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Abstract

Irritability can be a prominent characteristic of various psychopathologies, including childhood psychiatric and
neurodevelopmental disorders. Genetic, environmental, and prenatal factors influence the development and progression of
childhood irritability. This review aims to highlight the biological and behavioral pathways associated with childhood irritability,
examine the relationship between irritability and childhood psychopathology, identify the existing gap in the literature, review
these connections, and provide guidance for future research. Articles published on PubMed and Google Scholar from 2000 to
2023 were reviewed using a combination of search terms such as “childhood irritability,” “maternal stress,” and “prenatal stress.”
The literature search yielded roughly 2,800 articles using the predefined search terms, of which 65 were deemed relevant to this
scoping review. The articles reviewed identified a link between prenatal stress, childhood irritability, and the development of
adult psychopathology. Pathological irritability and its emerging connection to maternal stress pose a risk factor for developing
neurodevelopmental disorders and psychopathology in the pediatric population. Much of the current literature addresses the
biopathophysiologic pathway linking maternal stress to childhood irritability in offspring. However, no interventional
research studies have reported on how to interrupt this pathway or mitigate its progression with predictable outcomes.
Therefore, identifying a critical period during childhood or adolescence when the progression from childhood irritability to adult
psychopathology can be recognized may reduce the risk of developing neurodevelopmental disorders or psychopathology in
childhood and throughout life.
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1. Introduction

Irritability can be defined as a “proneness to anger, an in-
creased sensitivity to provocation and the likelihood of be-
havioral outbursts with or without aggression OR a propensity
to react with excessive anger, grouchiness or tantrums to a
situation”. [1, 2] It has also been conceptualized as a “low
threshold for experiencing anger in response to frustration”.
[3] It comprises children’s moods (e.g., grouchiness) and

behaviors (e.g., anger outbursts, tantrums). [1-4] While there
are normative patterns of irritability throughout childhood
development, irritability can also present in externalizing (e.g.,
oppositional defiant disorder, conduct disorder), internalizing
(e.g., anxiety, depressive disorders), as well as neurodevel-
opmental disorders (e.g., attention deficit hyperactivity dis-
order, autism spectrum disorder). [5]
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Much of the research has focused on how childhood irrita-
bility may progress to behavioral disturbances or psychiatric
illness in adolescence and adulthood. However, an emerging
literature focuses on bio-pathophysiologic mechanisms pre-
disposing children to pathologic irritability. [6, 7] Given the
associations between maternal stress, brain development of
newborns, and the development of psychopathology in early
childhood due to epigenetic changes, it is crucial to investi-
gate and elucidate the pathway(s) that connect maternal stress
and childhood irritability and, if possible, identify and miti-
gate contributing factors. [8-10]

The proposed pathway starts with prenatal depressive
symptoms in the mother, leading to low adaptability and high
intensity of temperament in the infant, which translates to

childhood irritability and progresses to adult psychopathology.

This review aims to provide a comprehensive literature
analysis, focusing on predisposing factors and biological
pathways that may lead to irritability in children. It examines
the relationship between prenatal maternal stress, childhood
irritability, and the later onset of psychiatric and neurode-
velopmental disorders.

2. Material and Methods

A review of published articles between 2000 and 2023 was
completed on PubMed and Google Scholar. Articles included
those on empirical research on childhood irritability, all in
English. These articles examined the association between
prenatal stress, and childhood irritability and the progression
to psychopathology. One study by Chess et al. was outside this
timeline but was nonetheless included for historical context.
Sixty-five articles met the inclusion criteria, identified in the
initial search.

3. Results

A literature review on prenatal maternal stress between
2001 and 2023 revealed three main research areas. The first
area involves environmental and genetic influences; the sec-
ond area focuses on the positive association between prenatal
maternal stress and irritable temperament in infancy and
childhood; and the third area focuses on the proposed patho-

physiology of irritability in relation to prenatal maternal stress.

Twenty-five cross-sectional studies, 22 review articles, 4
meta-analyses, 11 longitudinal studies, and one short report.
Four animal studies met the inclusion criteria. Two studies
employed both cross-sectional and longitudinal study designs.
[11, 12] An editorial piece was also included due to the au-
thor's expertise on the subject matter. A supplemental table
categorizes studies based on the link between prenatal stress
and childhood irritability; pathogenesis, pathophysiology,
mechanism, and components of childhood irritability; tem-
perament-irritability —axis; early life or childhood
stress/programming/epigenetics/biomarker and genetics.
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4. Discussion

4.1. Background

The pathophysiology of irritability can be conceptualized
as an aberrant response to threat, frustration, and oversensi-
tivity to sensory stimuli with a lower threshold for anger. It is
directly linked to physiological processes and subsequent
biological changes [13]. However, there are underlying
mechanisms in the published literature that explain this phe-
nomenon as a bridge between the intrauterine experience and
adult psychopathology. The specific biological mechanisms
have been relatively well described without necessarily la-
beling it a pathway. While that is what the literature describes,
it is unclear if identifiable stressors play a role in the said
pathway, and if they indeed do, mitigating that to prevent
progression to adult psychopathology is vital. Understanding
the critical point along that pathway at which contributing
factors impact outcomes could prevent the progression to
childhood irritability.

4.2. Theoretical Framework for the
Pathophysiology of Irritability

The primary human stress response system, the hypotha-
lamic-pituitary-adrenal (HPA) axis, develops prenatally and
continues after birth, helping to guide adaptive responses.
This system triggers the adrenal glands to release glucocor-
ticoids essential for normal brain function and maturation;
however, sustained high levels can ultimately harm brain
development and function. Cortisol mediates responses within
the limbic system and is critical in fear regulation, threat
response, behavioral adaptation to stressful events, emotional
control, cognitive development, neurodevelopment, adapta-
bility, and self-regulation. [14-16] A “faulty” HPA axis is
implicated in stress-related psychopathology due to its impact
on neurodevelopment early in life. [17]

About 10%-20% of maternal cortisol passes from the
mother to the fetus through the placenta, subsequently passing
through the blood-brain barrier of the developing fetus. Figure
1 below illustrates the modulation and release of cortisol by
placental CRH.

Studies using animal models further help with under-
standing the HPA axis regulatory system. They propose that
the associated response by the central nervous system (CNS)
regulators of the HPA axis, including the amygdala, hippo-
campus, and prefrontal cortex, is influenced by increased
CRH signaling and impaired glucocorticoid recep-
tor-mediated feedback, resulting in HPA axis hyper-reactivity
in rodents. Thus, exposure of the developing fetus to elevated
maternal cortisol levels can be considered prenatal early life
stress (ELS). This phenomenon has been shown to cause the
expression of genes in peripheral tissues, such as the gluco-
corticoid receptor (GR) and 11-beta hydroxysteroid dehy-
drogenase (11p-HSD1).
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ELS triggers increasing levels of cortisol within the uterine
environment and potentially results in an increased risk of
psychopathology emerging later in life. [18] Fetal exposure to
cortisol is regulated by 11beta-HSD2, a placental enzyme that
transforms cortisol into an inactive metabolite known as cor-
tisone. This enzyme protects the fetus from the harmful ef-
fects of increased circulating maternal cortisol levels during
pregnancy. Furthermore, chronically elevated cortisol levels
are associated with an increased risk for the onset of impaired
emotional and behavioral self-regulation symptoms. [16]

Animal studies have found an association between ELS and
overexpression of HPA axis regulatory hormones (CRH
mMRNA and glucocorticoid receptor (GR) in the amygdala and
hippocampus, respectively [19, 20]. Evidence suggests that
this results in decreased excitatory synaptic transmission,
reduction in synaptic plasticity, and reduced expression of the
N-methyl-D-aspartate (NMDA) receptor in hippocampal
synapses. [21] In the prefrontal cortex (PFC), however, ELS
reduces GR expression and protein levels, compromising the
negative feedback function on the HPA axis, a system essen-
tial in regulating the stress response. [22, 23] These
stress-related regulatory changes support a biologically plau-
sible mechanism for the potential development of pathologic
irritability. [24, 25]

4.3. Overview of Childhood Irritability

Irritable outbursts are considered a feature of typical de-
velopment across childhood and adolescence. It is generally
agreed that childhood irritability has tonic and phasic dimen-
sions, with each dimension having unique implications for the
development of future disorders involving either behavior
regulation or psychopathology. [1, 26] The DSM-5 defines
phasic irritability as developmentally inappropriate temper
outbursts, while tonic irritability is the negative affect that
persists between outbursts. Phasic irritability is characterized
by temper tantrums or outbursts involving separate events of
disproportionate temper manifested by explosions of anger
and frustration with disruptive and/or disorganized behaviors,
sometimes involving self-injurious behaviors, property de-
struction, and/or verbal or physical aggression. The duration
of outburst episodes can vary, but they are generally
short-lived. [27]

In contrast, tonic irritability describes a persistently angry,
grouchy, negative mood state that entails an increased pro-
pensity to anger and or short temper with low frustration
tolerance. This mood state continues between outbursts, with
the child typically described as overly sensitive, touchy, or
easily annoyed. These two patterns constitute core symptoms
of many childhood psychiatric disorders. [27]

Developmentally regular irritable outbursts are often phasic,
especially in preschool-aged children, and tend to decrease in
later childhood and adulthood, mirroring the maturation of the
prefrontal cortex. [28]

Pathologic phasic irritability is described as more heritable
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and more stable than tonic irritability in twin pairs between
the ages of 8 and 17 years. [29] During adolescence, irri-
ta-bility is typically linked to a small but measurable rise in
irritable mood (tonic episode) and temper outbursts (phasic
episode), and tonic, rather than phasic episodes, generally
persist somewhat longer into adolescence. [1, 5, 6, 28, 30, 31].
Other studies describe irritability in a developmental context,
where early-onset persistent irritability may be more of a
neurodevelopmental origin. In contrast, later-onset irritability
is more likely characteristic of an affective or depressive
episode, thus with potential implications for treatment. [32]

4.4. Psychiatric and Neurodevelopmental
Disorders Characterized by Childhood
Irritability

Childhood irritability is a term utilized in describing a host
of psychopathologic categories within the DSM, including
multiple psychiatric and neurodevelopmental disorders. With
data to support the natural history, course, and progression of
pathological childhood irritability, it has been suggested by
some that it should be categorized as an early childhood-onset
neurodevelopmental disorder. [33] Irritability is common in
children with neurodevelopmental disorders, including intel-
lectual developmental disabilities (IDD), autism spectrum
disorder (ASD), communication disorders, attention deficit
hyperactivity disorder (ADHD), motor coordination disorder,
and specific learning disorders. Furthermore, the presence of
irritability is thought to contribute to the relationship between
neurodevelopmental and depressive disorders, with an in-
creased risk as high as 42% for internalizing disorders, in-
cluding major depression, among adolescents with neurode-
velopmental disorders. [10, 34]

After controlling for pre-existing behavioral or psychiatric
disorders and associated demographic factors, it has been
demonstrated that irritability in early childhood is a consistent
transdiagnostic predictor of both externalizing and internal-
izing disorders in children and adolescents. [8, 35, 36] Re-
search shows that chronic irritability in oppositional defiant
disorder, albeit an externalizing disorder, is a strong predictor
of depression and anxiety, which are internalizing disorders,
later in life. [37, 38]

Mood disorders, such as depression, can have irritability as
a prominent symptom, and as such, irritability is listed as one
of the potential qualifying criteria for that diagnosis. A
childhood-onset mood disorder called disruptive mood
dysregulation disorder (DMDD) was added to the DSM-5,
manifested by elevated baseline levels of persistent (tonic)
irritability and anger with frequent, intense temper outbursts
(phasic), thus placing this disorder at the interface of inter-
nalizing and externalizing disorders, given it has components
of both emotional and behavioral dysregulation. [39, 40]

Tonic irritability has shown stronger associations with de-
pressed mood, while the phasic dimension of irritability has
more significant correlations with feelings of worthlessness,
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hopelessness, and suicidality. [41] Direct associations be-
tween irritability and the risk of suicide were found for chil-
dren with worsening irritability through childhood, particu-
larly in those with disproportionate tonic and phasic episodes
and an increased risk of suicidality, with phasic irritability
being predictive of impulsive suicide attempts. [28, 41, 42]

4.5. Progression of Pathological Childhood
Irritability to Diagnostic Disorders

Heritability and Genetic Influences

Heritability plays a significant role in the development of
irritability, with genetic loading increasing the risk for both
irritability and subsequent disorder severity. Twin studies
have demonstrated the heritability estimate for childhood
irritability ranging between 30% and 60%, with several
studies finding minimal differences in heritability risk be-
tween boys and girls. [3, 28, 29, 43] The genetic association
between irritability and neurodevelopmental disorders, as
well as the later onset of psychopathology, has been substan-
tiated via genome-wide association studies using polygenic
risk scores (PRS), an estimate of an individual’s genetic lia-
bility for a specific disorder or trait, given current knowledge
of the trait’s genetic architecture, particularly in attention
deficit and hyperactivity disorder (ADHD) and major de-
pressive disorder (MDD). [44]

Associations have been reported between PRS of adult
traits, including internalizing, externalizing, and clinical and
continuous measures of similar characteristics in children. [45]
Several studies identified genetic studies that used statistical
modeling to estimate the contribution of irritability to neu-

rodevelopmental and psychiatric disorders. A large longitu-
dinal study involving adolescent twins and siblings demon-
strates irritable mood as underlying the relationship between
oppositionality and depression, postulated to be the result of
genetic overlap. The results suggest that genetic vulnerability
to MDD significantly influences irritability in adolescence.
[46]

4.6. The Intrauterine Environment as a
Biological Pathway in Temperament Traits

Child Temperament, Intrauterine Cortisol Levels, and
Maternal Depression

Irritability is a core dimension of temperament, which is
considered a behavioral “style” or personality trait. It reflects
negative affectivity (NA) and is highly associated with diffi-
culty regulating attention and behavior [12]. This supports the
thought that temperament is an early-onset variation in emo-
tional reactivity. [47, 48] A longitudinal study by Chess et al.
observed an association between baseline temperamental
characteristics and psychopathology. By highlighting four
attributes of temperamental functioning, including rhythmic-
ity, adaptability, quality of mood, and intensity of reaction, the
authors showed that temperament alone did not cause be-
havioral disturbances in children who presented with psy-
chopathology. They showed that while irritability may play a
role in clinical behavioral symptoms evidenced in tempera-
ment, it can result in an interaction between familial and en-
vironmental factors, in this case, the intrauterine environment
resulting from maternal stress [49].
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Hypothalamus Placental CRH *Cortisol
T
Y -
CRH ] Adrenal
l 1 1 BH S D2 (glucocorticoid cortex
[ | programming of affective and cognitive
Anterior | penanen
Pituitary ACTH
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ACTH ‘nte.:rlor
l Pituitary
Adrenal
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Figure 1. Bidirectional Relationship in Cortisol Modulation Between Mother and Fetus.
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Though most previous authors primarily focus on intra-
familial and extra-familial environments, more recent studies
are beginning to show the intrauterine environment as an
environmental factor at play in the development of behavioral
disturbances that may result in the need for psychiatric care
during childhood. One study examined the effects of prenatal
maternal psychosocial stress indicators and cortisol levels on
infant temperament in a sample of almost 250 infants. Ma-
ternal salivary cortisol and psychological states were assessed
at varying weeks of gestation and 2 months postpartum, and
those with high levels of cortisol at 32 weeks of gestation
reported that their full-term infants demonstrated more intense
negative responses, as evidenced by startled or distressed
reactions to new or unusual stimuli. Infant temperament was
also evaluated with a measure of negative reactivity using the
fear subscale of the Infant Temperament Questionnaire at 2
months of age, finding that psychosocial stress indicators
predicted infant temperament. [15] Another small longitudi-
nal study that followed over 100 women from the 3™ trimester
of pregnancy through 8 months postpartum found a strong
association (after controlling for confounders) between ma-
ternal depression and childhood temperament, detectable as
early as 3 to 6 months after birth. [50] See Figure 1.

4.7. Childhood Irritability to Psychopathology

Genetic and Neurobiological Underpinnings

The intrauterine environment has been said to “program”
the fetus, making it vulnerable to disease as an adult. DNA
methylation is one mechanism of epigenetic changes medi-
ating stress and vulnerability leading to psychopathology. [51]
Exposure of the growing fetus to excess glucocorticoids is
considered a crucial mechanism in early-life disease pro-
gramming. [52] The theory underlying this suggests that when
the maternal HPA axis is dysregulated due to stress, fetal
exposure to stress hormones triggers a response that influ-
ences susceptibility to neurodevelopmental disorders, physi-
cal illness, and psychopathology.

Higher maternal cortisol levels have been linked to off-
spring temperament, and cortisol measurements, especially in
the third trimester, have been associated with infant emotional
reactivity and neurodevelopment. [53] Given these findings,
some studies have attempted to determine a “window of
susceptibility,” the critical point-in-time or timeframe when
fetal programming starts and ends, given that cortisol levels
are higher in late and not early pregnancy. [54, 55] However,
no studies suggest that a minute level of programming may
not have occurred earlier, right outside the window of 28-32
weeks of pregnancy.
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The pathway begins with prenatal stress in the mother, re-
sulting in biological dysregulation in the HPA axis, causing a
“re-programming” resulting from a stress response in the fetus.
[56]

4.8. The Pathway as Evidenced Through
Population Studies

The interactions between maternal depression and child-
hood irritability are quite complex, given that they are not
strictly linear. Maternal depression occurring as late as the
third trimester has been shown to increase the risk of exter-
nalizing and/or internalizing symptoms [57-60] Postnatally,
researchers were able to characterize five different irritability
classes: low decreasing, moderate decreasing, high steady;
initially very high, then decreasing; and high increasing, using
data from The Fragile Families and Child Well-being Study (a
national study of 5,000 children, ages 1-22 years and their
caregivers). The authors concluded that the most severe class
of irritability, high increasing, was linked to mothers with
recurrent depression (assessed during 2 time points through-
out the life of the child), suggesting that postnatal maternal
depression is linked to childhood irritability. Furthermore, a
bi-directional association between maternal depression and
childhood irritability was identified. Childhood irritability
during preschool age was associated with increased maternal
depression by elementary school age. Conversely, maternal
depression at toddler ages was also found to be associated
with increased irritability at preschool ages. [61]

The role of irritability in the pathways leading from pre-
natal maternal depression to adolescent depression was iden-
tified in a groundbreaking study, the Avon Longitudinal Study
of Parents and Children. [62] The study measured depressive
symptoms in pregnant women at 18 and 32 weeks prenatally
and in the postnatal period at 8 weeks, 8 months, and 21
months. Childhood factors measured included negative per-
ceived mood (temperament), low perceived adaptability (re-
sponses to novel situations), high perceived intensity (level of
emotional response) at age 24 months, irritability symptoms
(temper eruption, easily annoyed, angry or offended) at age 8,
10, and 13 years, conduct (behavioral) problems, and depres-
sive symptoms at age 16 years. [63] This study proposes a
pathway from pre - and postnatal depression to irritability in
childhood that is mediated by temperamental low perceived
adaptability and high perceived intensity in toddler years,
ultimately progressing to subsequent development of depres-
sion in adolescence. See Figure 2.
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Figure 2. Childhood Threat Response Pathway Following Maternal Stress.

5. Evidence-based Identified Gap in the
Current Literature

There is evidence to suggest that pathological childhood
irritability resulting from prenatal stress is associated with the
risk of psychiatric and neurodevelopmental disorders in ado-
lescence and adulthood. While the evidence is compelling, no
research supports this finding definitively. Identifying, mon-
itoring, and intervening in the progression to pathological
features should be possible. Early interventions, ideally be-
ginning in infancy, thus capturing the critical period during
the progression leading up to the presentation, could poten-
tially reduce the subsequent risk for irritability and maladap-
tive behaviors, which could alter the trajectory of future
psychopathology. [64]

6. Conclusion

Irritability is a common childhood feature, and mastery in
regulating emotions associated with irritability is a develop-
mentally expected milestone for children and adolescents.
While irritability can be normative, it has become clear that
persistent irritability can result in a disordered presentation..
The current literature suggests that cortisol levels and epige-
netic changes both from within and outside the intrauterine
environment play a role in the development of childhood
irritability and, in turn, progression to psychopathology in
adults. This review identifies gaps in the current literature that
fail to adequately address the biological and genetic under-
pinnings of pathologic childhood irritability

Many research studies in both human and animal models
provide persuasive evidence for the pathways involved in
developing childhood irritability, including the impact of
prenatal stress. However, more research needs to be con-
ducted to determine the specific epigenetic pathways related
to alterations in gene expression caused by environmental
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factors or life experiences. While this may be especially dif-
ficult to determine, identifying the timeframe within which
this gene alteration occurs could provide a window of op-
portunity in which the progression of pathologic irritability in
children to adult psychopathology could be mitigated or even
halted. Specifically, identifying the critical period when cor-
tisol modulates the intrauterine environment to provide the
opportunity for early screening of childhood irritability, thus
enabling the timely provision of appropriate interventions,
could improve long-term outcomes.

7. Future Areas of Research

Further research could potentially establish a consensus for
a battery of validated, reliable assessment tools to ensure the
utility of clinicians' consistent measure of childhood irritabil-
ity metrics in improving the timeliness and reliability of the
screening process. [65] Established metrics could aid in
providing a clear, standardized definition of pathological
childhood irritability, one that could be incorporated into the
DSM with distinct dimensions and objective criteria. With no
consistent definition of pathological childhood irritability and
difficulties in differentiating normative versus pathological
irritability, building on diagnostic criteria from the DSM
could be a starting point for a more unified definition of
childhood irritability. [27]

8. Limitations

Limitations in reviewing the literature regarding childhood ir-
ritability include, firstly, definition and measurement challenges,
given a lack of established standardized assessments, heavy
reliance on subjective reporting from parents or caregivers with
its associated risk of bias, and developmental considerations
regarding the labeling of “irritable” behavior, which varies sig-
nificantly depending on a child's age and developmental level.
Secondly, there is relatively limited scientific understanding of
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the underlying physiological mechanisms, neural correlates,
genetic influences, and environmental factors contributing to the
development of irritability. Thirdly, variability in sample heter-
ogeneity and research methodologies, with differences in study
design—involving, for example, longitudinal  wversus
cross-sectional approaches—Ilimits cross-study comparisons.
Finally, cultural considerations come into play, as cultural norms
and expectations can influence how irritability is expressed and
interpreted, as well as the general lack of currently available
culturally sensitive clinical assessment tools.

Abbreviations

CRH Corticotropin-releasing Hormone

ACTH Adrenocorticotropic Hormone

11BHSD1  11B-Hydroxysteroid Dehydrogenase Type 1
11B HSD2  11B-Hydroxysteroid Dehydrogenase Type 2
CD Conduct Disorder

OoDD Oppositional Defiant Disorder

DMDD Disruptive Mood Dysregulation Disorder
PTSD Post Traumatic Stress Disorder

ASD Autism Spectrum Disorder

ADHD Attention Deficit Hyperactivity Disorder
IDD Intellectual Developmental Disorder

PRS Polygenic Risk Scores

ELS Early Life Stress

GR Glucocorticoid Receptor

PCIT Parent-Child Interaction Therapy

Supplementary Material

The supplementary material can be accessed at
https://doi.org/10.11648/ j.ajp.20251102.17

Acknowledgements

Dr. Ellen Leibenluft offered clinical expertise and guidance
on the topic's direction for significant intellectual content.

Funding

No funding was secured for this study.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Copeland WE, Brotman MA, Costello EJ. Normative Irrita-
bility in Youth: Developmental Findings From the Great
Smoky Mountain Study. J Am Acad Child Adolesc Psychiatry
2015; 54: 635-642.

78

(2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Leibenluft E, Stoddard J. The developmental psychopathology
of irritability. Dev Psychopathol 2013; 25: 1473-1487.

Brotman MA, Kircanski K, Leibenluft E. Irritability in Children
and Adolescents. Annu Rev Clin Psychol 2017; 13: 317-341.

Stringaris A, Vida-Ribas P, Brotman MA. Practitioner review:
definition, recognition, and treatment challenges of irritability in
young people. J Child Psychol Psychiatry 2018; 59: 721-39.

Althoff RR, Crehan ET, He JP, et al. Disruptive Mood
Dysregulation Disorder at Ages 13-18: Results from the Na-
tional Comorbidity Survey-Adolescent Supplement. J Child
Adolesc Psychopharmacol 2016; 26: 107-113.

Bielas H, Barra S, Skrivanek C, et al. The associations of
cumulative adverse childhood experiences and irritability with
mental disorders in detained male adolescent offenders. Child
Adolesc Psychiatry Ment Health 2016; 10: 34.

Deveney CM, Stoddard J, Evans R, et al. On Defining Irrita-
bility and its Relationship to Affective Traits and Social Inter-
pretations. Pers Individ Dif. 2019 Jul 1; 144: 61-67.
https://doi.org/10.1016/j.paid.2019.02.031

Barker ED (ed). Epigenetics, Early Adversity and Child and
Adolescent Mental Health. Psychopathology 2018; 51: 71-75.

Bergh BRH, Heuvel MI, Lahti M, et al. Prenatal developmental
origins of behavior and mental health: The influence of ma-
ternal stress in pregnancy. Neuroscience and biobehavioral
reviews 2020; 117: 26-64.

Koutra K, Chatzi L, Bagkeris M, et al. Antenatal and postnatal
maternal mental health as determinants of infant neurodevel-
opment at 18 months of age in a mother-child cohort (Rhea
Study) in Crete, Greece. Social psychiatry and psychiatric
epidemiology 2013; 48: 1335-1345.

Stringaris A, Zavos H, Leibenluft E, et al. Adolescent irritabil-
ity: phenotypic associations and genetic links with depressed
mood. Am J Psychiatry 2012; 169: 47-54.

Silver J, Hawes M, Dougherty L, et al. Irritability and Tem-
perament: Concurrent and Prospective Relationships in
Childhood and Adolescence. J Clin Child Adolesc Psychol.
Epub ahead of print 15 December 2023.
https://doi.org/10.1080/15374416.2023.2286586

Kessel EM, Frost A, Goldstein BL, et al. Developmental
pathways from preschool irritability to multifinality in early
adolescence: the role of diurnal cortisol. Psychol Med; Apr;
51(5): 761-769. Epub ahead of print 2021.
https://doi.org/10.1017/S0033291719003684

Dahlerup BR, Egsmose EL, Siersma V, et al. Maternal stress
and placental function, a study using questionnaires and bi-
omarkers at birth. PLoS ONE 2018; 13: 0207184.

Davis EP, Glynn LM, Schetter CD, et al. Prenatal exposure to
maternal depression and cortisol influences infant temperament. J
Am Acad Child Adolesc Psychiatry 2007; 46: 737-746.

Dziurkowska E, Wesolowski M. Cortisol as a Biomarker of Men-
tal Disorder Severity. J Clin Med; 8; 10(21): 5204. Epub ahead of
print November 2021. https://doi.org/10.3390/jcm10215204


http://www.sciencepg.com/journal/ajp

American Journal of Pediatrics

http://www.sciencepg.com/journal/ajp

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Faravelli C, Lo Sauro C, Godini L, et al. Childhood stressful
events, HPA axis and anxiety disorders. World journal of psy-
chiatry 2012; 2: 13-25.

Bodegom M, Homberg JR, Henckens MJAG. Modulation of
the Hypothalamic-Pituitary-Adrenal Axis by Early Life Stress
Exposure. Frontiers in cellular neuroscience 2017; 11: 87.

Henckens MJ, Deussing JM, Chen A. Region-specific roles of
the corticotropin-releasing factor-urocortin system in stress.
Nature reviews Neuroscience 2016; 17: 636-651.

Maras PM, Baram TZ. Sculpting the hippocampus from within:

stress, spines, and CRH. Trends in neurosciences 2012; 35:
315-324.

Son GH, Geum D, Chung S. Maternal stress produces learning
deficits associated with impairment of NMDA recep-
tor-mediated synaptic plasticity. The Journal of neuroscience :
the official journal of the Society for Neuroscience 2006; 26:
3309-3318.

Green MK, Rani CS, Joshi A, et al. Prenatal stress induces long
term stress vulnerability, compromising stress response sys-
tems in the brain and impairing extinction of conditioned fear
after adult stress. Neuroscience 2011; 192: 438-451.

Bingham BC, Sheela Rani CS, Frazer A, et al. Exogenous
prenatal corticosterone exposure mimics the effects of prenatal
stress on adult brain stress response systems and fear extinction
behavior. Psychoneuroendocrinology 2013; 38: 2746-2757.

Sapolsky RM. Stress and the brain: individual variability and
the inverted-U. Nat Neurosci; Oct; 18(10): 1344-6. Epub ahead
of print 2015. https://doi.org/10.1038/nn.4109

Smith KE, Pollak SD. Early life stress and development: po-
tential mechanisms for adverse outcomes. J Neurodev Disord;
2020; 12(1): 34. Epub ahead of print 16 December 2020.
https://doi.org/10.1186/s11689-020-09337-y

Silver J, Carlson GA, Olino TM. Differential outcomes of tonic
and phasic irritability in adolescent girls. Journal of child
psychology and psychiatry, and allied disciplines, 62(10),
1220-1227. https://doi.org/10.1111/jcpp.13402

Editorial VV-RP. Moving From Concept to Proof in the Distinc-
tion between Phasic and Tonic Irritability. J Am Acad Child
Adolesc Psychiatry 2021; 60: 1464-1466.

Leibenluft E. Pediatric Irritability: A Systems Neuroscience
Approach. Trends Cogn Sci (Regul Ed) 2017; 21: 277-289.

Moore AA, Lapato DM, Brotman MA. Heritability, stability,
and prevalence of tonic and phasic irritability as indicators of
disruptive mood dysregulation disorder. J Child Psychol Psy-
chiatry; 2019; 60.

Brotman MA, Schmajuk M, Rich BA, et al. Prevalence, clini-
cal correlates, and longitudinal course of severe mood dysreg-
ulation in children. Biol Psychiatry 2006; 60: 991-997.

Copeland WE, Angold A, Costello EJ, et al. Prevalence,
comorbidity, and correlates of DSM-5 proposed disruptive
mood dysregulation disorder. Am J Psychiatry 2013; 170: 173~
179.

79

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Riglin L, Eyre O, Thapar AK, et al. Identifying Novel Types of
Irritability Using a Developmental Genetic Approach. The
American journal of psychiatry 2019; 176: 635-642.

Wiggins JL, Briggs-Gowan MJ, Estabrook R, et al. Identifying
Clinically Significant Irritability in Early Childhood. J Am
Acad Child Adolesc Psychiatry 2018; 57: 191-199. e2.

Eyre O, Riglin L, Leibenluft E, et al. Irritability in ADHD:
association with later depression symptoms. Eur Child Adolesc
Psychiatry 2019; 28: 1375-1384.

Finlay-Jones AL, Ang JE, Brook J, et al. Systematic Review
and Meta-Analysis: Early Irritability as a Transdiagnostic
Neurodevelopmental Vulnerability to Later Mental Health
Problems. Journal of the American Academy of Child and Ad-
olescent Psychiatry, 63(2), 184-215.
https://doi.org/10.1016/j.jaac.2023.01.018

Edmunds SR, Jones A, Braverman Y. Irritability as a Trans-
diagnostic Risk Factor for Functional Impairment in Autistic
and Non-autistic Toddlers and Preschoolers. Res Child
Adolesc Psychopathol, 2023.

Leibenluft E, Cohen P, Gorrindo T, et al. Chronic versus epi-
sodic irritability in youth: a community-based, longitudinal
study of clinical and diagnostic associations. J Child Adolesc
Psychopharmacol 2006; 16: 456-466.

Stringaris A, Maughan B, Copeland WS, et al. Irritable mood
as a symptom of depression in youth: prevalence, develop-
mental, and clinical correlates in the Great Smoky Mountains
Study. J Am Acad Child Adolesc Psychiatry 2013; 52: 831-
840.

Malhi GS, Byrow Y, Outhred T, et al. Irritability and internalizing
symptoms: Modeling the mediating role of emotion regulation.
Journal of affective disorders 2017; 211: 144-149.

Stringaris A, Baroni A, Haimm C. Pediatric Bipolar Disorder
versus Severe Mood Dysregulation: Risk for Manic Episodes
on Follow-Up. J Am Acad Child Adolesc Psychiatry 2010; 49:
397-405.

Liu Q, Nestor BA, Cole DA. Differential associations of phasic
and tonic irritability to suicidality among U.S. adults. J Affect
Disord 2021; 292: 391-397.

Orri M, Galera C, Turecki G, et al. Association of Childhood
Irritability and Depressive/Anxious Mood Profiles With Ado-
lescent Suicidal Ideation and Attempts. JAMA Psychiatry 2018;
75: 465-473.

Vidal-Ribas P, Brotman MA, Valdivieso |, et al. The Status of
Irritability in Psychiatry: A Conceptual and Quantitative Re-
view. Journal of the American Academy of Child and Adoles-
cent Psychiatry 2016; 55: 556-570.

Riglin L, Eyre O, Cooper M, et al. Investigating the genetic
underpinnings of early-life irritability. Transl Psychiatry 2017;
7:el1241.

Akingbuwa OA. (2022). Polygenic analyses of childhood and
adult psychopathology, and their overlap [Doctoral dissertation,
Vrije Universiteit Amsterdam]. VU Research Portal.


http://www.sciencepg.com/journal/ajp

American Journal of Pediatrics

http://www.sciencepg.com/journal/ajp

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Akingbuwa WA, Hammerschlag AR, Jami ES, et al.... Bipolar
Disorder and Major Depressive Disorder Working Groups of
the Psychiatric Genomics Consortium. JAMA psychiatry 2020;
77:715-728.

Rettew DC, McKee L. Temperament and its role in develop-
mental psychopathology. Harv Rev Psychiatry; Jan-Feb; 13(1):
14-27. Epub ahead of print 2005.
https://doi.org/10.1080/10673220590923146

Gartstein MA, Skinner MK. Prenatal influences on tempera-
ment development: The role of environmental epigenetics. Dev
Psychopathol; Oct; 30(4): 1269-1303. Epub ahead of print
2018.

https://doi.org/10.1017/S0954579417001730

Chess S, Thomas A, Rutter M, et al. Interaction of tempera-
ment and environment in the production of behavioral dis-
turbances in children. Am J Psychiatry 1963; 120: 142-8.

McGrath JM, Records K, Rice M. Maternal depression and
infant temperament characteristics. Infant Behav Dev 2008; 31.:
71-80.

Hamilton JP. Epigenetics: principles and practice. Dig Dis;
2011; 29(2): 130-5. Epub ahead of print 5 July 2011.
https://doi.org/10.1159/000323874

Seckl J. Prenatal glucocorticoids and long-term programming.
Eur J Endocrinol; 151.

Huizink AC. Stress during pregnancy is associated with de-
velopmental outcome in infancy. J Child Psychol Psychiatry
2003; 44: 810-818.

Davis EP, Sandman CA. The timing of prenatal exposure to
maternal cortisol and psychosocial stress is associated with
human infant cognitive development. Child Dev; Jan-Feb;
81(1): 131-48.

Ellman LM. Timing of fetal exposure to stress hormones:
effects on newborn physical and neuromuscular maturation.
Dev Psychobiol 2008; 50: 232-241.

Duthie L, Reynolds RM. Changes in the maternal hypotha-
lamic-pituitary-adrenal axis in pregnancy and postpartum: in-

80

[57]

(58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

fluences on maternal and fetal outcomes. Neuroendocrinology;
2013; 98(2): 106-15. Epub ahead of print 19 September 2013.
https://doi.org/10.1159/000354702

Bruijn ATCE, Bakel HJA, Wijnen H, et al. Prenatal maternal
emotional complaints are associated with cortisol responses in
toddler and preschool aged girls. Dev Psychobiol 2009; 51:
553-563.

Deave T, Heron J, Evans J, et al. The impact of maternal de-
pression in pregnancy on early child development. BJOG 2008;
115: 1043-1051.

Luoma I, Tamminen T, Kaukonen P, et al. Longitudinal study
of maternal depressive symptoms and child well-being. J Am
Acad Child Adolesc Psychiatry 2001; 40: 1367-1374.

Luoma I, Kaukonen P, M&tymaa M, et al. A longitudinal study
of maternal depressive symptoms, negative expectations and
perceptions of child problems. Child Psychiatry Hum Dev
2004; 35: 37-53.

Wiggins JL, Mitchell C, Stringaris A, et al. Developmental
trajectories of irritability and bidirectional associations with
maternal depression. J Am Acad Child Adolesc Psychiatry
2014; 53: 1191-1205, 1205. e1-4.

Whelan YM, Leibenluft E, Stringaris A, et al. Pathways from
maternal depressive symptoms to adolescent depressive
symptoms: the unique contribution of irritability symptoms. J
Child Psychol Psychiatry 2015; 56: 1092-1100.

Fraser A, Macdonald-Wallis C, Tilling K. Cohort Profile: The
Avon Longitudinal Study of Parents and Children: ALSPAC
mothers cohort. Int J Epidemiol 2013; 42: 97-110.

Sukhodolsky DG, Smith SD, McCauley SA, et al. Behavioral
Interventions for Anger, Irritability, and Aggression in Chil-
dren and Adolescents. Journal of child and adolescent psy-
chopharmacology 2016; 26: 58-64.

Zentner M. Identifying child temperament risk factors from 2
to 8 years of age: validation of a brief temperament screening
tool in the US, Europe, and China. Eur Child Adolesc Psychi-
atry; May; 29(5): 665-678.


http://www.sciencepg.com/journal/ajp

