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Abstract

Among youths, pathological irritability is highly prevalent and severely disabling. As a frequent symptom, it often leads to
referrals to child and adolescent mental health services. Self-regulatory control (SRC) processes are a set of socio-psycho-
physiological processes that allow individuals to adapt to their ever-changing environments. This conceptual framework may
enhance the current understanding of the cognitive, emotional, behavioural and social dysregulations underlying irritabil-
ity. The present systematic review (PROSPERO registration: #CRD42022370390) aims to synthesize existing studies that
examine irritability through the lens of SRC processes among youths (< 18 years of age). We conducted a comprehensive
literature search among six bibliographic databases: Embase.com, Medline ALL Ovid, APA PsycInfo Ovid, Web of Science
Core Collection, the Cochrane Database of Systematic Reviews Wiley and ProQuest Dissertations & Theses A&I. Additional
searches were performed using citation tracing strategies. The retrieved reports totalled 2612, of which we included 82 (i.e.,
articles) from 74 studies. More than 85% of reports were published during the last 6 years, highlighting the topicality of this
work. The studies sampled n=26,764 participants (n=12,384 girls and n= 12,905 boys, n=1475 no information) with an
average age of 8.08 years (SD =5.26). The included reports suggest that irritability has an association with lower effortful
control, lower cognitive control and delay intolerance. Further, evidence indicates both cross-sectional and longitudinal
associations between irritability and a lack of regulation skills for positive and negative emotions, particularly anger. Physi-
ological regulation seems to moderate the association between irritability and psychopathology. Finally, the mutual influ-
ence between a child’s irritability and parenting practice has been established in several studies. This review uses the lens
of SRC to illustrate the current understanding of irritability in psychopathology, discusses important gaps in the literature,
and highlights new avenues for further research.
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Background

Irritability is defined as increased proneness to anger
in response to frustration relative to peers at the same
developmental level [1]. Children who exhibit pathologi-
cal irritability demonstrate a persistently angry, grumpy
mood over extended periods (also known as tonic irri-
tability) and frequent, situationally inappropriate temper
tantrums that are not aligned with their developmental
stage (described as phasic irritability) [2, 3]. Irritability
is among the leading symptoms for referrals to child and
adolescent mental health services [4—6]. Among youths,
the prevalence of irritability ranges from 20-30% under
a broad definition [4, 7] to 1-3% for severe chronic forms
[8—11]. In the diagnostic and statistical manual of mental
disorders (DSM-5), pathological irritability is listed as a
primary or associated symptom in nearly every affective
and behavioural disorder [12]. Pathological irritability
during childhood is profoundly disabling and is linked to
long-term negative consequences, such as reduced educa-
tional attainment, poor health, increased delinquency, sui-
cidality and a heightened risk of adult depression, anxiety
and conduct disorders [1, 7, 13-21]. Furthermore, child-
hood irritability is hypothesized to be a transdiagnostic
marker of psychopathology spanning both externalizing
and internalizing dimensions [20, 22-27].

Irritability refers to a specific form of emotional and
behavioural dysregulation. While anger is a normative
response to frustrative non-reward [28], chronic negative
affective responses to non-reward might stem from a defi-
cit in emotion regulation and could eventually lead to path-
ological irritability [20]. Self-regulatory control (SRC)
processes offer a conceptual framework for understand-
ing these (dys)regulatory mechanisms. SRC includes any
intrinsic socio-psycho-physiological process that allows an
individual to adapt their cognition, emotions and behav-
iours to the ever-changing environment or to long-term
goals [29]. This may include psychological processes,
such as effortful cognitive or executive functions (EF),
as well as emotion regulation processes. Moreover, SRC
encompasses central (i.e., neural correlates) and periph-
eral (e.g., heart rate variability [HRV], respiratory sinus
arrhythmia [RSA], cortisol) physiological regulation and,
finally, social processes (e.g., parenting behaviours or co-
regulation) [29].

The current body of literature on the relationship
between SRC and irritability offers intriguing insights but
remains fragmented and lacks systematic integration. Pre-
vious research has established associations between defi-
cits in SRC and increased irritability in children and ado-
lescents [30,31].Indeed, while individual components of
SRC—such as inhibitory control, emotion regulation, and
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cognitive control—have been linked to irritability [30,31],
the collective integration of these components and their
combined influence on the onset and persistence of irrita-
bility have not been comprehensively examined. Moreo-
ver, the underlying mechanisms driving these associations,
as well as the causal pathways involved, are not yet fully
elucidated. A systematic review is therefore essential to
synthesize existing findings, identify research gaps, and
develop a more holistic understanding of how various SRC
processes contribute to irritability. Clarifying the role of
these processes is crucial, as it may inform the refinement
of assessments, diagnostic criteria, and the development
of targeted interventions aimed at improving SRC to miti-
gate irritability and its associated negative outcomes. By
consolidating current knowledge and pinpointing critical
research gaps, a systematic review in this area could sig-
nificantly advance our understanding of the complex inter-
play between SRC mechanisms and irritability.

The current systematic review

The aim of this systematic review is to synthesize and
assess existing research on the connection between socio-
psycho-physiological SRC processes and irritability during
childhood and adolescence. In particular, we aim to system-
atically review existing studies that investigate irritability
through the lens of at least one of the SRC processes. This
will serve to identify gaps in the present literature and high-
light opportunities for future research. By identifying SRC
processes that are associated with irritability, this system-
atic review may provide knowledge to serve as a basis for
determining preventive or therapeutic approaches to address
irritability.

Methods
Procedure

The JBI Manual for Evidence Synthesis, chapter 7: system-
atic reviews of etiology and risk [32] guided the realization
of the review. Also, the preferred reporting items for system-
atic review and meta-analysis (PRISMA) 2020 [33, 34] were
followed for reporting. The review protocol is available on
PROSPERO (#CRD42022370390). We incorporated stud-
ies that (a) sampled children and adolescents (0—17 years of
age); (b) assessed at least one psychophysiological self-reg-
ulatory process (e.g., cognitive control, emotion regulation,
autonomic regulation or social regulation); (c) measured
irritability (e.g., anger proneness, low tolerance to frustra-
tion, outbursts); and (d) were published in English, German
or French. All study designs were included (i.e., observa-
tional and case studies as well as qualitative and quantitative
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methodology). We excluded studies that (a) were not peer-
reviewed or referred to conference acts, (b) focused on psy-
chometric properties of instruments assessing irritability, (c)
reported interventions or (d) mainly focused on children and
adolescents with an autism spectrum disorder or intellec-
tual disabilities as it refers to neurodevelopmental disorders
which imply different developmental pathways, underlying
mechanisms and specific assessments [35,36]. Consequently,
the SRC processes and their interactions with irritability
in these populations may differ significantly from those
observed in more typical developmental contexts. Includ-
ing studies on these populations in the review may therefore
introduce excessive heterogeneity, potentially complicating
the synthesis of findings and the identification of broader
patterns.

Two blind and independent reviewers (SU and AOW)
conducted study selection (abstract and title screening as
well as full text selection) and data extraction. Choices that
differed between reviewers were discussed to achieve a
consensus.

Search strategy

In collaboration with a medical librarian (JRA), a literature
search was conducted in October 2023 in six bibliographic
databases: Embase.com, Medline ALL Ovid, APA Psy-
cInfo Ovid, Web of Science Core Collection, the Cochrane

Database of Systematic Reviews Wiley and ProQuest Dis-
sertations & Theses A&I. The searches were performed
without language or date restrictions. Manually (backward
search) and through the use of Web of Science Core Collec-
tion (forward search), further records were discovered by
tracing citations of studies that were included.

Figure 1 displays the PRISMA 2020 flow diagram [33].
The supplementary File 1 provides details regarding the
search syntax, keywords and index terms used.

We screened the titles and abstracts of identified studies
for possible inclusion (k=2612), which led to k=106 stud-
ies selected for full text screening. Among them, 74 studies
(and 82 reports) met the inclusion criteria defined in the
study protocol (see Table S1). Below, we indicate whether
we described the studies (i.e., general project) or the reports
(i.e., published article).

Critical appraisal

We chose the appraisal tool for cross-sectional studies
(AXIS) [37], as it seems to be the most appropriate tool for
analysing the quality of observational studies. Specifically,
the AXIS is a 20-item instrument and was applied by SU
and AOW to evaluate the quality of the retrieved reports by
assessing the main bias that may be observed in observa-
tion studies (e.g., selection of the participants, sample size
justification, drop out analyses, statistical method, ethical

Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which
included searches of databases, registers and other sources. From:
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD, et al. The PRISMA 2020 statement: an updated guideline for

[ Identification of studies via datab and registers [ Identification of studies via other methods J
—
Total records identified (n =
s 2612)
® Medline (n = 438) Records removed before X
o _ > o Records screened from:
= Embase (n = 1121) screening: -
= _ > Backward & Forward citation
t Psyclnfo (n = 530) Duplicate records removed search (n = 1153)
2 Web of Science (n = 497) (n =1047)
- Cochrane (n = 0)
Proquest (n = 26)
=R v
Records screened Records excluded
——->
(n = 1565) (n = 1460)
v
2 Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval »| Reports not retrieved
£ (n=105) "l (n=0) (n=21) (n=0)
o
@ v v
Reports assessed for eligibility o Reports assessed for eligibility >
(n=105) | Reports excluded: _ (n=21) Reports excluded:
Background article (n = 18) Wrong outcomes (n=2)
Wrong population (n = 2)
Wrong outcomes (n = 22)
__
— \4
= Studies included in review
= (n=74)
T‘.:» Reports of included studies
= (n=82)

reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/10.
1136/bmj.n71. For more information, visit: http://www.prisma-state
ment.org/
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consideration and role of funding sources; for details, see
Table S2 and Figure S2). However, it should be noted that
this instrument lacks, for example, aspects such as study
protocol and planned analysis publication, blinded analyses
or non-published results.

Study categorization

Number of participants (for both males and females), sample
origin and study design were extracted from the retrieved
studies. Table 1 describes how irritability was operational-
ized (e.g., frustration, anger proneness, aggressivity, anger
dysregulation, grumpy mood, tantrum). Finally, we charac-
terized the specific process of SRC (i.e., cognition [either
“purely” or combined with “affective/motivation” dimen-
sions], emotion, physiology and social) for each study (see
Figure S1 for overlaps between the studies regarding which
processes were examined).

Results
Study description

The included reports were published between 1981 and
2023. However, only three reports were published before
2000, and k=70 reports (85.4%) were published after
2017 (within the last 6 years), from which k=14 reports
(17.1%) were published in 2023, highlighting the topi-
cality of this subject. The vast majority of studies were
performed in Western countries, particularly in the United
States (k=48, 64.8%) and in European countries (k= 18,
24.3%). Less than 7% of the studies (k=5) originated from
Asia and South America. Most studies adopted a cross-
sectional design (k=31, 41.3%). Further, k=29 studies
(39.1%) and k=14 studies (18.9%) adopted a longitu-
dinal design (with follow-up ranging from 6 months to

Table 1 Terms used to describe irritability

Processes Terms k %

Irritability (phenotype) Both 66 80.5
Phasic 7 8.5
Tonic 9 10.9

Irritability® (discrete Irritabilty general 66 69.5

e.xpression, manifesta- Anger proneness 8 8.4
tion) Frustration intolerance 7 7.4
Temper tantrum 8 8.4
Aggression 5 53
Grumpy mood 1 1.1

*More than one per article possible
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17 years) and a case—control design, respectively. A total
number of n=26,764 participants (n= 12,384 girls and
n=12,905 boys, n= 1475 no information) were present
in the selected studies. The study samples referred mainly
to community samples (k=42, 56.8%) or clinical sam-
ples (k=32, 43.2%). In thirteen studies, more than 60% of
those sampled were boys [38—46], whereas in two studies,
more than 75% of those sampled were boys [47, 48]. In
four studies, more than 60% of those sampled were girls
[49-52], whereas one study sampled girls, exclusively
[52]. Finally, four studies did not specify the gender in
their samples [31, 53-56]. The remaining reports included
an equivalent proportion of boys and girls. The average
age of all who were sampled was 8.08 years (SD =15.26).
Children younger than 5 years old were included in k=29
studies (39.2%), and 26 studies (35.1%) sampled adoles-
cents above 12 years old. Only parents were included in
the samples of twenty-one studies (28.4%), from which
k =14 recruited only mothers and k=7 included both
mothers and fathers. The majority of reports assessed
both tonic and phasic irritability components (80.5%)
without distinguishing them. The reason for doing so is
that the instruments did not allow for a distinction to be
made between components. For terminology, the majority
of reports (69.5%) used “irritability” without specification.
In 8.4% of reports, “tantrum” was used alongside other
terms such as anger proneness, frustration intolerance,
aggression or grumpy mood.

Regarding the SRC components, approximately one
quarter (25.7%) of the reports examined physiological
aspects. Conversely, either “purely” cognitive aspects or
“affective/motivation” combined with cognitive aspects
were examined in about 20.8% of reports. Finally, emo-
tional components (i.e., emotion regulation) were consid-
ered in almost 14% of the reports.

Critical appraisal

The AXIS assessment for each specific report is pre-
sented in the supplement (see supplementary Table S2
and Figure S2). Only k=2 (2.4%) reports justified the
sample size, either by a priori or a posteriori power analy-
sis. Moreover, the question of drop out was addressed in
k=13 (15.9%) studies, of which seven reports described
drop out bias (the vast majority of reports [k =66; 79.5%]
did not address this aspect). Patients with the most severe
forms of irritability might have been more prone to drop
out. Therefore, important information on the full range of
irritability might have been overlooked by these studies.
Overall, the included studies were of high quality, with
none demonstrating a particularly strong bias, as measured
with this instrument.
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Results summary—narrative review

In the following subsections, we provide a narrative sum-
mary of the included studies according to the perspectives of
the main SRC processes (cognitive, emotional, physiological
and social) on irritability. We illustrate the main themes and
subthemes examined in the included reports (Fig. 2). Also,
we highlight the main characteristics and findings for each
report (Table S1).

Cognitive SRC

One of the main findings of the reports was that during
early life, a protective role of effortful control and inhibi-
tory control regarding “purely”” cognitive (or non-affective)
aspects of SRC was present [31, 51, 57-60, 144]. One study
observed stronger relationships between inhibitory control
and, later, irritability in girls than in boys [59]. From middle
childhood, cognitive control (i.e., more elaborated inhibi-
tory skills such as error monitoring) was cross-sectionally
associated with [42, 61, 62] and longitudinally predicted
[54, 63—65] lower irritability in adolescence. Moreover, the
combination of low cognitive control and high irritability
was a risk factor for concurrent and, later, internalizing and
externalizing problems (e.g., [31, 66]). When combined
with neuroimaging or psychophysiological assessment of
cognitive control, irritability was related to aberrant brain
functioning (i.e., error-related negativity [63] or less neu-
ral activation in the left dorsolateral prefrontal cortex [62])

Working -
memory Attentional
bias Decision

as well as increased HR and decreased HRV (not differing
in function of gender) [46]. Other reports identified both
the protective role of working memory in the associations
between irritability and psychopathology [67, 68] as well as
the mediating role of irritability in low executive functions
and aggression, which was similar across genders [69].

Another group of studies [70-75, 145] revealed that
higher irritability was related to higher attentional bias in the
processing of emotional information. Particularly, children
and adolescents with irritability showed enhanced attention
towards threat [72] or anger [70], which has been observed
both at the cognitive level and through alterations of the neu-
ral activation that sustains these processes. Such attentional
bias was observed in associations with irritability but not
with callous-unemotional traits [73].

A further cognitive domain associated with irritabil-
ity is temporal reward discounting (i.e., choosing smaller
immediate rather than larger delayed rewards), with higher
discounting associated with higher irritability both at behav-
ioural [38] and neural [49, 76] levels across development.
Preliminary findings suggested that cognitive flexibility and
inhibitory control may buffer irritability-related reward pro-
cessing deficits [74]. Interestingly, irritability had no impact
on decision-making [44, 45].

Emotional SRC

Both cross-sectionally and longitudinally, irritability has
been associated with a lack of emotion regulation skills

. . Frustration
Emotion regulation
management

Cognitive control - making
Error monitoring

Reward
Effortful control — processing
inhibitory control
@
SRC within
Irritability

Social

(M

Parenting on child’s I Child’s irritability
irritability on parenting
Mutual interactions

5 °
e A

Autonomous
nervous system

hypothalamic-pituitary-
adrenal axis

Fig.2 Thematic organization of the included reports. SRC self-regulatory control processes
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for positive [77] and negative emotions [55, 78, 79, 149],
especially anger regulation [80]. Irritability has been iden-
tified as a risk factor for externalizing problems (via poor
sadness/anger regulation), oppositionality and internalizing
symptoms (via poor anger coping and intolerance to uncer-
tainty) [81]. More specifically, youths with higher irrita-
bility in lab-based frustrative situations (in-situ approach)
displayed higher emotional arousal as well as slower recov-
ery at behavioural [82, 150], neural [83-90, 146, 148] or
autonomous [41, 91] levels. In this line, lower neural par-
ent—child synchrony during frustration recovery was associ-
ated with higher child irritability [92]. School-aged children
with chronic irritability were characterized by frustration
management difficulties as well as inhibitory control defi-
cits [93]. Further, in the context of frustration, autonomic
inflexibility (low RSA, i.e., coupling between heart rhythm
and respiration) combined with deficits in inhibitory control
sustained irritability in children [94]. Finally, irritability but
not anxiety (i.e., lack of regulation of fear) was associated
with dysfunctional processing of emotional stimuli. How-
ever, both irritability and anxiety disrupt emotion regulation
[95]. Moreover, anxiety is closely related with irritability, at
least at the neural level [74, 75].

Physiological SRC

Although irritability has not been associated with higher
hair cortisol levels [39], different diurnal cortisol patterns
mediate the link between irritability and, later, psychopa-
thology [53]. In newborns, higher HR was associated with
higher irritability, whereas irritability was not consistently
associated with cortisol response to the Neonatal Behavioral
Assessment Scale [96].

Social SRC

The last group of reports examined, mainly through par-
ent—child interactions, links between childhood irritabil-
ity and the social aspects of SRC (co-regulation). Notably,
negative parenting [145] (e.g., low maternal sensitivity
[97-99], low maternal social support [100], maternal emo-
tion regulation difficulties [101], harsh parenting [102] or
authoritative practices [103]) were associated with higher
irritability in children or adolescents. Conversely, higher
irritability in children was associated with intrusive and less
physically stimulating maternal behaviours [104] and led to
more maternal coerciveness [105] or higher negative paren-
tal attitudes [43]. In this line, toddlers with highly stable
profiles between 30 and 42 months of age with “expressive”
profiles (i.e., higher anger proneness and activity) received
less positive parenting and presented more externalizing
symptoms. In contrast, “fearful” profiles (i.e., higher anger
proneness and social fear) received less positive and more
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negative parenting and presented more internalizing prob-
lems. This pattern did not differ in function of gender [106].
These apparent bidirectional associations may further lead
to vicious circles. For instance, more irritability may trigger
negative parenting (e.g., punishment), which, in turn, leads
to more irritability later in development [56]. Moreover, the
transmission of maternal internalizing symptoms (when the
child is 3 y.o0.) to the child’s internalizing symptoms at 11
y.o. is mediated by child irritability at 8 y.o. [107]. The com-
bination of higher irritability (i.e., anger proneness) and less
authoritarian parenting has been observed to have a nega-
tive impact on cognitive ability, which affects both genders
equivalently [108].

In longitudinal studies, parenting modulated both the
relationship between irritability and effortful control and the
development of adjustment problems during the transition to
adolescence [109]. Specifically, when children are assessed
at age 3, both components (i.e., phasic and tonic) are observ-
able and distinguishable. Phasic irritability independently
was concurrently associated with lower effortful control
and higher maladaptive parenting, whereas tonic irritability
independently predicted disruptive and suicidal behaviours
in adolescence [110]. None of the studies considered the role
of siblings or peers in the manifestation of irritability, which
may be of particular interest given the importance of peer
interactions for children and adolescents.

Discussion

This systematic review aimed to synthesize the existing
literature on cognitive, emotional, physiological and social
SRC processes and irritability across the development of
children and adolescents. We identified 74 studies (and 82
reports), most of which were published after 2017, empha-
sizing the topicality of this review. Cognitive processes
linked to heightened irritability included low cognitive
control, poor delay discounting and a bias toward threat,
while emotional SRC showed poor emotion (especially
anger) regulation as well as higher emotional arousal. Few
studies in the psychophysiological domain suggest changes
in endocrinological and autonomic functioning related to
high irritability. Finally, social SRC revealed bidirectional
associations between higher irritability and parenting dif-
ficulties. The systematic search revealed several important
findings and research gaps. In the following section, we will
discuss these gaps and integrate our reasoning that suggests
developmental pathways of SRC processes in irritability.

Integration of findings and gaps

One of the most clinically relevant aspects of the research
on SRC and irritability is how the associations between
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them unfold over the long-term, especially from infancy
to childhood, adolescence and young adulthood. Notably,
knowledge on the developmental pathways of irritability
may guide prevention and intervention strategies. Further,
the manner in which these associations predict clinical
outcomes, such as internalizing or externalizing psychopa-
thology, is of crucial importance. A considerable number
of identified studies have used a longitudinal design, but
few have focused on irritability and SRC as predictors of
later psychopathology [31, 53, 58, 59, 67, 69, 81, 106,
107, 110-112], and very few have used clinical samples
[67, 112].

Establishing comparability due to variations in both the
definition and measurement of the construct of irritability
is one challenge across the studies identified in this review
[113]. Recent research has reached a consensus on defin-
ing irritability as an increased proneness to anger that may
lead to aggression but often does not [20, 114, 115]. Anger
is described as a transient negative emotional state rang-
ing from mild irritation to intense rage, with physiological,
cognitive and behavioural components. Aggression refers
to intentional behaviours that cause harm, including reac-
tive, impulsive or proactive types. However, distinguishing
between irritability, anger and aggression proves challeng-
ing, as the constructs are closely intertwined and because
rating scale measures of the constructs correlate with
medium to large effect sizes [116—118], raising doubts about
their distinctiveness. The reliability of assessments of irrita-
bility (as well as the other constructs) is further complicated
by differences in informants, with small to medium correla-
tions between reports from different sources [80, 116, 118].
It is likely that irritability manifests differently at different
ages as well as to various degrees in different contexts (e.g.,
at home vs. in school), and informant perspectives differ
not just due to measurement error. In the studies, emotional
SRC has primarily been analysed via parent report or physi-
ological measures during challenging situations, offering
insight into either the perception that the parent has of their
child’s general functioning or real-time observation of emo-
tion regulation reactivity and recovery phases. However,

Social SRC
Negative parenting

Fig.3 Proposed developmental
pathways

n. Irritability

Cognitive SRC
Temperamental
profile (low

effortful control)

Cognitive SRC

Low cognitive control
Poor delay discounting
Bias to threat

there remains a lack of child and youth self-reporting in
this domain.

Few studies have examined peripheral physiological
SRC processes such as ANS or HPA-axis functioning in
relation to irritability, suggesting a need for more detailed
examination in future research. While many reports have
outlined aberrant neural patterns associated with irritabil-
ity or related constructs, findings are mixed, and a recent
meta-analysis showed no common functional or structural
substrates underlying irritability [119].

In exploring the role of social interaction in regulating
irritability, numerous studies have shed light on the recip-
rocal relationship between irritability and parenting, pre-
dominantly within a core family and primarily focusing on
mothers. However, limited attention has been given to the
social components of SRC outside the family context, par-
ticularly in that of peer interactions or support. Considering
the importance of peer relationships in middle childhood
and especially in adolescence, investigating their influence
on irritability would be exceptionally valuable.

A further research gap that has emerged from our system-
atic review is the role of gender in the association between
SRC and irritability, which has been reported in only five
studies. We found only one study in which stronger relation-
ships between inhibitory control and, later, irritability were
observed in girls than in boys [59]. More generally, this topic
has received little attention in research on irritability [120].
However, some evidence from population-based studies sug-
gests that developmental patterns differed between males
and females, with irritability being more common during
childhood (decreasing with age) in boys and during adoles-
cence (with levels increasing with age) in girls [121, 122].
The authors suggested two “types” of irritability based on
gender: an early-onset type more common in boys (a pat-
tern typical of neurodevelopmental problems) and a later-
onset “type” that starts in adolescence and is more common
in girls (a pattern typical of mood problems) [121]. In this
perspective, one longitudinal study reports early differential
associations between the sexes and in parental symptoms in
predicting phasic and tonic irritability in adolescence [123].

Psychophysiological SRC

Altered endocrinological
and autonomic functioning

®
phasic .

externalizing

tonic internalizing
Emotional SRC

Poor emotion/
anger regulation
High arousal
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Thus, future studies that investigate SRC processes of irri-
tability should be designed with a specific focus on gender.

The areas that were explored in previous studies and
identified in this systematic review delineate the potential
developmental pathways of SRC for irritability (see Fig. 3).
More specifically, irritability may arise from a problematic
temperamental profile. Then, it is increased through delay
intolerance, low cognitive control skills and attention bias
towards anger or threat. Mutual negative influence is even-
tually observed through irritability and parenting. Finally,
emotion dysregulation and physiological regulation mediate
the link between irritability and specific psychopathology.
The proposed developmental pathways entail certain gaps
that need to be substantiated in future studies.

Future perspectives

In previous research, irritability was mainly studied as a uni-
tary clinical phenomenon [124, 125]. This resulted in a poor
definition of irritability and an unclear understanding of its
clinical correlates and pathophysiology. To overcome this
shortcoming, tonic and phasic irritability are distinguished
in more recent conceptualization [126—128], the usefulness
of which should be tested in future studies. Similarly, the
majority of studies have focused on single components of
SRC. However, in daily life, all SRC processes work together
to allow the individual to adapt to the ever-changing envi-
ronment. While certain studies have incorporated multiple
SRC components, a need exists for their integration in future
studies.

Moreover, research on irritability may benefit from
a more ecological or naturalistic approach. Taking into
account both a between-person and a within-person per-
spective as opposed to the standard or static approach may
offer an improvement in the understanding of the nature
and variability of irritability over time (e.g., [129-131]). In
addition, this approach will allow for an assessment of the
temporal sequences among irritability and SRC [132, 133].
Such knowledge is of crucial importance for developing
ecological momentary interventions or just-in-time adapted
interventions (see [134]). Furthermore, adopting an inte-
grative approach in ambulatory assessment, which involves
not only repeated prompting of subjective experiences but
also cognitive assessments and physiological indices, may
enhance the current understanding of the dynamic interplay
between psychological and physiological factors within the
everyday contexts that individuals encounter.

The studies included in this review are international in
scope; however, the cultural conceptualizations of irritabil-
ity (and the implication of SRC processes) have not been
specifically addressed in prior research or in this systematic
review. The perception, expression, and regulation of emo-
tions—such as anger or irritability—vary significantly across
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cultures [135, 136] , shaped by culturally shared “decoding
rules” [137], which influence how individuals interpret and
express emotions within their specific cultural context. More-
over, the threshold for what is considered irritable behavior
can differ according to cultural norms and expectations [8].
Consequently, cross-cultural studies are essential for examin-
ing both the similarities and differences in the phenotyping
of irritability and its association with SRC processes. In this
context, the Cross-Cultural Consortium on Irritability (C3I,
https://medicine.yale.edu/childstudy/research/collaborative-
labs/cross-cultural-consortium-irritability/) is a noteworthy
collaborative initiative dedicated to investigating irritability
across different cultures. The C3I aims to establish an interna-
tional network of researchers to advance understanding of the
cross-cultural similarities and differences in irritability, with
a focus on, though not limited to, the pediatric population.

Clinical relevance and implications

It has been reported that the prevalence of irritability is ris-
ing substantially in community samples [4]. Hence, obtain-
ing a better understanding of irritability through the lens
of SRC may represent the foundation for intervening early.
Childhood represents an early window of opportunity for the
prevention of negative long-term outcomes for the affected
individuals [18] and might inform the development of thera-
peutic interventions on specific SRC processes. For instance,
cognitive remediation targeting specific self-control deficits
[139, 140] and biofeedback [141, 142] or virtual reality tech-
niques [143] targeting specific psychophysiological SRC
may represent an interesting therapeutic approach.

Limitations of this review

We limited this systematic review to children and adoles-
cents. Thus, further reviews should focus on adults. Moreo-
ver, this systematic review was limited to literature pub-
lished in English, German and French. We may, therefore,
have missed some information published in other languages.
However, this is unlikely to taint the global observed pic-
ture, as we did not limit the search based on language in the
first place. Due to the heterogeneity in study designs and
operationalizations of the associations between irritability
and SRC, we did not conduct a quantitative meta-analysis,
which will be helpful in the future when methodologies are
more harmonious and, thus, comparable.

Conclusion

Irritability and SRC are closely related. Previous research
contained an examination of several SRC components,
which we synthesize in the present systematic review.
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Several challenges and gaps were identified, such as the con-
ceptualization and measurement of irritability, the scarcity
of longitudinal studies exploring SRC and irritability as pre-
dictors of psychopathology, and the potential of psychophys-
iological as well as multi-informant and peer relationship
studies. Moreover, the current understanding of irritability
might benefit from an assessment of its tonic and phasic
components, which may be performed with the use of more
naturalistic methodologies. The acquired insights might con-
tribute to the development of new therapeutic interventions
aimed at alleviating the challenges associated with irritabil-
ity that youths and their families encounter.
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