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Abstract

Objective—The goal of this study is to examine the developmental epidemiology of normative 

irritability and its tonic and phasic components in a longitudinal community sample of youth.

Method—Eight waves of data from the prospective, community Great Smoky Mountains Study 

(6,674 assessment of 1,420 participants) were used, covering children in the community aged 9–

16 years old. Youth and one parent were interviewed using the Child and Adolescent Psychiatric 

Assessment to assess tonic (touchy/easily annoyed, irritable mood, angry or resentful) and phasic 

(temper tantrums or anger outbursts) components of irritability, including frequency, duration, 

onset, and cross-context variability.

Results—At any given point in childhood/adolescence, 51.4% (standard error [SE]=1.4) of 

participants reported phasic irritability, 28.3% (SE=1.2) reported tonic irritability, and 22.8% 

(SE=1.1) reported both. These prevalence levels decreased with age but did not vary by sex. The 

overlap between tonic and phasic irritability was high (OR=5.8, 95% CI, 3.3–10.5, p <.0001), with 

little evidence of tonic occurring without phasic irritability. Both tonic and phasic irritability 

predicted one another over time, supporting both heterotypic and homotypic continuity. Low 

levels of either tonic or phasic irritability increased risk for disrupted functioning including service 
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use, school suspensions, parental burden, and emotional symptoms both concurrently and at one-

year follow-up.

Conclusion—Irritability is relatively common, decreases with age but does not vary by sex, and 

at almost any level is associated with increased risk of disrupted functioning. Its relative 

components frequently overlap, although irritable outbursts are more common than irritable mood. 

Irritability appears to be a high-priority transdiagnostic marker for screening children in need of 

clinical attention.
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INTRODUCTION

In recent years, irritability has become the focus of increased scientific attention.1, 2 It is 

both a normative developmental phenomenon distributed dimensionally across the 

population, as well as an impairing symptom in multiple childhood psychopathologies.3, 4 

Indeed, irritability is a criterion in various psychiatric disorders,2, 3, 5–8 and it may be a risk 

factor for later unipolar depression and anxiety.9–14 Irritability has been defined as a 

propensity to react with anger, grouchiness, or tantrums disproportionate to the 

situation.10, 15, 16 At a recent National Institute of Mental Health (NIMH) expert workshop 

on childhood irritability,17 the construct was conceptualized as having two components: 

tonic and phasic irritability. The tonic component was defined as a persistently angry, 

grumpy, or grouchy mood; phasic irritability was conceptualized as behavioral outbursts of 

intense anger.17 Even amongst this expert panel, little is known about these components; the 

presentation of tonic and phasic irritability, as well as their overlap and interplay across 

development, remains unknown. Moreover, the developmental manifestations that merit 

clinical attention require further research. The aim of this analysis is to use a community 

sample to study irritability and its components across middle childhood and adolescence.

Irritability has been typically studied as part of established psychopathologies, with much 

less attention to irritability itself and its respective tonic and phasic components. Using the 

Child Behavior Checklist (CBCL;18), a parent-report inventory, Althoff et al 11 found 

approximately 3.5% of a general Dutch population sample of youth were rated highly on 

aggressive behavior in addition to attention problems and anxiety and depression according 

to the CBCL-Dysregulation Profile (CBCL-DP).11 Similarly, Stringaris and Goodman12 

found that more than 5% of the population by parent- and self-report endorsed “mood 

lability.” In a preschool sample, chronic irritability was associated with depression, 

oppositional defiant disorder, and functional impairment.19 Together, these studies have 

established that severe or chronic forms of irritability are associated with behavioral and 

emotional psychopathology, as well as adverse long-term functioning. None of these studies, 

however, have explicitly examined tonic and phasic manifestations of irritability.

Studies that have included both tonic and phasic components of irritability have examined 

them in the context of severe diagnostic phenotypes: severe mood dysregulation and its 

DSM-5 variant, disruptive mood dysregulation disorder. For example, Brotman et al 20 
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found a lifetime prevalence of 3.3% of youth meeting severe mood dysregulation 

(SMD),1, 21 a phenotype of severe irritability (i.e., tonic), temper outbursts (i.e., phasic), and 

hyperarousal symptoms.20 Similarly, the prevalence of DSM-5 disruptive mood 

dysregulation disorder was low across three community studies, but individual criteria for 

severe tantrums and negative mood were much higher.22 Rates were higher still in a sample 

of preschool children.23 These studies suggest individual irritability components may be 

quite common when extricated from severe psychopathology.

While research on pathological irritability has burgeoned, little is known about the 

developmental course of normative irritability. To date, only one study has examined the 

developmental trajectory of normative irritability 24; however, that study did not examine 

proposed tonic and phasic components. Our goals are threefold: 1) examine the prevalence 

of tonic and phasic manifestations of irritability during childhood and adolescence; 2) test 

the interplay and overlap between these components; and 3) determine normative levels of 

tonic or phasic irritability, and manifestations meriting clinical attention. Together, these 

analyses will determine the extent to which the components of tonic and phasic irritability 

are useful in understanding the developmental manifestations of irritability and its effects in 

childhood.

METHOD

Participants

The Great Smoky Mountains Study is a longitudinal, representative study of children in 11 

predominantly rural counties of North Carolina (see 25). Three cohorts of children, ages 9, 

11, and 13 years, were recruited from a pool of some 12,000 children using a two-stage 

sampling design, resulting in N = 1,420 participants (49% female; see also 25). American 

Indians were oversampled to constitute 25% of the sample; seven percent of the participants 

were African American. Annual assessments were completed on the 1,420 children until age 

16. The youngest cohort was not interviewed at age 13, and only half of the youngest cohort 

was interviewed at age 14 because of funding limitations. Of 7,944 possible interviews 

during this period, 6,675 (84%) were completed. Four participants died, and 5.9% of 

participants only completed a single interview.

Interviews were completed by a parent figure and the participant to age 16. Before all 

interviews, parent and child signed informed consent/assent forms approved by the Duke 

University Medical Center Institutional Review Board. All interviewers had bachelor-level 

degrees, received one month of training, and had audio recordings of all interviews reviewed 

by a senior interviewer.

Childhood/Adolescent Irritability

The proposed tonic component of irritability consists of a persistently angry, grumpy, or 

grouchy mood. The phasic component refers to behavioral outbursts of intense anger. This 

study used an ongoing longitudinal study of development to examine these constructs post 

hoc. The full operational definition of each irritability component is provided in Table 1. 

The items used to operationalize the tonic and phasic components were assessed with the 
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Child and Adolescent Psychiatric Assessment (CAPA)26, 27 interview completed with a 

parent figure and the child. As is currently the standard practice in child and adolescent 

psychiatric research, a construct was counted as being present if it was reported by either the 

parent or child. To minimize recall bias and forgetting, the timeframe for determining the 

presence of all irritabilityrelated constructs was the preceding 3 months; however, onset 

dates were collected for all items.

The intercorrelations between the individual CAPA items are provided in Table S1, 

available online. Any phasic irritability was defined as reporting either a recent temper 

outburst or tantrum; any tonic irritability was defined as reporting irritable mood, being 

touchy or easily annoyed, or being angry/resentful. Associated features of these constructs 

assessed include duration, frequency onset, quality (violent or nonviolent for phasic 

outbursts only), and cross-context variability (phasic only). For phasic irritability, frequency 

is divided between home, school, and elsewhere. Onsets were the lowest-reported age of 

onset across all observations where irritability was reported, thus there is only one value per 

participant.

Markers of caseness

Nine concurrent and longitudinal characteristics were used to measure the impact of 

different levels of irritability to clarify normative vs. problematic irritability. Parents and 

child were asked whether they believed the child’s symptoms constituted a “problem” and 

whether they thought the child needed help. After the CAPA interview, the child and parent 

completed reports on use of mental health services with the Child and Adolescent Services 

Assessment.28, 29 For this analysis, we included receipt of specialty mental health 

(psychiatric hospital, general hospital psychiatry unit, residential treatment facility, 

community outpatient mental health center, private professional, outpatient drug and alcohol 

treatment) services and school-based services (counselor/social worker, special classes for 

emotional or behavioral problems, vocational support).

The Child and Adolescent Burden Assessment was completed by the parent and asks about 

24 potential burdens—problems or burdens in their own lives—related to their child’s 

problems.30, 31 Areas covered included expenses and financial difficulties, problems in their 

relationship with their spouse, restriction on activities, and decreased feelings of well-being. 

For the current analysis, a single item was used to indicate the presence of any parental 

perceived burden due to the child’s symptoms. Psychosocial impairment secondary to 

symptoms were assessed in 17 areas of functioning related to life at home, school, and 

elsewhere as part of the CAPA.32, 33 An item indicating any psychosocial impairment was 

used in the current analysis. School suspension was looked at separate from other 

impairments. Finally, indicators were included for the total number of nonoverlapping 

anxiety and depression symptoms.

Analytic strategy

Sampling weights were applied to adjust for differential probability of selection and to 

insure that results represent unbiased estimates for the original population from which the 

sample was drawn. All reported prevalence rates are weighted and all samples sizes are 
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unweighted. In addition, sandwich-type variance corrections34 were applied to adjust for the 

parameter and variance effects induced by the sampling stratification. Weighted regression 

analyses were completed using PROC GENMOD in SAS 9.2.35 Associations with caseness 

markers are reported in odds ratios for dichotomous outcomes and means ratios for symptom 

scales.

RESULTS

Prevalence of Irritability

At any given point in childhood/adolescence, 51.4% (SE=1.4) of participants reported 

phasic irritability, 28.3% (SE=1.2) reported tonic irritability, 56.9% (SE=1.3) reported 

either, and 22.8% (SE=1.1) reported both. Figures 1A–D show the 3-month rates of any 

phasic irritability, tonic irritability, either or both, by age and sex. Rates of both types of 

irritability decreased significantly from middle childhood to adolescence but did not differ 

by sex. There was no evidence of age by sex interactions.

The prevalence rates suggest that it is common to report some phasic and tonic irritability at 

any given point in time. Indeed, cumulatively across childhood and adolescence, the 

experience of irritability was nearly universal (see Table S2, available online): 86.8% 

reported phasic irritability at some point across childhood (n=1,236), 66.9% reported tonic 

irritability (n=1,000), 90.9% reported either tonic or phasic irritability (n=1,289), and 57.2% 

reported both tonic and phasic irritability (n=873). Again, there was no evidence of sex 

differences. Participants reported some type of irritability at a median of 3 assessments. It 

was only after reporting irritability at 6 or more assessments that one would be in the top 

10% of participants.

Overlap between Phasic and Tonic irritability

It was most common to only report phasic irritability (28.7%; SE=1.1) alone, followed by 

those reporting both (22.8%; SE=1.1), and then solely reporting tonic irritability (5.3%; 

SE=0.5) alone. In other words, phasic irritability commonly presented by itself, whereas 

tonic irritability rarely presented without phasic irritability. The overlap was much greater 

than expected by chance (OR=5.8, 95% CI, 4.8–6.9, p <.0001). The overlap of frequency 

distributions was similarly high (mean ratio=1.2, 95% CI, 1.2–1.2, p <.0001).

Cumulatively across childhood, it was most common to report both tonic and phasic 

irritability concurrently (62.9%; SE=2.2), with much smaller groups reporting solely phasic 

(24.0%; SE=2.0) or 4.1% (SE=0.9) reporting tonic only. Again, the level of overlap was 

much greater than expected by chance (OR=5.8, 95% CI, 3.3–10.5, p <.0001). Figure S1a, 

available online, shows the levels of co-occurrence for those reporting either phasic or tonic 

irritability at any given assessment and cumulatively. Phasic irritability solely occurred 

some of the time, whereas tonic irritability rarely occurred alone. Figure S1b, available 

online, shows the cumulative overlap by the number of individual assessments at which an 

individual endorsed tonic or phasic irritability. The more often an individual reported tonic 

or phasic irritability, the more likely s/he was to also report the other type of irritability. In 
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prospective observations, there was no set temporal presentation (Figures S2a–b, available 

online).

Continuity over time

Test of continuity tells us how stable a construct is over time. Continuity may be involve the 

same irritability component (homotypic; e.g., tonic to tonic), or a different component 

(heterotypic; e.g., tonic to phasic). Levels of both homotypic and heterotypic continuity 

were significant, suggesting significant stability in irritability (see Table S3, available 

online). Heterotypic continuity was even supported in adjusted models predicting current 

irritability from both past tonic and phasic irritability simultaneously. A participant with 

tonic irritability at one time point had a 71.3% likelihood of having either tonic or phasic 

irritability at 1-year follow-up. For those with phasic irritability, the likelihood was 75.6%.

Irritability features: Onset, Duration, Frequency, and Cross-context variability (phasic only)

Table 2 shows the weighted quantile thresholds for frequency, duration, and onsets for tonic 

and phasic irritability. Quantiles only include participants positive for the given irritability 

component. Duration and frequency are presented for two age bands: 9–12 and 13–16. 

Onsets were the lowest reported age of onset across all observations where irritability was 

reported, thus there is only one value per participant. Although phasic irritability was 

common overall, the typical frequency of phasic events was low with a median of 1 every 2 

weeks. Conversely, tonic irritability was less common, but those reporting such irritability 

typically had 2–3+ occurrences per week. Neither frequency levels for tonic nor phasic 

irritability varied by either age (tonic: p = .09; phasic: p =.11) or sex (tonic: p = .68; phasic: 

p =.13).

Consistent with their definitions, phasic occurrences were shorter than tonic events, but 

there was also substantial overlap such that those in the tip 75th percentile for phasic 

duration were at the median for tonic duration. There was some evidence that tonic but not 

phasic events have a longer duration in adolescence than middle childhood (tonic: p = .001; 

phasic: p =.11). There were no sex differences in duration for either (tonic: p = .53; phasic: p 

=.66).

Onsets for either type of irritability typically occurred quite early with a substantial subset 

(10%) reporting that they could not recall a time without irritability. For those endorsing 

phasic events, 15.9% (SE=1.1), they reported such incidents in more than one setting, 

typically home and school, and 11.3% (SE=1.0) endorsed incidents that involved violence. 

Both features were more common for males (multiple settings: 19.5% vs. 13.2%, p=.006; 

violence: 15.5% vs. 8.1%, p=.002).

What level of irritability is normative?

Based upon descriptive analyses, we tested the effect of different thresholds for predicting 

nine markers of caseness concurrently (see Table 3; additional analyses based on frequency, 

onset, duration, violence, and multiple settings in Tables S4–S7, available online). Onset 

was defined once all observations were available and thus was not associated with a given 

observation, as was the case for other thresholds. For caseness markers, we chose measures 
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commonly used to measure the impact of a psychiatric disorder. In concurrent associations, 

every threshold group -- which varied from 7–50% of the sample -- was significantly 

associated with higher levels of every concurrent marker. Association patterns indicate that 

simply endorsing any tonic or phasic irritability identifies a group of children with current 

disrupted functioning. In follow-up analyses testing an interaction term between different 

irritability thresholds and developmental period (9–12 vs. 13–16), there was no evidence 

that risk for markers differed from childhood to adolescence.

Table 4 presents prospective associations at one-year follow-up in models controlling for 

current status. Thus, significant associations suggest that baseline irritability levels are 

predictive over and beyond what is known about current irritability. There was evidence of 

widespread effects, but these effects were generally stronger for higher thresholds (i.e., 

scoring at or above the 90th percentile for duration) and tonic versus phasic irritability. The 

longitudinal effects were strongest (OR ≥ 2.0 for 2+ groups) for perception of a problem, 

need for help, use of specialty mental health services, and use of school services. Additional 

analyses of other thresholds are available in Tables S8–S10, available online.

DISCUSSION

Despite its ubiquity, little is known about how irritability and its components manifest in the 

community. Irritability is symptom of oppositional defiant disorder, disruptive mood 

dysregulation disorder, posttraumatic stress disorder, generalized anxiety disorder, and 

major depressive episodes, manic episodes, and associated features of many other disorders. 

This prospective, longitudinal study found that irritability is relatively common, decreases 

with age but does not vary by sex, and at almost any level is associated with a profile of 

disrupted functioning commonly seen with psychiatric disorders.

Previous work has suggested that irritability is common in childhood,4, 19, 24 including a 

study of disruptive mood dysregulation disorder in this sample.36 However, a number of 

aspects of our prevalence findings were surprising. First, the prevalence of both tonic and 

phasic irritability decreased with age. It is reasonable to expect phasic outbursts to decrease 

with age and increasing behavioral control, but adolescence is associated with increases in 

the rates of depression and generalized anxiety,37, 38 two disorders in which irritable mood 

is a prominent feature. In contrast to longstanding notions of mood lability during 

adolescence,39 this is a period where irritability—in either tonic or phasic form—is 

declining. Despite these overall changes, the frequency of either tonic or phasic events for 

those reporting irritability were similar to what was observed in childhood, although there 

was some evidence that tonic events were somewhat longer in adolescence. Perhaps most 

importantly, there was no evidence that risk for caseness markers differed from childhood to 

adolescence: The implications of developmental variation in irritability during this period 

for risk are modest. Levels of irritability did not differ by sex. Throughout childhood and 

adolescence behavioral disorders are significantly more common in boys than in girls, and 

emotional disorders are typically more common in girls after puberty.40 Irritability appears 

to be relatively distinct among childhood traits, displaying similar rates even when dissected 

into its respective components.
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One goal of this analysis was to better understand the interplay between the components of 

irritability as proposed at a recent NIMH workshop.17 The overlap was consistent with 

levels of overlap seen between common childhood psychiatric disorders (which are also 

much less common).41 This overlap increased with the number of times irritability was 

reported. Furthermore, tonic irritability was as likely to predict tonic as phasic irritability at 

one-year follow-up, and vice versa. Finally, tonic and phasic irritability (and their respective 

features) tended to display similar associations with a broad range of caseness markers. 

Once thresholds were applied to account for the fact that phasic irritability is more common 

than tonic irritability, these components were largely interchangeable in terms of identifying 

children at risk. Even a simple yes/no for recent tonic or phasic irritability was sufficient to 

identify participants at risk at 2- to 5-fold risk for a range of markers. The 90th percentile 

duration thresholds were the best predictors of marker status at 1-year follow-up, but there 

was less evidence of strong linear effect of these thresholds than might have been expected. 

It is not clear either component is more pernicious than the other, and this question may be 

moot, given the high levels of overlap seen in the community throughout development. 

Indeed, increased research on individuals presenting with both tonic and phasic irritability 

may be most promising.

It is reasonable to ask whether the tonic/phasic distinction and its terminology is useful and 

valid. Our findings suggest similar intercorrelations between phasic and tonic items as 

within the constructs. Furthermore, the tonic and phasic distinction is primarily used in 

medicine to distinguish between the action of receptors, how quickly they respond, and the 

duration of their response.42 This would imply that tonic irritability would be a common 

background state punctuated by less frequent phasic outbursts. In this study, however, it was 

more common to report phasic events without any tonic irritability at all and the duration of 

tonic events were only about twice as long as that of phasic events, hardly suggesting a 

persistent state (except in very uncommon cases). In this sense, the nomenclature introduces 

assumptions that are not entirely consistent with the normative presentation of these 

constructs. This suggests 1) that it may be more useful to use descriptive language for these 

components (such as “irritable mood,” “temper outbursts”) and 2) that our assumptions 

about the interplay between irritable mood and outbursts may require reevaluation.

The strengths of the sampling procedure, study design, and assessment protocol have been 

discussed in detail,38 but the current sample is only representative of children from the area 

sampled, not all children in the US. While the study is able to look at irritability across 

middle childhood and adolescence, it is clear that many children have already displayed 

significant levels of irritability by middle childhood.43,44 The assessments sought to 

maximize accuracy of recall by focusing on a limited 3-month period, but this leaves 9 

months unassessed between annual interviews. As such, our estimates are likely to represent 

the lower limit of the burden of irritability. Finally and most importantly, this study was not 

developed to study irritability itself, but common childhood psychopathology of which both 

tonic and phasic irritability are features.

Understanding the distinction between normative and non-normative manifestations of 

irritability enables clinicians, parents, and school personnel to determine which children may 

require clinical attention. By focusing on a range of cutoffs associated with frequency, 
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duration, and onset, this study provides an important first step in addressing the question of 

how much is too much. Most of the thresholds studied could be assessed in a few minutes 

and require little expertise but can identify children at risk for problems up to a year later. 

Even low thresholds predicted disrupted functioning, suggesting irritability may provide a 

useful window for clinicians as to how well a child is navigating the core developmental 

tasks of emotional and behavioral regulation.45,46 Irritability appears to be a key 

transdiagnostic construct for understanding children at risk. For researchers, our findings 

highlight the importance of studying the full spectrum of irritability and challenge notions 

about how irritable mood and outbursts present and their interplay. The consequences of 

focusing on severe irritability may be missing the vast majority of struggling children. 

Community samples with broad distributions of irritability may be best positioned to study 

the development of irritability, its trajectory over time, and relations to other developmental 

constructs. Future studies should continue to examine the phenomenology of irritability, as 

well as neural, behavioral, and psychosocial underpinnings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Three-month prevalence rates of phasic (a) or tonic (b) irritability, either (c) or both (d) by 

age and sex. Note: OR = odds ratio.
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