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ARTICLE INFO ABSTRACT

Keywords: Executive function (EF) and emotion regulation (ER) have been proposed as transdiagnostic factors that
Neurodevelopment contribute to the socio-emotional and behavioural difficulties observed in neurodevelopmental disorders,
:SD]I)-ID particularly autism and attention deficit/hyperactivity disorder (ADHD). Investigating potential differences in

the association between EF and ER in autism, ADHD and autism/ADHD co-occurrence could be an important
avenue to inform possible differential diagnosis. In this study, we present a systematic review examining the
associations between EF and ER in autism, ADHD, and autism/ADHD. PubMed, Web of Science, PsycInfo, and
Scopus datasets were searched for empirical articles, published between January 2013 and October 2024.
Twenty-two articles were included. Of these, four analysed the relationship between EF and ER in autism, 16 in
ADHD and two in autism/ADHD, demonstrating a clear focus on the study of these dimensions in ADHD over the
past decade. Although age (i.e., children versus adults) and methodological (i.e., task-based versus report-based
measures) differences may contribute to the variability of findings, the overall evidence suggests an association
between EF difficulties and emotional dysregulation across conditions. Further research comparing autism,
ADHD and autism/ADHD individuals is needed to draw clearer conclusions about how the association between
EF and ER differs across these neurodevelopmental disorders, to inform more accurate diagnosis.

Emotion regulation
Executive function
Transdiagnostic

Neurodevelopmental Disorders (NDDs) are a group of disorders that
cause cognitive, socio-emotional, and behavioural impairments (Amer-
ican Psychiatric Association [APA], 2022). They typically emerge during
childhood but may persist across the lifespan (Nylander et al., 2013;
Parenti et al., 2020; Sibley et al., 2017). The prevalence and comorbidity
rates of NDDs have increased in recent years (Cleaton and Kirby, 2018),
with autism spectrum disorder (ASD) and attention deficit/-
hyperactivity disorder (ADHD) being the most frequently diagnosed
NDDs (Hansen et al., 2018).

Autism® is characterised by difficulties in different areas of devel-
opment, including communication and social interaction, and by a
restricted and repetitive pattern of behaviours, interests, or activities,
whereas ADHD is defined by altered functioning in the areas of atten-
tion, hyperactivity, and impulsivity (APA, 2022). Both are more com-
mon in boys than girls (Cruz et al., 2024; Klefsjo et al., 2021) and cause
significant disruptions in daily lives and adaptive problems at school,
work, or at home, given the associated behavioural and emotional dis-
turbances (Berenguer et al., 2018). The core diagnostic symptoms of
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autism and ADHD do not overlap, but homotypic co-occurrence has
been evidenced, as autistic individuals commonly present ADHD
symptoms and vice versa (Berenguer et al., 2018; Khachadourian et al.,
2023; Rong et al., 2021).

Socio-emotional difficulties manifest differently in autism and
ADHD. In autism, these range from simpler forms of social interactions
(e.g., joint attention) to more complex processes (e.g., establishing and
maintaining friendships) as they are unable to respond to their peers (e.
g., lack of social smiling), have challenges in eye contact, body language,
and speech production (APA, 2022). Contrarily, social problems in
ADHD result rather from rejection by their peers, as their impulsive
behaviour is perceived as upsetting or disruptive in social interactive
contexts (Chiang and Gau, 2014).

The functioning heterogeneity observed in autism and ADHD may be
explained by differences in executive function (EF) and emotion regu-
lation (ER) in these conditions, which are crucial for social cognition and
communication (Moriguchi and Hiraki, 2013). Therefore, a possible
approach to the early identification and differential diagnosis of autism,
ADHD and autism/ADHD co-occurrence (autism/ADHD) may be related
to particularities in the association between EF and ER in these
conditions.

EF consists of a set of top-down, higher-order cognitive processes
that enable individuals to manage and regulate their thoughts, actions,
and emotions to achieve goals (Diamond, 2013; Garcia-Molina, 2018).
Key components of EF include working memory (the ability to tempo-
rarily hold and manipulate information), inhibitory control (the ability
to control impulses, resist distractions, and refrain from behaviours that
may interfere with goal attainment), and cognitive flexibility/shifting
(the ability to adapt to changing circumstances and adjust one’s thinking
in response to new information and problem solving) (Diamond, 2013;
Friedman and Miyake, 2017; Garcia-Molina, 2018; Miyake et al., 2000).

EF challenges have been proposed to be associated with autistic
traits, including social domains and repetitive and restricted behaviours
(Demetriou et al., 2018; Jones et al., 2018; Leung et al., 2016; Lopez
et al., 2005; Pugliese et al., 2016), as well as with core ADHD symptoms
(i.e. impulsivity) (Burgess et al., 2010; Craig et al., 2016; Tillman et al.,
2011). Challenges in planning and flexibility are particularly prominent
in autism, with the latter being associated with repetitive behaviours
and social difficulties (Leung et al., 2016; Lopez et al., 2005). Difficulties
in response inhibition and working memory are more characteristic of
ADHD, contributing to impulsivity and hyperactivity (Alderson et al.,
2012; Craig et al., 2016; Rapport et al., 2009; Antshel and Russo, 2019).
Individuals with co-occurring autism and ADHD may have more severe
executive dysfunctions, especially in flexibility, inhibition, and attention
(Benallie et al., 2021).

ER refers to the ability to monitor, evaluate, and modulate emotional
experiences in response to internal or external/environmental stimuli,
as well as how they are processed and expressed (Carver and Johnson,
2018; Gross, 2015). ER contributes to the organisation of cognitive ac-
tivity, emotional responses, and overt behaviour (Gioia et al., 2002;
Zelazo and Cunningham, 2007). It is important to note that ER strategies
are neither inherently adaptive nor maladaptive, but depend on flexi-
bility and contextual appropriateness (Gross, 2015). Individuals with
NDDs often have difficulty using ER strategies flexibly, which can result
in heightened emotional reactivity, tantrums, irritability, or aggressive
behaviour (Mazefsky et al., 2013; Graziano and Garcia, 2016).

Altered ER ability has been linked to key processes during develop-
ment in both autism (Cai et al., 2019; Conner et al., 2020; Reyes et al.,
2020) and ADHD (Barkley, 2010; Faraone et al., 2019; Groves et al.,
2020; Shaw et al., 2014), particularly in relation to social maladjust-
ment, language (Ciray et al., 2022; Jaisle et al., 2023), and behavioural
problems (Roll et al., 2012; Tse, 2020). For example, Tye et al. (2014)
found that autisticc ADHD and autistic/ADHD children (8-13 years)
showed atypical emotion processing: autism showed reduced early re-
sponses to anger, ADHD altered contextual processing for fear and joy,
and co-occurring autism/ADHD combined difficulties. These results
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suggest ER difficulties may underlie social challenges, especially in
autism/ADHD (Walter et al., 2023).

EF and ER are closely linked across the lifespan in non-clinical
populations (Hendricks and Buchanan, 2016; Schweizer et al., 2017;
Sperduti et al., 2017; Wante et al., 2017). Neuroanatomically, ER is
associated with activation in the prefrontal cortex and anterior cingulate
cortex, regions also involved in EF (Buhle et al., 2014; Kohn et al., 2014;
Niendam et al., 2012). This overlap supports models suggesting that EF
is central to emotional modulation (Makowski et al., 2015; Ochsner
etal., 2012; Ochsner and Gross, 2005). As both EF and ER depend on the
maturation of the prefrontal and subcortical-cortical regions, which is
often disrupted in NDDs, this disruption may account for the observed
difficulties (Shaw et al., 2014). Inhibition and flexibility difficulties have
been related to maladaptive ER strategies and emotional dysregulation
in both autism (Mazefsky et al., 2013) and ADHD (Banaschewski et al.,
2012). Likewise, in autism/ADHD, poorer cognitive functioning has
been associated with maladaptive ER strategies and pronounced func-
tional impairments (Rao and Landa, 2014).

Overall, the evidence suggests that EF and ER are dynamically
interconnected processes that jointly influence social adjustment and
mental health outcomes (Hendricks and Buchanan, 2016; Nigg, 2017).
EF appears to provide the cognitive control necessary for implementing
ER strategies, and ER can, in turn, modulate the efficient use of EF re-
sources (Camacho et al., 2025; Bridgett et al., 2013). Therefore, clari-
fying how these domains interact in autism, ADHD, and autism/ADHD is
crucial to wunderstanding the mechanisms underlying shared
socio-emotional and behavioural difficulties. Building on this, research
in clinical populations has proposed EF and ER as potential trans-
diagnostic mechanisms that are particularly relevant in the context of
autism, ADHD and their co-occurrence (Astle et al., 2022;
England-Mason, 2020). Thus, understanding the relationship between
EF and ER may contribute to a more integrated model of neuro-
developmental functioning that moves beyond categorical diagnostic
boundaries towards dimensional, mechanism-based frameworks (Insel
et al., 2010; Cuthbert, 2014).

Furthermore, identifying the nature and strength of the association
between EF and ER in autism, ADHD, and autism/ADHD has significant
implications for clinical practice. Identifying similarities and differences
in these associations and outlining potential cognitive-emotional pro-
files, may help clinicians differentiate between autism, ADHD, and their
overlap. This could facilitate differential diagnosis, reduce the number
of clinical hypotheses, and shorten the diagnostic process. An accurate
and timely diagnosis is also essential for accessing appropriate in-
terventions, which can prevent more severe behavioural and emotional
difficulties (Ozonoff, 2015; Simon et al., 2023). An early diagnosis has
been shown to lead to better functional independence, cognition, and
adaptation in autism (Pickles et al., 2016) and ADHD (Agnew-Blais
et al., 2018). In contrast, delayed identification can limit access to
support and has been linked to negative psychosocial outcomes,
including loneliness, lower self-esteem, or substance use
(Gabbay-Dizdar et al., 2022). Examining shared and distinct cognitive-
—emotional profiles across autism and/or ADHD can therefore enhance
diagnostic precision and support the development of more personalised
and effective early interventions.

1. Current study

This study aimed to comprehensively investigate the relationship
between executive function and emotion regulation in autism, ADHD,
and co-occurring autism/ADHD and answer the following research
questions: 1) How does executive functioning relate to emotion regu-
lation in autism?, 2) How does executive functioning relate to emotion
regulation in ADHD?, and 3) How does executive functioning relate to
emotion regulation in autism/ADHD co-occurrence?
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2. Method

The methods and protocol for the present systematic review were
established and registered in PROSPERO (CRD420250652223) prior to
the implementation of this study. We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist
guidelines (Moher et al., 2015) to conduct this systematic review.

2.1. Literature search strategy

The electronic databases PubMed, Web of Science, PsychInfo and
Scopus were searched for empirical articles published in English be-
tween January 2013 (to reflect the latest diagnostic criteria for autism
and ADHD, as the DSM-5 was published this year) and October 2024.
The following search terms were used: (("autism" OR "autistic” OR "asd"
OR '"autism spectrum disorder" OR "asperger") OR (“attention deficit
hyperactivity disorder” OR “adhd”) AND (“executive functions” OR
“executive functioning” OR “updating” OR “working memory” OR
“planification” OR “planning” OR “shifting” OR “cognitive flexibility”
OR “inhibitory control” OR “inhibit*” OR “decision making”) AND
("emotion dysregulation" OR “emotional dysregulation” OR "emotion
regulation” OR “emotional regulation” OR ‘'emotion control" OR
“emotional control”)). Studies were considered if they i) enrolled people
with a diagnosis of ASD, autism or Asperger’s syndrome, and/or ADHD,
according to the International Statistical Classification of Diseases and
Related Health Problems, 10th (ICD-10) and 11th (ICD-11) revisions or
the American Psychiatric Association's Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR), 5th Edi-
tion (DSM-5) or 5 t" Edition Text Revision (DSM-5-TR) diagnostic
criteria; and ii) focused on the association between EF and ER in ASD,
ADHD, and/or ASD/ADHD.

Titles and abstracts were screened for eligible studies. The full text of
the selected studies was then examined according to the inclusion and
exclusion criteria, as described below. The eligibility of all records (title
and abstract and full texts) was assessed independently by two re-
searchers. Cohen’s kappa coefficient was calculated at each stage to
measure interrater reliability and ensure that the included data accu-
rately reflected the assessed variables (McHugh, 2012). Any discrep-
ancies or doubts were resolved at a consensus meeting conducted by a
third researcher who acted as a consultant in case of conflict. It should be
noted that a manual search of the reference lists of the included studies
was conducted to identify further studies. However, this search did not
result in the inclusion of any additional studies.

2.2. Procedure and eligibility criteria

The initial database search resulted in 1593 articles of which 713
were duplicated. Hence, the title and abstract of 880 articles were
screened for the inclusion criteria (k = 0.67). Studies were excluded
based on the following exclusion criteria: i) different format than
empirical paper (i.e., book chapters, congress abstracts, letters to the
editor, meta-analysis or reviews) (n = 272), ii) not using human samples
(n = 5), iii) not focused on ASD, Asperger’s diagnosis and/or ADHD
(n = 280), iv) not focused on the study of executive functions and/or
emotional regulation (n = 137). Two additional studies were excluded
as they were written in languages other than English.

Thus, the title and abstract screening resulted in 184 potentially
relevant articles. After a thorough and comprehensive examination of
the full text of these articles for inclusion criteria, 162 were additionally
excluded (k = 0.76). The following eligibility/selection criteria were
applied i) participants with a diagnosis of ASD, autism, Asperger's syn-
drome and/or ADHD according to the ICD-10, ICD-11, DSM-IV-TR,
DSM-5 or DSM-5-TR, or whose diagnosis has been confirmed by a
standardised ASD questionnaire or diagnostic interview (Autism Diag-
nostic Interview-Revised [ADI-R; Rutter et al., 2003], Autism Diagnostic
Observational Schedule-2 [ADOS-2; Lord et al, 2012]) or by a
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standardised ADHD questionnaire or diagnostic interviews (Kiddie--
Schedule for Affective Disorders and Schizophrenia - Present and Life-
time DSM-5 Version [K-SADS-PL; Kaufman et al., (2016)], ADHD Rating
Scale - IV [ADHD-RS-IV; DuPaul et al., (1998)], ADHD-RS-5 (DuPaul
et al.,, 2016), Adult ADHD Self-Report Scale [ASRS; Kessler et al.,
(2005)1) (n = 57); and ii) studies analysing the relationship between EF
and ER in autism, ADHD and/or autism/ADHD (n = 104). In addition,
one study (Saez-Suanes et al., 2020b) was excluded because it reported
the same results regarding EF and ER associations as another earlier
study — Sdez-Suanes et al. (2020a), the latter being included in this
review.

A total of 22 articles were included in this review. These articles were
divided into three groups according to the diagnosis of the participants:
autism (participants with a diagnosis of ASD, autism or Asperger Syn-
drome only), ADHD (participants with a diagnosis of ADHD only), and
autism/ADHD (participants with a co-occurring diagnosis of ASD,
autism or Asperger and ADHD). Four articles were included in the
autism group, 16 in the ADHD group, and two in the autism/ADHD
group. Fig. 1 depicts the flowchart of the selection procedure.

2.3. Data selection and extraction

In addition to study descriptors (e.g. authors, year of publication),
the following information was extracted from the full-text documents: i)
sample size, ii) age of participants, iii) gender distribution, iv) diagnosis,
v) instruments used to assess EF and ER, and vi) results regarding the
association between EF and ER. The quality and risk of bias of the
included studies were assessed using the Joanna Briggs Institute (JBI)
critical appraisal checklist for cross-sectional analytical studies (Moola
et al., 2017). Supplementary Material Table 1 provides information on
the quality of the studies. Interrater reliability was excellent (k = 0.95).

3. Results

Table 1 summarises the methodological characteristics and results of
the studies included in this review. Results are presented according to
the three groups: autism, ADHD and autism/ADHD.

3.1. EF and ER in Autism

Four studies reporting on the relationship between EF and ER in
autism were included.

Sdez-Suanes et al. (2020a) used informant-report questionnaires to
assess both EF and ER in autistic individuals aged 18-62 years with
co-occurring intellectual disability (ID) — the Dysexecutive Question-
naire (DEX) to assess EF, and the Emotional Regulation Checklist (ERC;
Shields and Cicchetti, 1997) to assess ER. The DEX is a general measure
of executive dysfunction assessed through 20 items rated on a 5-point
Likert-scale. The ERC is a 24-item questionnaire comprising two sub-
scales: emotion regulation (assessing the appropriate expression and
modulation of emotions) and lability/negativity (measuring emotional
dysregulation characterised by rapid and intense mood fluctuations).
The lability/negativity subscale was used as an indicator of emotional
dysregulation. Therapists completed the questionnaires as participants
had limited ability to independently complete them, attributed to their
co-occurring ID. Results indicated that executive dysfunction was posi-
tively and significantly associated with emotional dysregulation
(r=0.648, p < .01).

DeLucia et al. (2022) and Jahromi et al. (2019) used the Day/Night
Task to assess inhibitory control in autistic and non-autistic (i.e., control
group) preschoolers. In this task two types of cards are shown with the
illustration of a sun or a moon and stars. Children were then asked to say
"day" if a moon and stars card was shown, and "night" if a sun card was
shown. In addition to the Day/Night Task, Jahromi et al. (2019) assessed
inhibitory control also using the Hand Game Task, which required
children to initially mimic the experimenter's hand movements and
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Fig. 1. Search strategy following PRISMA guidelines.

subsequently perform the opposite movement following a rule change.
In addition, effortful control (i.e., ability to focus attention on
task-relevant information and switching between tasks, while inhibiting
unwanted responses; Chevalier, 2018) was measured using the Chil-
dren’s Behaviour Questionnaire-Short Form (CBQ-SF; Putnam and
Rothbart, 2006; Rothbart et al., 2001), a parent-reported instrument
assessing temperament, with effortful control scores derived from sub-
scales measuring inhibitory control, low-intensity pleasure, perceptual
sensitivity, and attention focusing. Both studies assessed ER abilities
using the parent-report ERC, with Jahromi et al. (2019) also using
observation to rate behaviours during a gratification delay task, with
positive and negative affect behaviour being rated on a 7-point scale (1-
‘no negative/positive emotion displayed’; 7- ‘three or more intense,
heightened, or prolonged displays of negative/positive emotion’).

DeLucia et al. (2022) found no significant relationships between
inhibitory control, measured by the Day/Night Task, and the Labili-
ty/Negativity or Emotion Regulation subscales of the ERC, in autistic
preschool children aged 4-6 years and in the non-autistic comparison
group. Similarly, Jahromi et al. (2019) found no significant associations
between inhibitory control, assessed using the Day/Night Task or Hand
Game Task, and the ERC or the observed behaviours (i.e., reflecting
negative or positive affect) in autistic and non-autistic children aged
40-77 months. However, the authors observed that ER was significantly
associated with effortful control (r = 0.58, p < .05) in the autistic group.
In contrast, in the non-autistic group, ER was significantly related to
joint attention (r = 0.51, p < .05).

Finally, Zantinge et al. (2017) assessed EF using the parent-report
(preschool questionnaire) version of the Behaviour Rating Inventory of
Executive Function (BRIEF; Gioia et al., 2002). This questionnaire as-
sesses EF across nine clinical scales — Inhibit, Self-Monitor, Shift,

Emotional Control, Initiate, Working Memory, Plan/Organise, Organi-
sation of Materials, and Monitor — which are further grouped into three
high-level executive domains, each represented by a regulatory index:
behavioural, emotional, and cognitive regulation. ER was evaluated
using the Locked Box task, a performance-based task from the preschool
Laboratory Temperament Assessment Battery (Lab-TAB). This task was
aimed at inducing frustration by denying children access to a chosen toy
for 4 min using incorrect keys, followed by 1 min of playing after
unlocking the box giving access to the toy. While performing this task,
the authors observed the behaviour of 43- to 79-month-old preschoolers,
measured their physiological arousal (i.e., heart rate activity), and cat-
egorised their emotional coping strategies as constructive, venting, and
avoidance. The results showed no statistically significant association
between EF (inhibitory control or shifting abilities) and ER strategies in
autistic children. The study also included a group of non-autistic pre-
schoolers but did not report on the association between EF and ER
strategies in this group.

3.2. FF and ER in ADHD

Sixteen studies reporting on the relationship between EF and ER in
ADHD were included.

Three studies used questionnaires to assess EF and ER (Al-Yagon
etal., 2020; Biederman et al., 2020; Marques et al., 2024). They used the
BRIEF, either the parent (Marques et al., 2024), teacher (Al-Yagon et al.,
2020), or self-report (Biederman et al., 2020) versions to assess EF. To
measure ER, Al-Yagon et al. (2020) used the self-report version of the
Negative Mood Regulation, a 30-item questionnaire that measures the
capacity to manage negative moods. Biederman et al. (2020) used the
Barkley Emotional Dysregulation Scale, a subset of eight questions
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Table 1
Summary of the data extracted from the included studies, presented according to the diagnosis of the participants: autism, ADHD, and autism/ADHD.
Autism
Study Sample Size (Gender) Measures Results
Age range (mean + SD)
Zantinge et al. 27 autistic preschoolers (2 girls) - LBT (Lab-TAB; assessing ER). No significant association between EF (inhibition and
(2017) 43-79 months (M = 59.5 + 10.4) - BRIEF (assessing EF; parent report version) cognitive flexibility) and ER
(Jahromi et al. 18 autistic preschoolers (no gender - D/NT and HGT (assessing EF; performance- Significant and positive relationship between effortful control
2019) distribution specified) based tasks) (CBQ-SF) and ER (emotion regulation subscale of the ERC)

Saez-Suanes et al.
(2020)(a)

DeLucia et al.
(2022)

ADHD

Study

Van Cauwenberge
et al. (2015)

Cavallet et al.
(2016)

Jensen et al. (2018)

Sjowall and Thorell,
(2019)

Al-Yagon et al.
(2020)

Biederman et al.

(2020)

Dir et al. (2020)

Imanipour et al.

(2021)

Tarle et al. (2021)

Colonna et al.
(2022)

Linca et al. (2022)

Anker et al. (2022)

Leib et al. (2023)

Zhang et al. (2023)

Inci Izmir et al.
(2024)

40-77 months (M = 57.6 + 11.3)

121 autistic individuals (40 women)
18-62 years (M = 35.46 + 9.5)

24 autistic preschoolers (6 girls)
4-6 years (M = 5.3 £ 1)

Sample Size (gender)
Age range (mean + SD)
29 school-age children with ADHD (9

girls)

8-15 years (M = 11 + 2.7)
16 adults with ADHD (only males)
20-33 years (M = 26 + 4.3)

41 children with ADHD (11 girls)
8-12 years (M = 9.65 + 1.2)

52 children with ADHD (12 girls)
48-72 months (M = 71 £+ 6.7)

50 children with ADHD (no gender

distribution specified)

11-12 years (M = 11.45 + 0.50 years)
441 adults with ADHD (246 women),
categorised according to DERS:

250 low-level DERS (145 women)
18-55 years (M = 34.5 + 13.5)

191 high-level DERS (101 women)
18-55 years (M = 32.5 £ 11.4)

57 children with ADHD (+ DBD) (with
and without suicidal ideation; 21 girls)
11-12 years (M = 11.9 £ 0.5)

25 children with ADHD (14 girls) 7-12

years

36 children with ADHD (17 % female)
8-12 years (M = 9.8 +1.7)

219 adolescents with ADHD (13 girls)
10-18 years (M = 14 £ 1.9)

241 school-age children with ADHD

(87 girls)

72-120 months (M = 97.5 + 1)
418 adults with ADHD (188 women)
18-65 years (M = 36.6 + 11.5)

739 children and adolescents with

ADHD (244 girls)

6-16 years (M = 9.6 & 3.5)
Categorised as emotionally averaged
(n = 458) and emotionally
dysregulated (n = 281)

55 children with ADHD (11 girls)
7-11 years (M = 8.8 +1.1)

176 children with ADHD (+ CDS) (84

girls)

8-12 years (M = 10 + 1.52)

- ERC (assessing ER)

- CBQ-SF (assessing effortful control)

- Behavioral observation (positive and negative
effect during a gratification delay task)
Informant-report questionnaires completed by
the therapist:

- DEX (assessing EF)

- ERC (assessing ER)

- D/NT (assessing EF; performance-based task)
- ERC (assessing ER; parent-report version)

Measures

- E-n-back (assessing ER and EF; performance-
based task)

- ASCT (assessing EF and ER; performance-based
task)

- LNS, backward conditions of digits and spatial
span (assessing EF; performance-based tasks)

- BRIEF (assessing ER; parent-report version)

- Performance-based tasks: FPT, FT, GDT, GNG,

and Digits (assessing EF) and ERT, DP, PCT, and
ILT (assessing ER)

- Report measures: CHEXI (assessing EF) and EQ
(assessing ER)

- BRIEF (assessing EF; teacher-report version)

- NMR (assessing ER; self-report version)

- BRIEF-A (assessing EF; self-report version)
- CBS-SR (assessing ER; self-report version)

- BART (assessing EF; performance-based task)
- ERC (assessing ER; parent-report version).

- Digit Span, LNS, arithmetic test (assessing EF;
performance-based task)

- ERQ-CA (assessing ER; self-report version)

- PHWMT (assessing EF; performance-based task)
- ER coding (assessing ER; observational measure)

- CPT, CxR, GNG, TDT, UG (assessing EF;
performance-based task) and WCST (assessing EF;
cognitive assessment test)

- CAPA (assessing ER; parent-report version)

- NEPSY (assessing EF; performance-based task)
- ER self-created task (assessing ER; performance-
based task)

- Arithmetic, Digits, DS-C, LNS and Symbol Search
(assessing EF; performance-based tasks)

- CBS-SR (assessing ER; self-report measure)

- Digits and PS (assessing EF; performance-based
tasks)

- Emotional control scale of the BRIEF-2
(assessing ER; parent, teacher and self-report
version)

- WCST-128 (assessing EF; cognitive assessment
test)

- EPQ (assessing ER; self-report measure)

- CNSVS (assessing EF; performance-based task)
- DERS (assessing ER; self-report measure)

Positive and significant association between executive
dysfunction and emotional dysregulation

No significant association between inhibition and ERC
(emotion regulation or lability/negativity subscales)

Results

Emotional valence in background pictures did not affect
working memory performance in children with ADHD

Different reaction times in ADHD group, with faster responses
in emotional blocks, but no reaction time variations observed
for neutral stimuli

Statistically significant negative association between verbal
working memory and emotional lability

A positive and significant relation was found between deficits
in ER and EF in the laboratory measures as well as in the
teachers' report

Inhibitory and shifting problems predicted ER difficulties

High-level DERS individuals with ADHD showed worse EF
compared to participants with low-level DERS

No statistically significant associations between decision-
making and ER in any group

There was no significant association between working
memory and ER

Total emotional expression (emotional ventilation and self-
criticism) was higher during tasks with increased working
memory demands

No significant associations between irritability and hot
(perseveration and impulsivity) or cool (inhibition and set
shifting) EF

ER was significantly associated with problem-solving and
working memory abilities, which impacted school
performance in children with ADHD

No statistically significant associations between emotional
dysregulation and working memory or processing speed

Higher scores on working memory were negatively correlated
with difficulties ER when it was reported by parents but not by
teachers

There is a positive correlation between impaired ER
(measured as neurotic personality traits) in ADHD and
cognitive flexibility

EF negatively impacted emotional dysregulation

(continued on next page)
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Table 1 (continued)
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Autism

Study Sample Size (Gender) Measures

Age range (mean + SD)

Results

Marques et al. 38 children with ADHD (8 girls)

(2024) 7-10 years (M = 9)
Autism/ADHD
Study Sample Size (gender) Measures

Age range (mean + SD)

57 autistic adolescents and young
adults (11 girls; 10 autistic/ADHD)
16-25 years (M = 18.6 + 2)

94 autistic children and adolescents
(23 girls; 23 autistic/ADHD)

5-18 years (M = 11.1 + 3.2)

Conner et al. (2023)

measure)
Barnes et al. (2025)

- BRIEF (assessing EF; parent-report version)
- ERC (assessing ER; parent-report version)

- D-KEFS (assessing EF; performance-based task).
- Report measures: DERS (assessing ER; self-report

- EDI (assessing ER; caregiver-report measure)
and FS-R (assessing EF; parent-report measure)

Significant and positive associations between inhibition and
lability/negativity and emotional dysregulation composite
score

Results

No significant associations were found between EF and ER,
except for inhibition, which was related to the Goal subscale
of the DERS

There is a positive relationship between cognitive inflexibility
and emotional dysregulation in both groups when controlling
for age, sex and autistic traits

Legend: ASCT: Affective Spatial Compatibility Task; AWMA: Automated Working Memory Assessment; BADS: Behavioural Assessment of the Dysexecutive Syndrome;
BART: Balloon analog risk task; BRIEF: The Behavior Rating Inventory of Executive Function; BRIEF-2: The Behavior Rating Inventory of Executive Function-2nd
Edition; BRIEF-A: The Behavior Rating Inventory of Executive Function-Adult version; BRIEF-P: The Behavior Rating Inventory of Executive Function-Parent;
BRIEF-PV: Behavior Rating Inventory of Executive Functions-Preschool Version; BRIEF-T: The Behavior Rating Inventory of Executive Function-Teacher; CAPA:
Child and Adolescent Psychiatric Assessment; CBS-SR: Current Behaviour Scale-Self-Report; CDS: Cognitive disengagement syndrome; CHEXI: Childhood Executive
Functioning Inventory; CNSVS: CNS Vital Signs; CPT: Card Playing Task; CxR: Choice per Risk Task; DBD: Disruptive behavior disorder; DERS: Difficulties in Emotion
Regulation Scale; DEX: Dysexecutive questionnaire of the behavioral assessment of the dysexecutive syndrome; D-KEFS: Delis-Kaplan Executive Function System; D/
NT: Day/Night task; DP: The Disappointment Paradigm; DS-C: Digit Symbol-Coding; EDI: Emotion Dysregulation Inventory; EF: Executive Function; E-n-back:
Emotional n-back task; EPQ: Eysenck Personality Questionnaire; EQ: Emotion Questionnaire; ER: Emotional Regulation; ERC: Emotion Regulation Checklist; ERT:
Emotion Recognition Task; ERQ-CA: Emotion Regulation Questionnaire for Children and Adolescents; FPT: Find the Phone Task; FRT: Frustration task; FS-R: Flexibility
Scale-Revised; FT: Flower Task; GDT: The Gift Delay Task; GNG: Go/No-Go task; HGT: Hand Game task; HTKS: Head-Toes-Knees-Shoulders task; ILT: The Impossible
Lego Task; Lab-TAB: Laboratory temperament assessment battery; LBT: Locked Box Task; LNS: Letter-Number Sequencing; NEPSY: Child Neuropsychological Battery;
NMR: Negative Mood Regulation; PCT: The Puzzle Cheating Task; PHWMT: Phonological Working Memory Task; PS: Picture Span; SI-: Non-suicidal; SI+ : Suicidal;
TDT: Temporal Discounting Task; UG: Ultimatum Game; WCST: Wisconsin Card Sorting Test.

extracted from the Current Behaviour Scale (CBS), to assess deficient
emotional self-regulation, and categorised the participants into two
groups - high (more difficulties) and low (less difficulties) deficient
emotional self-regulation. Marques et al. (2024) used the ECR ques-
tionnaire, which provides the emotion regulation and lability/negative
subscales.

Al-Yagon et al. (2020) examined EF-ER relationship in 11- and
12-year-old children with and without ADHD using a regression model
that explained 35 % of the variance in negative ER. Lower ER scores
were associated with belonging to the ADHD group, insecure attachment
to either parent, and greater behavioural and EF impairments. Addi-
tional regression analysis showed that children’s difficulties in regu-
lating negative emotional states were being explained in part by reduced
EF. In contrast, those having fewer global EF difficulties had greater
ability to regulate their negative emotions. Biederman et al. (2020)
observed that adults with ADHD aged 18-55 years with high-level of
emotional self-regulation difficulties exhibited poorer EF performance
than those with less ER difficulties. Marques et al. (2024) reported that
difficulties in inhibitory control were significantly associated with
lability/negative emotionality subscale of the ERC (r = 0.678, p < .001)
in children with ADHD aged 7-10. Additionally, these inhibition diffi-
culties were related to the composite score of emotional dysfunctions
(r=0.69, p <.001), which the authors computed by combining the
lability/negative emotionality and ER subscales of the ERC and the
emotional control subscale from the BRIEF. For comparison, an
age-matched group without ADHD was included, revealing greater
cognitive and emotional difficulties in the ADHD group. However, the
relationship between EF and ER was only examined within the ADHD
group.

Two studies used a single performance-based task to assess both EF
and ER (Cavallet et al.,, 2016; Van Cauwenberge et al., 2015). Van
Cauwenberge et al. (2015) used an Emotional n-back task to measure EF
and ER in children aged 8-15 years with and without ADHD. This task
consisted of a pseudorandom sequence of letters that were presented to
children who were asked to respond to a pre-specified letter, assessing
working memory abilities. Two memory load conditions were created: a
0-back condition (that required no working memory) and a 1-back

condition (which required a response when the same letter was pre-
sented in two successive trials). In each memory load condition, four
different backgrounds with different pictures were used — a black screen
(no picture), a neutral (e.g., spoon), an emotionally positive (e.g.,
chocolate), and an emotionally negative (e.g., snake). Children were
asked to ignore the pictures presented in the background, while per-
forming the task. Although children with ADHD exhibited slower reac-
tion times (treated as proxy for emotional interference in the working
memory task) to both negative and positive images compared to neutral
stimuli, these differences did not reach statistical significance. In addi-
tion, a greater interference effect was observed for ADHD when
comparing neutral to no picture conditions (F(1,62) = 4.35, p = .041).
Accordingly, these results suggested a general difficulty in managing
emotional interference while performing the working memory task in
ADHD, indicating a relationship between emotional dysregulation and
poorer working memory performance. A non-ADHD group was included
for comparison purposes. The ADHD group showed longer response
times, and the relationship between EF and ER was only observed in this
group.

Cavallet et al. (2016) assessed inhibitory control and ER in adults
aged 20-33 years with and without ADHD. Participants were asked to
respond to stimuli distinguishing between favorite (positive), rival
(negative), and fake (neutral) soccer teams. Participants were asked to
respond based on their assigned team while attending to the stimulus
location. Trials were classified as either congruent or incongruent,
depending on both the stimulus position and its type (positive, negative,
or neutral). The results indicated significant reaction time differences
within the ADHD group, with faster responses in the
favourite-compatible/rival-incompatible blocks compared to the
rival-compatible/favourite-incompatible block, suggesting greater dif-
ficulty in processing negative emotional reactions, which interfered with
inhibitory control abilities. This difference was not observed for neutral
stimuli, as no reaction time variations were found between compatible
and incompatible blocks. No significant differences across conditions
were observed in the non-ADHD group, which indicated a relationship
between ER and inhibitory control in both ADHD and non-ADHD.
Moreover, the findings revealed an interaction between group and
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mapping rule, suggesting a more pronounced emotional effect only in
the ADHD group, as inhibitory control performance differences emerged
in the presence of emotional stimuli (favourite and rival soccer teams)
but not in the presence of neutral stimuli (fake team).

One study (Colonna et al., 2022) used a clinical interview to assess
ER and a performed-based task to assess EF, and another study (Linca
et al., 2022) used a performance-based task to assess ER and neuro-
psychological tests to measure EF. Colonna et al. (2022) assessed the
relationship between irritability (treated as an indicative of enhanced
emotionality and thus as a proxy of poorer ER) and cool (processes such
as working memory or inhibition) and hot (processes such as delay
aversion or risky decision making) EF in ADHD adolescents aged 10-18
years. Irritability was measured using a composite score derived from
five items of the Child and Adolescent Psychiatric Assessment interview.
Cool EFs were assessed using the Wisconsin Card Sorting Test (WCST),
which measures set-shifting by requiring participants to categorise cards
based on evolving rules, and a Go/No-Go task, which assesses motor
inhibition by instructing participants to respond to "go" stimuli while
suppressing responses to "no-go" stimuli. Hot EFs were examined
through the Card Playing Task, which evaluates perseverance under loss
conditions; the Temporal Discounting Task, which measures impulsivity
by presenting choices between immediate and delayed rewards; the
Choice under Risk Task assesses risk-taking and impulsivity by evalu-
ating an individual's tendency to opt for short-term gains despite po-
tential long-term benefits; and the Ultimatum Game, an economic
decision-making paradigm in which participants respond to monetary
split proposals, often rejecting unfair offers due to emotional responses,
despite the potential financial gain. The authors observed that irrita-
bility was not associated with hot or cool EFs in adolescents with ADHD.

Linca et al. (2022) investigated the moderating role of ER in the
relationship between problem-solving abilities (along with visuomotor
precision and visuospatial integration) and school results in children
aged 72-120 months with and without ADHD. In this study, the authors
measured problem-solving and working memory abilities, using the
Tower task and the Face Memory task, respectively, both part of the
Neuropsychological Development Assessment. ER was assessed using an
imaging system of pictures and children were asked to identify the facial
expressions, emotions and emotional responses. Results showed that ER
significantly moderated the relationship between school outcomes and
both problem-solving (ADHD group: Z = 9.07, SE = 9.93), p < .01;
non-ADHD group: Z = 4.46, SE = 0.001, p < .01), and working memory
(ADHD group: Z = 10.9, SE = 6.08, p < .05; non-ADHD group: Z = 3.53,
SE = 0.001, p < .01) in both groups. Stronger effects were observed in
the ADHD group.

Seven studies used performance-based tasks to assess EF and
informant-report questionnaires to assess ER (Anker et al., 2022; Dir
et al., 2020; Imanipour et al., 2021; Inci Izmir et al., 2024; Jensen et al.,
2018; Tarle et al., 2021; Zhang et al., 2023). Jensen et al. (2018) used
the parent-report version of the Emotional Control subscale of the BRIEF
to measure ER, conceptualising this subscale as a measure of emotional
lability, and the Shift subscale of the BRIEF, as well as the backward
conditions of the Digit Span and Spatial Span tasks, along with the
Letter-Number Sequencing subtest from the Wechsler Intelligence Scale
for Children - Fourth Edition (WISC-IV), to measure EF in children aged
8-12 years with and without ADHD. These tests have been widely used
to assess working memory abilities as participants are required to recall
sequences of digits, block figures, and number-letter combinations,
respectively, in reverse order. Results showed a negative correlation
between children's working memory, as assessed by the letter-number
sequencing task, and parent-reported emotional lability, indicating that
lower working memory scores (i.e., more impairments) were associated
with heightened emotional lability symptoms (i.e., greater ER diffi-
culties; r = -0.37, p < .01). This association was consistent across chil-
dren with and without ADHD, suggesting that diagnostic status did not
affect the relationship.

Dir et al. (2020), comparing school-aged children aged 11-12 years
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with ADHD and co-occurring Disruptive Behaviour Disorder with and
without suicidal ideation, used the parent-report version of the ERC to
assess ER, and the Balloon Analogue Risk Task (BART) to measure
decision-making abilities. The BART task involves participants to inflate
a virtual balloon to earn increasing rewards while balancing the growing
risk of the balloon exploding. The authors did not find a significant
relationship between ER and decision-making in both groups.

Anker et al. (2022) assessed working memory and processing speed
using corresponding indices from the third edition of the Wechsler Adult
Intelligence Scale in adults aged 18-65 years with ADHD. Working
memory was measured through the Arithmetic, Digit Span, and Let-
ter—-Number Sequencing tests, while processing speed was evaluated
using Digit Symbol-Coding and Symbol Search tests. Emotional dysre-
gulation was assessed using the CBS. The authors did not find associa-
tions between self-reported emotional dysregulation severity and
performance-based working memory or processing speed.

Zhang et al. (2023) used the WCST to assess set-shifting and the
Attention Network Test for attentional capacity and inhibition by
requiring children aged 7-11 years to redirect their gaze away from a
stimulus rather than follow its trajectory. Emotional dysregulation was
measured in relation to neuroticism, assessed by the Eysenck Personality
Questionnaire (EPQ). EPQ is a self-reported questionnaire consisting of
88 items that assesses three dimensions of personality, psychoticism,
extraversion, and neuroticism. Neuroticism was conceptualised as a
variable related to emotional dysregulation or a diminished capacity for
ER (Gross and John, 2003; Wang et al., 2009). This study compared
cognitive flexibility and ER difficulties, as measured by neuroticism in
children with and without ADHD. Children with ADHD demonstrated
more significant impairments in both areas, along with significant cor-
relations between the two. Specifically, neuroticism was significantly
positively associated with perseverative responses (B = 1.115, =
0.305, p < .05), perseverative errors (B = 1.151, g = 0.320, p < .05),
and significantly negatively associated with the number of categories
completed on the WCST (B = —0.120, # = —0.327, p < .05), suggesting
that higher neuroticism scores or greater ER challenges were linked to
increased difficulties in cognitive flexibility in ADHD children.

Tarle et al. (2021) used an observational approach to measure ER
strategies or behaviours during a phonological working memory task
and a control task, which involved drawing in Microsoft Paint, in chil-
dren aged 8-12 years with and without ADHD. ER behaviours were
coded according to the following - Self-Praise/Positive Self-Talk,
Self-Criticism/Negative Self-Talk, Solicitations, Emotion Ventilation,
Positive Emotion Expression, Shuts Down, and Total Emotion Expres-
sion. The Phonological Working Memory Task required children to
reorder numbers and place a letter at the end of the sequence. The
findings indicated that increased working memory demands generally
heightened emotional expression in children. However, the effect was
more pronounced in those with ADHD than in their non-ADHD peers (F
(1,66) = 26.56, p < .001, p? = 0.29). Specifically, children with ADHD
experienced more difficulty with ER under higher cognitive load,
particularly in the form of increased self-criticism (t(42.24) =-2.91,
p=.006, d =0.69) and heightened positive emotion expression (t
(66) = -2.62, p = .011, d = 0.64).

Inci Izmir et al. (2024) assessed ER using the Difficulties in Emotion
Regulation Scale (DERS), a 36-item self-report questionnaire, and EF
using the CNS Vital Signs (CNSVS) in children aged 8-12 years with
ADHD. CNSVS is a battery of seven tests that assesses visual and verbal
memory with Figure and Word Recognition task; motor speed and
visuomotor skills with the Finger Tapping Test; psychomotor speed
associating symbols with numbers in the Symbol Digit Coding Test; re-
action times and processing speed responding to text-colour discrep-
ancies in the Stroop Test; cognitive flexibility alternating between
different instructions in the Shifting Attention Test; and sustained
attention responding to target stimuli while ignoring distractors in the
Continuous Performance Test. The authors found a negative association
between EF and emotional dysregulation (r=-0.163, p <.05) in
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children with ADHD. The study indicated that lower EF levels were
associated with heightened emotional dysregulation (F(1174) = 4.78,
p < .05), with EFs accounting for about 3 % of the variation in ER dif-
ficulties (R? = 0.0267).

Imanipour et al. (2021) assessed ER using the 10-item Emotion
Regulation Questionnaire for Children and Adolescents (ERQ-CA). This
questionnaire evaluates the tendency to regulate emotions according to
two strategies: cognitive reappraisal, generally considered to be adap-
tive, and expressive suppression, generally considered to be maladap-
tive. Working memory was measured using the Digit Span,
Letter-Number Sequencing, and Arithmetic subtests of the Working
Memory Index of the WISC-IV. The study included children aged 7-12
years with an ADHD diagnosis, as well as an age- and sex-matched group
without an ADHD diagnosis. The authors reported no significant asso-
ciation between working memory and ER in either group.

One study (Leib et al, 2023) assessed EF wusing both
performance-based and informant-reported tasks in children and ado-
lescents aged 6-16 years with ADHD. The authors used the BRIEF
Emotional Control and Shift subscales (parent and teacher versions) to
assess ER, and two tasks of the Wechsler Intelligence Scale for Children —
Fifth Edition, the forward and backward conditions of the digit span, and
the Picture Span Task, which involves observing a sequence of images
and recalling them in the presented order to assess working memory — to
measure EF. Participants were then categorised as emotionally averaged
or emotionally dysregulated, based on the Emotional Control subscale
scores of the BRIEF. The results revealed a negative association between
higher working memory performance (better-developed working
memory) and elevated parent-reported ER difficulties (Digit Span,
r=-0.08, p < .05; Picture Span, r =-0.11, p < .001). However, this
relationship was not observed in teacher-reported measures of ER. These
findings suggest that poorer working memory abilities are associated
with greater ER impairments in children with ADHD.

Lastly, the study of Sjowall and Thorell (2019) used both
performance-based and informant-reported tasks to assess both EF and
ER in children aged 48-72 months with ADHD. The authors used a
Go/No-Go task to measure inhibitory control and, to assess working
memory, the authors used the digit span task and the Find the Phone
task, which measures spatial memory by requiring participants to
sequence phones that had rung. To assess delay aversion, the authors
used the Flower task, and quantified the frequency of selecting between
rewards, and the Gift Delay task, to assess self-regulation by observing
whether children waited to receive a reward. Additionally,
teacher-reported EFs were assessed using the Childhood Executive
Functioning Inventory, a 24-item questionnaire measuring working
memory and inhibition. To measure ER, four performance-based tasks
were used: the Facial Emotion Recognition task; the Deception Para-
digm, which evaluated emotional expressions following a simulated
disappointment; the Puzzle Cheating Task and the Impossible Lego Task,
which assessed self-regulation during frustration when failing to com-
plete a puzzle or a figure. Teacher-reported ER was assessed using the
Emotion Questionnaire, a 40-item instrument rated on a 5-point Likert
scale. The authors reported significant positive associations between ER
and EF, as assessed using performance-based tasks (r = 0.45, p < .001)
or parent/teacher reports (r = 0.75, p < .001). This suggests that greater
EF impairment was linked to increased difficulties in ER.

3.3. EF and ER in Autism/ADHD

Two studies reporting on the relationship between EF and ER in
autism/ADHD were included.

Barnes et al. (2025) used informant-report questionnaires to assess
EF and ER - the Flexibility Scale-Revised, a 29-item parent-report
questionnaire measuring daily cognitive flexibility and the Emotional
Dysregulation Inventory a 13-item parent-report questionnaire designed
to assess dysfunctional ER, in autistic’/ADHD and non-autistic/ADHD
children and adolescents aged 5-18 years. Results revealed a
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significant effect of cognitive inflexibility on emotional dysregulation in
both groups (autistic/ADHD: = 0.62, p = .000; non-autistic: # = 0.88,
p = .000).

Conner et al. (2023) used a self-report questionnaire to assess ER and
performance-based tasks to measure EFs, in autistic/ADHD adolescents
and young adults aged 16-25 years. The authors used the DERS to assess
ER, while EF was measured using three tests of the Delis-Kaplan Exec-
utive Function System: the Number-Letter Switching task of the
Trail-Making Test, which evaluates cognitive flexibility by alternating
between numbers and letters; the Colour-Word Interference Test, which
assesses inhibition through discrepancies between text and colour; and
the Card Sorting Test, which examines cognitive flexibility and con-
ceptual reasoning through repeated sorting based on different charac-
teristics. No significant associations were observed between cognitive
flexibility, inhibition, and the total DERS score or any of its subscales,
except for the relationship observed between inhibitory control and the
DERS Goals subscale.

4. Discussion

This systematic review aimed to formally investigate the relationship
between executive function (EF) and emotional regulation (ER) in
neurodevelopmental disorders, specifically autism, ADHD, and autism/
ADHD co-occurrence. We systematically analysed studies published
since 2013 that examined this relationship in autistic, ADHD, and
autism/ADHD individuals.

4.1. Executive functions and emotional regulation in autism

Of the four studies that examined the relationship between EF and ER
in autism, three focused on preschool children, and one investigated
autistic adults with intellectual disability. The findings were mixed.
While two studies reported an association between EF difficulties and ER
problems (Saez-Suanes et al., 2020a; Jahromi et al., 2019), the other two
found no significant relationship (DeLucia et al., 2022; Zantinge et al.,
2017).

The broader literature highlights a strong association between
autistic traits — such as restricted behaviours and socialisation diffi-
culties — and emotional dysregulation (Berkovits et al., 2017; Samson
etal., 2014), as well as significant EF difficulties (Demetriou et al., 2018;
Jones et al., 2018; Lopez et al., 2005; Leung et al., 2016; Pugliese et al.,
2016). Executive dysfunction impacts cognitive development, language
abilities (Ellis Weismer et al., 2018), and academic performance
(Dijkhuis et al., 2020). Emotional dysregulation is also linked to social
difficulties and behavioural problems (Berkovits et al., 2017; Mazefsky
et al., 2013). According to Cai et al. (2018c), the use of both regulatory
strategies and flexibility in their application are crucial for ER in autism,
with adaptive strategies serving as protective factors for psychological
well-being (Cai et al., 2018a, 2018b). However, difficulties in regulating
emotions flexibly may be related to reduced attentional shifting and
working memory, which are associated with cognitive reappraisal and
rumination (Beckwé et al., 2014; McRae et al., 2012). The findings of
Saez-Suanes et al. (2020a) and Jahromi et al. (2019) align with this
evidence, showing that greater EF dysfunction is linked to more mal-
adaptive ER strategies (e.g., lability/negativity). Additionally, higher
effortful control (i.e., cognitive control) is associated with greater ER
abilities, but only when assessed through informant reports (parents or
therapists).

However, when EF are assessed using task-based measures, this
relationship is not observed. For example, Delucia et al. (2022) and
Jahromi et al. (2019), using the Day/Night task, and Zantinge et al.
(2017), using the Laboratory Temperament Assessment Battery (Lab--
TAB), did not find a significant relationship between EF and ER. A po-
tential explanation for these discrepancies is the reliance on verbal
instructions in EF tasks, which may pose challenges for autistic pre-
schoolers, who often exhibit communication difficulties (Petrolo et al.,
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2025). For instance, the Day/Night task has been questioned as a reli-
able measure of inhibition in autistic children, as it requires verbal re-
sponses. Therefore, observed difficulties may reflect challenges in using
internal language for self-regulation rather than true challenges in in-
hibition (Jahromi et al., 2013; Russell et al., 1999). Additionally, the
ERC, used in these studies, has been validated for children aged 6-12
years (Shields and Cicchetti, 1997), a developmental period in which ER
mechanisms are still maturing (Riediger and Bellingtier, 2022; Silvers,
2022). Studies suggest that ER strategies are less effective in
preschool-aged children than in older children, improving progressively
into adulthood (Schafer et al., 2017). Consequently, the assessment of
ER in children aged 3-6 years may not fully capture the relationship
between these processes. Although task characteristics may have
contributed to the absence of significant relationships between the EF
and ER, the lack of significant findings cannot be attributed to a po-
tential floor effect in the measurement of the constructs. This is because
the scores reported by DelLucia et al. (2022) and Jahromi et al. (2019)
were not near the lower bound of the possible scoring range for either
autistic or non-autistic participants. Moreover, the three included
studies (also Zantinge et al., 2017, which used parent-report measure-
ments) found no significant associations between EF and ER in either
autistic or non-autistic preschoolers. This pattern suggests that the
absence of a relationship may reflect a lack of association between these
processes in young children, regardless of diagnostic status.

The studies of autistic individuals have used neuropsychological
tasks and informant measures to assess cognitive and emotional pro-
cesses. Christoforou et al. (2023) identified distinct EF impairments
patterns across different types of assessment, particularly in working
memory and planning. Similarly, Demetriou et al. (2018) reported
greater executive dysfunction in informant ratings than in task perfor-
mance. Comparable discrepancies in methodology have also been
observed in self-regulation measures (Eisenberg et al., 2019). These
inconsistencies likely arise because performance-based tasks are con-
ducted under structured conditions that enable children with NDDs to
perform optimally, thereby reducing ecological validity (Toplak et al.,
2013). In contrast, informant-based assessments capture difficulties
observed in real-life contexts, which may explain why greater severity is
often reported than is reflected in task performance (Hendry et al., 2016;
Sjowall and Thorell, 2019). Therefore, combining multiple assessment
methods can provide a more comprehensive and ecologically valid
evaluation of these processes. This approach leverages the strengths of
each method while compensating for their limitations.

Moreover, these methodological differences highlight the impor-
tance of considering the potential influence of shared measurement
sources on the observed associations. For example, in studies that rely
solely on parent-report questionnaires, the consistent correlations be-
tween EF and ER may partly reflect shared method variance. This is a
bias that occurs when data on two or more variables are obtained from
the same source and/or using the same measurement method (Karimi
and Meyer, 2019). This issue may partly explain why significant asso-
ciations are more frequently observed in informant-report measures,
particularly parent-report, than in task-related assessments. Therefore,
using multiple assessment methods can help to confirm the presence of
genuine relationships and prevent overestimation or underestimation
due to task-specific methodological biases, particularly in domains
where inconsistent findings have been reported.

It is also important to consider the wide age range of autistic par-
ticipants across the included studies. While three studies focused on
preschool-aged children (DeLucia et al., 2022; Jahromi et al., 2019),
only one study (Saez-Suanes et al., 2020a) examined autistic adults. This
age variability limits the ability to identify consistent patterns of EF and
ER across development, as childhood and adolescence are critical pe-
riods marked by substantial changes in executive and emotional pro-
cesses (Berkovits et al., 2017; Best and Miller, 2010; Cibralic et al., 2019;
Van Den Bergh et al., 2014), which may influence the association be-
tween EF and ER. Future research should address underrepresented age
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groups, particularly middle childhood and adolescence, and ideally
employ longitudinal designs to track EF and ER trajectories in autism
over time. This approach could help identify sensitive periods for
intervention and target specific cognitive-emotional profiles at stage of
development.

Taken together, factors such as participant age and methodological
differences (task-based vs. report-based assessments) may limit the
identification of clear relationships between EF and ER. However,
findings from informant-based measures consistently indicate that
autistic individuals — both children and adults — with greater EF diffi-
culties also exhibit poorer ER abilities, suggesting that these difficulties
persist across the lifespan.

4.2. Executive functions and emotional regulation in ADHD

Of the 16 included studies on ADHD, 12 examined children, three
focused on adults, and one investigated adolescents. While four studies
did not find significant associations between EF and ER, ten reported
links between greater EF difficulties and poorer ER outcomes. These
associations were observed across both task-based and report-based
measures in children and adults with ADHD.

The relationship between EF and ER is well-established in the liter-
ature, with EF problems recognised as a core feature of ADHD. Impair-
ments in inhibitory control, cognitive flexibility, and working memory
have been linked to emotional impulsivity and heightened emotional
reactivity — hallmark features of ADHD (Kooij et al., 2019) — with sig-
nificant implications for social functioning (Bullard et al., 2024; Tamm
et al., 2021).

Difficulties in inhibitory control hinder the regulation of immediate
emotional reactions, often leading to impulsive emotional outbursts,
challenges in delaying gratification, and struggles in suppressing inap-
propriate emotional expressions in social contexts (Singh et al., 2023).
Accordingly, it has been suggested that reduced inhibitory control dis-
rupts the ability to regulate emotional responses, which affects behav-
iour and in turn contributes to increased emotional lability
(Sonuga-Barke, 2003). Similarly, impaired cognitive flexibility affects
the ability to adapt to changing social environments, contributing to
emotional difficulties (Roshani et al., 2020). This is particularly evident
in children, who often experience heightened frustration and anger,
leading to interpersonal conflicts (Aydin et al., 2022; Groves et al.,
2022). Additionally, working memory difficulties may impair the ability
to recall and apply previously learned coping strategies, contributing to
emotional dysregulation (Zhao and Zhang, 2024; Marx et al., 2011).

Four studies did not find an association between EF and ER. Anker
et al. (2022) specifically investigated the relationship between ER and
working memory in adults with ADHD. Similarly, Imanipour et al.
(2021) found no association between ER and working memory in chil-
dren with or without ADHD. This suggests that the absence of a rela-
tionship is not specific to ADHD. However, this finding contrasts with
the results of other studies, which reported significant associations be-
tween these constructs in ADHD (Jensen et al., 2018; Linca et al., 2022;
Tarle et al., 2021). Of note, all of these studies assessed working memory
using performance-based tasks, which may limit the detection of diffi-
culties in everyday functioning. This may reflect challenges related to
the ecological validity of these assessments, as traditional neuropsy-
chological tasks often fail to capture real-world variability in executive
performance (Chaytor and Schmitter-Edgecombe, 2003). Age differ-
ences may also contribute, as working memory difficulties tend to
become less pronounced as individuals with ADHD mature (Ramos
et al., 2020). Similarly, Dir et al. (2020) and Colonna et al. (2022) did
not find a significant relationship between EF and ER. Dir et al. (2020)
assessed decision-making in children with ADHD, a cognitive process
known to be influenced by age. Research indicates that older individuals
demonstrate more effective and deliberative decision-making strategies
(Paulsen et al., 2011; Peters et al., 2007), suggesting that the absence of
a significant association with ER in this study may be due to the ongoing
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development of decision-making processes in children. On the other
hand, Colonna et al. (2022) examined this relationship in adolescents
but used irritability as a proxy for ER. This may have limited their
findings, as irritability may not fully capture ER difficulties in this
population. For instance, while school-aged children with ADHD often
exhibit ER difficulties through aggressive behaviours and irritability,
such as kicking or pinching (King and Waschbusch, 2010), adolescents
with ADHD tend to display more hostility-driven behaviours (Yoo et al.,
2021). These developmental differences highlight the importance of
selecting appropriate ER measures across different age groups.

The inclusion of a control group in some studies revealed that the
associations between cognitive and emotional dimensions were present
in participants with and without ADHD, suggesting a pattern indepen-
dent of diagnostic status (Jensen et al., 2018; Linca et al., 2022). How-
ever, other studies have indicated diagnostic specificity, showing that
these associations are stronger, or only significant, among individuals
with ADHD (Al-Yagon et al., 2020; Cavallet et al., 2016; Tarle et al.,
2021; Van Cauwenberge et al., 2015).

Of the included studies, seven have used self-report measures,
particularly to assess ER (Al-Yagon et al., 2020; Anker et al., 2022;
Biederman et al., 2020; Imanipour et al., 2021; Inci Izmir et al., 2024;
Leib et al., 2023; Zhang et al., 2023). Only one study has also used
self-reports to evaluate EF (Biederman et al., 2020). The results should
be interpreted with caution and ideally contrasted with those from other
sources (e.g., caregiver reports), since individuals with ADHD often
overestimate their academic, cognitive, and social abilities. This phe-
nomenon is known as ‘positive illusory bias’ (Evangelista et al., 2008;
Hoza et al., 2004, 2013; Swanson, Owens, and Hinshaw, 2012). This bias
reflects a discrepancy between self-perceived and actual performance
and has been associated with the psychosocial challenges commonly
experienced by individuals with ADHD (Jia et al., 2016; Ohan and
Johnston, 2011). EF may partly explain this discrepancy, as lower EF has
been associated with less accurate self-assessment, even in individuals
without ADHD, suggesting that EF difficulties may amplify this bias in
ADHD (Chan and Martinussen, 2016). Similarly, Beer (2012) proposed
that EF integrate positive and negative information to form a realistic
self-concept. Thus, executive dysfunction may lead to inaccurate
self-knowledge. While no studies have directly examined this bias in
relation to ER, existing evidence suggests that EF difficulties could
distort such self-evaluations.

Two of the included studies used self-reports with adult participants
(Anker et al., 2022; Biederman et al., 2020), in which this bias appears to
be less evident. However, Nelson (2013) found that young adults with
ADHD also tend to overestimate their self-concept. Studies using
self-reports in children or adolescents (Al-Yagon et al., 2020; Imanipour
et al., 2021; Inci Izmir et al., 2024; Leib et al., 2023; Zhang et al., 2023)
should also be interpreted cautiously due to the greater likelihood of this
bias. Therefore, future research should carefully select assessment tools
that consider the possible influence of this bias. Ideally these tools
should combine self-reports with informant-based measures to validate
the reliability of responses provided by individuals with ADHD, as Leib
et al. (2023) did.

Overall, despite some studies not supporting this line of evidence, the
broader body of research indicates a robust association between EF and
ER difficulties in individuals with ADHD across various developmental
stages.

4.3. Executive Functions and Emotional Regulation in Autism/ADHD

Only two studies examining the relationship between EF and ER in
individuals with autism/ADHD co-occurrence were included. Barnes
et al. (2025) reported a significant association between cognitive flexi-
bility challenges and poorer ER abilities in both autistic and non-autistic
children and adolescents. This pattern was observed regardless of
diagnostic status, suggesting that the relationship between these con-
structs is not specific to autism. In contrast, Conner et al. (2023) found

10

Neuroscience and Biobehavioral Reviews 183 (2026) 106570

no significant relationship between EF (specifically shifting and inhibi-
tion) and ER in adolescents and young adults.

These discrepancies may be due to methodological differences.
Barnes et al. (2025) relied on parent-report measures, whereas Conner
et al. (2023) used self-reports for ER and task-based assessments for EF.
As seen in autism and ADHD research, parent-reported measures tend to
show stronger associations between EF and ER than performance-based
tasks. Contextual factors may play a role, as symptom severity often
varies across different settings (Hwang-Gu et al., 2021), and parents may
perceive greater impairments due to the disruptive nature of behaviours
in daily life (Hartman et al., 2007). However, the association between
the EF and ER reported by Barnes et al. (2025) should be interpreted
with caution, given that a single informant was used to assess both
constructs.

While findings align with the broader autism and ADHD literature,
conclusions should be drawn cautiously due to the limited number of
studies. Nonetheless, current evidence suggests that reduced cognitive
flexibility is associated with ER difficulties in co-occurring autism/
ADHD, highlighting the need for further research in this area.

5. General discussion

This systematic review highlights the complex relationship between
EF and ER in autism, ADHD, and autism/ADHD co-occurrence. Across
these neurodevelopmental conditions, EF and ER appear to be closely
related, yet the strength and nature of this association seem to vary
depending on methodological approaches and developmental factors.

A key dimension that may be influencing findings is age. The rela-
tionship between EF and ER in autism is less consistently observed in
preschool-aged children, possibly due to ongoing neurodevelopmental
maturation and the limitations of verbal task-based assessments. In
contrast, in ADHD, EF difficulties appear to be linked to ER difficulties
across childhood and adulthood, with emotional impulsivity emerging
as a core feature of the condition. Limited research on autism/ADHD co-
occurrence suggests that cognitive flexibility plays a crucial role in ER
difficulties, particularly in children and adolescents, but further studies
are needed to clarify these associations across different life stages.

Methodological differences may also be contributing to in-
consistencies in findings. Informant-based measures, such as parent re-
ports, tend to reveal a stronger association between EF and ER than task-
based assessments, suggesting that real-world executive difficulties may
be more predictive of ER challenges than standardised cognitive tests
(Rosenthal et al., 2013). Additionally, EF tasks that rely on verbal in-
structions may not accurately capture the executive profiles of autistic
individuals, particularly in early childhood, when language difficulties
are common. These factors underlie the importance of using multimodal
assessments that integrate performance-based and ecological measures
when examining EF and ER relationships.

Despite these methodological and developmental considerations,
some patterns emerge across conditions. Both autism and ADHD are
characterised by executive dysfunction and emotional dysregulation,
but the nature of these difficulties differs. In autism, ER challenges
appear to be often linked to cognitive rigidity, difficulties in attentional
control, and a reliance on maladaptive regulatory strategies, potentially
associated with impairments in cognitive flexibility and working mem-
ory. However, the limited number of studies may reflect the fact that
research on ER is still in its early stages within this population. To date,
most research has focused on broader behavioural processes, such as
irritability, anxiety and depressive symptoms, and social difficulties
(Kim et al., 2024; Macintosh and Dissanayake, 2006; Mayes et al., 2011;
McGuire et al., 2016), rather than investigating the underlying capacity
to regulate emotions directly, which may contribute to these behav-
ioural challenges. In ADHD, emotional impulsivity, heightened reac-
tivity, and difficulties in inhibitory control seem to be a key contributor
to ER dysfunction, reflecting a more immediate and reactive emotional
dysregulation profile. The limited evidence on autism/ADHD
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co-occurrence suggests that these individuals may experience height-
ened EF and ER difficulties, particularly in flexibility-related domains,
although findings remain inconclusive. Importantly, these differences in
the associations between EF and ER may be partly explained by the
increased attention given to ADHD in the last decade, which seems to be
supported by the unbalanced number of articles included in the autism
(n =4), ADHD (n = 16), and co-occurring autism/ADHD (n = 2) sec-
tions of this review. In fact, the prevalence of ADHD has increased over
the years, due to the broadening of the diagnostic criteria for ADHD over
time, and to increased awareness of the condition by clinicians and the
public, particularly among underrepresented minorities (Abdelnour
et al., 2022).

Overall, this review highlights the need for further research to
address the relationship between EF and ER across these conditions,
particularly in autistic individuals and those with co-occurring autistic/
ADHD, where evidence is limited. Future studies should prioritise lon-
gitudinal designs, incorporate diverse assessment methods, and consider
developmental trajectories to provide a more comprehensive under-
standing of the relationship between EF problems and ER difficulties in
neurodivergent populations.

5.1. Limitations of the included studies

The limitations of the included studies can be broadly categorised
into three domains: generalisability, comorbidities, and methodological
issues.

Generalisability is limited by the small sample sizes commonly re-
ported in studies on autism (DeLucia et al., 2022; Jahromi et al., 2019;
Zantinge et al., 2017), ADHD (Cavallet et al., 2016; Dir et al., 2020;
Imanipour et al., 2021; Jensen et al., 2018; Marques et al., 2024; Tarle
et al., 2021; Van Cauwenberge et al., 2015), and autism/ADHD (Barnes
et al., 2025; Conner et al., 2023). Small samples reduce statistical power
and hinder the extrapolation of findings to broader clinical populations.
This limitation is further compounded by the underrepresentation of
females. Some studies excluded women entirely (Cavallet et al., 2016),
while others presented marked gender imbalances in autism (DeLucia
et al., 2022; Zantinge et al., 2017), ADHD (Colonna et al., 2022; Jensen
et al., 2018; Leib et al., 2023; Linca et al., 2022; Marques et al., 2024;
Sjowall and Thorell, 2019; Tarle et al., 2021; Van Cauwenberge et al.,
2015; Zhang et al., 2023), and co-occurring autism/ADHD (Barnes et al.,
2025; Conner et al., 2023). Additionally, two studies (Al-Yagon et al.,
2020; Jahromi et al., 2019) did not report participants’ sex/gender
distribution, further constraining the interpretation and comparability
of results.

Comorbidities also represent a major challenge. Several studies
included participants with additional diagnoses such as ID (Saez-Suanes
et al., 2020a), Disruptive Behaviour Disorders (DBD, e.g., oppositional
defiant or conduct disorder) (Dir et al., 2020; Tarle et al., 2021; Van
Cauwenberge et al., 2015), cognitive disconnection syndrome (Inci
Izmir et al., 2024), or specific learning disorders (Tarle et al., 2021).
These co-occurring conditions likely amplified cognitive and emotional
difficulties, particularly in cases involving DBD, which have been
consistently linked to increased irritability and emotional dysregulation
(APA, 2022), as well as greater executive impairments (Flores et al.,
2022). Consistent with this, Hernandez et al. (2024) found that children
with ADHD with co-occurring DBD exhibited more pronounced
emotional problems than those with ADHD alone.

Methodological limitations further constrain interpretation. Many
studies relied solely on caregiver-reported questionnaires, which,
although ecologically valid (Diercks et al., 2022; Wallisch et al., 2018),
would benefit from the inclusion of multiple informants to strengthen
reliability and provide a more comprehensive perspective (Al-Yagon
et al., 2020; Barnes et al., 2025; Marques et al., 2024). Likewise, studies
using self-report measures (Al-Yagon et al., 2020; Anker et al., 2022;
Biederman et al., 2020; Inci Izmir et al., 2024; Leib et al., 2023; Zhang
et al., 2023) could be complemented with additional sources to
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minimise self-perception bias. Another frequent limitation is the absence
of control groups, reported in studies on autism (Sdez-Suanes et al.,
2020a), ADHD (Anker et al., 2022; Biederman et al., 2020; Colonna
etal., 2022; Dir et al., 2020; Inci Izmir et al., 2024; Leib et al., 2023), and
autism/ADHD (Conner et al., 2023). While the present review focuses on
within-diagnosis associations between cognitive and emotional di-
mensions, including control groups would clarify whether such re-
lationships are disorder-specific or reflect general developmental
patterns.

Finally, intellectual functioning was not consistently controlled
across studies. Some works on autism (DeLucia et al., 2022; Jahromi
et al., 2019) and ADHD (Al-Yagon et al., 2020; Biederman et al., 2020;
Marques et al., 2024) did not account for intelligence quotient (IQ),
whereas others used it for sample characterisation, inclusion/exclusion
criteria, or as a covariate for cognitive and emotional functioning
(Jensen et al., 2018; Linca et al., 2022; Van Cauwenberge et al., 2015;
Zhang et al., 2023). For example, Zantinge et al. (2017) found that
autistic participants had a lower IQ, which was linked to greater reliance
on avoidance strategies. Similarly, Jensen et al. (2018) found significant
differences in IQ between ADHD and control groups, which could
explain poorer performance in working memory (Antshel et al., 2010;
Jepsen et al., 2009). Conner et al. (2023) found that, in autistic/ADHD
participants, higher IQ was linked to poorer ER but better EF. Together,
these findings suggest that IQ may act as a moderating factor in the
relationship between EF and ER, influencing the strength and direction
of their association by shaping individuals’ cognitive resources and ca-
pacity to implement effective ER strategies.

5.2. Limitations and Future Directions

Despite providing valuable insights into the relationship between EF
and ER in autism, ADHD, and co-occurring autism/ADHD, this review
has several limitations.

The included studies varied widely in methodological approaches,
particularly in how EF and ER were assessed. Studies using informant-
reported measures (e.g., parent or teacher questionnaires) generally
found associations between EF and ER compared to those using task-
based measures. This discrepancy may be due to the ecological val-
idity of standardised tasks, which often fail to capture real-world EF and
ER challenges (Chaytor and Schmitter-Edgecombe, 2003). Future
research should prioritise standardising EF and ER questionnaires and
performance tasks to increase reporting consistency and improve the
reliability of results, thereby facilitating data integration across studies.
Using standardised methodologies would also allow for more accurate,
potentially quantitative, comparisons of these relationships across
diagnostic groups. From a methodological perspective, it is possible that
the findings of studies that used a single informant to assess both con-
structs were influenced by shared method variance (Barnes et al., 2025;
Marques et al., 2024; Saez-Suanes et al., 2020a). Therefore, to reduce
the potential bias introduced by this method-related effect and increase
the reliability of the results, it is recommended that future research use
multiple informants. In addition, given the key role that age seems to
play in the association between EF and ER, longitudinal studies are
needed to clearly understand the developmental trajectory of EF and ER
interactions over time, to clarify whether early EF difficulties predict
later ER challenges.

The small number of studies investigating autism and co-occurring
autism/ADHD limits the ability to draw conclusions about the interac-
tion between EF and ER in these populations. In autism, the relationship
between EF and ER appears to vary across studies. In the case of autism/
ADHD, however, evidence suggests that the association between altered
cognitive flexibility and ER problems may be particularly pertinent. A
possible explanation for the limited number of studies examining this
relationship in autism/ADHD is that simultaneous diagnosis of both
conditions only became permissible following the publication of the
DSM-5, as previous diagnostic frameworks did not allow for this (APA,
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2013; Harris, 2014). This has likely contributed to the scientific litera-
ture predominantly focusing on examining each condition separately.
Indeed, the proportion of participants with dual diagnoses in the two
studies included in this review was very small. This represents a sig-
nificant limitation that restricts the validity and generalisability of their
findings. Consequently, the current evidence is insufficient to clearly
understand the relationship between EF and ER in individuals with
co-occurring autism and ADHD. Addressing this gap should be a priority
for future research, as this could inform the development of more tar-
geted and effective clinical interventions. Additionally, more research is
needed to understand how the overlapping and distinct characteristics
of autism and ADHD influence these processes, given the high rates of
co-occurrence between these conditions. Moreover, further studies are
required to determine whether additional factors, such as the presence
of camouflaging behaviours, may influence the nature of this
relationship.

In conclusion, although the current review highlights the critical role
of EF and ER relationship difficulties among autistic, ADHD and autistic/
ADHD individuals, further investigation is essential to clarify both the
shared and distinct patterns of this relationship across these diagnostic
profiles. Considering this association as a potential transdiagnostic
mechanism offers important clinical implications. This systematic re-
view provides a valuable synthesis of the literature that can inform
everyday practice, particularly in the domains of assessment, differen-
tial diagnosis, and intervention planning. Recognising how EF diffi-
culties may underlie ER challenges can facilitate the early identification
of neurodevelopmental conditions and support the implementation of
targeted cognitive interventions. These may promote emotional self-
regulation, adaptive functioning, and overall therapeutic outcomes. In
this context, developing a deeper understanding of the shared and
disorder-specific cognitive and emotional characteristics is essential for
creating more personalised and effective treatment approaches. Addi-
tionally, a broader neuropsychological profile of the autism/ADHD co-
occurrence group could lead to more precise and individualised treat-
ment approaches, ultimately contributing to more effective clinical de-
cision-making.
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