitive models; therapeutic targets

1. Introduction

Obsessive–compulsive disorder (OCD) is a debilitating mental health condition char-
acterised by intrusive thoughts (obsessions) and repetitive behaviours (compulsions),
according to the APA [1]. Its impact extends widely, with approximately 520,000 indi-
viduals experiencing clinical manifestations and around 7,000,000 exhibiting subclinical
symptoms in the United Kingdom (Sunol et al. [2]). Notably, OCD has significant con-
sequences, including a three-fold increase in suicide risk (Cruz et al. [3]), a burden on
family members comparable to that of schizophrenia [4], and a ten-fold-higher likelihood
of unemployment (Rodriguez-Salgado et al. [5]). Furthermore, it is linked to various cog-
nitive impairments [6], prompting inquiries into multiple cognitive domains to enhance
our understanding of the disorder (for reviews, see [7–18]) and develop treatments for
it, e.g., [19–29]. One particularly fruitful area of research is the role of memory in the
development and maintenance of OCD [7,30–32]. As early as 1977, Reed identified that
“perhaps the most central feature of obsessional disorder seems to involve pathologically
faulty memory” [33], which sparked a growing interest in this area of research thereafter,
e.g., [34–36].

Despite substantial advancements in comprehending the role of memory in OCD (for
excellent reviews, see [7,15–17]), a unified and coherent explanation has proven difficult
to achieve [37]. Recent multidimensional meta-analyses (mi-MAs) conducted by Perrson
et al. [38] and Harkin et al. (2023) (see also [39,40]) have attempted to bridge this gap.
Specifically, the mi-MA approach facilitates the exploration of intricate and multifaceted

J. Clin. Med. 2024, 13, 4629. https://doi.org/10.3390/jcm13164629 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm13164629
https://doi.org/10.3390/jcm13164629
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-1446-9673
https://doi.org/10.3390/jcm13164629
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13164629?type=check_update&version=1


J. Clin. Med. 2024, 13, 4629 2 of 24

models within OCD and other areas of psychology, e.g., [41]. Unlike traditional approaches
that merely compare effect size differences between moderators, mi-MA enables researchers
to delve deeper into factors that contribute to the most significant variability in outcomes.
Moreover, this approach accommodates the interdependence of effect sizes, as highlighted
by Viechtbauer [42], by allowing for the extraction of multiple data points from the same
study and group of participants.

To achieve this, the present paper employs the following structure:

(a) We first review the existing body of research on memory performance within the
realm of OCD. Following this, we introduce a pivotal concept—the EBL classification
system [43]—which combines executive function (E), binding complexity (B), and
memory load (L) to provide a framework for examining memory impairments in OCD.
We highlight its empirical basis and its ability to address various task requirements
in elucidating the occurrence, absence, and extent of memory deficits in individuals
with OCD. However, while EBL provides valuable insights, we also recognise its
limitations, including its theoretical framework and the difficulty in quantifying
its dimensions.

(b) To address these limitations, we then elucidate how we used the mi-MA approach [38]
to quantify the impact of task demands in terms of E, B, and L dimensions on the
memory performance of those with OCD. We contend that this offers a more thorough
comprehension of how these factors interact with memory performance in OCD than
was previously achievable.

(c) We then delve into our refined analysis of specific facets of executive control [39],
analysing the impacts of top-down and bottom-up processing, and their individual
roles in memory performance in OCD, we underscore how our mi-MA approach
enabled us to measure these processes in OCD, a novel approach not previously
explored in the literature.

(d) As our paper nears its conclusion, we reiterate the significance of our findings and
underscore the importance of research that addresses the clinical relevance of cognitive
factors in OCD. By leveraging the wealth of existing research and integrating their
findings through an mi-MA lens, we then propose novel insights into the cognitive
processes of OCD and inform the development of more effective interventions. We
hope that our approach serves to address Ouimet et al.’s [44] critique of cognitive
research in OCD, which states that “simply explaining the cognitive phenomenology
of OCD without a direct view towards enhancing its clinical relevance, although
interesting, is unlikely to be helpful” (p. 26).

2. Memory Performance in OCD: Insights from Mixed Findings and the EBL
Classification System

As touched upon previously, memory performance in OCD is well researched, with
numerous aspects of memory associated with the maintenance and development of OC
symptomatology [21,32,45–52]. However, despite this extensive research, the evidence
regarding memory performance in individuals with OCD presents a mixed picture at
best [37]. For example, some studies report a memory [28] while others yield conflicting
results [53,54]. Similarly, studies have demonstrated both impaired verbal memory [55]
and intact performance in this domain [56]. Visuospatial memory has also been found
to be generally affected in some studies [16,37,50] while intact in others [56,57]. Thus,
as we previously suggested, a unified and coherent approach to understanding memory
performance in OCD is lacking.

The initial step towards a solution was proposed by Greisberg and McKay [21], who
suggested a more subtle approach to understanding memory performance in individuals
with OCD, noting that memory impairments are secondary to executive dysfunction. As
Harkin and Kessler [43] went on to elucidate, “If a memory task taps into a dysfunctional
component of executive functioning, memory impairment will follow” (p. 1005). In essence,
it is the cognitive demands imposed by a particular memory task on executive functioning
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that distinguish the memory performance of individuals with OCD from that of control
subjects [17]. Building upon the foundational executive memory explanation, Harkin and
Kessler [43] further expanded the framework by incorporating three essential components
of a task: executive functioning (E), binding complexity (B), and memory load (L), which
resulted in the development of the EBL classification system. Executive function was
defined after Diamond’s [58,59] tripartite definition, consisting of inhibition (e.g., top-down
selective activation of task-relevant representations and inhibition of task-irrelevant stimuli
and responses), working memory (maintenance and updating), and flexibility (the capacity
to dynamically distribute resources for processing and managing information in an ever-
evolving environment) (see also [60]). Binding complexity refers to the extent that a WM
task requires the binding of multimodal conjunctions in the pursuit of successful task
performance [61]. Load refers to the number and amount of information that enters the
WM either concurrently or sequentially [62].

The EBL classification system was developed based on a series of interconnected
empirical foundations. It utilised the robust empirical basis of Baddeley’s model of work-
ing memory (WM), specifically the role of binding within the episodic buffer [63,64].
Accurate memory involving both WM and long-term memory (LTM) requires the encod-
ing, maintenance, and retrieval of connections among various elements within a multi-
modal experience [65]. To address this, Baddeley [63] expanded his well-known 1986 WM
model [66] to include an episodic buffer, which allowed for the temporary integration of
multimodal representations and served as a gateway to episodic LTM. Building on this,
Harkin and Kessler [67] proposed that executive dysfunction (e.g., uncontrolled intrusive
thoughts/stimuli) in individuals with OCD disrupts fragile multimodal bindings within
the episodic buffer, leading to the impaired consolidation of episodes in both WM and LTM.

To investigate this, Harkin and colleagues conducted a series of studies showing that
individuals with OCD symptoms had impaired memory performance when tasks required
sustained bindings in the episodic buffer and triggered specific aspects of their executive
dysfunctions [43,68–70]. Specifically, they undertook WM tasks that engaged the episodic
buffer by using stimuli that necessarily required the binding of multimodal conjunctions
between various object features and spatial locations. Then, they interfered with episodic
buffer functionality by presenting misleading/irresolvable information during the WM
retention period that those with OCD would find difficult to ignore. They consistently
observed that those with OC symptoms suffered attenuated performance when presented
with misleading/irresolvable information but not when it was relevant/resolvable or absent
(i.e., a measure of WM capacity). This later point concurs with the findings in [14,56,57]
indicating that individuals with OCD do not experience impairment in working memory
capacity itself.

By confirming and extending the original supposition of Greisberg and McKay [21],
Harkin and colleagues emphasised that memory impairment in individuals with OCD
is secondary to executive dysfunction, with the degree of impairment determined by the
specific task demands. These studies played a crucial role in informing the executive
function (E) and binding complexity (B) aspects of the EBL system and highlighting their
significance in understanding memory impairments in OCD. Moreover, we incorporated
load (L) into the EBL taxonomy, taking into account the body of research that revealed
impairments in WM performance in individuals with OCD when the memory load was
high but not low [71,72]. For example, the importance of load was further underscored
by the meta-analysis conducted by Snyder et al. [73] who reported that those with OCD
exhibited the largest magnitude of impairment on the n-back task (at high loads) compared
to other tests of visual and verbal memory.

Thus, the EBL classification system emerged to explain where memory impairments
would and would not occur in those with OCD (see Figure 1). This approach shifted
the emphasis from focusing on general amnestic performance or domains—i.e., visual
versus verbal memory—to looking at the specific content and demands of the tasks where
those with OCD have intact versus impaired performance. This enabled us to explain
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phenomena such as unaltered and compromised verbal memory, e.g., intact: Henseler et al.
(2008) [56] vs. deficit: [55,56], as well as unaltered and compromised visual memory, e.g.,
intact: Henseler et al. (2008) [56] vs. deficit: [16,37,50,56], across a range of differing tasks,
and generally intact WM capacity [17,74–76].
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Figure 1. The executive function, binding complexity and memory load (EBL) classification system,
adapted from Harkin and Kessler [43]. Notes. It is essential to understand that Harkin and Kessler’s
three EBL dimensions are not entirely orthogonal in practical experimental scenarios and are only used
as theoretical constructs. Binding complexity can impact memory load when numerous multimodal
features need to be integrated. Notably, complex bindings and increased load tap into executive
functions when limits are surpassed (refer to E + L and E+B oblique dimensions in the figure).
Hence, we suggest that executive demands are the most crucial dimension (Harkin and Kessler
2011 [43]). The grey-scaled circular area illustrates a higher probability of an OCD memory deficit
under conditions of high load and binding complexity, particularly when executive demands rise
(darker areas indicate higher likelihood). Thus, the orthogonal dimensions are abstract constructs,
whereas the oblique dimensions (indicated by dashed lines) depict real-world relationships: (a) the
probable interrelationship between EBL factors and (b) the importance of executive function across
binding complexity, memory load, and overall memory performance in OCD.

3. Quantifying the EBL Classification System through a Multidimensional
Meta-Analysis

A clear drawback of the initial EBL classification system of Harkin and Kessler [43] was
its theoretical nature. It relied on qualitative inferences to establish the connection between
task demands along the EBL dimensions and memory performance in individuals with
OCD, thus lacking a quantitative foundation. As such, the next logical step was to conduct
a meta-analysis in which we standardised each dimension of the EBL taxonomy, coded
the included studies for each dimension, and quantified how they influenced memory
performance in individuals with OCD. To establish a quantitative foundation for the
EBL classification system, our meta-analysis, based on the work conducted by Persson,
Yates, Kessler, and Harkin [38], delved into the influence of task demands along the EBL
dimensions on memory performance in individuals with OCD. By systematically analysing
a wide range of studies, we aimed to understand the intricate interplay between task
demands and memory performance, shedding light on the underlying mechanisms of
memory impairments in OCD.



J. Clin. Med. 2024, 13, 4629 5 of 24

While a full exposition of the methods employed in our multidimensional meta-
analytical approach is beyond the remit of this paper, a full exposition can be found in the
paper and supplimentary materials of [38]; a brief overview of some of its fundamental
aspects will help inform the reader. To this end, we provide a summary on why it was
carried out in this way and what was undertaken, and provide insight into why an mi-MA
approach was considered more optimal than a classic moderator approach. In addition, we
have provided an overview of the main stages of an mi-MA in Table 1. As you will note,
they bear great similarity with respect to a traditional meta-analysis; however, the mi-MA
approach provides greater flexibility in the models that can be tested and the amount of
data that can be extracted from each paper.

The traditional approach to meta-analysis involves scrutinizing hypotheses of interest
to ascertain whether variations in effect sizes stem from specific factors. Subsequently, the
goal is to determine if these effect sizes significantly diverge among two or more of these
factors [77,78]. For comprehensive insights into the stages and methodologies of this form
of meta-analysis, refer to [77,79]. For example, in a meta-analysis of intervention studies, it
is common to compare if effect sizes differ between the intervention and control groups [80].
Typically, the procedure entails employing a process that utilises some form of sample
weighting, incorporating contributions from the variance of the distribution [81]. This is
then followed by pooling, and aggregating the effect sizes across the studies included,
yielding an overarching estimate of the clinical effectiveness of the intervention.
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Figure 2. Visualisation of the individual moderator effects for total EBL model, executive function,
binding complexity and memory load, as originally presented in Persson et al. [38]. We can see that
memory impairment increases with increasing demands across total EBL score (A), executive function
(B) and binding complexity (C), the converse true for the memory load (D). Notes. The four images
above depict the extent of memory deficits observed in individuals with OCD across various metrics:
total EBL score (A), executive function (B), binding complexity (C), and memory load (D). The data
indicate that as EBL score, demands on executive function, and binding complexity of memory tasks
increase, so does the memory impairment in individuals with OCD. Conversely, higher memory load
is linked with less impairment in memory for those with OCD.
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Table 1. Overview of the main stages of the multidimensional meta-analysis (mi-MA), as utilised in
the studies of Persson et al. (2021) [38] and Harkin et al. (2023) [39].

Main Steps for Conducting a Multidimensional Meta-Analysis

1. Define Research Questions and Variables:

• Define research question and identify key variables of interest, such as cognitive (e.g., central executive, inhibition,
binding), behavioural (e.g., stop-signal reaction time task, symptom severity), and neuroanatomical measures (e.g., GM
volume reductions).

• Identify the relevant model to examine, as the mi-MA approach provides flexibility to investigate models where
variables likely influence each other, e.g., executive functioning, binding complexity, memory load.Create relevant search
terms to match these variables.

2. Systematic Literature Review:

• Conduct a comprehensive search for relevant studies that include the variables of interest using databases such as Web
of Science, PsycINFO, Medline, PubMed, OVID, CINAHL, PsychArticles, and ProQuest Theses.

• Ensure studies meet inclusion criteria for the meta-analysis.

3. Quantification, Data Extraction, and Coding:

• Quantify and standardise the independent (e.g., E, B, L) and dependent variables (e.g., memory performance) by
constructing a scoring system that is simple and produces meaningful ordinal differences for each of the independent
variables. For instance, in the studies by Persson et al. (2021) [38] and Harkin et al. (2023) [39], tasks were rated on a
scale from 1 to 3 based on the level of demand placed on each component: 1 signified low to minimal demand,
2 indicated moderate demands, and 3 indicated high demand.

• Code individual variables according to this scoring system.
• Extract effect sizes (e.g., Cohen’s d) for the identified dependent variables.
• Code additional relevant variables (e.g., sample size, demographics, comorbidities, study quality).
• To ensure reliability, use an independent rater for second coding.

4. Addressing Dependency of Effect Sizes and Statistical Analysis:

• Unlike traditional meta-analyses, mi-MA enables the extraction of multiple data points from single studies and groups
of participants, facilitating the exploration of relationships between various moderators while avoiding issues of
multicollinearity. As such, mi-MA accounts for within-study and between-study variance.

• Conduct multidimensional meta-analyses using the rma.mv function in the Metafor package for R, following
recommendations of Viechtbauer (2010) [42].

• Apply a three-level meta-analytical framework when correlations between effect sizes are unknown. This method
considers three variance components among effect sizes within the same study: variance between participants (level 1),
outcomes (level 2), and studies (level 3) (Assink & Wibbelink, 2016) [82].

• Consider using techniques like robust variance estimation (RVE) when handling dependent effect sizes.
• Calculate overall effect sizes using suitable meta-analytic models, such as the mixed-effects model, in R.
• Following recommendations from Hox (2010) [83] and Assink and Wibbelink (2016) [82], first examine moderators

individually (E vs. B vs. L) and then in a combined analysis (EBL). This approach allows for initial significance screening
while considering the potential intercorrelation of variables, which may lead to multicollinearity in analyses. By
combining the variables, we can test which variable(s) account for the most variance in the model compared to
the others.

5. Interpretation and Synthesis:

• Interpret the findings in the context of the research questions.
• Discuss the implications for theory and practice, highlighting the transdiagnostic nature of the findings if relevant.

6. Reporting and Visualisation:

• Utilise visual aids such as tables, forest plots, and path diagrams to depict significant findings and associations. For
instance, in our meta-analysis, we visually represented our data (refer to Figures 2–4 in this paper). This allowed readers
to observe the three different levels (1 = low, 2 = medium, 3 = high) for each of our independent variables (e.g., EBL, E, B,
L), the distribution of effect sizes (i.e., memory performance) across these levels, and the corresponding line of best fit.

• Present a clear, concise summary of the results and their implications.
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Figure 3. Moderating effect of executive function and task type on OCD memory deficit. The graph
shows that memory impairment is more pronounced on visual tasks compared to verbal tasks,
particularly when the tasks place a higher demand on executive function [38]. Notes. This image
illustrates the relationship between task executive function demands and the magnitude of memory
impairment in individuals with OCD, expressed as an effect size (0 = no memory impairment;
+2 = high memory impairment) for verbal (solid line) and visual (dashed line) tasks. It reflects the
general trend observed in Figure 2B: as executive function demands increase, memory impairment in
individuals with OCD also increases. Additionally, the greater memory impairment on visual tasks
compared to verbal tasks is attributed to the higher executive function demands of visual tasks.
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However, this approach has certain limitations. Firstly, studies often report multiple
effect sizes because participants may complete various tasks and/or measures during
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the study period, violating the usual requirement for independent effect size measures
in meta-analysis [84–86]. Dependency of effect sizes typically means that effect sizes
within studies are correlated, creating overlap and inflation of the data, which can lead to
overconfidence in the results [82,87]. While conducting subgroup analysis or aggregating
effect sizes is possible, this reduces the number of effect sizes analysed, thus limiting the
power of the analysis. Additionally, this method was unsuitable for testing our model,
which involves multiple factors that may interact, and required us to perform multiple
moderation analyses [82].

Meta-regression also plays an important role in meta-analysis, accounting for the co-
variate effects of sample means or effect sizes presented as predictor or moderator variables,
particularly when categorical variables are used for subgroup analysis. Meta-regression
is a rigorous statistical framework valued as a sustainable approach to uncover predic-
tors of heterogeneity in the prevalence rates of a phenomenon occurring across multiple
studies [77–79]. A limitation of meta-regression in comparison to the mi-MA is that meta-
regression typically handles covariates and moderator variables independently, which
may not adequately capture the complex interactions between multiple factors influencing
the outcomes. Meta-regression generally focuses on assessing how individual predictors
(moderators) impact the effect sizes across studies, often treating each predictor separately
or in simple combinations [88,89]. In contrast, a multidimensional meta-analysis can more
effectively account for the simultaneous and interactive effects of multiple dimensions
or factors. This approach is particularly advantageous in complex research areas where
outcomes are influenced by several interacting variables, as it allows for a more nuanced
and comprehensive understanding of how these variables jointly contribute to observed
effects [84,87]. In the context of the EBL classification system, the multidimensional ap-
proach enables the examination of the combined and interactive influences of executive
function, binding complexity, and memory load on memory performance in individuals
with OCD, providing deeper insights that might be missed by traditional meta-regression
techniques [38,43].

To test our EBL system, we first needed to develop a scoring system that was both
straightforward and capable of generating meaningful ordinal differences across the three
EBL dimensions. For instance, a task with a high executive function score should noticeably
and practically differ from a task with a lower score on this dimension [90]. Examples
include the following: (a) High: Tasks requiring advanced executive functions, such as
organisational strategies or dual-task demands. (b) Medium: Tasks that mix a simple task
with a component distracting executive function from the main task, like a delayed match-
to-sample (DMTS) task with distractor stimuli. (c) Low: Tasks where executive function
is used for simple maintenance of information in working memory, such as digit span.
We ranked each task on each EBL dimension as high (3), medium (2), or low (1) demand.
Additionally, we calculated the total EBL score for each task by summing the scores for
each of the EBL dimensions. This allowed us to evaluate the overall effect of the EBL model
on memory performance between individuals with OCD and control groups.

By employing this coding method, we were able to investigate the primary impact of
the EBL taxonomy simultaneously across multiple domains of memory such as visual and
verbal and tasks (e.g., delayed match-to-sample paradigm, reproduction of complex visual
shapes, span sequence, spatial span, recall of complex verbal information, recognition
memory, and declarative and implicit memory). Additionally, we examined the relative
influence of individual moderators and determined which factors of the EBL accounted
for the highest degree of variance in memory performance among individuals with OCD.
We argued that this approach addressed a limitation previously noted in meta-analyses of
memory performance in OCD, where “the classification of individual tasks was not based
on reliable criteria” [91].

For example, it enabled us to examine the extent that task demands (e.g., as coded:
1 = low, 2 = moderate, 3 = high) for the total model (total EBL score) and individual
moderators (i.e., executive functioning vs. binding complexity vs. load) predicted the
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memory performance of individuals with OCD (see Figure 2 from [38]). We observed
that the overall EBL model predicted memory performance. Specifically, as demand on
EBL increased within a given memory task, individuals with OCD exhibited progressively
poorer performance. Importantly, we found that executive functioning emerged as the
primary driver of the EBL’s impact on memory performance in OCD, mitigating binding
complexity and load. In addition, we also observed that poorer memory of those with
OCD on visual compared to verbal tasks was also driven by visual tasks placing a greater
demand on executive functioning (see Figure 3 from [38]).

Our method quantified the observation that memory impairment in OCD is primar-
ily linked to executive dysfunction [7,14,21,71]. This underscores the significance of our
innovative coding and multilevel approach. Had we solely focused on the traditional
visual–verbal distinction, our analysis would have missed the subtle yet substantial impact
of executive function. This impact relates to binding complexity and load across various
tasks and in distinguishing its contribution to memory performance within visual and ver-
bal memory domains in individuals with OCD. Our method offers researchers a means to
explore comprehensive extent models, e.g., computational model [92], reciprocal interaction
model [93], multidimensional model [94], cognitive behavioural model [95]. We propose
it enables them to examine if a broader model with multiple factors explains variance in
effect sizes and then to isolate which of these factors contributes to the largest (or small-
est) variances in particular outcomes (e.g., executive impairment, memory performance,
symptom severity).

4. Executive Functioning and Memory Performance in OCD: A Second More Refined
Multidimensional Meta-Analysis

After establishing the central role of executive functioning in the memory performance
of individuals with OCD, we proceeded to conduct a detailed analysis of the contribution
of specific facets of executive control [39]. Using a multilevel coding and multidimensional
meta-analytic approach, we investigated and separately analysed the contributions of
top-down and bottom-up factors to memory performance in individuals with OCD. This
approach was further justified by Fradkin et al. [40], who emphasised the empirical impor-
tance of OCD meta-analytic researchers deriving scores consistently from the same sessions,
participants, or tasks “when reviewing neuropsychological and cognitive deficits [and
that] multilevel meta-analysis. . . allow[s] the integration of effects of complex structures”
(p. 497).

From a top-down perspective and in alignment with our previous conceptualisa-
tions of executive function [43], we drew upon Diamond’s Diamond [58,59] (2013, 2020)
tripartite taxonomy of executive WM function; for similar conceptualisations of the ex-
ecutive function, see [60,96,97]. This taxonomy includes (a) inhibition, which involves
selectively activating task-relevant representations and inhibiting task-irrelevant stim-
uli and responses; (b) maintenance and updating, encompassing the retention of simple
stimuli or features of objects and internal manipulations, as well as the complex updat-
ing of representations in WM [60,98,99]; and (c) flexibility/planning, which entails a
hierarchically organised integrative system of processing steps driven by executive func-
tion to optimise memory performance [100]. Importantly, research has identified each of
these domains—specifically attentional control [15,16,76,101,102], maintenance and updat-
ing [71,73], and flexibility/planning [15,73,103,104]—as influential factors in the memory
functioning of individuals with OCD.

Bottom-up processing explains how a salient external stimulus (e.g., loud noise, per-
sonal name, objects related to specific OCD symptoms) captures attention either intention-
ally or unintentionally [58]. Such stimuli have the ability to automatically draw attention,
direct focus, and require the integration and encoding of their features across different sen-
sory modalities [105] and within WM [106]. Indeed, Awh et al. [106] noted that the quality
of these initial perceptual inputs across sensory modalities acts as a potential gatekeeper for
working memory. Therefore, interference at this early stage inevitably reduces the quality,
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accuracy, and duration of inputs subsequently held in working memory [107]. To differen-
tiate these processes from active top-down operations, we examined bottom-up processing
in terms of the content and characteristics of stimuli, focusing on perceptual integration
and perceptual salience. Perceptual integration involves combining fragmentary inputs
from different sensory modalities into coherent and organised perceptual objects [108].
Research on perceptual integration impairments in OCD has produced mixed results. For
instance, Harting and Markowitsch [109] proposed that difficulties in processing complex
visual stimuli (e.g., Rey complex figure task) in OCD may stem from issues with Gestalt
perception. In contrast, Moritz & Wendt [110] found no deficits in early perceptual encoding
of local elements in individuals with OCD. Perceptual salience refers to the extent to which
stimuli attract attention based on their inherent properties, such as brightness, complexity,
motion, or emotional impact across modalities, e.g., bright colours, complex or moving
stimuli, or acute sounds and feedback [111]. Foa et al. [112] observed that individuals
with OC symptoms exhibit perceptual distractibility, perceiving task-irrelevant background
noise as louder compared to controls.

Consistent with our initial meta-analysis approach, we standardised each task across
dimensions of attentional control, maintenance and updating, flexibility/planning, percep-
tual integration, and perceptual salience. This system was designed to be straightforward,
aiding in replication, and to generate meaningful ordinal distinctions for each dimension.
For instance, a task scoring high in maintenance and updating differed significantly in
practical ways from one scoring lower on this dimension. Each dimension was defined
by specific primary characteristics, and tasks were ranked accordingly: high (3), medium
(2), or low (1) demand. For example, maintenance and updating involve actively retaining
task-relevant information within working memory (WM) and updating it with more rele-
vant information when necessary, as described in the unity diversity model of executive
functions by Friedman et al. [113], Miyake et al. [114], and Miyake & Shah [115]. We then
ranked each task ordinally for the dimension of maintenance and updating as follows:
High (3): Memory tasks that impose significant demands on maintenance capacity, such
as reproducing complex visuospatial information (e.g., Rey complex figure test, RCFT), or
tasks requiring frequent updating of working memory contents, such as high-load n-back
tasks. Medium (2): Tasks that moderately challenge maintenance capabilities with limited or
no requirement for updating, such as digit span tasks. Low (1): Tasks that impose minimal
to no demands on the subcomponents, such as simple maintenance well within capacity
limits in a delayed matching-to-sample (DMTS) task.

We observed that as top-down demands increased, individuals with OCD exhibited
poorer memory relative to controls. Within the top-down model, only maintenance and
updating (compared to attentional control and flexibility/planning) predicted memory
performance in OCD (refer to Figure 4, left image). Therefore, within the realm of top-
down functions, whether a task involves high maintenance and updating appears to be
the primary factor influencing memory differences between individuals with OCD and
controls. Similarly, our bottom-up model also predicted memory performance in OCD,
showing that as bottom-up demands increased, individuals with OCD had poorer memory
relative to controls. Within the bottom-up model, only perceptual integration (compared to
perceptual salience) predicted memory performance in OCD (refer to Figure 4, right image).
Crucially, analysing these dimensions within the top-down and bottom-up frameworks
revealed a lack of significant contribution from the visual–verbal distinction, aligning with
findings from our previous research [38]. Specifically, executive function similarly showed
nonsignificant differences between tasks of a visual or verbal nature. Furthermore, when
comparing clinical and subclinical OCD participants, we discovered that maintenance and
updating (top-down; refer to Figure 5, left image) and perceptual integration (bottom-up;
refer to Figure 5, right image) were the only significant predictors of memory performance
in the clinical OCD group but not in the subclinical group.
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In summary, our findings emphasise the crucial role of executive functioning in mem-
ory performance among individuals with OCD. Through a detailed analysis of top-down
and bottom-up processes, we uncover the distinct contributions of attentional control,
maintenance and updating, flexibility/planning, perceptual integration, and perceptual
salience to memory outcomes. Notably, maintenance and updating emerge as key predic-
tors within the top-down framework, while perceptual integration significantly impacts
memory performance in the bottom-up model. These findings offer valuable insights into
the intricate interplay between cognitive processes and memory deficits in OCD, which
allowed us to identify novel targets for interventions targeting specific executive functions
to enhance clinical outcomes.

5. Enhancing Clinical Relevance: Insights from a Multimodal Meta-Analysis Perspective

We propose that by building upon our refined understanding of executive function-
ing’s role in memory performance among individuals with OCD, we now shift our focus
towards enhancing clinical relevance through a multimodal meta-analysis perspective.
By integrating our findings within the broader context of existing research and utilizing
a multimodal meta-analysis lens, we aim to delve deeper into the cognitive processes
underlying OCD and pave the way for more effective interventions.

Indeed, we utilised our findings from Harkin et al. [39] to formulate a potential
explanation for memory impairment in OCD within the framework of our bottom-up and
top-down approach. This explanation is clarified by faulty gating mechanisms within early
sensory processing [116,117] and WM [118,119]. Sensory gating refers to the process of
filtering out task-irrelevant stimuli from the external environment [120], influenced by
factors such as anxiety and selective attention [121]. Deficits in sensory gating are present
in several mental illnesses and contribute to cognitive disturbances [122], with impairments
in sensory gating of early perceptual stimuli observed in OCD [123,124]. Theories of
maintenance and updating propose that efficient WM relies on a “gating” mechanism
to manage changing inputs and task demands; for reviews, see [118,119,125]. A closed
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gate helps maintain relevant information within WM by keeping irrelevant information
out, thus protecting capacity limits [126]. Conversely, an open gate facilitates updating by
removing, replacing, or adding new information to meet evolving task demands [127].

Specifically, within OCD, we propose that the overloading and overuse of this ‘gating’
mechanism may account for the pattern of memory impairments observed in our meta-
analysis and potentially contribute to clinical OC symptoms. In Figure 6, we summarise the
relationship between the deficits identified in our meta-analysis, their potential effects on
memory performance in OCD, the faulty gating mechanisms implicated, their manifestation
in OC symptoms, and potential targets for intervention. Individuals with OCD experience
deficits in early perceptual integration, leading them to focus on and encode individual
pieces of information rather than the whole. Consistent with our data pattern, this tendency
occurs regardless of whether a task is visual or verbal in nature and seems to be influenced
by the overall complexity of the stimuli used in a given memory task [38]. As a result,
a series of independent and potentially disparate items enter WM [106], leading to the
excessive opening and closing of the gate to update and maintain this information in WM.
This suggests a shift from a global gating mechanism to one that is highly selective, stimulus-
driven, and retroactive in nature [119,125,128]. Overloading this gating mechanism likely
destabilises the accuracy of the information maintained and updated within WM; for a
review, see [129]. This assertion aligns with the observation that individuals with OCD
experience difficulties in tasks that necessitate explicit updating (e.g., span sequence, n-
back) to achieve accurate working memory (WM) performance, e.g., [72].
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and the identified faulty gating mechanisms.
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Finally, our gating explanation sheds light on the differences between clinical and
subclinical patterns observed across the bottom-up and top-down frameworks. Specifically,
while individuals with clinical OCD showed more pronounced impairments in memory
compared to those with subclinical OCD (e.g., d = 0.51 versus 0.30, respectively), perceptual
integration (bottom-up) and maintenance and updating (top-down) only predicted poor
memory performance in the clinical group. Thus, while memory impairment is evident
across both subclinical and clinical OCD groups, these two dimensions exacerbate memory
deficits specifically at the clinical level. This observation aligns with the symptoms expe-
rienced by individuals with OCD, highlighting the range of impairments and challenges
they face related to stimuli specific to their symptoms [130], for example, as shown in
Figure 6, poor memory [70], lack of confidence [131], a desire to physically check and
recheck [132], implicit awareness of ambiguity [133], cognitive fatigue [134], and anxiety
and avoidance [135].

6. Bridging Research and Practice: Insights from a Multimodal
Meta-Analysis Perspective
6.1. Targeted Interventions for Cognitive Dysfunction in OCD: Bridging Theory to Practice

Using our findings as a foundation, we propose intervention to address potential
faulty cognitive mechanisms we identified at a sensory and WM gating level. As such, we
aim to address Ouimet et al.’s [44] critique of cognitive research in OCD. They argue that
to positively impact therapeutic outcomes, we must move beyond a simplistic explanation
of cognitive processes in OCD.

6.2. Labelling—An Intervention in Faulty Sensory Gating

A possible intervention in faulty sensory gating is an established experimental manip-
ulation of bottom-up processing called verbal labelling [136]. This approach associates a
complex visuospatial representation with a verbal label, e.g., polygons with colours [137],
which improves the early perceptual encoding of the stimulus and subsequent memory per-
formance [138]. More specifically, task-relevant verbalisations improved, i.e., directed atten-
tion to relevant stimuli [139], whereas unrelated labelling reduced task performance [140]
and also increased the speed of switching between tasks [141]. Furthermore, labelling
(and simple pointing) is an effective means to improve relevant stimuli selection in those
where this cognitive facility is not fully developed [139], a discovery that parallels what we
observed in the memory performance of individuals with OCD in the current review. We
suggest that labelling may serve to target faulty sensory gating (i.e., focusing on irrelevant
features, sensory habituation) and associated OC symptoms (i.e., obsessional slowness)
(see Figure 6). Simply within a given memory task or idiographic context of OC symptom
provocation, those with OCD could be asked to verbally label (internally or aloud) task-
relevant features relevant to accurate task performance. In an applied context, labelling
could take the form of targeting attention in early encoding for aspects of an image that are
task-relevant and then measuring subsequent memory performance and OC symptoms
(e.g., desire to check and recheck the original stimulus).

6.3. Input-Gating Policies—An Intervention in Faulty WM Gating

As a solution to faulty gating in WM, we draw upon research that indicates gating
mechanisms within WM are sensitive to manipulation as they operate according to gat-
ing policies [125,142]. In the first instance, a selective gating mechanism promotes the
maintenance and updating of information in WM via input gates that open and close,
respectively [118]. Within this, optimal WM performance requires a gating policy of when
to open and close the gate in accordance with the demands of a task [143]. Bhandari and
Badre [142] manipulated gating policies within a WM task. They showed that the selec-
tion of a given gating policy (e.g., open versus closed) was determined by the contextual
demands (e.g., via a cue) of a task and transferred over to subsequent trials [144]. They
reported that repetitively requiring participants to adopt a selective input-gating policy
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encouraged the proactive and efficient encoding of stimulus inputs into WM. Of relevance
to the present findings on maintenance and updating in OCD, they suggested that such a
process reduces load within WM (i.e., efficient binding of complex information) and inter-
ference from irrelevant stimuli (e.g., prolonged updating of individual stimulus features;
see Figure 6). We propose that while faulty gating policies show a degree of perseveration
consistent with symptoms of OCD, they are fortunately malleable to intervention.

We suggest that targeting input-gating policies in WM may serve as an intervention
to what we proposed in terms of faulty WM gating and OC symptoms, i.e., excessive
opening and closing of gates in WM leading to chronic maintenance and updating of
isolated features, destabilisation of WM, and cognitive fatigue (see Figure 6). As such,
we propose an intervention similar to attentional bias modification tasks (for a review,
see [145]) that are already employed to treat those with OCD [146], specifically, training
those with OCD to adopt a selective input-gating policy, one that encourages the selective
entry of information into WM, via advanced preparation. While targeting gating policies in
this manner may seem somewhat removed from OC symptoms per se, research indicates
that training cognitive control using this approach improves executive control performance
in novel untrained contexts [144]. It also lends itself to a simple method of delivery via
mobile devices (apps) either before or during symptom provocation [147]. Therefore, we
infer that a similar transfer from a narrow cognitive intervention to a more specific context
that is problematic for those with OCD is possible, for example, from performance on
higher loads of the n-back task to turning off the stove and not returning.

Evidence from neuroscience shows that the delivery of transcranial magnetic stimula-
tion (TMS) to the left dorsolateral prefrontal cortex (DLPFC) improves performance on the
n-back task [148]. They concluded that stimulation of the left DLFC improved maintenance
(i.e., enhanced capacity via improved distractor suppression) and updating (i.e., using
contextual cues or task-related demands) in spatial WM [149]. We suggest this indicates a
possible therapeutic link between TMS and potential targeting of WM gating mechanisms
(open and closing, gating policies) in OCD patients who suffer from established impair-
ments in inhibitory function, encoding, and WM performance. Future research needs to
validate the strength of these latter assertions.

Therefore, future research in OCD should continue to explore the intricate relationship
between cognitive processes, such as sensory gating and working memory, and the mani-
festation of symptoms. Specifically, further investigation into how these cognitive deficits
contribute to specific symptom domains within OCD, such as intrusive thoughts [150,151]
or compulsive behaviours [152], could provide valuable insights into the underlying mech-
anisms of the disorder. For example, the cognitive profile of checkers versus washers has
been shown to be different [15], with impairments in inhibition associated with poorer
memory in checkers but not washers, e.g., [76]. An mi-MA could provide valuable in-
sights into why inhibition is specifically associated with poorer memory in individuals
who exhibit checker-like behaviours compared to washers. By simultaneously examin-
ing various cognitive domains beyond inhibition, such as attentional control, e.g., [153],
working memory, e.g., [67], and cognitive flexibility, e.g., [154], researchers could elucidate
potential interactions or mediating factors that contribute to this association. For instance,
it is possible that individuals with checker-like behaviours not only demonstrate deficits
in inhibition but also exhibit impairments in other cognitive functions that are crucial
for memory encoding, storage, or retrieval. Moreover, considering individual differences
within each cognitive domain, such as variances in the severity of OCD symptoms or levels
of comorbidities, employing the mi-MA approach could aid in pinpointing factors that
intensify the impact of inhibition and memory in individuals with checking-related OCD.

Similarly, research suggests that inhibitory control deficits may not be a universal
feature across various disorders. While previous studies proposed that inhibitory im-
pairments are transdiagnostic [97], recent findings challenge this view. Mirabella [155]
reviewed studies on several psychiatric disorders, including OCD, Tourette syndrome (TS),
attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), and
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primary motor stereotypies (pMS), and found striking differences in motor and response
inhibitory function across these conditions. At its core, motor inhibition is the ability to
suppress a planned or already initiated action [156]. More specifically, response inhibition
has at least two neuropsychological domains: (1) reactive inhibition, i.e., the ability to stop
a response outright when a stop instruction is presented, and (2) proactive inhibition, i.e.,
the ability to adapt the motor strategy according to the context where an individual is
embedded and to previous knowledge.

For instance, drug-naïve TS patients did not exhibit impairments in inhibitory con-
trol [157]. In contrast, both reactive and proactive inhibitory domains are severely com-
promised in OCD [157]. ADHD and pMS show selective impairments in reactive in-
hibition [158,159], whereas ASD is characterised by deficiencies in proactive inhibitory
control [160]. Importantly, Mirabella et al. [155] also identified a link between specific
deficits in inhibitory control subdomains and the clinical manifestations of these disorders.

Overall, this evidence suggests that the mechanisms underlying the inability to control
urges are extremely heterogeneous and cannot be attributed to a general impairment of
motor inhibition. Therefore, recent findings do not support the hypothesis that inhibitory
deficits represent a transdiagnostic feature of neurodevelopmental disorders with poor
impulse control. Specifically, Mirabella et al. [158] observed that OCD patients exhibit
significant grey matter (GM) volume reductions in areas such as the middle frontal gyrus,
inferior frontal gyrus, medial orbitofrontal gyrus, mid-cingulate gyrus, and insula. These
reductions were inversely correlated with measures of reactive inhibition (e.g., stop-signal
reaction time; SSRT) and the severity of OCD symptoms.

Given these findings, we propose that the mi-MA approach may facilitate the in-
vestigation of the interaction between core aspects of executive function (e.g., inhibition,
maintenance and updating, set-shifting), GM volume reductions, and OCD symptom
severity. In addition, it may offer a means to examine the likely differing contributions
of different aspects of inhibitory control (i.e., motor, reactive, proactive) to symptom de-
velopment and severity in OCD and other disorders such as TS, ADHD, ASD, and pMS.
As such, it may help identify specific and optimal targets of inhibitory function for each
disorder, which can be addressed in treatment, e.g., within attention bias modification
interventions [161–163], to enhance outcome effectiveness. Lastly, the mi-MA approach
could be instrumental in exploring the specific nature of inhibitory control deficits and
their neural correlates across different disorders. This highlights a valuable avenue for
the mi-MA approach to investigate cognitive function and its neural underpinnings both
within OCD and across various psychiatric conditions.

Indeed, this highlights a core benefit of the mi-MA approach, in its ability to allow
researchers to extract and quantify multiple measures from the same group of partici-
pants for a given outcome. Examples include aspects of cognition, e.g., thought–action
fusion, executive–memory relationship, intolerance of uncertainty, confidence in mem-
ory [12,43,164,165]; subsymptoms, e.g., checking, washing [15]; comorbidities, e.g., de-
pression, anxiety [166]; medication status, e.g., naive, present, absent, total dosage [167];
treatment type, e.g., medicated, cognitive behavioural therapy, combination [168,169]; and
neural correlates, e.g., Uhre et al. [170–172]. By integrating and analysing multiple mea-
sures simultaneously, researchers can gain a deeper insight into the complex interplay of
factors contributing to the phenomenon under investigation, leading to more robust and
detailed conclusions.

Additionally, longitudinal studies tracking cognitive functioning over time and in
response to treatment interventions could shed light on the dynamic nature of cognitive
processes in OCD and their role in treatment outcomes. Furthermore, there is a need for
research that examines the effectiveness of interventions targeting these cognitive deficits,
such as cognitive remediation or attention training, in improving overall functioning and
reducing symptom severity in individuals with OCD. Overall, future research endeavours
should aim to bridge the gap between theoretical models of OCD and clinical practice
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by translating findings into actionable interventions that improve the lives of individuals
affected by the disorder.

6.4. Beyond Efficacy: Targets and Mechanisms of OCD Interventions Using mi-MA

A critique of intervention research in the context of OCD was raised by Himle
et al. [173] who noted a prevailing overemphasis on efficacy evaluations, primarily through
randomised controlled trials (RCTs), normally comparing cognitive behaviour therapies
(CBTs) to alternative modalities, such as exposure and response prevention (EX/RP) [174],
behavioural activation [175], and combinations of other interventions, e.g., selective sero-
tonin reuptake inhibitors (SSRIs) [169]. However, such studies often rely on ad hoc as-
sumptions regarding underlying mechanisms. Himle [173] observed an “inadequate
understanding of their actual mechanism(s) of action prohibits us from knowing how
variations in techniques . . . might activate or interfere with the purported learning process
and thus desired outcomes” (p. 188). It is an important caveat that while studies claim
to utilise CBT/EX/RP, the actual execution of these therapies can significantly vary, with
some demonstrating minimal procedural congruence [173].

Given the significant implications at hand, there exists an urgent necessity to explore
further the landscape of interventions for OCD, particularly CBT, which is widely acclaimed
as the “gold-standard” treatment for this condition [22,176–178]. Indeed, while numerous
RCTs, reviews, and meta-analyses have confirmed the effectiveness of CBT in alleviating
OCD symptoms [19,26,179], few, if any, have systematically examined the specific facets
and mechanisms of CBT that underlie this success. Most meta-analyses compare CBT to an
comparator condition (e.g., pharmacological or control), aggregate effect sizes across a set
of studies, and then conclude on the effectiveness of CBT in treating OCD [26,180,181].

To bridge this critical knowledge gap, we propose a shift in focus for future research
using the mi-MA approach. Specifically, using the mi-MA approach to dissect facets of
CBT, along with associated intervention combinations like exposure and response pre-
vention (EX/RP) [182] and selective serotonin reuptake inhibitors (SSRIs) [183]. In this
context, the mi-MA approach serves three potential purposes. First, it involves comparing
overall effect sizes for CBT with other interventions (e.g., rational emotive therapy; RET),
combinations (e.g., CBT + SSRIs), and controls (e.g., active, passive, wait-list control) as
typically undertaken in classic meta-analysis. Engaging in this process will function as a
reality check, enabling researchers to juxtapose results with those of other meta-analyses
and subsequently pinpoint the facets of interventions that yield the most favourable thera-
peutic outcomes.

Using this information, it is then possible to delve deeper into the identification of
specific elements within cognitive, behavioural, and pharmacological interventions. These
elements may include cognitive techniques (e.g., identifying and challenging irrational
OC thoughts, using thought records, targeting thought–action fusion, imaginal exposure),
behavioural strategies (e.g., in vivo exposure, ritual prevention), and pharmacological
factors (e.g., medication type, dosage, prescribed versus not). Such an approach, with
the mi-MA paradigm, will allow researchers to quantify their respective contributions to
therapeutic outcomes for individuals with OCD.

Moreover, it is common to observe varying outcomes in interventions for OCD across
different modalities. For example, Ost et al. [184] found that CBT (70%) and combined CBT
and SSRIs (66%) had significantly better outcomes than SSRIs alone (49%), the placebo (29%),
and the waitlist control (13%). In a large-scale study, Foa et al. [185] reported complete and
treated response rates for EX/PR and clomipramine (i.e., a serotonin reuptake inhibitor; SRI)
of 79% and 70%, EX/RP in isolation was 86% and 62%, clomipramine alone was 48% and
42%, and 10% and 8% for the placebo. In addition, remission of OC symptoms following
CBT and/or SSRIs presents a mixed picture, with up to 50% of patients experiencing a
relapse to their previous OC symptom levels [186–188]. Ost et al. [184] reported higher
CBT remission rates (53%) than isolated SSRI intervention (24%). Worryingly, research has
also indicated that 78.6% of patients experience a remission of symptoms after a 2-year
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course of CBT [189]. It has also been noted that after receiving the recommended dosage
of CBT, many individuals with OCD continue to experience chronic residual symptoms
after intervention [173]. Further complicating this is the finding that those with OCD and
comorbid depression experience less positive outcomes with CBT [175].

Thus, considering these points, the mi-MA approach offers a means to investigate the
following pressing research questions. (a) What factors contribute to the similar interven-
tion outcomes between CBT alone and the combination of CBT and SSRIs, despite SSRIs
alone having lower outcomes? (b) What factors contribute to the variation in intervention
outcomes for OCD across different intervention modalities, such as CBT, SSRIs, EX/RP,
and placebo? (c) What differences exist between different pharmacological interventions
(e.g., SSRIs and SRIs) when combined with different modalities of intervention, e.g., CBT
and intensive EX/RP? (d) What factors influence relapse and remission rates, and how
are these influenced by factors such as intervention modality, intervention duration, and
comorbid depression in OCD patients?

In summary, given these disparities, open research questions, and lack of a specific un-
derstanding of the mechanisms of action (see [173]), we propose that the mi-MA approach
offers a means to pinpoint pivotal factors inherent to interventions, such as specific elements
and quantities of CBT and pharmacological components. This method also allows for the
examination of comparative aspects, like CBT versus SSRIs versus combined therapy, which
can be harnessed to enhance outcomes for OCD. We believe it will enrich the therapeutic
landscape by improving the research available to therapists and therein the effectiveness
of interventions available to those with OCD. We hope that we have demonstrated that
the mi-MA approach provides a means for researchers to explore novel aspects and com-
binations of interventions, as well as identify effective intervention–outcome mechanism
relationships derived from the meta-analysis.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; American Psychiatric Association:

Washington, DC, USA, 1994.
2. Sunol, M.; Contreras-Rodriguez, O.; Macia, D.; Martinez-Vilavella, G.; Martinez-Zalacain, I.; Subira, M.; Pujol, J.; Sunyer, J.;

Soriano-Mas, C. Brain Structural Correlates of Subclinical Obsessive-Compulsive Symptoms in Healthy Children. J. Am. Acad.
Child Adolesc. Psychiatry 2018, 57, 41–47. [CrossRef] [PubMed]

3. Fernandez de la Cruz, L.; Rydell, M.; Runeson, B.; D’Onofrio, B.M.; Brander, G.; Ruck, C.; Lichtenstein, P.; Larsson, H.; Mataix-
Cols, D. Suicide in obsessive-compulsive disorder: A population-based study of 36788 Swedish patients. Mol. Psychiatry 2017, 22,
1626–1632. [CrossRef] [PubMed]

4. Remmerswaal, K.C.P.; Batelaan, N.M.; van Balkom, A. Relieving the Burden of Family Members of Patients with Obsessive-
Compulsive Disorder. Clin. Neuropsychiatry 2019, 16, 47–52.

5. Rodriguez-Salgado, B.; Dolengevich-Segal, H.; Arrojo-Romero, M.; Castelli-Candia, P.; Navio-Acosta, M.; Perez-Rodriguez, M.M.;
Saiz-Ruiz, J.; Baca-Garcia, E. Perceived quality of life in obsessive-compulsive disorder: Related factors. BMC Psychiatry 2006, 6,
20. [CrossRef] [PubMed]

6. Shin, N.Y.; Lee, T.Y.; Kim, E.; Kwon, J.S. Cognitive functioning in obsessive-compulsive disorder: A meta-analysis. Psychol. Med.
2014, 44, 1121–1130. [CrossRef] [PubMed]

7. Abramovitch, A.; Abramowitz, J.S.; Mittelman, A. The neuropsychology of adult Obsessive-Compulsive Disorder: A meta-
analysis. Clin. Psychol. Rev. 2013, 33, 1163–1171. [CrossRef] [PubMed]

8. Abramovitch, A.; Anholt, G.; Raveh-Gottfried, S.; Hamo, N.; Abramowitz, J.S. Meta-analysis of intelligence quotient (IQ) in
Obsessive-Compulsive Disorder. Neuropsychol. Rev. 2018, 28, 111–120. [CrossRef] [PubMed]

9. Abramovitch, A.; Cooperman, A. The cognitive neuropsychology of Obsessive-Compulsive Disorder: A critical review. J.
Obsessive-Compulsive Relat. Disord. 2015, 5, 24–36. [CrossRef]

10. Abramovitch, A.; McCormack, B.; Brunner, D.; Johnson, M.; Wofford, N. The impact of symptom severity on cognitive function in
obsessive compulsive disorder: A meta-analysis. Clin. Psychol. Rev. 2019, 67, 36–44. [CrossRef] [PubMed]

11. Abramovitch, A.; Mittelman, A.; Tankersley, A.P.; Abramowitz, J.S.; Schweiger, A. Neuropsychological investigations in obsessive-
compulsive disorder: A systematic review of methodological challenges. Psychiatry Res. 2015, 228, 112–120. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jaac.2017.10.016
https://www.ncbi.nlm.nih.gov/pubmed/29301668
https://doi.org/10.1038/mp.2016.115
https://www.ncbi.nlm.nih.gov/pubmed/27431293
https://doi.org/10.1186/1471-244X-6-20
https://www.ncbi.nlm.nih.gov/pubmed/16684346
https://doi.org/10.1017/S0033291713001803
https://www.ncbi.nlm.nih.gov/pubmed/23866289
https://doi.org/10.1016/j.cpr.2013.09.004
https://www.ncbi.nlm.nih.gov/pubmed/24128603
https://doi.org/10.1007/s11065-017-9358-0
https://www.ncbi.nlm.nih.gov/pubmed/28864868
https://doi.org/10.1016/j.jocrd.2015.01.002
https://doi.org/10.1016/j.cpr.2018.09.003
https://www.ncbi.nlm.nih.gov/pubmed/30528984
https://doi.org/10.1016/j.psychres.2015.04.025
https://www.ncbi.nlm.nih.gov/pubmed/25957648


J. Clin. Med. 2024, 13, 4629 18 of 24

12. Berle, D.; Starcevic, V. Thought-action fusion: Review of the literature and future directions. Clin. Psychol. Rev. 2005, 25, 263–284.
[CrossRef] [PubMed]

13. Cuttler, C.; Graf, P. Checking-in on the memory deficit and meta-memory deficit theories of compulsive checking. Clin. Psychol.
Rev. 2009, 29, 393–409. [CrossRef]

14. Kuelz, A.K.; Hohagen, F.; Voderholzer, U. Neuropsychological performance in obsessive-compulsive disorder: A critical review.
Biol. Psychol. 2004, 65, 185–236. [CrossRef] [PubMed]

15. Leopold, R.; Backenstrass, M. Neuropsychological differences between obsessive-compulsive washers and checkers: A systematic
review and meta-analysis. J. Anxiety Disord. 2015, 30, 48–58. [CrossRef] [PubMed]

16. Muller, J.; Roberts, J.E. Memory and attention in Obsessive-Compulsive Disorder: A review. J. Anxiety Disord. 2005, 19, 1–28.
[CrossRef]

17. Olley, A.; Malhi, G.; Sachdev, P. Memory and executive functioning in obsessive-compulsive disorder: A selective review. J. Affect.
Disord. 2007, 104, 15–23. [CrossRef] [PubMed]

18. Woods, C.M.; Vevea, J.L.; Chambless, D.L.; Bayen, U.J. Are compulsive checkers impaired in memory? A meta-analytic review.
Clin. Psychol.-Sci. Pract. 2002, 9, 353–366.

19. Dettore, D.; Pozza, A.; Andersson, G. Efficacy of Technology-delivered Cognitive Behavioural Therapy for OCD Versus Control
Conditions, and in Comparison with Therapist-Administered CBT: Meta-Analysis of Randomized Controlled Trials. Cogn. Behav.
Ther. 2015, 44, 190–211. [CrossRef]

20. Fisher, P.L. Obsessive Compulsive Disorder: A Comparison of CBT and the Metacognitive Approach. Int. J. Cogn. Ther. 2009, 2,
107–122. [CrossRef]

21. Greisberg, S.; McKay, D. Neuropsychology of obsessive-compulsive disorder: A review and treatment implications. Clin. Psychol.
Rev. 2003, 23, 95–117. [CrossRef] [PubMed]

22. Hezel, D.M.; Simpson, H.B. Exposure and response prevention for obsessive-compulsive disorder: A review and new directions.
Indian J. Psychiatry 2019, 61, S85–S92. [CrossRef] [PubMed]

23. Jacoby, R.J.; Abramowitz, J.S. Inhibitory learning approaches to exposure therapy: A critical review and translation to obsessive-
compulsive disorder. Clin. Psychol. Rev. 2016, 49, 28–40. [CrossRef] [PubMed]

24. Machado-Sousa, M.; Moreira, P.S.; Costa, A.D.; Soriano-Mas, C.; Morgado, P. Efficacy of Internet-Based Cognitive-Behavioral
Therapy for Obsessive-Compulsive Disorder: A Systematic Review and Meta-Analysis. Clin. Psychol.-Sci. Pract. 2023, 30, 150–162.
[CrossRef]

25. McGrath, C.A.; Abbott, M.J. Family-Based Psychological Treatment for Obsessive Compulsive Disorder in Children and Adoles-
cents: A Meta-analysis and Systematic Review. Clin. Child Fam. Psychol. Rev. 2019, 22, 478–501. [CrossRef]

26. Ost, L.G.; Havnen, A.; Hansen, B.; Kvale, G. Cognitive behavioral treatments of obsessive-compulsive disorder. A systematic
review and meta-analysis of studies published 1993–2014. Clin. Psychol. Rev. 2015, 40, 156–169. [CrossRef] [PubMed]

27. Rosa-Alcazar, A.I.; Sanchez-Meca, J.; Gomez-Conesa, A.; Marin-Martinez, F. Psychological treatment of obsessive-compulsive
disorder: A meta-analysis. Clin. Psychol. Rev. 2008, 28, 1310–1325. [CrossRef] [PubMed]

28. Tallis, F. The neuropsychology of obsessive-compulsive disorder: A review and consideration of clinical implications. Br. J. Clin.
Psychol. 1997, 36, 3–20. [CrossRef] [PubMed]

29. Wootton, B.M. Remote cognitive behavior therapy for obsessive compulsive symptoms: A meta-analysis. Clin. Psychol. Rev. 2016,
43, 103–113. [CrossRef] [PubMed]

30. Abbruzzese, M.; Bellodi, L.; Ferri, S.; Scarone, S. Memory functioning in obsessive-compulsive disorder. Behav. Neurol. 1993, 6,
119–122. [CrossRef] [PubMed]

31. Sher, K.J.; Mann, B.; Frost, R.O. Cognitive dysfunction in compulsive checkers: Further explorations. Behav. Res. Ther. 1984, 22,
493–502. [CrossRef] [PubMed]

32. Savage, C.R.; Deckersbach, T.; Wilhelm, S.; Rauch, S.L.; Baer, L.; Reid, T.; Jenike, M.A. Strategic processing and episodic memory
impairment in obsessive compulsive disorder. Neuropsychology 2000, 14, 141–151. [CrossRef] [PubMed]

33. Reed, G.S. Obsessional personality and remembering. Br. J. Psychiatry 1977, 130, 177–183. [CrossRef] [PubMed]
34. Sher, K.J.; Frost, R.O.; Otto, R. Cognitive deficits in compulsive checkers: An exploratory study. Behav. Res. Ther. 1983, 21, 357–363.

[CrossRef] [PubMed]
35. Johnson, M.; Raye, C. Reality monitoring. Psychol. Bull. 1981, 88, 67–85. [CrossRef]
36. Martinot, J.L.; Allilaire, J.F.; Mazoyer, B.M.; Hantouche, E.; Huret, J.D.; Legaut-Demare, F.; Deslauriers, A.G.; Hardy, P.; Pappata,

S.; Baron, J.C.; et al. Obsessive-compulsive disorder: A clinical, neuropsychological and positron emission tomography study.
Acta Psychiatr. Scand. 1990, 82, 233–242. [CrossRef] [PubMed]

37. Hermans, D.; Engelen, U.; Grouwels, L.; Joos, E.; Lemmens, J.; Pieters, G. Cognitive confidence in obsessive-compulsive disorder:
Distrusting perception, attention and memory. Behav. Res. Ther. 2008, 46, 98–113. [CrossRef] [PubMed]

38. Persson, S.; Yates, A.; Kessler, K.; Harkin, B. Modeling a multidimensional model of memory performance in obsessive-compulsive
disorder: A multilevel meta-analytic review. J. Abnorm. Psychol. 2021, 130, 346–364. [CrossRef] [PubMed]

39. Harkin, B.; Persson, S.; Yates, A.; Jauregi, A.; Kessler, K. Top-down and bottom-up contributions to memory performance in OCD:
A multilevel meta-analysis with clinical implications. J. Psychopathol. Clin. Sci. 2023, 132, 428. [CrossRef] [PubMed]

40. Fradkin, I.; Strauss, A.Y.; Pereg, M.; Huppert, J.D. Rigidly applied rules? Revisiting inflexibility in Obsessive Compulsive Disorder
using multilevel meta-analysis. Clin. Psychol. Sci. 2018, 6, 481–505. [CrossRef]

https://doi.org/10.1016/j.cpr.2004.12.001
https://www.ncbi.nlm.nih.gov/pubmed/15792850
https://doi.org/10.1016/j.cpr.2009.04.003
https://doi.org/10.1016/j.biopsycho.2003.07.007
https://www.ncbi.nlm.nih.gov/pubmed/14757309
https://doi.org/10.1016/j.janxdis.2014.12.016
https://www.ncbi.nlm.nih.gov/pubmed/25601381
https://doi.org/10.1016/j.janxdis.2003.12.001
https://doi.org/10.1016/j.jad.2007.02.023
https://www.ncbi.nlm.nih.gov/pubmed/17442402
https://doi.org/10.1080/16506073.2015.1005660
https://doi.org/10.1521/ijct.2009.2.2.107
https://doi.org/10.1016/S0272-7358(02)00232-5
https://www.ncbi.nlm.nih.gov/pubmed/12559996
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_516_18
https://www.ncbi.nlm.nih.gov/pubmed/30745681
https://doi.org/10.1016/j.cpr.2016.07.001
https://www.ncbi.nlm.nih.gov/pubmed/27521505
https://doi.org/10.1037/cps0000133
https://doi.org/10.1007/s10567-019-00296-y
https://doi.org/10.1016/j.cpr.2015.06.003
https://www.ncbi.nlm.nih.gov/pubmed/26117062
https://doi.org/10.1016/j.cpr.2008.07.001
https://www.ncbi.nlm.nih.gov/pubmed/18701199
https://doi.org/10.1111/j.2044-8260.1997.tb01226.x
https://www.ncbi.nlm.nih.gov/pubmed/9051274
https://doi.org/10.1016/j.cpr.2015.10.001
https://www.ncbi.nlm.nih.gov/pubmed/26494179
https://doi.org/10.1155/1993/574872
https://www.ncbi.nlm.nih.gov/pubmed/24487107
https://doi.org/10.1016/0005-7967(84)90053-6
https://www.ncbi.nlm.nih.gov/pubmed/6508701
https://doi.org/10.1037/0894-4105.14.1.141
https://www.ncbi.nlm.nih.gov/pubmed/10674806
https://doi.org/10.1192/bjp.130.2.177
https://www.ncbi.nlm.nih.gov/pubmed/837037
https://doi.org/10.1016/0005-7967(83)90004-9
https://www.ncbi.nlm.nih.gov/pubmed/6626107
https://doi.org/10.1037/0033-295X.88.1.67
https://doi.org/10.1111/j.1600-0447.1990.tb03059.x
https://www.ncbi.nlm.nih.gov/pubmed/2248050
https://doi.org/10.1016/j.brat.2007.11.001
https://www.ncbi.nlm.nih.gov/pubmed/18076865
https://doi.org/10.1037/abn0000660
https://www.ncbi.nlm.nih.gov/pubmed/34180700
https://doi.org/10.1037/abn0000793
https://www.ncbi.nlm.nih.gov/pubmed/37141021
https://doi.org/10.1177/2167702618756069


J. Clin. Med. 2024, 13, 4629 19 of 24

41. Eve, Z.; Turner, M.; Di Basilio, D.; Harkin, B.; Yates, A.; Persson, S.; Henry, J.; Williams, A.; Walton, G.; Jones, M.V.; et al.
Therapeutic games to reduce anxiety and depression in young people: A systematic review and exploratory meta-analysis of
their use and effectiveness. Clin. Psychol. Psychother. 2024, 31, e2938. [CrossRef] [PubMed]

42. Viechtbauer, W. Conducting meta-analyses in R with the metafor package. J. Stat. Softw. 2010, 36, 1–48. [CrossRef]
43. Harkin, B.; Kessler, K. The role of working memory in compulsive checking and OCD: A systematic classification of 58

experimental findings. Clin. Psychol. Rev. 2011, 31, 1004–1021. [CrossRef] [PubMed]
44. Ouimet, A.J.; Ashbaugh, A.R.; Radomsky, A.S. Hoping for more: How cognitive science has and hasn’t been helpful to the OCD

clinician. Clin. Psychol. Rev. 2019, 69, 14–29. [CrossRef] [PubMed]
45. Airaksinen, E.; Larsson, M.; Forsell, Y. Neuropsychological functions in anxiety disorders in population-based samples: Evidence

of episodic memory dysfunction. J. Psychiatr. Res. 2005, 39, 207–214. [CrossRef] [PubMed]
46. Ansari, Z.; Shahabi, R. Cognitive Profile of Individuals With Obsessive-Compulsive Tendencies. Am. J. Psychol. 2018, 131, 81–89.

[CrossRef]
47. Borges, M.C.; Braga, D.T.; Iego, S.; D’Alcante, C.C.; Sidrim, I.; Machado, M.C.; Pinto, P.S.; Cordioli, A.V.; do Rosario, M.C.; Petribu,

K.; et al. Cognitive dysfunction in post-traumatic Obsessive-Compulsive Disorder. Aust. N. Z. J. Psychiatry 2011, 45, 76–85.
[CrossRef] [PubMed]

48. Cuttler, C.; Graf, P. Sub-clinical compulsive checkers’ prospective memory is impaired. J. Anxiety Disord. 2007, 21, 338–352.
[CrossRef] [PubMed]

49. Deckersbach, T.; Otto, M.W.; Savage, C.R.; Baer, L.; Jenike, M.A. The relationship between semantic organization and memory in
obsessive-compulsive disorder. Psychother. Psychosom. 2000, 69, 101–107. [CrossRef] [PubMed]

50. Mataix-Cols, D.; Junque, C.; Sanchez-Turet, M.; Vallejo, J.; Verger, K.; Barrios, M. Neuropsychological functioning in a subclinical
obsessive-compulsive sample. Biol. Psychiatry 1999, 45, 898–904. [CrossRef] [PubMed]

51. Nakao, T.; Nakagawa, A.; Nakatani, E.; Nabeyama, M.; Sanematsu, H.; Yoshiura, T.; Togao, O.; Tomita, M.; Masuda, Y.; Yoshioka,
K.; et al. Working memory dysfunction in obsessive-compulsive disorder: A neuropsychological and functional MRI study. J.
Psychiatr. Res. 2009, 43, 784–791. [CrossRef] [PubMed]

52. Zitterl, W.; Urban, C.; Linzmayer, L.; Aigner, M.; Demal, U.; Semler, B.; Zitterl-Eglseer, K. Memory deficits in patients with
DSM-IV obsessive-compulsive disorder. Psychopathology 2001, 34, 113–117. [CrossRef] [PubMed]

53. MacDonald, P.A.; Antony, M.M.; Macleod, C.M.; Richter, M.A. Memory and confidence in memory judgements among individuals
with obsessive compulsive disorder and non-clinical controls. Behav. Res. Ther. 1997, 35, 497–505. [CrossRef] [PubMed]

54. McNally, R.J.; Kohlbeck, P.A. Reality monitoring in obsessive-compulsive disorder. Behav. Res. Ther. 1993, 31, 249–253. [CrossRef]
[PubMed]

55. Tuna, S.; Tekcan, A.I.; Topcuoglu, V. Memory and metamemory in obsessive-compulsive disorder. Behav. Res. Ther. 2005, 43,
15–27. [CrossRef] [PubMed]

56. Henseler, I.; Gruber, O.; Kraft, S.; Krick, C.; Reith, W.; Falkai, P. Compensatory hyperactivations as markers of latent working
memory dysfunctions in patients with obsessive-compulsive disorder: An fMRI study. J. Psychiatry Neurosci. 2008, 33, 209–215.
[PubMed]

57. Ciesielski, K.T.; Hamalainen, M.S.; Geller, D.A.; Wilhelm, S.; Goldsmith, T.E.; Ahlfors, S.P. Dissociation between MEG alpha
modulation and performance accuracy on visual working memory task in obsessive compulsive disorder. Hum. Brain Mapp. 2007,
28, 1401–1414. [CrossRef] [PubMed]

58. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef]
59. Diamond, A. Executive functions. Handb. Clin. Neurol. 2020, 173, 225–240. [CrossRef] [PubMed]
60. Wolters, G.; Raffone, A. Coherence and recurrency: Maintenance, control and integration in working memory. Cogn. Process. 2008,

9, 1–17. [CrossRef]
61. Fougnie, D.; Marois, R. Attentive tracking disrupts feature binding in visual working memory. Vis. Cogn. 2009, 17, 48–66.

[CrossRef]
62. Smith, E.E.; Jonides, J. Storage and executive processes in the frontal lobes. Science 1999, 283, 1657–1661. [CrossRef]
63. Baddeley, A. The episodic buffer: A new component of working memory? Trends Cogn. Sci. 2000, 4, 417–423. [CrossRef] [PubMed]
64. Baddeley, A.; Allen, R.J.; Hitch, G.J. Investigating the episodic buffer. Psychol. Belg. 2010, 50, 223–243. [CrossRef]
65. Allen, R.J.; Baddeley, A.D.; Hitch, G.J. Is the binding of visual features in working memory resource-demanding? J. Exp.

Psychol.-Gen. 2006, 135, 298–313. [CrossRef] [PubMed]
66. Baddeley, A. Working Memory; Clarendon Press: Oxford, UK, 1986.
67. Harkin, B.; Kessler, K. How checking breeds doubt: Reduced performance in a simple working memory task. Behav. Res. Ther.

2009, 47, 504–512. [CrossRef] [PubMed]
68. Harkin, B.; Kessler, K. How checking as a cognitive style influences working memory performance. Appl. Cogn. Psychol. 2011, 25,

219–228. [CrossRef]
69. Harkin, B.; Miellet, S.; Kessler, K. What checkers actually check: An eye tracking study of working memory and executive control.

PLoS ONE 2012, 7, e44689. [CrossRef] [PubMed]
70. Harkin, B.; Rutherford, H.; Kessler, K. Impaired executive functioning in subclinical compulsive checking with ecologically valid

stimuli in a working memory task. Front. Psychol. 2011, 2, 78. [CrossRef] [PubMed]

https://doi.org/10.1002/cpp.2938
https://www.ncbi.nlm.nih.gov/pubmed/38016487
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1016/j.cpr.2011.06.004
https://www.ncbi.nlm.nih.gov/pubmed/21741340
https://doi.org/10.1016/j.cpr.2018.04.003
https://www.ncbi.nlm.nih.gov/pubmed/29673581
https://doi.org/10.1016/j.jpsychires.2004.06.001
https://www.ncbi.nlm.nih.gov/pubmed/15589570
https://doi.org/10.5406/amerjpsyc.131.1.0081
https://doi.org/10.3109/00048674.2010.527822
https://www.ncbi.nlm.nih.gov/pubmed/21174503
https://doi.org/10.1016/j.janxdis.2006.06.001
https://www.ncbi.nlm.nih.gov/pubmed/16860532
https://doi.org/10.1159/000012373
https://www.ncbi.nlm.nih.gov/pubmed/10671831
https://doi.org/10.1016/S0006-3223(98)00260-1
https://www.ncbi.nlm.nih.gov/pubmed/10202578
https://doi.org/10.1016/j.jpsychires.2008.10.013
https://www.ncbi.nlm.nih.gov/pubmed/19081580
https://doi.org/10.1159/000049292
https://www.ncbi.nlm.nih.gov/pubmed/11316955
https://doi.org/10.1016/S0005-7967(97)00013-2
https://www.ncbi.nlm.nih.gov/pubmed/9159973
https://doi.org/10.1016/0005-7967(93)90023-N
https://www.ncbi.nlm.nih.gov/pubmed/8476399
https://doi.org/10.1016/j.brat.2003.11.001
https://www.ncbi.nlm.nih.gov/pubmed/15531350
https://www.ncbi.nlm.nih.gov/pubmed/18592040
https://doi.org/10.1002/hbm.20365
https://www.ncbi.nlm.nih.gov/pubmed/17370341
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/b978-0-444-64150-2.00020-4
https://www.ncbi.nlm.nih.gov/pubmed/32958176
https://doi.org/10.1007/s10339-007-0185-8
https://doi.org/10.1080/13506280802281337
https://doi.org/10.1126/science.283.5408.1657
https://doi.org/10.1016/S1364-6613(00)01538-2
https://www.ncbi.nlm.nih.gov/pubmed/11058819
https://doi.org/10.5334/pb-50-3-4-223
https://doi.org/10.1037/0096-3445.135.2.298
https://www.ncbi.nlm.nih.gov/pubmed/16719655
https://doi.org/10.1016/j.brat.2009.03.002
https://www.ncbi.nlm.nih.gov/pubmed/19345339
https://doi.org/10.1002/acp.1666
https://doi.org/10.1371/journal.pone.0044689
https://www.ncbi.nlm.nih.gov/pubmed/23049755
https://doi.org/10.3389/fpsyg.2011.00078
https://www.ncbi.nlm.nih.gov/pubmed/21687449


J. Clin. Med. 2024, 13, 4629 20 of 24

71. van der Wee, N.J.; Ramsey, N.F.; Jansma, J.M.; Denys, D.A.; van Megen, H.J.; Westenberg, H.M.; Kahn, R.S. Spatial working
memory deficits in obsessive compulsive disorder are associated with excessive engagement of the medial frontal cortex.
Neuroimage 2003, 20, 2271–2280. [CrossRef] [PubMed]

72. van der Wee, N.J.; Ramsey, N.F.; van Megen, H.J.; Denys, D.; Westenberg, H.G.; Kahn, R.S. Spatial working memory in obsessive-
compulsive disorder improves with clinical response: A functional MRI study. Eur. Neuropsychopharmacol. 2007, 17, 16–23.
[CrossRef] [PubMed]

73. Snyder, H.R.; Kaiser, R.H.; Warren, S.L.; Heller, W. Obsessive-compulsive disorder is associated with broad impairments in
executive function: A meta-analysis. Clin. Psychol. Sci. 2015, 3, 301–330. [CrossRef] [PubMed]

74. Cha, K.R.; Koo, M.S.; Kim, C.H.; Kim, J.W.; Oh, W.J.; Suh, H.S.; Lee, H.S. Nonverbal memory dysfunction in obsessive-compulsive
disorder patients with checking compulsions. Depress. Anxiety 2008, 25, E115–E120. [CrossRef] [PubMed]

75. Exner, C.; Martin, V.; Rief, W. Self-focused ruminations and memory deficits in Obsessive-Compulsive Disorder. Cognit. Ther. Res.
2009, 33, 163–174. [CrossRef]

76. Omori, I.M.; Murata, Y.; Yamanishi, T.; Nakaaki, S.; Akechi, T.; Mikuni, M.; Furukawa, T.A. The differential impact of executive
attention dysfunction on episodic memory in obsessive-compulsive disorder patients with checking symptoms vs. those with
washing symptoms. J. Psychiatr. Res. 2007, 41, 776–784. [CrossRef] [PubMed]

77. Tawfik, G.M.; Dila, K.A.S.; Mohamed, M.Y.F.; Tam, D.N.H.; Kien, N.D.; Ahmed, A.M.; Huy, N.T. A step by step guide for
conducting a systematic review and meta-analysis with simulation data. Trop. Med. Health 2019, 47, 46. [CrossRef] [PubMed]

78. Schmidt, F.L.; Hunter, J.E. Methods of Meta-Analysis: Correcting Error and Bias in Research Findings, 3rd ed.; SAGE Publications:
Thousand Oaks, CA, USA, 2015. [CrossRef]

79. Ahn, E.; Kang, H. Introduction to systematic review and meta-analysis. Korean J. Anesthesiol. 2018, 71, 103–112. [CrossRef]
[PubMed]

80. Haidich, A.B. Meta-analysis in medical research. Hippokratia 2010, 14, 29–37. [PubMed]
81. Hedges, L.V.; Olkin, I. CHAPTER 5—Estimation of a Single Effect Size: Parametric and Nonparametric Methods. In Statistical

Methods for Meta-Analysis; Hedges, L.V., Olkin, I., Eds.; Academic Press: San Diego, CA, USA, 1985; pp. 75–106.
82. Assink, M.; Wibbelink, C.J.M. Fitting three-level meta-analytic models in R: A step-by-step tutorial. Quant. Methods Psychol. 2016,

12, 154–174. [CrossRef]
83. Hox, J.J. Multilevel Analysis: Techniques and Applications, 2nd ed.; Routledge/Taylor & Francis Group: New York, NY, USA, 2010.
84. Cheung, M.W.L. Modeling dependent effect sizes with three-level meta-analyses: A structural equation modeling approach.

Psychol. Methods 2014, 19, 211–229. [CrossRef] [PubMed]
85. Rosenthal, R. Meta-Analytic Procedures for Social Science Research Sage Publications: Beverly Hills, 1984, 148 pp. Educ. Res. 1986, 15,

18–20.
86. Rosenthal, R. Meta-Analytic Procedures for Social Research; SAGE Publications: Thousand Oaks, CA, USA, 1991. [CrossRef]
87. Van den Noortgate, W.; López-López, J.A.; Marín-Martínez, F.; Sánchez-Meca, J. Three-level meta-analysis of dependent effect

sizes. Behav. Res. Methods 2013, 45, 576–594. [CrossRef]
88. Thompson, S.G.; Higgins, J.P. How should meta-regression analyses be undertaken and interpreted? Stat. Med. 2002, 21,

1559–1573. [CrossRef] [PubMed]
89. Wang, M.C.; Bushman, B.J. Integrating Results Through Meta-Analytic Review Using SAS Software; SAS Institute: London, UK, 2007.
90. Agresti, A. Categorical Data Analysis, 3rd ed.; John Wiley & Sons: Hoboken, NJ, USA, 2013.
91. Shin, M.S.; Park, S.J.; Kim, M.S.; Lee, Y.H.; Ha, T.H.; Kwon, J.S. Deficits of organizational strategy and visual memory in

obsessive-compulsive disorder. Neuropsychology 2004, 18, 665–672. [CrossRef] [PubMed]
92. Fradkin, I.; Adams, R.A.; Parr, T.; Roiser, J.P.; Huppert, J.D. Searching for an anchor in an unpredictable world: A computational

model of obsessive compulsive disorder. Psychol. Rev. 2020, 127, 672–699. [CrossRef] [PubMed]
93. Kalanthroff, E.; Wheaton, M.G. An Integrative Model for Understanding Obsessive-Compulsive Disorder: Merging Cognitive

Behavioral Theory with Insights from Clinical Neuroscience. J. Clin. Med. 2022, 11, 7379. [CrossRef] [PubMed]
94. Mataix-Cols, D.; Rosario-Campos, M.C.; Leckman, J.F. A multidimensional model of obsessive-compulsive disorder. Am. J.

Psychiatry 2005, 162, 228–238. [CrossRef] [PubMed]
95. Shafran, R. Cognitive-Behavioral Models of OCD. In Concepts and Controversies in Obsessive-Compulsive Disorder; Abramowitz, J.S.,

Houts, A.C., Eds.; Springer: Boston, MA, USA, 2005; pp. 229–260.
96. Lehto, J.E.; Juujärvi, P.; Kooistra, L.; Pulkkinen, L. Dimensions of executive functioning: Evidence from children. Br. J. Dev.

Psychol. 2003, 21, 59–80. [CrossRef]
97. Snyder, H.R.; Miyake, A.; Hankin, B.L. Advancing understanding of executive function impairments and psychopathology:

Bridging the gap between clinical and cognitive approaches. Front. Psychol. 2015, 6, 328. [CrossRef] [PubMed]
98. O’Reilly, R.C.; Frank, M.J. Making working memory work: A computational model of learning in the prefrontal cortex and basal

ganglia. Neural Comput. 2006, 18, 283–328. [CrossRef] [PubMed]
99. O’Reilly, R.C. Biologically Based Computational Models of High-Level Cognition. Science 2006, 314, 91–94. [CrossRef] [PubMed]
100. Koechlin, E.; Ody, C.; Kouneiher, F. The architecture of cognitive control in the human prefrontal cortex. Science 2003, 302,

1181–1185. [CrossRef] [PubMed]
101. Dupuy, M.; Rouillon, F.; Bungener, C. The role of inhibition in obsessional-compulsive disorders. Enceph.-Rev. Psychiatr. Clin. Biol.

Ther. 2013, 39, 44–50. [CrossRef]

https://doi.org/10.1016/j.neuroimage.2003.05.001
https://www.ncbi.nlm.nih.gov/pubmed/14683728
https://doi.org/10.1016/j.euroneuro.2006.04.012
https://www.ncbi.nlm.nih.gov/pubmed/16797166
https://doi.org/10.1177/2167702614534210
https://www.ncbi.nlm.nih.gov/pubmed/25755918
https://doi.org/10.1002/da.20377
https://www.ncbi.nlm.nih.gov/pubmed/17932960
https://doi.org/10.1007/s10608-007-9162-x
https://doi.org/10.1016/j.jpsychires.2006.05.005
https://www.ncbi.nlm.nih.gov/pubmed/16824544
https://doi.org/10.1186/s41182-019-0165-6
https://www.ncbi.nlm.nih.gov/pubmed/31388330
https://doi.org/10.4135/9781483398105
https://doi.org/10.4097/kjae.2018.71.2.103
https://www.ncbi.nlm.nih.gov/pubmed/29619782
https://www.ncbi.nlm.nih.gov/pubmed/21487488
https://doi.org/10.20982/tqmp.12.3.p154
https://doi.org/10.1037/a0032968
https://www.ncbi.nlm.nih.gov/pubmed/23834422
https://doi.org/10.4135/9781412984997
https://doi.org/10.3758/s13428-012-0261-6
https://doi.org/10.1002/sim.1187
https://www.ncbi.nlm.nih.gov/pubmed/12111920
https://doi.org/10.1037/0894-4105.18.4.665
https://www.ncbi.nlm.nih.gov/pubmed/15506834
https://doi.org/10.1037/rev0000188
https://www.ncbi.nlm.nih.gov/pubmed/32105115
https://doi.org/10.3390/jcm11247379
https://www.ncbi.nlm.nih.gov/pubmed/36555995
https://doi.org/10.1176/appi.ajp.162.2.228
https://www.ncbi.nlm.nih.gov/pubmed/15677583
https://doi.org/10.1348/026151003321164627
https://doi.org/10.3389/fpsyg.2015.00328
https://www.ncbi.nlm.nih.gov/pubmed/25859234
https://doi.org/10.1162/089976606775093909
https://www.ncbi.nlm.nih.gov/pubmed/16378516
https://doi.org/10.1126/science.1127242
https://www.ncbi.nlm.nih.gov/pubmed/17023651
https://doi.org/10.1126/science.1088545
https://www.ncbi.nlm.nih.gov/pubmed/14615530
https://doi.org/10.1016/j.encep.2012.06.016


J. Clin. Med. 2024, 13, 4629 21 of 24

102. Heinzel, S.; Kaufmann, C.; Grutzmann, R.; Hummel, R.; Klawohn, J.; Riesel, A.; Bey, K.; Lennertz, L.; Wagner, M.; Kathmann,
N. Neural correlates of working memory deficits and associations to response inhibition in obsessive compulsive disorder.
Neuroimage Clin. 2018, 17, 426–434. [CrossRef] [PubMed]

103. Hybel, K.A.; Mortensen, E.L.; Lambek, R.; Thastum, M.; Thomsen, P.H. Cool and hot aspects of executive function in childhood
Obsessive-Compulsive Disorder. J. Abnorm. Child Psychol. 2017, 45, 1195–1205. [CrossRef] [PubMed]

104. Mataix-Cols, D.; Alonso, P.; Hernandez, R.; Deckersbach, T.; Savage, C.R.; Manuel Menchon, J.; Vallejo, J. Relation of neurological
soft signs to nonverbal memory performance in obsessive-compulsive disorder. J. Clin. Exp. Neuropsychol. 2003, 25, 842–851.
[CrossRef] [PubMed]

105. Desimone, R.; Duncan, J. Neural mechanisms of selective visual attention. Annu. Rev. Neurosci. 1995, 18, 193–222. [CrossRef]
[PubMed]

106. Awh, E.; Vogel, E.K.; Oh, S.H. Interactions between attention and working memory. Neuroscience 2006, 139, 201–208. [CrossRef]
[PubMed]

107. Jolicoeur, P. Concurrent response-selection demands modulate the attentional blink. J. Exp. Psychol. Hum. Percept. Perform. 1999,
25, 1097–1113. [CrossRef]

108. Fahrenfort, J.J.; van Leeuwen, J.; Olivers, C.N.L.; Hogendoorn, H. Perceptual integration without conscious access. Proc. Natl.
Acad. Sci. USA 2017, 114, 3744–3749. [CrossRef] [PubMed]

109. Harting, C.; Markowitsch, H.J. Neuropsychological results in obsessive-compulsive disorder. Fortschritte Neurol. Psychiatr. 1997,
65, 509–515. [CrossRef]

110. Moritz, S.; Wendt, M. Processing of local and global visual features in obsessive-compulsive disorder. J. Int. Neuropsychol. Soc.
2006, 12, 566–569. [CrossRef] [PubMed]

111. Corbetta, M.; Shulman, G.L. Control of goal-directed and stimulus-driven attention in the brain. Nat. Rev. Neurosci. 2002, 3,
201–215. [CrossRef] [PubMed]

112. Foa, E.B.; Amir, N.; Gershuny, B.; Molnar, C.; Kozak, M.J. Implicit and explicit memory in obsessive-compulsive disorder. J.
Anxiety Disord. 1997, 11, 119–129. [CrossRef] [PubMed]

113. Friedman, N.P.; Miyake, A.; Corley, R.P.; Young, S.E.; DeFries, J.C.; Hewitt, J.K. Not all executive functions are related to
intelligence. Psychol. Sci. 2006, 17, 172–179. [CrossRef] [PubMed]

114. Miyake, A.; Friedman, N.P.; Emerson, M.J.; Witzki, A.H.; Howerter, A.; Wager, T.D. The unity and diversity of executive functions
and their contributions to complex “frontal lobe” tasks: A latent variable analysis. Cogn. Psychol. 2000, 41, 49–100. [CrossRef]
[PubMed]

115. Miyake, A.; Shah, P. Models of Working Memory: Mechanisms of Active Maintenance and Executive Control; Cambridge University
Press: New York, NY, USA, 1999.

116. Podoly, T.Y.; Ben-Sasson, A. Sensory Habituation as a Shared Mechanism for Sensory Over-Responsivity and Obsessive–
Compulsive Symptoms. Front. Integr. Neurosci. 2020, 14, 17. [CrossRef] [PubMed]

117. Prado, H.S.; Rosário, M.C.; Lee, J.; Hounie, A.G.; Shavitt, R.G.; Miguel, E.C. Sensory phenomena in obsessive-compulsive disorder
and tic disorders: A review of the literature. CNS Spectr. 2008, 13, 425–432. [CrossRef] [PubMed]

118. Nyberg, L.; Eriksson, J. Working Memory: Maintenance, Updating, and the Realization of Intentions. Cold Spring Harb. Perspect.
Biol. 2015, 8, a021816. [CrossRef] [PubMed]

119. Rac-Lubashevsky, R.; Slagter, H.A.; Kessler, Y. Tracking Real-Time Changes in Working Memory Updating and Gating with the
Event-Based Eye-Blink Rate. Sci. Rep. 2017, 7, 2547. [CrossRef] [PubMed]

120. Cromwell, H.C.; Mears, R.P.; Wan, L.; Boutros, N.N. Sensory gating: A translational effort from basic to clinical science. Clin. EEG
Neurosci. 2008, 39, 69–72. [CrossRef]

121. Wilson, D.A. 4.38—Olfactory Cortex. In The Senses: A Comprehensive Reference; Masland, R.H., Albright, T.D., Albright, T.D.,
Masland, R.H., Dallos, P., Oertel, D., Firestein, S., Beauchamp, G.K., Catherine Bushnell, M., Basbaum, A.I., et al., Eds.; Academic
Press: New York, NY, USA, 2008; pp. 687–706.

122. van den Buuse, M. Pre-pulse Inhibition. In Encyclopedia of Stress, 2nd ed.; Fink, G., Ed.; Academic Press: New York, NY, USA,
2007; pp. 180–183.

123. Swerdlow, N.R.; Benbow, C.H.; Zisook, S.; Geyer, M.A.; Braff, D.L. A preliminary assessment of sensorimotor gating in patients
with obsessive compulsive disorder. Biol. Psychiatry 1993, 33, 298–301. [CrossRef] [PubMed]

124. Hoenig, K.; Hochrein, A.; Quednow, B.B.; Maier, W.; Wagner, M. Impaired prepulse inhibition of acoustic startle in obsessive-
compulsive disorder. Biol. Psychiatry 2005, 57, 1153–1158. [CrossRef] [PubMed]

125. Chatham, C.H.; Badre, D. Multiple gates on working memory. Curr. Opin. Behav. Sci. 2015, 1, 23–31. [CrossRef]
126. Cowan, N. Metatheory of storage capacity limits. Behav. Brain Sci. 2001, 24, 154–176. [CrossRef]
127. Kessler, Y. The Role of Working Memory Gating in Task Switching: A Procedural Version of the Reference-Back Paradigm. Front.

Psychol. 2017, 8, 2260. [CrossRef] [PubMed]
128. D’Ardenne, K.; Eshel, N.; Luka, J.; Lenartowicz, A.; Nystrom, L.; Cohen, J. Role of prefrontal cortex and the midbrain dopamine

system in working memory updating. Proc. Natl. Acad. Sci. USA 2012, 109, 19900–19909. [CrossRef] [PubMed]
129. Dipoppa, M.; Szwed, M.; Gutkin, B.S. Controlling Working Memory Operations by Selective Gating: The Roles of Oscillations

and Synchrony. Adv. Cogn. Psychol. 2016, 12, 209–232. [CrossRef] [PubMed]

https://doi.org/10.1016/j.nicl.2017.10.039
https://www.ncbi.nlm.nih.gov/pubmed/29159055
https://doi.org/10.1007/s10802-016-0229-6
https://www.ncbi.nlm.nih.gov/pubmed/27838893
https://doi.org/10.1076/jcen.25.6.842.16470
https://www.ncbi.nlm.nih.gov/pubmed/13680461
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://www.ncbi.nlm.nih.gov/pubmed/7605061
https://doi.org/10.1016/j.neuroscience.2005.08.023
https://www.ncbi.nlm.nih.gov/pubmed/16324792
https://doi.org/10.1037/0096-1523.25.4.1097
https://doi.org/10.1073/pnas.1617268114
https://www.ncbi.nlm.nih.gov/pubmed/28325878
https://doi.org/10.1055/s-2007-996357
https://doi.org/10.1017/S1355617706060577
https://www.ncbi.nlm.nih.gov/pubmed/16981609
https://doi.org/10.1038/nrn755
https://www.ncbi.nlm.nih.gov/pubmed/11994752
https://doi.org/10.1016/S0887-6185(97)00001-7
https://www.ncbi.nlm.nih.gov/pubmed/9168337
https://doi.org/10.1111/j.1467-9280.2006.01681.x
https://www.ncbi.nlm.nih.gov/pubmed/16466426
https://doi.org/10.1006/cogp.1999.0734
https://www.ncbi.nlm.nih.gov/pubmed/10945922
https://doi.org/10.3389/fnint.2020.00017
https://www.ncbi.nlm.nih.gov/pubmed/32317944
https://doi.org/10.1017/S1092852900016606
https://www.ncbi.nlm.nih.gov/pubmed/18496480
https://doi.org/10.1101/cshperspect.a021816
https://www.ncbi.nlm.nih.gov/pubmed/26637287
https://doi.org/10.1038/s41598-017-02942-3
https://www.ncbi.nlm.nih.gov/pubmed/28566762
https://doi.org/10.1177/155005940803900209
https://doi.org/10.1016/0006-3223(93)90300-3
https://www.ncbi.nlm.nih.gov/pubmed/8471686
https://doi.org/10.1016/j.biopsych.2005.01.040
https://www.ncbi.nlm.nih.gov/pubmed/15866555
https://doi.org/10.1016/j.cobeha.2014.08.001
https://doi.org/10.1017/S0140525X0161392X
https://doi.org/10.3389/fpsyg.2017.02260
https://www.ncbi.nlm.nih.gov/pubmed/29312095
https://doi.org/10.1073/pnas.1116727109
https://www.ncbi.nlm.nih.gov/pubmed/23086162
https://doi.org/10.5709/acp-0199-x
https://www.ncbi.nlm.nih.gov/pubmed/28154616


J. Clin. Med. 2024, 13, 4629 22 of 24

130. Amir, N.; Cobb, M.; Morrison, A.S. Threat processing in obsessive-compulsive disorder: Evidence from a modified negative
priming task. Behav. Res. Ther. 2008, 46, 728–736. [CrossRef] [PubMed]

131. Tolin, D.F.; Abramowitz, J.S.; Brigidi, B.D.; Amir, N.; Street, G.P.; Foa, E.B. Memory and memory confidence in obsessive-
compulsive disorder. Behav. Res. Ther. 2001, 39, 913–927. [CrossRef] [PubMed]

132. van den Hout, M.; Kindt, M. Repeated checking causes memory distrust. Behav. Res. Ther. 2003, 41, 301–316. [CrossRef]
133. Harkin, B.; Mayes, G. Implicit awareness of ambiguity: A role in the development of obsessive-compulsive disorder. Behav. Res.

Ther. 2008, 46, 861–869. [CrossRef] [PubMed]
134. Pasquini, M.; Piacentino, D.; Berardelli, I.; Roselli, V.; Maraone, A.; Tarsitani, L.; Biondi, M. Fatigue Experiences Among OCD

Outpatients. Psychiatr. Q. 2015, 86, 615–624. [CrossRef] [PubMed]
135. Abramowitz, J.S. The Psychological Treatment of Obsessive—Compulsive Disorder. Can. J. Psychiatry 2006, 51, 407–416. [CrossRef]

[PubMed]
136. Doebel, S.; Zelazo, P.D. A meta-analysis of the Dimensional Change Card Sort: Implications for developmental theories and the

measurement of executive function in children. Dev. Rev. 2015, 38, 241–268. [CrossRef] [PubMed]
137. Daniel, T.C.; Toglia, M.P. Recognition gradients for random shapes following distinctive or equivalent verbal association training.

J. Exp. Psychol. Hum. Learn. 1976, 2, 467–474. [CrossRef] [PubMed]
138. Verhaeghen, P.; Palfai, T.; Johnson, M.P. Verbal labeling as an assimilation mnemonic for abstract visual stimuli: The sample case

of recognition memory for Chinese characters. Mem. Cognit. 2006, 34, 795–803. [CrossRef] [PubMed]
139. Müller, U.; Zelazo, P.D.; Hood, S.; Leone, T.; Rohrer, L. Interference control in a new rule use task: Age-related changes, labeling,

and attention. Child Dev. 2004, 75, 1594–1609. [CrossRef] [PubMed]
140. Kray, J.; Eber, J.; Lindenberger, U. Age differences in executive functioning across the lifespan: The role of verbalization in task

preparation. Acta Psychol. 2004, 115, 143–165. [CrossRef] [PubMed]
141. Kray, J.; Eber, J.; Karbach, J. Verbal self-instructions in task switching: A compensatory tool for action-control deficits in childhood

and old age? Dev. Sci. 2008, 11, 223–236. [CrossRef] [PubMed]
142. Bhandari, A.; Badre, D. Learning and transfer of working memory gating policies. Cognition 2018, 172, 89–100. [CrossRef]

[PubMed]
143. Frank, M.J.; Badre, D. Mechanisms of hierarchical reinforcement learning in corticostriatal circuits 1: Computational analysis.

Cereb. Cortex 2012, 22, 509–526. [CrossRef]
144. Sabah, K.; Meiran, N.; Dreisbach, G. Examining the Trainability and Transferability of Working-Memory Gating Policies. J. Cogn.

Enhanc. 2021, 5, 330–342. [CrossRef]
145. MacLeod, C.; Clarke, P.J.F. The Attentional Bias Modification Approach to Anxiety Intervention. Clin. Psychol. Sci. 2015, 3, 58–78.

[CrossRef]
146. Rouel, M.; Smith, E. Attentional Bias and Its Modification in Contamination OCD Symptomatology. Cognit. Ther. Res. 2018, 42,

686–698. [CrossRef]
147. Enock, P.M.; Hofmann, S.G.; McNally, R.J. Attention Bias Modification Training Via Smartphone to Reduce Social Anxiety: A

Randomized, Controlled Multi-Session Experiment. Cognit. Ther. Res. 2014, 38, 200–216. [CrossRef]
148. Bagherzadeh, Y.; Khorrami, A.; Zarrindast, M.R.; Shariat, S.V.; Pantazis, D. Repetitive transcranial magnetic stimulation of the

dorsolateral prefrontal cortex enhances working memory. Exp. Brain Res. 2016, 234, 1807–1818. [CrossRef] [PubMed]
149. Brunoni, A.R.; Vanderhasselt, M.A. Working memory improvement with non-invasive brain stimulation of the dorsolateral

prefrontal cortex: A systematic review and meta-analysis. Brain Cogn. 2014, 86, 1–9. [CrossRef] [PubMed]
150. Julien, D.; O’Connor, K.P.; Aardema, F. Intrusive thoughts, obsessions, and appraisals in obsessive-compulsive disorder: A critical

review. Clin. Psychol. Rev. 2007, 27, 366–383. [CrossRef] [PubMed]
151. Rachman, S. Unwanted intrusive images in obsessive compulsive disorders. J. Behav. Ther. Exp. Psychiatry 2007, 38, 402–410.

[CrossRef] [PubMed]
152. Grenier, S.; O’Connor, K.; Belanger, C. Obsessional beliefs, compulsive behaviours and symptom severity: Their evolution and

interrelation over stages of treatment. Clin. Psychol. Psychother. 2008, 15, 15–27. [CrossRef] [PubMed]
153. Irak, M.; Flament, M.F. Attention in sub-clinical obsessive-compulsive checkers. J. Anxiety Disord. 2009, 23, 320–326. [CrossRef]

[PubMed]
154. Gruner, P.; Pittenger, C. Cognitive inflexibility in Obsessive-Compulsive Disorder. Neuroscience 2017, 345, 243–255. [CrossRef]

[PubMed]
155. Mirabella, G. Inhibitory control and impulsive responses in neurodevelopmental disorders. Dev. Med. Child Neurol. 2021, 63,

520–526. [CrossRef] [PubMed]
156. Bari, A.; Robbins, T.W. Inhibition and impulsivity: Behavioral and neural basis of response control. Prog. Neurobiol. 2013, 108,

44–79. [CrossRef]
157. Mancini, C.; Cardona, F.; Baglioni, V.; Panunzi, S.; Pantano, P.; Suppa, A.; Mirabella, G. Inhibition is impaired in children with

obsessive-compulsive symptoms but not in those with tics. Mov. Disord. 2018, 33, 950–959. [CrossRef] [PubMed]
158. Mirabella, G.; Mancini, C.; Valente, F.; Cardona, F. Children with primary complex motor stereotypies show impaired reactive but

not proactive inhibition. Cortex 2020, 124, 250–259. [CrossRef] [PubMed]

https://doi.org/10.1016/j.brat.2008.03.001
https://www.ncbi.nlm.nih.gov/pubmed/18433731
https://doi.org/10.1016/S0005-7967(00)00064-4
https://www.ncbi.nlm.nih.gov/pubmed/11480832
https://doi.org/10.1016/S0005-7967(02)00012-8
https://doi.org/10.1016/j.brat.2008.03.009
https://www.ncbi.nlm.nih.gov/pubmed/18457814
https://doi.org/10.1007/s11126-015-9357-3
https://www.ncbi.nlm.nih.gov/pubmed/25814268
https://doi.org/10.1177/070674370605100702
https://www.ncbi.nlm.nih.gov/pubmed/16838822
https://doi.org/10.1016/j.dr.2015.09.001
https://www.ncbi.nlm.nih.gov/pubmed/26955206
https://doi.org/10.1037/0278-7393.2.4.467
https://www.ncbi.nlm.nih.gov/pubmed/932652
https://doi.org/10.3758/BF03193427
https://www.ncbi.nlm.nih.gov/pubmed/17063911
https://doi.org/10.1111/j.1467-8624.2004.00759.x
https://www.ncbi.nlm.nih.gov/pubmed/15369533
https://doi.org/10.1016/j.actpsy.2003.12.001
https://www.ncbi.nlm.nih.gov/pubmed/14962398
https://doi.org/10.1111/j.1467-7687.2008.00673.x
https://www.ncbi.nlm.nih.gov/pubmed/18333979
https://doi.org/10.1016/j.cognition.2017.12.001
https://www.ncbi.nlm.nih.gov/pubmed/29245108
https://doi.org/10.1093/cercor/bhr114
https://doi.org/10.1007/s41465-021-00205-8
https://doi.org/10.1177/2167702614560749
https://doi.org/10.1007/s10608-018-9927-4
https://doi.org/10.1007/s10608-014-9606-z
https://doi.org/10.1007/s00221-016-4580-1
https://www.ncbi.nlm.nih.gov/pubmed/26884132
https://doi.org/10.1016/j.bandc.2014.01.008
https://www.ncbi.nlm.nih.gov/pubmed/24514153
https://doi.org/10.1016/j.cpr.2006.12.004
https://www.ncbi.nlm.nih.gov/pubmed/17240502
https://doi.org/10.1016/j.jbtep.2007.10.008
https://www.ncbi.nlm.nih.gov/pubmed/18054779
https://doi.org/10.1002/cpp.560
https://www.ncbi.nlm.nih.gov/pubmed/19115424
https://doi.org/10.1016/j.janxdis.2009.01.007
https://www.ncbi.nlm.nih.gov/pubmed/19211220
https://doi.org/10.1016/j.neuroscience.2016.07.030
https://www.ncbi.nlm.nih.gov/pubmed/27491478
https://doi.org/10.1111/dmcn.14778
https://www.ncbi.nlm.nih.gov/pubmed/33340369
https://doi.org/10.1016/j.pneurobio.2013.06.005
https://doi.org/10.1002/mds.27406
https://www.ncbi.nlm.nih.gov/pubmed/29781133
https://doi.org/10.1016/j.cortex.2019.12.004
https://www.ncbi.nlm.nih.gov/pubmed/31935639


J. Clin. Med. 2024, 13, 4629 23 of 24

159. van Hulst, B.M.; de Zeeuw, P.; Vlaskamp, C.; Rijks, Y.; Zandbelt, B.B.; Durston, S. Children with ADHD symptoms show deficits
in reactive but not proactive inhibition, irrespective of their formal diagnosis. Psychol. Med. 2018, 48, 2515–2521. [CrossRef]
[PubMed]

160. Schmitt, L.M.; White, S.P.; Cook, E.H.; Sweeney, J.A.; Mosconi, M.W. Cognitive mechanisms of inhibitory control deficits in autism
spectrum disorder. J. Child Psychol. Psychiatry 2018, 59, 586–595. [CrossRef] [PubMed]

161. Cristea, I.A.; Kok, R.N.; Cuijpers, P. Efficacy of cognitive bias modification interventions in anxiety and depression: Meta-analysis.
Br. J. Psychiatry 2015, 206, 7–16. [CrossRef] [PubMed]

162. Heitmann, J.; Bennik, E.C.; van Hemel-Ruiter, M.E.; de Jong, P.J. The effectiveness of attentional bias modification for substance
use disorder symptoms in adults: A systematic review. Syst. Rev. 2018, 7, 160. [CrossRef] [PubMed]

163. Mogg, K.; Waters, A.M.; Bradley, B.P. Attention Bias Modification (ABM): Review of Effects of Multisession ABM Training on
Anxiety and Threat-Related Attention in High-Anxious Individuals. Clin. Psychol. Sci. 2017, 5, 698–717. [CrossRef] [PubMed]

164. Nedeljkovic, M.; Kyrios, M. Confidence in memory and other cognitive processes in obsessive-compulsive disorder. Behav. Res.
Ther. 2007, 45, 2899–2914. [CrossRef] [PubMed]

165. Lind, C.; Boschen, M.J. Intolerance of uncertainty mediates the relationship between responsibility beliefs and compulsive
checking. J. Anxiety Disord. 2009, 23, 1047–1052. [CrossRef] [PubMed]

166. Moore, K.A.; Howell, J. Yes: The Symptoms of OCD and Depression Are Discrete and Not Exclusively Negative Affectivity. Front.
Psychol. 2017, 8, 753. [CrossRef] [PubMed]

167. Thamby, A.; Balachander, S.; Ali, S.F.; Arumugham, S.S.; Ts, J.; Narayanaswamy, J.C.; Janardhan Reddy, Y.C. Naturalistic outcome
of medication-naïve obsessive compulsive disorder treated with serotonin reuptake inhibitors. Asian J. Psychiatr. 2021, 60, 102642.
[CrossRef] [PubMed]

168. Herzog, P.; Osen, B.; Stierle, C.; Middendorf, T.; Voderholzer, U.; Koch, S.; Feldmann, M.; Rief, W.; Brakemeier, E.L. Determining
prognostic variables of treatment outcome in obsessive-compulsive disorder: Effectiveness and its predictors in routine clinical
care. Eur. Arch. Psychiatry Clin. Neurosci. 2022, 272, 313–326. [CrossRef] [PubMed]

169. Fineberg, N.A.; Baldwin, D.S.; Drummond, L.M.; Wyatt, S.; Hanson, J.; Gopi, S.; Kaur, S.; Reid, J.; Marwah, V.; Sachdev, R.A.; et al.
Optimal treatment for obsessive compulsive disorder: A randomized controlled feasibility study of the clinical-effectiveness
and cost-effectiveness of cognitive-behavioural therapy, selective serotonin reuptake inhibitors and their combination in the
management of obsessive compulsive disorder. Int. Clin. Psychopharmacol. 2018, 33, 334–348. [CrossRef] [PubMed]

170. Funch Uhre, V.; Melissa Larsen, K.; Marc Herz, D.; Baaré, W.; Katrine Pagsberg, A.; Roman Siebner, H. Inhibitory control in
obsessive compulsive disorder: A systematic review and activation likelihood estimation meta-analysis of functional magnetic
resonance imaging studies. Neuroimage Clin. 2022, 36, 103268. [CrossRef] [PubMed]

171. Mirabella, G.; Upadhyay, N.; Mancini, C.; Giannì, C.; Panunzi, S.; Petsas, N.; Suppa, A.; Cardona, F.; Pantano, P. Loss in grey
matter in a small network of brain areas underpins poor reactive inhibition in Obsessive-Compulsive Disorder patients. Psychiatry
Res. Neuroimaging 2020, 297, 111044. [CrossRef] [PubMed]

172. Del Casale, A.; Rapinesi, C.; Kotzalidis, G.D.; De Rossi, P.; Curto, M.; Janiri, D.; Criscuolo, S.; Alessi, M.C.; Ferri, V.R.; De Giorgi,
R.; et al. Executive functions in obsessive-compulsive disorder: An activation likelihood estimate meta-analysis of fMRI studies.
World J. Biol. Psychiatry 2016, 17, 378–393. [CrossRef] [PubMed]

173. Himle, M.B. Let truth be thy aim, not victory: Comment on theory-based exposure process. J. Obs.-Compuls. Relat. Disord. 2015, 6,
183–190. [CrossRef]

174. Clark, D.A. Focus on “cognition” in cognitive behavior therapy for ocd: Is it really necessary? Cogn. Behav. Ther. 2005, 34, 131–139.
[CrossRef] [PubMed]

175. Wheaton, M.G.; Gallina, E.R. Using Cognitive-Behavioral Therapy to Treat Obsessive-Compulsive Disorder With Co-Occurring
Depression. J. Cogn. Psychother. 2019, 33, 228–241. [CrossRef] [PubMed]

176. Duesler, R. The Gold Standard: Exposure and Response Prevention for OCD; California State Polytechnic University: Pomona, CA,
USA, 2018.

177. Purrington, J. A brief course of digitally delivered cognitive behavioural therapy for the treatment of blood contamination-based
obsessive-compulsive disorder: A structured case report. Cogn. Behav. Ther. 2022, 15, e35. [CrossRef]

178. Spencer, S.D.; Stiede, J.T.; Wiese, A.D.; Guzick, A.G.; Cervin, M.; McKay, D.; Storch, E.A. Things that make you go Hmm: Myths
and misconceptions within cognitive-behavioral treatment of obsessive-compulsive disorder. J. Obs.-Compuls. Relat. Disord. 2023,
37, 100805. [CrossRef] [PubMed]

179. Reid, J.E.; Laws, K.R.; Drummond, L.; Vismara, M.; Grancini, B.; Mpavaenda, D.; Fineberg, N.A. Cognitive behavioural therapy
with exposure and response prevention in the treatment of obsessive-compulsive disorder: A systematic review and meta-analysis
of randomised controlled trials. Compr. Psychiatry 2021, 106, 152223. [CrossRef] [PubMed]

180. Watson, H.J.; Rees, C.S. Meta-analysis of randomized, controlled treatment trials for pediatric obsessive-compulsive disorder. J.
Child Psychol. Psychiatry 2008, 49, 489–498. [CrossRef] [PubMed]

181. Olatunji, B.O.; Davis, M.L.; Powers, M.B.; Smits, J.A.J. Cognitive-behavioral therapy for obsessive-compulsive disorder: A
meta-analysis of treatment outcome and moderators. J. Psychiatr. Res. 2013, 47, 33–41. [CrossRef] [PubMed]

182. Law, C.; Boisseau, C.L. Exposure and Response Prevention in the Treatment of Obsessive-Compulsive Disorder: Current
Perspectives. Psychol. Res. Behav. Manag. 2019, 12, 1167–1174. [CrossRef] [PubMed]

https://doi.org/10.1017/S0033291718000107
https://www.ncbi.nlm.nih.gov/pubmed/29415788
https://doi.org/10.1111/jcpp.12837
https://www.ncbi.nlm.nih.gov/pubmed/29052841
https://doi.org/10.1192/bjp.bp.114.146761
https://www.ncbi.nlm.nih.gov/pubmed/25561486
https://doi.org/10.1186/s13643-018-0822-6
https://www.ncbi.nlm.nih.gov/pubmed/30316302
https://doi.org/10.1177/2167702617696359
https://www.ncbi.nlm.nih.gov/pubmed/28752017
https://doi.org/10.1016/j.brat.2007.08.001
https://www.ncbi.nlm.nih.gov/pubmed/17868642
https://doi.org/10.1016/j.janxdis.2009.07.005
https://www.ncbi.nlm.nih.gov/pubmed/19656653
https://doi.org/10.3389/fpsyg.2017.00753
https://www.ncbi.nlm.nih.gov/pubmed/28553250
https://doi.org/10.1016/j.ajp.2021.102642
https://www.ncbi.nlm.nih.gov/pubmed/33930709
https://doi.org/10.1007/s00406-021-01284-6
https://www.ncbi.nlm.nih.gov/pubmed/34218306
https://doi.org/10.1097/yic.0000000000000237
https://www.ncbi.nlm.nih.gov/pubmed/30113928
https://doi.org/10.1016/j.nicl.2022.103268
https://www.ncbi.nlm.nih.gov/pubmed/36451370
https://doi.org/10.1016/j.pscychresns.2020.111044
https://www.ncbi.nlm.nih.gov/pubmed/32078965
https://doi.org/10.3109/15622975.2015.1102323
https://www.ncbi.nlm.nih.gov/pubmed/26642972
https://doi.org/10.1016/j.jocrd.2015.03.001
https://doi.org/10.1080/16506070510041194
https://www.ncbi.nlm.nih.gov/pubmed/16195052
https://doi.org/10.1891/0889-8391.33.3.228
https://www.ncbi.nlm.nih.gov/pubmed/32746429
https://doi.org/10.1017/S1754470X22000332
https://doi.org/10.1016/j.jocrd.2023.100805
https://www.ncbi.nlm.nih.gov/pubmed/37193037
https://doi.org/10.1016/j.comppsych.2021.152223
https://www.ncbi.nlm.nih.gov/pubmed/33618297
https://doi.org/10.1111/j.1469-7610.2007.01875.x
https://www.ncbi.nlm.nih.gov/pubmed/18400058
https://doi.org/10.1016/j.jpsychires.2012.08.020
https://www.ncbi.nlm.nih.gov/pubmed/22999486
https://doi.org/10.2147/PRBM.S211117
https://www.ncbi.nlm.nih.gov/pubmed/31920413


J. Clin. Med. 2024, 13, 4629 24 of 24

183. Meng, F.-Q.; Han, H.-Y.; Luo, J.; Liu, J.; Liu, Z.-R.; Tang, Y.; Hou, X.; Wei, J.; Shi, L.-L.; Tang, M.-N.; et al. Efficacy of cognitive
behavioural therapy with medication for patients with obsessive-compulsive disorder: A multicentre randomised controlled trial
in China. J. Affect. Disord. 2019, 253, 184–192. [CrossRef] [PubMed]

184. Öst, L.G.; Riise, E.N.; Wergeland, G.J.; Hansen, B.; Kvale, G. Cognitive behavioral and pharmacological treatments of OCD in
children: A systematic review and meta-analysis. J. Anxiety Disord. 2016, 43, 58–69. [CrossRef]

185. Foa, E.B.; Liebowitz, M.R.; Kozak, M.J.; Davies, S.; Campeas, R.; Franklin, M.E.; Huppert, J.D.; Kjernisted, K.; Rowan, V.; Schmidt,
A.B.; et al. Randomized, placebo-controlled trial of exposure and ritual prevention, clomipramine, and their combination in the
treatment of obsessive-compulsive disorder. Am. J. Psychiatry 2005, 162, 151–161. [CrossRef] [PubMed]

186. Eisen, J.L.; Goodman, W.K.; Keller, M.B.; Warshaw, M.G.; DeMarco, L.M.; Luce, D.D.; Rasmussen, S.A. Patterns of remission and
relapse in obsessive-compulsive disorder: A 2-year prospective study. J. Clin. Psychiatry 1999, 60, 346–351; quiz 352. [CrossRef]
[PubMed]

187. Feusner, J.D.; Moody, T.; Lai, T.M.; Sheen, C.; Khalsa, S.; Brown, J.; Levitt, J.; Alger, J.; O’Neill, J. Brain connectivity and prediction
of relapse after cognitive-behavioral therapy in obsessive-compulsive disorder. Front. Psychiatry 2015, 6, 74. [CrossRef] [PubMed]

188. Foa, E.B.; Kozak, M.J. Psychological treatment for obsessive-compulsive disorder. In Long-Term Treatments of Anxiety Disorders;
American Psychiatric Association: Washington, DC, USA, 1996.

189. Braga, D.T.; Manfro, G.G.; Niederauer, K.; Cordioli, A.V. Full remission and relapse of obsessive-compulsive symptoms after
cognitive-behavioral group therapy: A two-year follow-up. Braz. J. Psychiatry 2010, 32, 164–168. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jad.2019.04.090
https://www.ncbi.nlm.nih.gov/pubmed/31108379
https://doi.org/10.1016/j.janxdis.2016.08.003
https://doi.org/10.1176/appi.ajp.162.1.151
https://www.ncbi.nlm.nih.gov/pubmed/15625214
https://doi.org/10.4088/JCP.v60n0514
https://www.ncbi.nlm.nih.gov/pubmed/10362449
https://doi.org/10.3389/fpsyt.2015.00074
https://www.ncbi.nlm.nih.gov/pubmed/26042054
https://doi.org/10.1590/S1516-44462010000200012
https://www.ncbi.nlm.nih.gov/pubmed/20658055

	Introduction 
	Memory Performance in OCD: Insights from Mixed Findings and the EBL Classification System 
	Quantifying the EBL Classification System through a Multidimensional Meta-Analysis 
	Executive Functioning and Memory Performance in OCD: A Second More Refined Multidimensional Meta-Analysis 
	Enhancing Clinical Relevance: Insights from a Multimodal Meta-Analysis Perspective 
	Bridging Research and Practice: Insights from a Multimodal Meta-Analysis Perspective 
	Targeted Interventions for Cognitive Dysfunction in OCD: Bridging Theory to Practice 
	Labelling—An Intervention in Faulty Sensory Gating 
	Input-Gating Policies—An Intervention in Faulty WM Gating 
	Beyond Efficacy: Targets and Mechanisms of OCD Interventions Using mi-MA 

	References

