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Abstract 

Background/Objective: Emotion regulation (ER) is closely linked to decision-making 
(DM). Although executive functions (EF) are often suggested as a key mechanism under-
lying this relationship, evidence from different clinical conditions remains fragmented. 
This scoping review aims to map the literature on the relationship between ER and DM 
in clinical populations, with a specific focus on the interaction between EF and ER in shap-
ing adaptive DM processes, particularly in populations characterised by cognitive impair-
ment and emotional dysregulation. Methods: A search of electronic databases was con-
ducted to identify empirical studies examining ER, EF and DM in clinical populations. 
Sixteen studies involving patients with dementia, traumatic brain injury, autism spectrum 
disorder, substance and behavioural addictions were included. Results: Difficulties in ER 
were associated with altered DM. EF, particularly inhibitory control, working memory, 
and cognitive flexibility, were found to be key processes linking emotional states to deci-
sion outcomes. Clinical groups consistently showed a tendency to prefer immediate re-
wards despite potential long-term negative consequences and experienced difficulties in-
tegrating emotional and cognitive information. Conclusions: This scoping review empha-
sises the importance of moving beyond reductionist explanations of DM and to adopt an 
integrative approach. ER and EF should be conceptualised as interacting components of a 
broader self-regulatory system shaping decision behaviour. Developing this framework 
will be crucial to enable targeted clinical and neurorehabilitation interventions for indi-
viduals experiencing impaired DM. 

Keywords: emotion regulation; decision-making; executive functions; dementia;  
traumatic brain injury; autism spectrum disorder; substance abuse; behavioural  
addictions; cognitive flexibility; inhibitory control 
 

1. Introduction 
Decision-making (DM) can be conceptualised as a structured process through which 

individuals evaluate alternatives and select a course of action in relation to their goals and 
the demands of the situation [1]. Traditionally, the study of DM has been influenced by 
economic models that aim to identify the best choice based on a rational evaluation of 
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outcomes [2]. However, these models often overlook emotional, social and contextual fac-
tors, which are now recognised as central to real-world DM processes. Indeed, increasing 
evidence indicates that actual human behaviour often diverges from purely rational pre-
dictions due to the pervasive influence of emotions [3]. One influential framework that 
accounts for this interaction is the dual-process theory. This theory posits that DM arises 
from the interplay between two systems: an affective system that is fast, automatic and 
emotion-driven and a deliberative system that is slower, more controlled and cognitively 
demanding [4]. These systems operate in parallel and may compete in shaping behav-
ioural responses [3]. Within this framework, emotion regulation (ER) is a key mechanism 
through which individuals can control the influence of emotions on their decisions. 

ER refers to the processes by which people influence their emotions, how they expe-
rience them and how they express them [5,6]. According to the ER process model [5,7], 
emotions unfold over time and can be modulated through different regulatory strategies 
[8]. Antecedent-focused strategies, including situation selection, situation modification, 
attentional deployment and cognitive reappraisal, operate before the full activation of the 
emotional response; response-focused strategies, such as expressive suppression, act after 
the emotional response has already been generated [9]. 

Emotions and regulation strategies can act in different ways in our decisional process, 
like the assessment of potential alternative options, the evaluation of a choice and the var-
ious possible outcomes [3]. The Emotion-Imbued Choice (EIC) model [10] proposes that 
emotions influence the entire DM process and highlights the role of current emotions at 
the time of choice. These emotions may arise from several factors such as dispositional 
traits, task characteristics, anticipatory processes, difficulty of the decision or incidental 
factors. Emotions shape attention, depth of processing, probability weighting, discount-
ing, motivational goals and can also indirectly modify predicted utilities, thus influencing 
the perceived value of future outcomes. Emotions are thus intrinsically interconnected 
with DM, particularly when outcomes are personally relevant or consequential [10]. 

DM and ER are linked by the central role that affects play in both processes, especially 
in choices involving reward or punishment [11]. Experimental manipulation of ER strate-
gies allows researchers to examine whether modulating ongoing emotional states alters 
subsequent choices [12]. Research has focused especially on reappraisal and suppression 
strategies. Reappraisal consists of modifying one’s appraisal of a situation to alter its emo-
tional significance. By modifying appraisal early in the emotion-generative process, reap-
praisal attenuates the negative impact of affective responses and facilitates more adaptive 
cognitive processing. Suppression can influence an already existing emotional reaction 
inhibiting ongoing emotion-expressive behaviour [5,9]. It seems that these two strategies 
need different cognitive effort: reappraisal diminishes emotion at an early stage and with-
out the need for sustained effort over time, whereas suppression involves active efforts to 
inhibit prepotent emotional responses [9,13]. These strategies also affect risk-taking: cog-
nitive reappraisal reduces negative emotional experience and increases adaptive risk-tak-
ing, whereas expressive suppression generally does not change risk attitudes. Moreover, 
habitual reappraisal use is associated with reduced sensitivity to potential losses [14,15]. 
Experimental studies using paradigms like the Ultimatum Game—a well-established ex-
perimental task in which individuals must decide whether to accept or reject monetary 
offers proposed by another player—demonstrate that cognitive reappraisal can increase 
acceptance of unfair offers whereas the induction of negative emotional states, such as 
sadness, has been associated with higher rejection rates [3,12]. ER appears to influence not 
only social DM but also temporal choice processes, such as the tendency to prefer smaller 
immediate rewards over larger delayed ones (delay discounting). Reduced impulsivity 
and a stronger preference for delayed rewards have been linked to cognitive reappraisal, 
emphasising its role in adaptive DM [16]. Taken together, converging evidence suggests 
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that ER represents a core mechanism through which executive control processes shape 
adaptive DM [17,18], particularly in emotionally salient or high-stakes contexts. 

Executive functions (EF) generally encompass a variety of higher-order cognitive 
processes, such as planning, working memory, set shifting, error detection and correction, 
and inhibitory control [19]. They can be categorised into “hot” and “cool” components. 
Cool EF are typically recruited in abstract, decontextualized and emotionally neutral sit-
uations: they include cognitive flexibility, working memory, planning, organisation and 
inhibitory control and are associated with conscious control, mental effort and analytical 
processing [20,21]. These processes are recruited for the deliberate self-regulation of emo-
tion [22]. In contrast, hot EF are engaged in contexts characterised by emotional and mo-
tivational salience. They involve the processing of reward-related, affective and motiva-
tional information and are particularly relevant in ambiguous, uncertain or risky situa-
tions [23]. Although conceptually distinct, hot and cool EF rely on partly overlapping 
brain regions that represent higher-level self-regulatory processing, mediating the regu-
lation of motivation and the integration of emotional and cognitive information [22,24]. 
Working memory and inhibitory control are particularly important: high working 
memory capacity supports maintaining and manipulating information while inhibiting 
distractions, promoting consideration of future consequences; poor inhibitory control in-
creases impulsivity and susceptibility to maladaptive behaviours [25,26] and this could 
potentially lead to unhealthy choices regarding behaviour. Individuals with poor working 
memory or inhibitory control may tend to forget about possible negative consequences of 
their behaviour and engage in riskier substance use and delinquent activities. Therefore, 
these components of cognitive self-regulatory ability may be important factors influencing 
whether individuals engage in risk behaviours, by fostering self-regulation over impul-
sive DM [27]. In addition to rational evaluative processes in DM, such as those associated 
with EF, somatic and visceral emotional responses to stimulation may also influence DM. 
The somatic marker hypothesis posits that sympathetic arousal in response to aversive 
outcomes produces bodily signals guiding choices, a mechanism disrupted by damage to 
the ventromedial prefrontal cortex. In fact, individuals with damage to this brain area fail 
to adapt their behaviour in response to anticipated future negative consequences of their 
actions [17,28,29]. 

The Iowa Gambling Task (IGT) is widely used to study the integration of emotional-
motivational signals with EF, showing that advantageous DM relies on the dynamic in-
terplay of affective reactivity and executive regulation [18,27]. Performance on the IGT 
has been shown to be negatively associated with impulsivity and sensitivity to reward 
and punishment [30] and positively correlated with EF abilities [31]. 

These findings suggest that advantageous DM depends on the integration of emo-
tional–motivational signals with executive control processes. Within this framework, EF 
serve as a conceptual bridge between ER and DM, allowing for adaptive behaviour by 
integrating cognitive control with ongoing emotional and motivational states. 

1.1. Neural Correlates 

Converging evidence suggests that ER, DM and EF rely on partially overlapping pre-
frontal–striatal–limbic circuits. The distinction between “hot” and “cool” EF is consistent 
with neuroanatomical evidence: ventral prefrontal regions, including the orbitofrontal 
cortex (OFC), interact with limbic and reward-related structures, supporting the integra-
tion of affective and motivational information; whereas lateral regions, like the dorsolat-
eral prefrontal cortex (dlPFC), are linked to distributed cognitive networks playing an im-
portant role in cognitive control processes including attention, working memory and ac-
tion selection [22]. 
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Neuroimaging studies show that ER is supported by a cognitive control network in-
volving dlPFC and ventrolateral prefrontal cortex (vlPFC) that exert a top-down modula-
tion over limbic and striatal areas, in particular the amygdala and the striatum [32–35]. 
Specifically, cognitive reappraisal relies on frontoparietal networks that regulate emo-
tional responses by facilitating interaction between prefrontal regions and amygdala [36]. 

Similarly, DM processes, especially in contexts involving reward and risk, recruit 
overlapping prefrontal and subcortical regions, including the dlPFC, vlPFC, medial pre-
frontal cortex (mPFC), OFC, ventral striatum and parietal regions [37–43]. Evidence sug-
gests that ER can modulate activity within these networks, influencing valuation pro-
cesses and behavioural choices, particularly through reappraisal-related engagement of 
prefrontal control regions [44,45]. 

In addition to prefrontal–limbic interactions, both DM and ER consistently recruit the 
anterior insula and the dorsal anterior cingulate cortex (dACC). The dACC has been 
linked to attentional processing and EF, whereas the ventral insula is more closely associ-
ated with affective processing [46]. The insula (which extends to the inferior frontal gyrus) 
and the dACC have been identified as part of a network that supports adaptive DM, par-
ticularly in approach–avoidance contexts involving threat minimisation and reward max-
imisation [47]. Furthermore, meta-analytic evidence suggests that the dACC and the bi-
lateral anterior insula form a domain-general network that is consistently involved in mul-
tiple ER strategies [48,49]. 

Emerging models further distinguish ventral systems (vlPFC and mPFC) for modu-
lating ongoing emotional and behavioural responses, as well as updating outcome expec-
tations and dorsal systems (dlPFC and dmPFC) for attentional control and conflict reso-
lution. The vlPFC is responsible for online response modulation within this framework, 
while the mPFC is involved in updating expected outcomes, especially when reinforce-
ment contingencies change. Adaptive behaviour is facilitated by dorsal prefrontal regions 
which enhance the salience of task-relevant or emotionally incongruent representations. 
These regions support both DM and ER through top-down attentional mechanisms [11]. 

Overall, these findings emphasise the existence of a shared neurocognitive architec-
ture in which prefrontal regions exert top-down control over affective and reward-related 
systems. 

1.2. Clinical Populations 

Within this neurocognitive framework, clinical populations characterised by altera-
tions in executive control and affective processing offer a critical opportunity to investi-
gate how these systems break down and influence DM. Clinical populations provide a 
valuable framework for examining the interaction between ER, EF and DM, as these do-
mains are frequently disrupted across neurological and psychiatric conditions. Despite 
their heterogeneity, several clinical groups share alterations in executive control, emo-
tional processing and adaptive DM, making them particularly informative for investigat-
ing the mechanisms linking these constructs. 

Neurodegenerative and neurological conditions, such as dementia and traumatic 
brain injury, are commonly characterised by executive dysfunctions and difficulties in 
regulating emotional responses, which may contribute to impaired DM in everyday life 
contexts [50–52]. Neurodevelopmental conditions, such as autism spectrum disorder, of-
ten involve atypical socio-emotional processing and altered integration of affective infor-
mation during DM [53–57]. Substance-related and behavioural addictions are typically 
associated with heightened reward sensitivity, impulsivity and reduced cognitive control, 
leading to maladaptive and short-sighted decisions [58–60]. 

Although these conditions differ in aetiology and clinical presentation, they converge 
in showing disruptions in the interaction between executive and emotional processes 
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underlying adaptive DM. Examining these populations within a unified framework may 
therefore help clarify whether EF represent a transdiagnostic mechanism linking ER to 
DM outcomes. 

1.3. The Present Research 

     Given the broad and heterogeneous literature on the interactions among ER, EF 
and DM in clinical populations and the lack of integrative frameworks examining their 
interplay, a scoping review is particularly appropriate. This approach allows for a com-
prehensive mapping of existing evidence, the identification of research gaps and the clar-
ification of conceptual frameworks, without restricting the review to narrowly defined 
interventions or outcomes. Building on this background, the present scoping review spe-
cifically focuses on clinical populations, and it aims to highlight trends in the research, 
identify gaps in knowledge and provide a foundation for future investigations and neu-
rorehabilitation programmes. 

2. Methods 
This scoping review was conducted in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) 
[61,62]. 

2.1. Eligibility Criteria (PCC) 

Population: Clinical populations with conditions characterised by impairments in 
emotional, cognitive or DM processes. The selection prioritised conditions with well-es-
tablished neurocognitive profiles in clinical neuropsychology and cognitive-behavioural 
frameworks. 

Concept: Studies investigating at least two of the following constructs: emotion reg-
ulation, executive functions and decision-making. Emphasis was placed on the assess-
ment methodologies and measures used to operationalize these constructs (e.g., self-re-
port questionnaires, neuropsychological tests and experimental paradigms such as deci-
sion-making tasks). 

Context: All clinical and research settings were considered. Original empirical stud-
ies employing observational or experimental designs were eligible. 

Exclusion criteria: Reviews, conference abstracts and animal studies were excluded. 
Studies involving non-clinical populations or investigating only one of the target con-
structs were also excluded, as were articles not published in English or not appearing in 
an international peer-reviewed journal. Populations characterised predominantly by 
acute affective fluctuations were temporarily excluded to allow a more focused investiga-
tion of the underlying mechanisms linking EF and ER in DM. 

2.2. Search Strategy 

A literature search was conducted on Google Scholar and PubMed to identify rele-
vant studies investigating the relationships among ER, EF, and DM in clinical populations. 
The search combined the three core conceptual domains: (1) emotion regulation, (2) exec-
utive functions and (3) decision-making processes. These were systematically combined 
using Boolean operators, together with terms referring to clinical populations and neu-
rocognitive conditions (e.g., dementia, traumatic brain injury, autism spectrum disorder, 
and addiction-related disorders). Clinical and neurocognitive populations characterised 
by known executive dysfunctions and emotional dysregulation (such as dementia, trau-
matic brain injury, autism spectrum disorder and eating disorders) were selected to in-
vestigate how these deficits impact decision-making processes across different pathologi-
cal frameworks. 
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A representative search string used across databases was: 
(“emotion regulation” OR “emotional regulation” OR “affect regulation” OR “emo-

tional dysregulation”)  
AND 
(“executive function*” OR “inhibitory control” OR “working memory” OR “cogni-

tive flexibility” OR “cognitive control”) 
AND 
(“decision making” OR “risky decision*” OR “reward-based decision*” OR “inter-

temporal choice” OR “delay discounting”) 
AND 
(patient* OR clinical). 
The search strategy was iterative, with keywords and combinations refined through-

out the screening process to ensure adequate coverage of the relevant literature and to 
optimise sensitivity across databases. This approach is consistent with established meth-
odologies for scoping reviews, which support iterative refinement of search strategies and 
the use of supplementary techniques to maximise comprehensiveness. The search was 
conducted without initial restrictions on publication dates to capture the full extent of the 
available literature. Additional articles were identified through manual screening of the 
reference lists of relevant studies. 

2.3. Study Selection 

All articles identified through database searches were imported into the Zotero ref-
erence management software (Corporation for Digital Scholarship, Vienna, VA, USA). 
The study selection process was conducted in two stages. First, titles and abstracts were 
screened to identify potentially relevant articles based on the predefined eligibility crite-
ria. In the second stage, the full texts of the articles were assessed for inclusion. The selec-
tion process was guided by the a priori-defined eligibility criteria. During the screening 
of full texts, it became apparent that the included studies could be organised according to 
four main clinical populations: dementia; traumatic brain injury; autism spectrum disor-
der; and substance and behavioural addictions. This categorisation was used to structure 
the presentation of the results and facilitate comparisons between different clinical 
groups. 

2.4. Risk of Bias Assessment 

Risk of bias was assessed according to study design, following established methodo-
logical standards. Case–control studies were appraised using the Newcastle–Ottawa Scale 
(NOS) [63]; cross-sectional studies with group comparisons were evaluated using the 
adapted NOS for cross-sectional studies (NOS-xs) [63,64];. Quasi-experimental pre/post 
designs were evaluated using the Risk Of Bias In Non-randomized Studies of Interven-
tions (ROBINS-I) tool [65]. Finally, randomised controlled trials were assessed with the 
revised Cochrane Risk of Bias tool (RoB 2) [66]. 

Because the review included heterogeneous study designs, individual tool outputs 
were synthesised into a unified summary metric labelled Overall Risk of Bias. This sum-
mary rating reflects the proportion of criteria fulfilled within each tool and was catego-
rised as follows: green dot = low risk of bias (≥75% of criteria fulfilled); yellow dot = some 
concerns (50–74% of criteria fulfilled); and red dot = high risk of bias (<50% of criteria 
fulfilled). This harmonised approach allows for consistent comparison across studies 
while preserving the methodological specificity of each appraisal tool. 

3. Results 
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A total of sixteen studies met the inclusion criteria and are summarised in Table 1. 
The distribution across clinical populations was as follows: four studies on dementia [67–
70]; six on traumatic brain injury [51,71–75]; three on autism spectrum disorder [56,76,77]; 
and three on substance and behavioural addictions [59,78,79]. All included studies inves-
tigated at least two of the target constructs, but just two studies examined all three do-
mains [56,79]. A variety of assessment tools and experimental paradigms were used across 
studies. The Overall Risk of Bias rating is reported in Table 1 for each included study. 

Table 1. Summary of the included studies examining the relationships among DM, ER and EF across 
clinical populations, including sample characteristics, assessment measures and overall risk of bias. 

Study Participants Study Design DM ER EF 
Overall 
Risk of 

Bias 
Dementia  

Torralva et 
al., 2007 
[70] 

20 patients 
early/mild behav-
ioural variant fron-
totemporal demen-
tia (bvFTD) (9 fe-
males; age 67.2 ± 
8.1) 
10 controls (6 fe-
males; age 63.5 ± 
5.8).  

Cross-sectional, ob-
servational case–
control design 

IOWA Gambling 
Task (IGT) com-
puterised version. 

X Verbal fluency 
Raven-coloured pro-
gressive matrices 
(NCS Pearson, San 
Antonio, TX, USA); 
Digit span back-
wards; 
Trail Making Test-B; 
Letters and numbers 
ordering subtest 
from the Wechsler 
Adult Intelligence 
Scale (WAIS; NCS 
Pearson, San Anto-
nio, TX, USA); 
Wisconsin card sort-
ing test (WCST; (Psy-
chological Assess-
ment Resources, 
Lutz, FL, USA), mod-
ified version; 
Frontal assessment 
battery (FAB). 

● 

Delazer et 
al., 2009 
[68] 

19 demented idio-
pathic Parkinson’s 
disease (PD) pa-
tients (11 females; 
age 72.2 ± 5.1) 
20 non-demented 
idiopathic PD pa-
tients (5 females; 
age 68.5 ± 5.9) 
20 healthy partici-
pants (17 females; 
age 71.3 ± 3.5). 

Cross-sectional, ob-
servational case–
control design 
(multi-group) 

IGT;  
Probability-Associ-
ated Gambling 
Task (PAG). 

X Trail Making Test-B; 
Odd-Man-Out, 
(OMO);  
Just for patients:  
FAB; 
Tests of categorical 
verbal fluency (ani-
mals/min, CERAD); 
Planning (CLOX1). 

● 

Gleichgerrc
ht et al., 
2010 [69] 

22 patients with 
early/mild stages of 
bvFTD with frontal 

Cross-sectional, ob-
servational design 

Moral Behaviour 
Inventory; 

X Backward digit span 
task; 
Trail Making Test-B; 

● 
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atrophy on Mag-
netic Resonance 
Imaging (11 fe-
males; age 71.3 ± 
5.9). 

(within-cohort com-
parison) 

Footbridge di-
lemma; 
IGT. 

Phonological (letter 
“P”) fluency; 
Modified version of 
the WCST; 
INECO Frontal 
Screening. 

Bayard et 
al., 2014 
[67] 

20 Alzheimer’s dis-
ease patients (12 fe-
males; 80.9 ± 5.4) 
20 amnestic Mild 
Cognitive Impair-
ment patients (11 
females; 78.25 ± 6.9) 
20 healthy controls 
(11 females; 73.5 ± 
6.7). 

Cross-sectional, ob-
servational case–
control design 
(multi-group) 

IGT. X Trail Making Test-B;  
Hayling Test;  
Updating Memory 
Task. 

● 

Traumatic brain injury (TBI)  
Bonatti et 
al., 2008 
[71] 

21 TBI patients (3 
females; 34.5 ± 11.8) 
20 controls (14 fe-
males; 31.9 ± 13.1).  

Cross-sectional, ob-
servational case–
control design 

IGT; 
 PAG; 
Counsel version of 
PAG task. 

X Digit span backward; 
Trail Making Test-B;  
Verbal fluency [ani-
mals/min, s-
words/min of the Re-
gensburger Wortflu 
ssigkeitstest (RWT)]; 
Cognitive estimation 
[Test Zum Kogni-
tiven Scha ̈ tzen 
(TKS)];  
Planning; 
OMO;  
Go-No Go computer-
ised version; 
Graded Difficulty 
Arithmetic Examina-
tion. 

● 

Fonseca et 
al., 2012 
[73] 

16 TBI patients 4 fe-
males; mean age 
37.31 ± 13.65);  
16 controls (7 fe-
males; 32.88 ± 
13.09). 

Cross-sectional, ob-
servational case–
control design 

IGT computer-
based version 
adapted to the 
southern Brazilian 
population. 

X Trail Making Test-B;  
Hayling Test. 

● 

Adlam et 
al., 2017 
[51] 

30 survivors of TBI 
(5 females; mean 
age 34); 
39 healthy controls 
(22 females; mean 
age 38). 

Cross-sectional, ob-
servational case–
control design 

Bangor Gambling 
Task (BGT). 

X Digit span and let-
ter−number sequenc-
ing WAIS-III;  
Modified Six Ele-
ments (6 Elements) 
subtest of the Behav-
ioural Assessment of 
the Dysexecutive 
Syndrome (BADS; 
(Pearson Clinical, 
London, UK);  

● 
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Dysexecutive Syn-
drome Questionnaire 
(DEX). 

Fogleman 
et al., 2017 
[72] 

21 Veterans diag-
nosed with post-
traumatic stress 
disorder (PTSD) 
(16 males; 29.95 ± 
4.97) 
18 Veterans diag-
nosed with mild 
TBI (18 males; 29.22 
± 5.08) 
26 Veterans diag-
nosed with co-oc-
curring PTSD/mild 
TBI (23 males; 30.23 
± 5.26) 
23 Veteran controls 
without PTSD or 
mild TBI diagnoses 
(19 males; 30.61 ± 
6.72). 

Cross-sectional, ob-
servational case–
control design (with 
structural neuroim-
aging) 

IGT modified ver-
sion. 

X Barratt Impulsivity 
Scale. 

● 

Tsaousides 
et al., 2017 
[75] 

91 individuals with 
TBI and deficits in 
ER (51 females; 
47.08 ± 11.84). 

Quasi-experimental, 
pre-/post within-
subject design (lon-
gitudinal) 

X Difficulties in 
Emotion Regu-
lation Scale 
(DERS). 

Problem Solving In-
ventory; 
Social Problem Solv-
ing Inventory-Re-
vised: Short Form;  
Dysexecutive Ques-
tionnaire. 

● 

Stubberud 
et al., 2020 
[74] 

70 patients with 
verified acquired 
brain injury and 
self-reported exec-
utive difficulties in 
daily life at least 6 
months post-injury 
(38 males; 42.89 ± 
12.96). 

Cross-sectional, ob-
servational design 
(within-cohort/asso-
ciative) 

X Brain Injury Re-
habilitation 
Trust Regula-
tion of Emo-
tions Question-
naire. 

Tower Test; 
Behaviour Rating In-
ventory of Executive 
Function Adult Ver-
sion. 

● 

Autistic spectrum disorders  
Woodcock 
et al., 2019 
[56] 

20 adolescents with 
autism (4 females; 
mean age 13.3) and 
a matched typical 
reference sample 
(sample size not 
specified). 

Cross-sectional, ob-
servational case–
control design 

Ultimatum Game 
(UG). 

Children’s An-
ger Manage-
ment Scale 
(CAMS) 
Children’s Sad-
ness Manage-
ment Scale 
(CSMS). 

Behaviour Rating In-
ventory of Executive 
Function (BRIEF; 
Psychological As-
sessment Resources, 
Lutz, FL, USA). 

● 

Jin et al., 
2020 [76] 

31 children and ad-
olescents with high 
functioning autism 
spectrum disorder 

Cross-sectional, ob-
servational case–
control design 

Ultimatum Game 
(UG). 

X BRIEF. ● 
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(4 females; 9.01 ± 
2.69) 
38 children and ad-
olescents with typi-
cal development (5 
females; 9.72 ± 
2.76). 

Sepehri 
Bonab et al., 
2025 [77] 

40 boys diagnosed 
with autism spec-
trum disorder were 
randomly assigned 
to two groups:  
20 to a virtual real-
ity  intervention 
group 8.89 ± 0.9)  
20 to a control 
group (8.94 ± 1.2). 

Quasi-experimental, 
pre/post-test control 
group design 

X Emotion Regu-
lation Checklist 
(ERQ). 

WCST;  
Flanker task test. 

● 

Substance-related and behavioural addictions  
Segura-Ser-
ralta et al., 
2018 [59] 

39 healthy partici-
pants (30.36 ± 
11.95) 
33 patients with 
obesity (45.39 ± 
12.35)  
30 patients with re-
stricting eating dis-
order (22.80 ± 8.05) 
18 purging eating 
disorder patients 
(25.50 ± 9.02). 

Cross-sectional, ob-
servational case–
control design 
(multi-group) 

IGT computerised 
version.  

Spanish adap-
tation of the 
DERS. 

WCST;. ● 

Formiga et 
al., 2021 
[78] 

60 non-substance 
use disorder but 
could be alcohol 
users or tobacco (38 
females; 27 ± 11) 
51 with alcohol use 
disorder only or al-
cohol and tobacco 
use disorder (17 fe-
males; 36 ± 11) 
19 with multiple 
substance use dis-
order, including at 
least one of the il-
licit substances, 
named polysub-
stance users (5 fe-
males; 33 ± 8). 

Cross-sectional, ob-
servational multi-
group design 

X Emotion Regu-
lation Profile 
(ERP). 

Trail Making Test-B;  
Stroop test, part C; 
The Digits subtest in 
the Wechsler Intelli-
gence Scale for Chil-
dren 3rd edition 
(WISC-III; NCS Pear-
son, San Antonio, 
TX, USA). 

● 

Fallah et al., 
2025 [79] 

60 university stu-
dents with internet 
addiction disorder: 

Randomised Con-
trolled Trial (RCT) 

IGT. DERS. Stroop effect task. ● 
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30 experimental 
group (19 females; 
25.07 ± 3.10);  
30 control group 
(13 females; 24.50 ± 
3.10). 

1 DM = Decision-Making; ER = Emotion Regulation; EF = Executive Functions. Overall Risk of 
Bias Legend: ● Green = Low risk of bias (≥75% of criteria fulfilled); ● Yellow = Some concerns (50–
74% of criteria fulfilled); ● Red = High risk of bias (<50% of criteria fulfilled). 

3.1. Dementia 

In neurodegenerative conditions, progressive cognitive decline can compromise the 
ability to regulate emotion effectively and this can potentially lead to different DM out-
comes. EF support goal-directed behaviour and the regulation of emotional responses; 
therefore, impairments in executive control may exacerbate the difficulty of integrating 
emotion and cognition, which are necessary for efficient DM and complex adaptive be-
haviours. Reduced performance on the Iowa Gambling Task, reflected in lower net scores 
and impaired learning of advantageous deck selections, has been observed in various neu-
rodegenerative disorders, including Parkinson’s disease (PD), Alzheimer’s disease (AD), 
frontotemporal dementia (FTD) and mild cognitive impairment (MCI) [67,69,80]. As noted 
by Perach and colleagues (2021), individuals with dementia have limited ER resources, 
which affects the implementation of antecedent-focused strategies [8,50]. Meanwhile, 
changes in emotional experience across dementia subtypes may influence response-fo-
cused regulation [50,81,82]. While few studies have directly examined the interplay be-
tween ER, DM and EF in dementia, several have provided valuable insights. 

In a study by Bayard and colleagues (2014), DM on the Iowa Gambling Task was 
examined in individuals with AD, amnestic MCI and healthy controls. Both clinical 
groups showed poorer DM than controls, with no difference between AD and amnestic 
MCI. Notably, poorer DM performance was associated with higher levels of apathy in the 
action initiation dimension, linking DM impairments to the executive processes that sup-
port motivation and goal-directed behaviour [67]. 

Similarly, Gleichgerrcht and colleagues (2011) found that patients with a behavioural 
variant frontotemporal dementia (bvFTD) who endorsed utilitarian responses in a per-
sonal moral dilemma (the Footbridge dilemma) performed significantly worse on a socio-
cognitive task. Importantly, no differences were observed between bvFTD patients who 
endorsed utilitarian responses and those who did not in executive functioning, global cog-
nition, or affective DM as measured by the Iowa Gambling Task. Taken together, these 
findings suggest that atypical moral DM in bvFTD is specifically linked to impairments in 
affective social-cognition rather than to general cognitive or executive deficits [50,69]. 
However, the study presents a moderate risk of bias due to the use of a small convenience 
sample without power analysis and the lack of multivariate statistical controls for con-
founding factors. 

Torralva and colleagues (2007) examined DM and social cognition in bvFTD. Com-
pared with controls, patients performed worse on both DM and social cognition tasks. 
However, performance on the DM task was not correlated with social cognition scores. 
These results imply that, despite their reliance on overlapping prefrontal networks 
[18,70,83,84], DM and social cognition may involve partially distinct cognitive processes. 
Performance on the social cognition task was also associated with executive functioning, 
indicating that certain aspects of social cognition depend on executive resources [70,85]. 

Finally, Delazer and colleagues (2009) investigated DM processes through IOWA 
Gambling Task and the Probability-Associated Gambling Task, in patients with PD and 
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PD dementia. Patients with PD performed similarly to healthy controls, whereas those 
with PD dementia made significantly riskier and less advantageous choices. These results 
suggest that impairments in feedback-based learning and emotional processing may affect 
DM in both groups, while additional deficits in cognitive reasoning specifically character-
ise PD dementia [68]. 

3.2. Traumatic Brain Injury 

Traumatic brain injury (TBI) primarily impacts the frontal lobes and many survivors 
experience cognitive, social and emotional challenges, such as impaired DM abilities 
[51,52]. 

Adlam and colleagues (2017) investigated the performance of survivors of TBI on the 
Bangor Gambling Task, an emotion-based DM task, where decisions are guided by learn-
ing from emotional feedback (wins and losses) rather than explicit probability infor-
mation. The results showed that only age and group (TBI vs. controls) proved to be sig-
nificant predictors of overall performance and that TBI survivors made more risky choices 
than controls, reflected by higher total scores on the task. However, the groups did not 
significantly differ in performance across blocks, indicating that survivors of TBI and con-
trols showed a similar pattern of change over time and no clear differences in learning the 
task contingencies. Cluster analysis further identified three subgroups characterised by 
different decision-making profiles, with both TBI survivors and controls distributed 
across all clusters. The authors emphasise that individual performance shows considera-
ble variability, suggesting a model based on individual differences to interpret emotional 
DM in TBI [51]. 

In a second study by Bonatti and colleagues (2008), TBI patients showed difficulties 
both in DM under ambiguity (Iowa Gambling Task) and in DM under risk (PAG task and 
counsel task) compared with healthy controls. TBI patients more frequently selected dis-
advantageous choices, showed a reduced ability to develop advantageous strategies over 
time and did not adapt their decisions in response to negative feedback, highlighting def-
icits in stability and flexibility. Performance on DM tasks was correlated with various 
components of EF, including cognitive flexibility, planning and psychomotor speed. Dif-
ficulty in DM under risk appeared to be linked to inadequate probability estimation, re-
duced flexibility and cognitive processing capacity. Furthermore, both groups, TBI pa-
tients and controls, made more advantageous decisions in a task without feedback com-
pared to a task with feedback, suggesting that a lower emotional load and a simpler 
presentation facilitate optimal decisions. Overall, the study confirms that TBI patients ex-
hibit specific deficits in DM and highlights the crucial role of EF in supporting advanta-
geous choices [71]. 

The study by Fogleman and colleagues (2017) investigated DM and reward pro-
cessing using the modified Iowa Gambling Task in veterans with post-traumatic stress 
disorder (PTSD), mild TBI or comorbid PTSD/mild TBI. Although overall behavioural per-
formance on the task did not differ significantly between groups, participants with PTSD, 
mild TBI or comorbid conditions showed greater impulsivity, assessed through the Bar-
ratt Impulsivity Scale, and reduced inhibitory control compared with healthy controls. 
The grey matter volume in the lateral prefrontal cortex (lPFC) was significantly reduced 
in the clinical groups compared to controls and was associated with altered decision-mak-
ing patterns on the task, rather than improved performance: in veterans with PTSD it was 
linked to a relative increase in choices from the “advantageous” decks, whereas in veter-
ans with mild TBI or PTSD/mild TBI comorbidity it was associated with a more general 
increase in card selections across decks, suggesting a more impulsive response style rather 
than enhanced decision quality. These findings suggest that structural alterations in the 
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lPFC influence DM strategies and the regulation of impulsive responses, highlighting the 
role of EF in DM and reward processing [72]. 

Fonseca and colleagues (2021) compared DM of TBI patients with that of healthy con-
trols using the Iowa Gambling Task, as a measure of hot executive functioning (emotion-
based DM), and additionally assessed inhibitory control with the Trial Making Test-B and 
the Hayling Test, as a measure of cold executive functioning. Although total and block 
scores on the Iowa Gambling Task did not differ significantly between groups, TBI pa-
tients showed a preference for disadvantageous decks and did not exhibit learning curves 
during the task, suggesting increased risk-taking and impulsive choice. Moreover, the 
study identified dissociations between the ‘hot’ and ‘cold’ components of EF. Some pa-
tients with TBI exhibited selective impairments in ‘hot’ EF, linked to emotionally driven 
DM, while maintaining normal functioning of ‘cold’ EF. Other patients exhibited partial 
dissociations between hot and cold components, whilst a minority showed deficits in both 
hot and cold EF, highlighting the heterogeneity of post-TBI cognitive profiles. This evi-
dence suggests that, although overall performance on the DM may be similar to that of 
controls, TBI patients exhibit specific impairments in the emotional and strategic integra-
tion of decisions (‘hot EF’), while more abstract or neutral inhibitory control (‘cold EF’) 
may be preserved or dissociated, confirming the considerable heterogeneity of post-TBI 
cognitive deficits and of the complex interplay between hot and cold EF in DM processes 
[73]. 

The study by Stubberud and colleagues (2020) with patients with acquired brain in-
jury, predominantly TBI, examined the relationship between ER and EF in everyday life 
using questionnaires. ER in particular was assessed through the Brain Injury Rehabilita-
tion Trust Regulation of Emotions Questionnaire, which is a specific instrument assessing 
ER in patients with acquired brain injury. The results revealed significant correlations be-
tween ER and EF, particularly with components related to behavioural and emotional 
control, indicating a strong overlap between difficulties in ER and executive dysfunctions. 
Furthermore, ER was significantly associated with symptoms of anxiety and depression. 
Overall, the results suggest that ER difficulties largely reflect executive deficits in daily 
life and that the specific measure of ER does not provide substantially additional infor-
mation compared to assessments of EF and psychological distress [74]. It should be noted 
that the study presents a moderate risk due to a high non-response rate (49.5%) and the 
absence of multivariate analysis; furthermore, the primary results are derived exclusively 
from subjective self-assessment tools. 

In line with these findings, evidence from an intervention study by Tsaousides and 
colleagues (2017) involving individuals with TBI showed that improvements in ER 
through online training were associated with improvements in executive functioning in 
daily life, problem-solving and psychological well-being. Difficulties with ER, assessed 
with the Difficulties in Emotion Regulation Scale, were significantly reduced and these 
improvements were sustained over time [75]. We must consider that the study presents a 
critical risk of bias. In fact, the main limitation is the quasi-experimental pre-post design 
without a control group, which prevents the improvements from being attributed exclu-
sively to the intervention; this is compounded by the subjectivity of the outcomes, which 
are based solely on self-reports. 

Overall, these findings further support the hypothesis of a close interconnection be-
tween ER, EF and DM, suggesting that interventions targeting ER may also have positive 
effects on executive functioning and DM in patients with TBI. 

3.3. Autistic Spectrum Disorder 
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Evidence suggests that executive functioning and ER may contribute to social DM 
difficulties in individuals with autism spectrum disorder (ASD), although their specific 
roles remain unclear [53–57]. 

Using the Ultimatum Game, Woodcock and colleagues (2020) found that adolescents 
with ASD made fewer fair offers than their typically developing peers. This pattern was 
associated with poorer socio-cognitive abilities (such as emotion recognition, social per-
ception and empathy) but not with measures of executive functioning or ER. In contrast, 
responder behaviour appeared to be more closely linked to ER processes. Woodcock and 
colleagues (2020) found that ASD adolescents were less effective at down-regulating neg-
ative emotions when faced with unfair offers [56]. It has to be noted that ER was assessed 
using emotion-specific measures which evaluate children’s ability to manage anger- and 
sadness-related responses and not ER directly. 

Further developmental findings from Jin and colleagues (2020) suggest differences in 
fair DM. Offers that are not fair are more often accepted by children with high-functioning 
ASD (HF-ASD) than by their typically developing peers, although this difference becomes 
less evident during adolescence. In addition, the interaction between behavioural regula-
tion abilities and age is a predictor of acceptance of unfair offers in individuals with HF-
ASD. In typically developing individuals, however, such decisions are predicted by work-
ing memory and socio-cognitive abilities. Taken together, these findings imply that the 
ability to make fair decisions in individuals with HF-ASD may be more dependent on 
intuitive processing and influenced by factors such as age, experience, comorbidity and 
emotional management [76]. 

In a study by Sepehri Bonab and colleagues (2025), in children with ASD, an 8-week 
virtual reality (VR)–based physical exercise programme led to improvements in both EF 
and ER compared with a sedentary video-gaming control group. Children in the VR con-
dition showed enhanced cognitive flexibility and inhibitory control, alongside better par-
ent-reported ER abilities, whereas no meaningful changes emerged in the control group. 
The findings suggest that VR-based physical activity may promote adaptive ER in autistic 
children, potentially through concurrent improvements in executive functioning [77]. 
However, the study presents a serious risk of bias. The main concern relates to the lack of 
blinding for the researchers and the parents who provided the data, combined with the 
use of subjective self-report measures to assess the primary outcome of emotional regula-
tion, which exposes the results to bias stemming from participants’ expectations. 

Overall, these findings suggest that ER and broader regulatory processes may play a 
key role in social DM in individuals with ASD. However, their specific contributions re-
main unclear. 

3.4. Substance-Related and Behavioural Addictions 

EF and ER are closely associated [86–88]: a better performance in one ability is asso-
ciated with better performance in the other [86] and both abilities suffer alterations in pa-
tients with substance use disorder (SUD) [58]. 

Formiga and colleagues (2021) investigated the relationship between ER assessed 
with the Emotion Regulation Profile, and EF in SUD patients. Participants with SUD ex-
hibited impairments in EF, particularly in working memory, inhibitory control and cog-
nitive flexibility. They also demonstrated an increased reliance on maladaptive ER strate-
gies compared to non-users, with those who used multiple substances exhibiting the most 
severe deficits. Poor EF and ER were associated with an earlier onset of substance use, 
difficulty maintaining abstinence, heightened cravings and maladaptive DM behaviours. 
In fact, insufficient inhibitory control perpetuates the cycle of craving and relapse; work-
ing memory supports goal-directed ER and the maintenance of personal goals; cognitive 
flexibility enables the adaptation of behaviours that are aligned with goals yet compatible 
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with individual capacities. Authors advanced the idea that preserved working memory 
and cognitive flexibility enable proactive ER and adaptive DM, whereas their deficit leads 
to impulsive and automatic behaviours. These findings highlight EF and ER as critical yet 
malleable targets for intervention in programmes aiming to improve DM in SUD [78]. 
However, the study presents a moderate risk of bias, compounded by the lack of a power 
analysis due to the small sample size, the absence of statistical adjustments for age and 
education level and a marked gender imbalance between the groups. 

Similarly, Internet Addiction Disorder (IAD) has been linked to deficits in EF, ER and 
DM. Interventions such as body awareness psychotherapy have been shown to signifi-
cantly improved EF (e.g., cognitive flexibility, impulse control and response inhibition), 
ER and DM performance as assessed by the Iowa Gambling Task, alongside a reduction 
in the severity of IAD. While DM abilities improved following the intervention, mediation 
analyses indicated that only improvements in EF and ER significantly mediated the rela-
tionship between body awareness psychotherapy and the reduction in IAD. These find-
ings suggest that improved DM may be a consequence of enhanced executive and ER pro-
cesses rather than a primary mechanism [79]. This study presents a moderate risk of bias, 
as there are some concerns regarding the use of self-report measures for the primary out-
come of internet addiction, combined with the fact that the researchers supervised the 
data collection in an open manner, which could influence participants’ subjective percep-
tion of improvement. 

These findings highlight EF and ER as key targets for preventing and treating addic-
tive behaviours; in fact, strong EF abilities may protect against the early onset of substance 
use [89], while effective ER skills support abstinence during and shortly after treatment 
[90]. Overall, ER is crucial for the development, severity, treatment and prognosis of SUD 
and cognitive deficits exacerbate addiction outcomes [91]. 

Eating disorders and obesity are characterised by pathological eating behaviours in-
fluenced by emotional and neuropsychological impairments on measures of cognitive 
flexibility, central coherence, DM and aberrant reward processing [59,60]. Negative affect 
can trigger maladaptive eating behaviours and EF are crucial for regulating these choices 
[92,93]. Segura-Serralta and colleagues (2018) found that patients with eating disorders 
and obesity showed impairments in DM and central coherence, and that affect (positive 
and negative) and cognitive variables significantly predicted ER, suggesting that EF me-
diate the impact of emotions on food-related DM. Clinical participants tended to make 
decisions based on immediate rewards despite long-term negative consequences, high-
lighting how difficulties in integrating cognitive and emotional information may reinforce 
maladaptive eating patterns [59]. 

4. Discussion 
The aim of this scoping review is to map the evidence on the relationship between 

EF, ER and DM across different clinical populations, with the intention of clarifying how 
these domains interact. It is worth noting that the depth of discussion dedicated to each 
clinical population varies across the following sections. Rather than a stylistic choice, this 
asymmetry directly reflects the current density and historical trajectory of the literature. 
The findings suggest that DM does not reflect an isolated function but rather emerges 
from the dynamic interaction and integration between EF and ER. Across studies involv-
ing different clinical populations, impairments in ER were frequently associated with def-
icits in executive control and with maladaptive DM, particularly in contexts involving un-
certainty, reward evaluation and social interactions. This pattern indicates that EF may 
play a central role in integrating emotional responses into goal-directed decisions. How-
ever, this integration is probably an example of two processes working together in both 
directions at the same time. This relationship does not show that one process depends on 
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the other. Instead, the two systems work together to regulate emotional responses and 
cognitive processing during DM process. 

Another finding observed in the reviewed literature is that executive dysfunctions 
seem to limit the effective implementation of ER strategies during DM. Deficits in inhibi-
tory control, cognitive flexibility and working memory were consistently associated with 
a preference for immediate rewards, reduced sensitivity to feedback, and difficulties 
adapting behaviour over time [59,71,72,78,79]. These findings support the idea that EF 
enable individuals to modulate emotional responses, maintain long-term goals and inte-
grate affective and cognitive information when making decisions. Conversely, preserved 
EF appear to facilitate proactive ER strategies and more advantageous DM [77,79], further 
supporting the idea that EF and ER work together in an interactive way to support adap-
tive DM processes. 

The distinction between ‘hot’ and ‘cold’ EF provides further understanding of the 
mechanisms linking ER and DM. One revised study reported selective impairments in 
emotionally driven DM, despite relatively preserved performance in neutral executive 
tasks. This suggests that difficulties primarily arise from the altered integration of affective 
signals and executive control, rather than from general cognitive deficits [73]. This pattern 
provides further support for the idea of the dynamic interaction during DM, with engage-
ment of partially overlapping neural systems involved in both executive and affective reg-
ulation. 

Another consistent pattern concerns reward sensitivity and feedback-based learning. 
Across various clinical conditions, maladaptive DM was often characterised by increased 
impulsivity, reduced learning from negative outcomes and a preference for short-term 
rewards despite the long-term negative consequences [59,72,73,78]. These behaviours ap-
pear to reflect the combined impact of heightened emotional reactivity and reduced exec-
utive control. This suggests that EF may modulate the influence of emotional responses 
on reward-based DM. The preference for immediate rewards highlights impaired self-
regulation, where diminished executive control and difficulty managing emotional states 
contribute to maladaptive DM. 

Importantly, intervention studies further support this interpretation, showing that 
improvements in ER are accompanied by gains in executive functioning and enhanced 
DM performance. This indicates that EF may represent a modifiable mechanism underly-
ing adaptive decisions [75,77,79]. 

Taken together, these studies emphasised that the relationship between ER, EF and 
DM should not be conceptualised as a unidirectional pathway, but rather as a dynamic 
process. In this context, both EF and ER can be viewed as top-down control mechanisms 
operating in parallel to regulate and integrate emotional and cognitive inputs which thus 
constitute a complex mechanism of self-regulation for efficient DM. It is important to note 
that this integrative framework is a tentative hypothesis, as the current evidence base does 
not allow us to definitively characterise the directionality and specificity of the interac-
tions between EF and ER. Instead, the proposed model is a preliminary synthesis that aims 
to organise heterogeneous findings into a coherent explanatory structure. 

To go beyond a descriptive synthesis, we propose a testable integrative model (Fig-
ure 1) based on a hierarchical architecture where top-down regulation and bottom-up in-
puts converge to shape DM. 

This framework is structured around a higher-level ‘Self-Regulation System’, in 
which EF and ER interact bidirectionally to maintain cognitive control and emotional scaf-
folding. At the lower level, a bottom-up stream delivers affective signals (emotions) and 
cognitive data. Within this architecture, the synergistic interplay within the Self-Regula-
tion System acts as the primary integration hub, through the synergistic interplay of EF 



Brain Sci. 2026, 16, 702 17 of 27 
 

https://doi.org/10.3390/brainsci16070702 

and ER, which co-act to drive DM processes with three distinct yet complementary mech-
anistic pathways: 

 

Figure 1. Proposed integrative hierarchical framework of self-regulation and decision-making. The 
model illustrates the synergistic interaction between: (1) Self-Regulation System, characterised by a 
bidirectional coupling between Executive Functions (EF) and Emotion Regulation (ER); (2) Bottom-
Up Integration Pathway, where incoming affective signals and cognitive data are filtered and mod-
ulated by top-down self-regulatory system; and (3) Bidirectional Feedback Loop, where Decision-
Making (DM) outcomes dynamically loop back to recalibrate subsequent affective states and exec-
utive resources. 

1. System of Self-Regulation: within this single, unified self-regulatory system, EF and 
ER operate as parallel, mutually reinforcing mechanisms. Cognitive control and emo-
tional regulation interact within a reciprocal loop, where executive resources dynam-
ically support the deployment of adaptive ER strategies, while successful emotion 
regulation simultaneously preserves the cognitive capacity needed for efficient pro-
cessing, collectively shaping subsequent choice behaviour. 

2. Bottom-Up Integration Pathway: as bottom-up emotional load and cognitive data en-
ter the stream, the top-down self-regulatory system functions as a buffer. It modu-
lates and filters the impact of these bottom-up affective signals, including emotions, 
arousal states and autonomic nervous system responses, preventing emotional reac-
tivity from overwhelming adaptive choice selection. 

3. Bidirectional Feedback Loop: the final output of this integration determines DM per-
formance, bridging the gap between standardised laboratory paradigms (such as the 
Iowa Gambling Task) and real-life adaptive choices. Crucially, these decision out-
comes do not represent a terminal point; they provide dynamic feedback that loops 
back to recalibrate subsequent affective states and executive resource allocation. 

Importantly, these pathways are not mutually exclusive but operate in tandem as 
part of a dynamic, integrated system. By articulating these specific interaction pathways, 
this framework moves from a tentative hypothesis to an operational roadmap, providing 
a clear theoretical foundation for targeted empirical testing and clinical application. 
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The next important step within this framework is to develop and implement experi-
mental approaches that can directly test this integrative framework between EF and ER 
as top-down regulatory processes during DM. This will clarify their dynamic relationship 
and the underlying mechanisms. 

Indeed, despite these converging findings, there is limited literature on directly test-
ing this dynamic framework, as only a few studies have assessed ER, EF and DM simul-
taneously. Two intervention studies conducted in clinical populations appear to be mov-
ing in this direction. One of these studies targeted executive functioning and emotion reg-
ulation through a body awareness psychotherapy intervention in individuals with IAD. 
The other study used a virtual reality–based physical exercise programme aimed at en-
hancing executive functioning and ER in children with ASD [77,79]. 

Furthermore, it should be noted that some of the studies included in this review (e.g., 
[67–70,76]) examined affective states, such as depression and anxiety, as well as socio-
cognitive abilities, such as empathy or theory of mind. These provide only indirect in-
sights into ER and did not use instruments designed to explicitly assess the construct. 
Nevertheless, these studies were retained as they directly examined both DM and EF, 
thereby meeting the predefined inclusion criteria. It is important to emphasise that con-
structs such as depression and apathy reflect emotional experience or motivational deficits 
rather than the strategies individuals use to regulate their emotions. This distinction is 
fundamental and may partly explain the inconsistencies observed across studies. More 
generally, while several studies have proposed ER as a mechanism linking EF and DM, 
ER is often not assessed directly using validated measures, but rather inferred or theoret-
ically hypothesised. This highlights a significant gap in the literature, as the absence of 
explicit assessment limits our ability to draw definitive conclusions about ER’s role. 

Furthermore, the substantial heterogeneity in task paradigms and operationalisa-
tions of ER and EF limits the comparability of studies and hinders the identification of 
specific mechanisms. Specifically, the included literature relies on a combination of self-
report questionnaires and behavioural task paradigms. While behavioural tasks capture 
real-time, performance-based cognitive and emotional processing, self-report tools reflect 
perceived, subjective behavioural patterns. These methodological differences imply that 
the instruments may measure distinct underlying constructs or levels of awareness, which 
makes direct comparisons difficult. Beyond this broad methodological divide, there is a 
lack of standardisation in the tasks themselves. Distinct studies use different cognitive and 
emotional paradigms instead of a shared, validated set of tests. As these diverse tasks and 
questionnaires impose different cognitive loads and access distinct underlying mecha-
nisms, direct cross-study comparisons are limited. Consequently, a high degree of inter-
pretive caution is required, as these methodological inconsistencies emphasise the neces-
sity of integrative approaches that directly test theoretical models linking emotional and 
executive regulation to DM. 

Overall, this scoping review lends support to a model in which EF play a pivotal role 
in bridging the gap between ER and DM across clinical populations. Disruptions in exec-
utive control may impair the ability to regulate emotional responses, leading to short-
sighted and maladaptive decisions, particularly in emotionally salient contexts. In this 
view, DM emerges as the outcome of the continuous interaction between EF and ER pro-
cesses, which jointly modulate the influence of bottom-up affective signals through top-
down control mechanisms. This perspective has important clinical implications, suggest-
ing that interventions targeting executive functioning and ER simultaneously could im-
prove DM abilities promoting adaptive behaviour in daily life. Overall, the current evi-
dence supports a preliminary and tentative framework, which requires further empirical 
validation. Given the complexity of the interactions between EF, ER and DM, current find-
ings should be interpreted as indicative rather than conclusive. This highlights the need 
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for more systematic and experimentally controlled investigations. Future research should 
adopt longitudinal and experimental designs, assessing ER, EF and DM within the same 
framework. Furthermore, it should directly test mediation models to clarify the mecha-
nisms linking emotional and executive regulation to adaptive DM outcomes. 

4.1. Transdiagnostic Mechanisms vs. Disorder-Specific Phenotypes 

Including heterogeneous clinical populations in this review enables us to distinguish 
between common processes and manifestations specific to particular disorders. Mecha-
nisms that recur across diverse clinical conditions may represent shared neurocognitive 
vulnerabilities, whereas patterns confined to specific disorders may reflect unique patho-
logical or cognitive characteristics. 

Across diagnostic categories, the most significant convergent feature is impaired DM; 
this impairment manifests as a marked preference for immediate rewards despite long-
term negative consequences, coupled with reduced sensitivity to environmental feedback 
and punishment. This trend has been consistently observed in patients with dementia, 
TBI, ASD and addictions [59,68,71–73,76,78]. From an internal processes perspective, the 
common feature is the absence of ‘emotional scaffolding’ for cognitive processes: affective 
signals are not properly integrated with EF, which prevents effective top-down regulation 
[67,69,73,80,89,90]. Inhibitory control emerges as a key process in linking emotional states 
to DM outcomes. This functional overlap is underpinned by a shared neural architecture 
involving prefrontal–striatal–limbic circuits, with critical nodes in the dorsolateral pre-
frontal cortex (dlPFC), ventrolateral prefrontal cortex (vlPFC) and insula [22,32,35]. 

Regarding the specific mechanisms underlying different disorders, this review pro-
poses the ‘self-regulatory system’ as a cross-cutting factor that may be compromised in 
different ways depending on the condition. 

In cases of addiction and eating disorders, a ‘bottom-up’ breakdown hypothesis may 
be applicable due to excessive emotional load. This breakdown may be caused by the 
overstimulation of affective signals. Hypersensitivity to reward and cycles of craving 
could generate excessive emotional stimulation, which would overwhelm the ‘buffer’ of 
the self-regulatory system. In such cases, DM processes would fail because emotional im-
pulses would be too intense to control, resulting in impulsive and automatic behaviour 
[59,78,79]. 

In cases of dementia (such as AD, FTD and PD), we could consider a ‘top-down’ 
breakdown hypothesis due to the weakness of the control mechanisms. The system ap-
pears to break down due to a depletion of the executive resources required to implement 
regulatory strategies. In this context, failure may be more structural in nature, with a re-
duced capacity for initiative and goal maintenance (often associated with apathy) making 
proactive strategies such as reappraisal more difficult to use [50,67,68]. 

Patients with TBI represent a complex and heterogeneous group because, depending 
on the location and extent of the injury, they may exhibit a wide range of cognitive, emo-
tional and behavioural deficits. Previous reviews have confirmed that these patients often 
have severe deficits in DM [94]. For example, structural damage to the lateral prefrontal 
cortex (lPFC), which is typically associated with impairments of a more ‘executive’ and 
regulatory nature, could selectively impair the integration of affective signals in the DMN, 
leaving abstract cognitive abilities intact but making patients less able to regulate their 
responses to salient stimuli [72,73]. Furthermore, it has been observed that a reduced emo-
tional load facilitates more beneficial decisions in these patients, suggesting that difficul-
ties arise specifically when the integration of affective feedback is required [71]. In contrast 
to the regulatory and operational deficits of the lPFC, lesions to the ventromedial prefron-
tal cortex (vmPFC) selectively affect the emotional sphere by preventing the generation of 
emotional signals (somatic markers) needed for decision-making. In such cases, a dual 
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dissociation is observed: patients exhibit severe decision-making impairment yet retain 
intact ‘cold’ cognitive functions, such as working memory, attention, and general intellec-
tual abilities [18]. 

Finally, in ASD, the disruption to the system appears to be linked not so much to a 
deficit in control, but rather to difficulty integrating complex socio-emotional information, 
such as empathy and theory of mind, into DM, outlining hypotheses regarding the speci-
ficity of social cognition [56,76]. 

In conclusion, while the ‘Self-Regulation System’ is a common transdiagnostic frame-
work, its vulnerabilities appear to be condition-specific. It is crucial to recognise whether 
DM failure stems predominantly from an inability to exercise control (top-down) or from 
excessive emotional reactivity (bottom-up), to guide future research towards the develop-
ment of targeted and personalised neurorehabilitation interventions. 

4.2. Limitations 

This review has some limitations. Firstly, the small number of studies and their het-
erogeneity in terms of populations, methodologies and assessment tools makes it difficult 
to draw definitive conclusions. Secondly, only a few studies have examined all three con-
structs simultaneously, which limits our understanding of their interactions. Therefore, as 
this is a scoping review, the aim was to provide a broad overview of the literature rather 
than a quantitative synthesis. Therefore, it is not possible to formally assess effect sizes or 
the strength of associations. Finally, in line with the neuropsychological focus of this work, 
this review intentionally prioritised conditions deeply rooted in clinical neuropsychology 
and cognitive behavioural frameworks (e.g., TBI, dementia, ASD and addictions). How-
ever, we recognise that the scope of the review is limited by these methodological choices. 
The variability observed in populations such as those with TBI suggests that our frame-
work requires further testing. Future reviews that extend these boundaries to severe psy-
chopathological conditions, such as bipolar disorder and borderline personality disorder, 
will be invaluable in testing whether the proposed integrated self-regulation framework 
is generalisable to a broader clinical spectrum, characterised by unique dynamics between 
acute affective fluctuations and cognitive control. 

4.3. Future Directions 

From a neurocognitive perspective, these findings support models emphasising the 
role of prefrontal–limbic circuits in supporting an integrated self-regulatory system un-
derlying DM. Disruptions in these networks are likely to reflect alterations in this dynamic 
interaction and integration, rather than a simple reduction in emotional input or a deficit 
in top-down cognitive control. Importantly, both EF and ER represent potentially modifi-
able processes, making them promising targets for biofeedback and neuromodulation-
based interventions. 

On the one hand, biofeedback could play an important role in this context for at least 
two reasons. First, in terms of assessment, certain indices such as heart rate variability 
(HRV) or blood volume pulse (BVP), which are considered (parasympathetic) indices of 
top-down self-regulation (see, e.g., [95,96]), have already been linked to improved execu-
tive functioning [97,98] and better emotional regulation abilities [99,100] and are therefore 
considered potential—in vivo and non-invasive—transdiagnostic biomarkers of mental 
health [101]. Conversely, alterations in the bottom-up peripheral (sympathetic) signal of 
electrodermal activity (EDA) have been found, for example, in TBI patients with impaired 
DM [102]. The possibility, therefore, of considering autonomic balance (sympathetic sys-
tem versus parasympathetic system) could represent an important transdiagnostic bi-
omarker that provides insight into how bottom-up physiological information and activa-
tions can be integrated and modulated through top-down control (as indicated by HRV 
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indices). When mapped onto our framework, these autonomic metrics offer a direct, em-
pirical window to investigate the internal dynamics of the Bottom-Up Integration Path-
way. 

Secondly, these indices can also be utilised in rehabilitation through specific biofeed-
back protocols that can help individuals—using specific protocols—self-regulating their 
autonomic indices, potentially thereby also affecting their self-regulatory system (execu-
tive functioning and emotional regulation abilities) and thus leading to more effective 
DM. From a mechanistic standpoint, such interventions serve as an ideal paradigm to em-
pirically validate the Bidirectional Feedback Loop, demonstrating how stabilising periph-
eral autonomic reactivity can shield cognitive resources from bottom-up overload and in-
directly facilitate more adaptive decision-making performance. 

On the other hand, as seen in Section 1.1., ER and DM share dorsomedial, dorsolat-
eral, ventrolateral and medial regions of the prefrontal cortex [11]. Due to these character-
istics, brain stimulation to these areas using neuromodulation tools can influence ER and 
DM by modulating the interaction in the brain circuits [103]. 

In a review by Choi and colleagues (2016) it has been shown that both repetitive 
Transcranial Magnetic Stimulation (rTMS) and Transcranial Direct Current Stimulation 
(tDCS) improve ER and DM abilities by modulating top-down regulation. With respect to 
ER, rTMS has been shown to influence attentional and affective processing of emotional 
stimuli, as well as autonomic responses, with additional evidence suggesting that cerebel-
lar stimulation may impact mood-related processes. tDCS studies, which are more heter-
ogeneous in scope, indicate region-specific effects on emotional arousal, regulation of neg-
ative affect, emotional reactivity to aversive stimuli and ruminative self-referential think-
ing. In the domain of DM, rTMS has been associated with changes in delay discounting, 
food-related choices, moral judgement and blameworthiness decisions, as well as in exec-
utive domains such as visuospatial attention, working memory, perception and visuomo-
tor performance. Similarly, tDCS has been reported to influence risk-taking, impulse con-
trol, maladaptive DM and value-based choice, in addition to broader cognitive processes 
including dual-task performance and model-based learning [104]. 

Clinical findings further reinforce this interpretation. For example, bilateral tDCS tar-
geting the dorsolateral prefrontal cortex (dlPFC) in individuals with borderline personal-
ity disorder led to improvements in executive functioning and increased use of cognitive 
reappraisal strategies, suggesting that modulation of prefrontal control networks may re-
duce emotion dysregulation [105]. When mapped onto our model, neuromodulation tools 
like tDCS and rTMS serve a dual purpose: they represent a valuable experimental ap-
proach to causally validate the architecture of our framework and a promising symptom-
targeted intervention for clinical populations. By applying stimulation over the dlPFC, 
researchers can causally enhance prefrontal activity during standardised DM tasks. This 
approach allows investigators to examine whether boosting executive resources simulta-
neously enhances emotion regulation capacities (to test the strength of the internal dy-
namics of the Self-Regulation System) and whether it increases a person’s resilience to 
emotional biases while making choices (validating the top-down buffer capacity). Eco-
nomically and practically, tDCS offers practical advantages in terms of ease of application, 
tolerability and relatively low cost, making it particularly suitable for large-scale clinical 
research. Ultimately, by explicitly identifying which regulatory components these inter-
ventions target, our framework supports the future development of integrated, dual-tar-
get protocols (e.g., combining tDCS for top-down enhancement and biofeedback for bot-
tom-up stabilisation) tailored to the specific breakdown of different clinical cohorts. Given 
its capacity to modulate prefrontal control networks, tDCS represents a promising tool 
not only as a valuable experimental approach to elucidate shared neural mechanisms un-
derlying executive control, ER and DM, but also as a promising symptom-targeted 
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intervention for disorders marked by emotional dysregulation and maladaptive choice 
behaviour. However, further research is needed to establish long-term clinical efficacy and 
to define optimal stimulation protocols [104]. Future research should adopt more integra-
tive and ecologically valid paradigms, assessing ER, EF and DM within the same experi-
mental framework. Longitudinal designs may also help to clarify the directionality of 
these relationships. 

5. Conclusions 
In conclusion, this scoping review emphasises the importance of moving beyond re-

ductionist explanations of DM and adopting an integrative, system-level approach. ER 
and EF should be conceptualised as interacting components of a broader self-regulatory 
system shaping decision behaviour. Developing this framework will be crucial for ad-
vancing theoretical understanding and creating more effective and targeted interventions 
for different clinical populations. 
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