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Approximately a third of children and adolescents with attention-deficit/hyperactivity disorder (ADHD) experience significant irritability; despite this, no study has reviewed whether interventions for youth with ADHD can improve irritability. This mini review sought to address this gap in the literature by discussing existing pharmacological and psychosocial interventions for irritability among children and adolescents with ADHD. A literature search was conducted in April 2021, with a total of 12 intervention articles identified (six pharmacological, one psychosocial, five combined). Studies were excluded if they did not involve an intervention, a measure of irritability, or the population was not youth with ADHD. Of these articles, two were with an ADHD only sample; seven included ADHD with comorbid disruptive behavior, disruptive mood dysregulation disorder (DMDD), or severe mood dysregulation (SMD); and three included ADHD with comorbid autism spectrum disorder (ASD). Findings suggest that central nervous system stimulants used alone or in combination with behavior therapy are effective at reducing irritability in youth with ADHD only or comorbid ADHD and DMDD/SMD. Less evidence was found for the efficacy of guanfacine and atomoxetine for youth with ADHD only or comorbid ADHD and ASD. Parent training alone or in combination with atomoxetine was found to be effective at reducing irritability in youth with comorbid ADHD and ASD. Future research assessing the efficacy of other psychosocial interventions, particularly cognitive behavioral therapy is necessary, as are randomized trials assessing intervention sequencing and intensity among youth with ADHD. Researchers are advised to utilize well-validated measures of irritability in future research.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a highly prevalent neurodevelopmental disorder characterized by inattention and/or hyperactivity/impulsivity, with three presentations based on the presence of one or both of these domains (1). Despite irritability (variation in the intensity, duration, and regulation of children's angry mood and behavior) not being a core symptom of ADHD, it has been proposed that an additional presentation, one characterized by prominent irritability, should be added (2). Support for this notion comes from research suggesting that approximately a third of children and adolescents with ADHD experience clinically impairing levels of irritability (3). Additionally, irritability among youth with ADHD has been linked to concurrent and long-term depression, anxiety, suicidality, and oppositionality (3–5). Despite this, no review to date has discussed whether pharmacological and psychosocial interventions for youth with ADHD can improve comorbid irritability symptoms. Given the focus of this current special issue on ADHD with Comorbid Irritability and Recurrent Temper Outbursts and the clinical significance of comorbid irritability among youth with ADHD, the aim of this current mini review is to help address this gap in the literature by examining existing pharmacological and psychosocial intervention options used alone or in combination for irritability among youth with ADHD and a range of comorbidities.

Although no review has discussed the efficacy of interventions targeting irritability in youth with ADHD specifically, insight can be gathered from recent reviews of psychosocial and pharmacological interventions targeting irritability for youth broadly (6, 7). Kircanski et al. (6) conducted a narrative review of psychosocial interventions for irritability in youth and found that the primary treatment methods utilized are behavioral management and cognitive behavioral therapy (CBT). However, they only discussed one small uncontrolled pilot intervention study involving youth with ADHD (8). Stringaris et al. (7) completed a review on the assessment and treatment of irritability across disorders, and highlighted that existing therapeutic methods and currently developing methods show promising results for irritability treatment. In particular, they highlighted behavioral management and CBT as promising psychosocial interventions, and discussed existing and ongoing pharmacological studies using five types of medication: lithium, selective serotonin reuptake inhibitors, stimulants, antiepileptics, and atypical antipsychotics. Although this review discusses existing treatments, it does not provide detailed information on existing research studies evaluating the effectiveness of existing interventions. Similarly, although Vidal-Ribas et al. provided a conceptual and quantitative review on the status of irritability in psychiatry, they did not discuss the effectiveness of existing treatments (9). Beyond these irritability specific review articles, several recent reviews have discussed psychosocial interventions for the treatment of emotion dysregulation (10, 11), a broader transdiagnostic factor that is related but not identical to irritability; however, these have encompassed a wide range of studies, most of which did not assess ADHD, and such reviews do not provide direct insight into which interventions are effective at reducing irritability specifically in ADHD. Given prior evidence that evidence-based treatments for ADHD are associated with smaller treatment effects for irritability than for ADHD symptoms (12), it is critical to offer a detailed synthesis of existing pharmacological and non-pharmacological interventions within this population. Further, prior reviews on the treatment of irritability have focused on pharmacological interventions in youth with Autism Spectrum Disorder (ASD), with ADHD status not systematically reported (13, 14), As such, it is not clear how these findings would generalize to youth with ADHD, especially those not meeting criteria for ASD. Given this backdrop, the current review can provide important insights into which existing treatments are effective for reducing irritability, and if the effectiveness may differ based on comorbid disorders among youth with ADHD, as well as make recommendations for important areas for future research in this at-risk clinical population.



REVIEW PROCESS AND INCLUDED MANUSCRIPTS

A search was conducted by the first author (RB) in April 2021. All articles were reviewed by the first and second author (RB and NC). We excluded studies that: (a) were in foreign language, (b) included only adults, (c) did not involve an intervention, (d) did not involve irritability as an efficacy outcome (e.g., only assessed irritability as an adverse event or irritability was not specifically assessed), and (e) the population did not have a primary diagnosis of ADHD or meeting ADHD diagnostic criteria was not an inclusion criteria. A total of 12 published manuscripts were identified (see Table 1). Next, we describe the efficacy of existing interventions utilized in these studies, followed by a discussion of the gaps and limitations of the existing research, and important future directions for this research.


Table 1. Articles targeting irritability in youth with ADHD included in the mini review (N = 12).
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Pharmacological Interventions

Six articles were identified that utilized pharmacological interventions. Two utilized CNS stimulants (12, 19), one utilized a combination of CNS stimulants and aripiprazole (16), one utilized a combination of CNS stimulants and citalopram (18), one utilized atomoxetine (15), and one utilized guanfacine (17). Four studies were an ADHD with comorbid disruptive mood dysregulation disorder (DMDD) or severe mood dysregulation (SMD) sample and two were with an ADHD with comorbid ASD sample.

In the first pharmacological intervention for youth with ADHD and comorbid DMDD/SMD, Winters et al. (19) explored the efficacy of methylphenidate (MPH; average dose 61 mg) in improving irritability in 22 children and adolescents (Mage = 12 years) using a 4-week, open-label trial. Results indicated a significant improvement in self-reported ratings of irritability (d = 0.57, p < 0.05). Similarly, Baweja et al. (12) explored the efficacy of CNS stimulants for 38 children (Mage = 9 years) with comorbid ADHD and DMDD during a 6-week open trial of CNS stimulant (MPH equivalents dose range of 0.71–1.03 mg/kg/day). Results indicated a significant decrease in parent-reported irritability (d = 0.58, p < 0.05). In the third article with an ADHD and DMDD/SMD population, Pan et al. (16) explored the effects of aripiprazole (mean dose 4.17 mg) in combination with MPH (mean dose 22.71 mg) in a 6-week, open-label trial for 51 children and adolescents (Mage = 10 years). The combination of aripiprazole and MPH resulted in significant improvements in parent-reported irritability (d = 1.26, p < 0.001). Finally, Towbin et al. (18) explored the utility of citalopram as an adjunctive to MPH in an 8-week, randomized controlled trial for 53 children and adolescents (Mage = 11 years). Although participants were required to display SMD to be included in this study, this study was retained as all participants received a 5-week open trial of MPH to address ADHD symptoms, and 89.8% of participants had an ADHD diagnosis. For their primary outcome of the Clinical Global Impression's for Chronic Severe Irritability, a significant decrease in irritability was found (d = 0.60), with the estimated response differing between the citalopram (35%) and placebo (6%) groups (OR = 1.70, p = 0.006) (18).

In the first study with an ADHD and comorbid ASD population, Arnold et al. (15) examined the efficacy of atomoxetine for 16 children and adolescents (Mage = 9 years) during a 6-week, randomized controlled crossover trial where participants were assigned to either atomoxetine or a placebo condition. Despite Aberrant Behavior Checklist—Irritability (ABC-I) symptoms decreasing in the atomoxetine condition (d = 0.32), this decrease was not significantly greater than the placebo condition (d = 0.61), p = 0.12. Second, Scahill et al. (17) explored the effects of guanfacine in 62 children and adolescents (Mage = 8 years) with ASD and ADHD symptoms using an 8-week randomized clinical trial comparing guanfacine to a placebo. Results showed that extended-release guanfacine resulted in a decrease in ABC-I (d = 3.87); however, this decrease was not significantly greater than the placebo condition (d = 1.13), p = 0.20.



Non-pharmacological and Combined Interventions

The only non-pharmacological intervention included in this mini review provided an optimized dose of stimulant medications to both conditions prior to the 11-week randomized clinical trial (20). Specifically, this study investigated whether integrative group therapy (CBT, behavioral parent training, and social cognitive training) improved ratings of irritability relative to community care for 68 children with ADHD and SMD (Mage = 9 years). Findings showed that the integrative group therapy was associated with a significantly greater improvement in parent-rated irritability than stimulant community care only (d = 0.63, p = 0.02). In addition to this non-pharmacological intervention study, five combined intervention studies were identified.

In an ADHD treatment study designed to assess the impact of different intensities of pharmacological and psychosocial treatments, Waxmonsky et al. (25) conducted post-hoc analysis to compare the response to treatment in youth with ADHD with and without elevated levels of SMD. The study also examined the change in mood symptoms in the subset of 33 participants (Mage = 8 years) with SMD. The ADHD and SMD group experienced significant improvements in irritability/aggression (d = 1.91, p < 0.001). In a similar study, Gadow et al. (22) assessed whether adding an augmented therapy of risperidone to parent training and stimulant medication resulted in increased improvements in irritability among 168 children with ADHD (Mage = 8 years) and co-occurring ODD/conduct disorder. Results suggest that adding risperidone resulted in a significant decrease in parent-reported anger/irritability (d = 0.19, p = 0.026), but not teacher-reported anger/irritability (d = 0.17, p = 0.317).

Three studies compared the relative efficacy of standalone and combined interventions. First, de la Cruz et al. (21) sought to determine the most effective treatment for reducing irritability, utilizing secondary analyses of the Multimodal Treatment Study of Children with ADHD. Their sample included 579 children with ADHD (Mage = 8 years) who were assigned to one of four conditions in a 14-month randomized controlled trial: CNS stimulant management, behavioral management, combined CNS stimulant and behavioral management, or a community care control. Although irritability decreased over time across all conditions, the improvement was significantly greater in the CNS stimulant (d = 0.63) and combined (d = 0.82) groups relative to the behavioral management (d = 0.42) and community comparison (d = 0.48) groups. In contrast, Handen et al. (23) compared the efficacy of atomoxetine and parent training used alone and in combination relative to a placebo in 128 children and adolescents (Mage = 8 years) with comorbid ADHD and ASD using a 10-week randomized controlled trial. Results indicated that despite the atomoxetine and parent training group (d = 0.68) and atomoxetine (d = 0.64) group displaying moderate parent-reported improvements in irritability, only the parent training condition (d = 0.96) resulted in a significantly greater decrease in irritability than placebo (d = 0.51). No significant differences were found across groups for teacher-reported irritability. In a 24-week extension to Handen et al., (23) and Smith et al. (24) investigated the efficacy of continued parent training with or without atomoxetine among 117 youth (Mage = 8 years). Despite large improvements from baseline to week 22 among families who received parent training (d = 0.94), this improvement was only marginally larger than the group that did not receive parent training (d = 0.62), p = 0.08. Additionally, families in the atomoxetine and parent training condition showed a significant decrease in irritability from baseline to week 20 (d = 0.44, p < 0.05), whereas there was not significant improvement in the atomoxetine only group.




DISCUSSION

Inconsistent findings regarding the efficacy of existing interventions for improving irritability among youth with ADHD were present across included studies. Some of the differences appear to differ based on comorbid conditions (ASD vs. DMDD/SMD), and types of pharmacological interventions used (CNS stimulants vs. non-stimulants). Specifically, across the four pharmacological interventions with youth with comorbid ADHD and DMDD/SMD (12, 16, 18, 19), all found evidence that CNS stimulants are effective at improving irritability in children with comorbid ADHD and DMDD/SMD either when used alone (12, 18, 19) or in combination with aripiprazole (16). However, since these studies were all open trials, it is unclear if the observed medium to large improvements are larger than would be expected in a placebo controlled trial. These findings suggest that for youth with ADHD and comorbid DMDD/SMD, CNS stimulants can result in moderate to large improvements either alone or in combination with behavior therapy. Systematic titration of CNS stimulant dose using parent and teacher ratings at regular intervals has been found to lead to significant reduction in aggression and other disruptive behaviors even in youth previously failing to respond to CNS stimulant (26). Therefore, multiple attempts to optimize stimulant dose and engage families in evidence based parenting interventions appears prudent before consideration of adjunctive medications, with potentially more problematic tolerability profiles such as antipsychotics. Unfortunately, almost half of youth with an ADHD diagnosis are not prescribed CNS stimulants prior to the use of antipsychotics (27).

A somewhat different pattern of efficacy for other approved ADHD medications (atomoxetine or guanfacine) was found for youth; however it is important to note these medications, unlike the CNS stimulants, were examined in youth with comorbid ADHD and ASD. Specifically, the two pharmacological and one combined intervention studies failed to find evidence of either atomoxetine or guanfacine being effective at significantly reducing irritability relative to a placebo (15, 17, 23); whereas, there was evidence that parent training alon/e may significantly improve irritability among youth with ADHD and ASD. Consistent with these findings, an extension trial found that youth in the atomoxetine and parent training condition, but not youth in the atomoxetine condition, showed significant decreases in irritability (24). Results suggest that for youth with ADHD and comorbid ASD, parent training is necessary to target youth irritability. However, no studies reporting irritability as an outcome among youth with comorbid ADHD and ASD utilized CNS stimulants. CNS stimulants significantly reduce ADHD symptoms in youth with ASD (28). Given the high rates of ADHD and irritability in youth with ASD (29, 30), it would be imperative to systematically explore the impact of CNS stimulants on irritability in youth with both disorders. In conducting such research, it will be critical to closely monitor adverse events, given evidence of a greater likelihood for side effects (e.g., obsessional behavior, and dysphoria) in youth with comorbid ADHD and ASD compared to youth with ADHD only (31).


Gaps of Existing Intervention Research

The literature targeting irritability among youth with ADHD is limited by a large reliance on small sample sizes and open trials. In the current mini review, only four studies had a sample of more than 100, with only one of these having a sample larger than 200 (see Table 1). Further, five of the 12 articles were open trials (12, 16, 19, 22, 24), with such methodology being particularly common among studies of youth with comorbid ADHD and DMDD/SMD. As such, large randomized trials examining the efficacy of CNS stimulants used alone or in combination with behavioral therapy or an adjunctive pharmacological intervention are needed among youth with comorbid ADHD and DMDD/SMD. In fact, only two RCTs exist among youth with comorbid ADHD and DMDD/SMD, one was the psychosocial intervention study (20) and the other involved participation in a Summer Treatment Program and assessing various dosage of a combination of CNS stimulants and parent training (25). As such, no pharmacological intervention study has systematically assessed the impact of CNS stimulants in this population; of note, Towbin et al. (18) conducted an RCT assessing the efficacy of citalopram as an adjunct to CNS stimulants and found evidence of added benefits when combining a SSRI with a CNS stimulant.

Of the seven studies utilizing a randomized trial, two compared a pharmacological intervention (atomoxetine and guanfacine) to a placebo (15, 17), one compared a combined psychosocial and pharmacological intervention (CNS stimulants and Integrative Group Therapy) to CNS stimulants only (20), one compared CNS stimulants alone to CNS stimulants with a citalopram adjunctive (18), two compared psychosocial and pharmacological interventions alone and in combination to a placebo (21, 23), and one compared varying intensities of both behavior therapy and CNS stimulants in combination (25). Of these, three were with youth with comorbid ADHD and ASD (15, 17, 23). Despite this stronger methodology among the comorbid ADHD and ASD samples, as was previously mentioned, none of these studies examined the use of CNS stimulants in this population, a critical gap in the literature. Furthermore, there is a particular dearth of data for the capacity of alpha agonists to improve irritability among youth with ADHD, which is surprising given their frequent use for youth with ADHD (32). The inconsistency in use of a placebo vs. active control also limits our ability to make direct comparisons across these studies. Of note, none of the existing studies compared the relative efficacy of various pharmacological interventions used alone (e.g., CNS stimulants vs. atomoxetine).

Further, given the evidence of CNS stimulants alone or in combination with parent training for reducing irritability, it will be critical for future research to utilize cutting-edge research methodologies to assess intensity and sequencing of these interventions to improve outcomes and reduce costs. For example, Sequential Multiple Assignment Randomized Trial (33) designs allow for systematic assessment of independent and combined interventions, and ordering of such interventions, as well as for examination of optimal adaptive intervention approaches by individualizing sequences of treatments. Research utilizing this methodology for assessing CNS stimulants and behavior therapy for the treatment of ADHD symptoms suggests that the optimal and most cost effective sequence is to begin with low intensity behavioral therapy followed by adjunctive medication in those with persistent impairment (34), and that adding behavioral therapy after medication, results in poorer attendance for therapy sessions, resulting in reduced efficacy for this sequence (35). Future research should implement similar methodologies examining improvements in irritability specifically among youth with ADHD, and whether treatment sequencing and intensity differ based on comorbid conditions.

Existing studies are also limited by inconsistencies in measurement of irritability which until recently was primarily measured only as side effect of ADHD medications, using largely unstructured spontaneous report. Specifically, only six of the included studies utilized an established scale for irritability, with four using the ABC-I subscale (15, 17, 23, 24), one utilizing the Clinical Global Impression focused on irritability which was generated based on a semi-structured diagnostic interview (25), and one utilizing youth self-report on The Irritability Scale (22). In contrast, five of the studies created irritability composites based on ODD items from rating scales for disruptive behavior, including the Swanson Nolan and Pelham version IV scale, the Disruptive Behavior Disorder Rating Scale, and the ADHD Symptom Checklist (12, 16, 20–22). Further, one utilized a measure of mania to assess irritability, specifically the Young Mania Rating Scale (25). Surprisingly, none employed the Affective Reactivity Index (ARI) (36), which has well-established psychometrics in pediatric populations. As such, we recommend that future research assessing interventions for irritability among youth with ADHD utilize well-validated measures, such as the ABC-I and ARI, as well as consider integrating multiple informants vs. sole reliance on parent report. Such an approach was only used in one of the included studies in this review (18). Relatedly, several studies were excluded from the review due to only examining irritability as a side effect/adverse event (37, 38).

Interestingly, only one of the psychosocial or combined interventions examined psychosocial interventions other than parent training, with this study utilizing an integrative group therapy that involved behavioral parent training along with CBT and social cognitive training. There is evidence from reviews of psychosocial interventions that CBT is effective for reducing irritability in youth across diagnoses that CBT is effective for these purposes (39). CBT has been found to be effective for improving depression in teens with comorbid ADHD (40) and CBT is being adapted to specifically target irritability in youth (11, 41). As such, exploring the efficacy of CBT as a standalone intervention and add on to pharmacological interventions among adolescents with ADHD is a critical area for future research. It will be important for such research to assess whether efficacy for irritability generalize across comorbid psychiatric disorders in this population.




CONCLUSION

This mini review addresses an important gap in the literature by discussing the existing pharmacological and psychosocial interventions targeting irritability among youth with ADHD. Findings suggest that CNS stimulants used alone or in combination with behavioral therapy (e.g., parent training) are effective at reducing irritability in youth with ADHD only or comorbid ADHD and DMDD/SMD. Less evidence was found for the efficacy of alpha agonists and atomoxetine, with existing studies focusing on youth with comorbid ASD. One study found evidence for benefits of adding a selective serotonin reuptake inhibitor (citalopram) to MPH for reducing irritability in youth with ADHD and DMDD/SMD. Parent training alone or in combination with atomoxetine was found to be effective at reducing irritability in youth with comorbid ADHD and ASD. Future research assessing the efficacy of other psychosocial interventions, particularly CBT is necessary, as are randomized trials with large samples using well-validated scales designed to measure irritability that assess intervention sequencing and intensity among youth with ADHD.
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