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Abstract

The tolerability of antidepressants is poorly characterized in children and adolescents with 

depressive and anxiety disorders. Among adverse events that affect the tolerability of 

antidepressants in youth is activation, a cluster of symptoms that represent a hyperarousal event 

characterized by impulsivity, restlessness, and/or insomnia. This cluster of symptoms was first 

identified as a side effect of selective serotonin and selective serotonin norepinephrine inhibitors 

(SSRIs and SSNRIs) in the early 1990s; however, activation remains poorly characterized in terms 

of prevalence, risk factors, and pathophysiology. This paper describes the pathophysiology of 

antidepressant-related activation, predictors of activation and clinical management in youth with 

depressive and anxiety disorders.
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Introduction

Despite the efficacy of selective serotonin reuptake inhibitors (SSRIs) and selective 

serotonin norepinephrine reuptake inhibitors (SSNRIs) in youth with anxiety1,2 and 

depressive disorders,3–7 antidepressant tolerability remains poorly characterized. The 

tolerability of these medications is related to their side effect profiles, and class-specific side 

effects occur frequently in antidepressant-treated pediatric patients.1,8,9 Indeed, adverse 

events associated with antidepressant treatment received considerable attention in the lay 

media, following the United States Food and Drug Administration (USFDA) implementing a 

black box warning in 2004 that highlighted one potential adverse event, treatment-associated 

suicidality.10 However, other antidepressant-related adverse events have received 

significantly less attention, despite the fact that the tolerability of these medications 

represents a significant concern among pediatricians and may subtend qualitative factors that 

increase pediatricians’ reluctance to utilize these medications.11 Antidepressant-related 

adverse events affect adherence, increase the likelihood of medication discontinuation and 

potentiate symptomatic impairment in youth.12 One particular adverse event, activation, is 

recognized by pediatricians as problematic and limits the use of antidepressant medications 

in the primary care setting.11 Activation represents a hyperarousal event that is typically 

characterized by specific symptoms including an increase in activity, impulsivity, 

disinhibition, restlessness and insomnia.13 This paper focuses on activation-related adverse 

events as well as risk factors, phenomenology, pathophysiology, temporal course and 

management of adverse events.

What is Activation?

Despite the recognition of antidepressant-related activation as a risk factor for medication 

discontinuation and suicidality, the activation syndrome lacks a clear definition.2,14 

Currently, several symptoms are considered to be activation-related adverse events: 

disinhibition, impulsivity, insomnia, restlessness, hyperactivity, and irritability. Moreover, 

these symptoms frequently co-occur. This overlap among activation cluster symptoms 

complicates the assessment and measurement of activation. In fact, only recently has a scale 

been developed to assess the activation syndrome. This scale, the Treatment-Emergent 

Activation and Suicidality Assessment Profile (TEASAP),15 is a parent-rated scale 

consisting of five subscales: irritability, akathisia, disinhibition/impulsivity, mania, and self-

injury/suicidality15 and includes items from other rating scales that measure these 

symptoms: suicidality—Columbia Suicide Severity Scale;16 akathisia—Barnes Akathisia 

Scale) and mania—Young Mania Rating Scale.17 At present, the TEASAP has been utilized 

to track activation-related adverse events in antidepressant-treated pediatric patients with 

obsessive compulsive disorder (OCD) and is being used in two prospective, randomized 

controlled trials of the SSRI escitalopram in the treatment of adolescents with generalized 

anxiety disorder (NCT02818751) and in adolescents with depressive and anxiety disorders 

who are at risk for developing bipolar disorder (NCT02553161).
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The Temporal Course of Activation in Antidepressant-Treated Children and 

Adolescents

Antidepressant-related activation emerges early in treatment or following an increase in 

dose18 and symptoms resolve when the antidepressant dose is decreased or when the 

antidepressant is discontinued.13,19 This temporal pattern is consistent with one prospective 

study of the SSRI fluvoxamine in which higher plasma fluvoxamine concentrations were 

associated with a greater likelihood of activation. The rate of symptom resolution relates to 

the rate of activation symptoms onset.19 In a retrospective review of SSRI-treated children 

with major depressive disorder (MDD) or obsessive-compulsive disorder (OCD, N=82), 

22% (n=18) of patients developed “treatment emergent psychiatric adverse events,” many of 

which were activation-related (e.g., irritability (15%, n=12), anxiety (10%, n=8), mania (6%, 

n=5), aggression (1%, n=1), and insomnia (17%, n=14)). No statistically significant 

disorder-specific differences in these psychiatric adverse events were observed and all 

psychiatric adverse events remitted following discontinuation of the SSRI. Further, nearly 

half (44%, n=8) of patients with a prior antidepressant-related adverse event developed 

another psychiatric adverse event upon re-exposure to an SSRI.19

How Common is Antidepressant-Related Activation in Youth?

Across studies of SSRIs in youth, adverse events (including activation-related events) are 

frequently associated with discontinuation.20,21,22,23,24 In a placebo-controlled study of 

fluoxetine in pediatric anxiety disorders, 5 of the 7 patients experiencing activation-related 

symptoms (e.g, excitement, giddiness, or disinhibition) discontinued treatment due to these 

symptoms.25 Even when activation-related symptoms do not result in discontinuation, at 

least one prospective study of sertraline in pediatric patients with OCD revealed that the 

presence of activation symptoms decreased treatment response.12

Antidepressant-Induced Activation and Suicidality

While activation in and of itself is problematic and results in a greater likelihood of 

discontinuing treatment, activation may also be linked to suicidality. The potential for 

activation symptoms as predictors of suicidal ideation has been proposed, although 

conflicting evidence exists to support such a link. A 2004 USFDA review of placebo-

controlled clinical trials of SSRIs in pediatric patients reported that patients reporting 

agitation or hostility as adverse events were two to three times more likely to experience 

suicidal ideation or behavior.26 However, results from Treatment for Adolescents With 

Depression Study (TADS), a 36 week randomized clinical trial to evaluate the effectiveness 

of fluoxetine, cognitive-behavior therapy or a combination of treatments in adolescents aged 

12–17 years, do NOT support an association between activation symptoms (specifically 

insomnia, irritability, or mania) and suicidal behavior. In the study, only one patient 

experienced symptoms of behavioral activation (insomnia, mood lability and irritability) in 

the two weeks prior to a suicidal event.27 At present, the relationship between 

antidepressant-induced activation and suicidality remains unclear. The limited and 

inconsistent evidence for determining a clinically important relationship between activation 

and suicidal behavior warrants further evaluation.
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Activation in Children and Adolescents at Risk for Developing Bipolar Disorder

Some,28,29 but not all,30 reports suggest that SSRIs decrease the age of onset of manic 

spectrum symptoms in susceptible individuals.31 Given this potential association, some have 

conceptualized activation and other hyperarousal events as related to the pathophysiology of 

mood dysregulation and bipolar disorder. Understanding the prevalence of activation in 

children and adolescents at risk for developing bipolar disorder represents a particularly 

important area of research. In a longitudinal study of children and adolescents who were at 

risk for developing bipolar disorder (N=118), high rates of antidepressant related adverse 

events were common.32 Many of these adverse events were consistent with activation. In 

general, younger patients were more likely to experience antidepressant-induced adverse 

events (including activation and manic symptoms) compared to older patients and the 

likelihood of antidepressant discontinuation secondary to an adverse event was inversely 

associated with age.32 Martin and colleagues (2004)28 observed that in patients 5 to 29 years 

of age (N=87,920), younger age was associated with a higher risk for antidepressant 

associated manic symptoms. Regarding the presence of baseline and treatment-emergent 

manic symptoms in pediatric patients, SSRI-resistant MDD was recently identified as a 

specific risk factor for poor outcome.33 However, in our study of youth at risk for developing 

bipolar disorder, only trends toward higher irritability and motor hyperactivity were 

observed in patients who subsequently developed adverse events with antidepressant 

treatment consistent with the notion that sub-syndromal manic symptoms (or behavioral 

activation) predict poor treatment response across diagnoses.34 Finally, in youth who are risk 

for developing bipolar disorder, comorbidity contributes to the likelihood of antidepressant 

adverse events leading to discontinuation. In this regard, the presence of ADHD was 

associated with an odds ratio of 2 for an antidepressant-related adverse event, but secondary 

to the small sample size this unadjusted odds ratio should be interpreted with caution.32

Activation in Children and Adolescents with ADHD

Given the symptomatic overlap between ADHD and activation symptoms, there has been 

speculation that the risk of activation may be increased in pediatric patients with ADHD. 

Indeed, some evidence suggests that stimulant treatment may precipitate or exacerbate 

externalizing symptoms in susceptible individuals (e.g., oppositional behavior) and that 

amphetamine-based stimulants may be uniquely associated with treatment emergent 

irritability.35 In this regard, a recent meta-analysis of irritability in stimulant treated youth 

found amphetamine derivatives to be associated iwht a significant increase in irritability 

(risk ratio = 2.9, CI: 1.26–6.71, p<0.01) whereas methylphenidate-based medications 

decreased irritability relative to placebo (risk ratio = 0.89, CI: 0.82–0.96, p<0.004).35 

Further, our group reported that bipolar adolescents with a history of stimulant exposure had 

an earlier age at onset of bipolar disorder than those without prior stimulant exposure, 

independent of co-occurring ADHD.36 Bipolar adolescents treated with at least two 

stimulant medications had a younger age at onset compared with those who were treated 

with one stimulant. A behavioral sensitization model may account for this observation. A 

retrospective case review found that 58% of adolescents with bipolar disorder who were 

treated with antidepressants or psychostimulants met criteria for treatment-emergent mania 

within an average of 14 days, and treatment-emergent mania was more frequently observed 

following treatment with antidepressants than stimulants (44% vs. 18%).37
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Direct evidence regarding this putative association is limited and conflicted. A 6-week open-

label study of fluoxetine in pediatric patients with ADHD (n=19; age range: 7–15 years; 

mean age: 10.9 years), only one patient reported an activation-related adverse event 

(akathisia).38 In an 8-week double blind study of methylphenidate with fluvoxamine or 

placebo in pediatric patients age 6 to 17 co-occurring ADHD and generalized, separation 

and/or social anxiety disorder, activation-related adverse events did not occur at a 

significantly higher rate in the stimulant with fluvoxamine arm compared to the stimulant 

with placebo arm (restlessness: 33% vs. 20%, p=0.39; behavioral activation 33% vs. 20%, 

p=0.39; mood liability: 20 vs. 40%, p=0.29).39

Risk Factors for Activation

Diagnosis

Meta-analytic evaluations of antidepressants in youth have yielded inconsistent results with 

regard to the risk of activation cluster symptoms associated with antidepressants. A recent 

meta-analysis failed to find significant differences in the relative risk of “excessive mood 

elevation” observed in studies (κ=42) of patients with anxiety (κ=17) or depressive disorders 

(κ=25).40 In this meta-analysis, the “mood elevation” symptoms included insomnia, 

restlessness, agitation, irritability, sustained anger and mania—a broad definition of 

activation. The relative risk of “excessive mood elevation” did not differ among trials 

involving depressed or anxious youth (p=0.546) suggests that the risk of the activation 

syndrome does not differ between the two diagnostic groups (i.e., depressive disorders 

compared to anxiety disorders),40 although other co-morbidity patterns (e.g., pre-treatment 

manic symptoms, ADHD) may contribute to an increased risk of activation.

Age

When compared to adolescents, children experience more total adverse events, more 

activation-related adverse events, and have higher numbers of discontinuation due to 

activation-related adverse events when treated with antidepressants.41,42 In the Child/

Adolescent Anxiety Multimodal Study,24 the total number of psychiatric adverse events was 

significantly higher in children than adolescents (31.7% vs. 23.1%, p<0.05), including a 

number of activation-related adverse events (disinhibition: 5.8% vs. 0%; increased motor 

activity 4.1% vs. 0.8%; restless/fidgety: 2.8% vs. 1.6%; significance thresholds for 

individual events not reported). Similar rates of insomnia were observed between children 

and adolescents while anxiety and agitation were numerically more common in adolescents 

compared to children.41 A sample of youth with OCD (n=17), aged 7–17 years of age, who 

were treated with fluvoxamine, activation occurred in 3/17 patients and all of these patients 

were <12 years of age.43 Similarly, in a retrospective study of young children (N=39) treated 

with SSRIs who were <7 years of age, approximately 20% (n=8) experienced behavioral 

activation (e.g., irritability), the most common adverse event, and the reason for 

discontinuation in 6 out of 7 early termination patients.44 Finally, Safer and Zito26 observed 

that SSRI-related restlessness was less common in older children compared with younger 

children.
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Drug Concentration

Higher plasma concentrations of SSRIs as well as rapid increases in SSRI plasma 

concentrations may represent a risk factor for activation-related adverse events. In a 

randomized controlled trial of fluvoxamine for pediatric anxiety disorders in which 10 of 22 

patients (45%) experienced symptoms of activation compared to only 1 of 23 (4%) who 

received placebo, differences in plasma fluvoxamine concentrations were noted between 

those patients with activation-related adverse events and those who did not experience 

activation. Plasma fluvoxamine concentrations (at endpoint, 8 weeks), in this randomized 

controlled trial of flexibly-dosed fluvoxamine, were higher in patients who experienced an 

activation-related adverse event (381.7±232.0 ng/mL) compared to those who did not 

(127.5±68.5 ng/mL; p=0.04) (Figure 3). However, it is of interest that the medication dose 
between patients who experienced activation and those who did not was not significantly 

different (activation: 134±22 mg/day; no activation 150±22 mg/day, p=0.63). This difference 

between dose and plasma drug concentration underscores the importance of “unknown” 

factors affecting drug concentration and also the relationship between drug concentration 

and activation (Figure 1). Several SSRIs are used to treat adolescents with MDD and anxiety 

disorders are metabolized by cytochromes. There is significant ethnic and inter-individual 

variability, polymorphisms in these cytochromes that have been associated with altered 

clearance.45 Indeed, in a pharmacokinetic study of paroxetine in youth, the patient with the 

lowest clearance of paroxetine, who was also a poor-metabolizer with regard to P4502D6. 
The patient developed severe activation resulting in discontinuation of paroxetine.45

Dose Titration

To date, one double blind, randomized controlled study of 56 children and adolescents 

(mean age: 11.7±3.3 years) with OCD evaluated SSRI (sertraline) dose on activation and 

examined the impact of activation and treatment outcome. In this placebo-controlled study, 

children and adolescents were randomized to receive either (1) slow or (2) regular sertraline 

titration over 9 weeks. For patients randomized to slow titration sertraline was initiated at 25 

mg/day and was continued at this dose for the first two weeks, then sertraline was titrated to 

50 mg/day for the next two weeks followed by, 75 mg/day for the 5th and 6th week of 

treatment, 100 mg/day for week 7, then 150 mg/day for week 8, and 200 mg/day for week 9. 

Regular titration consisted of initiating sertraline at 25 mg/day and increasing, as tolerated to 

200 mg/day over 9 weeks. In both treatment groups, if patients experienced adverse effects 

(including activation), the sertraline dose could be decreased. Interestingly, activation 

occurred at similar rates in both groups and activation appeared to moderate treatment 

outcome. In this regard, 74% of those with low severity of activation syndrome, as assessed 

by Treatment-Emergent Activation and Suicidality Assessment Profile (TEASAP), 37% of 

those with average activation syndrome, and 5% of those with high activation syndrome 

experienced a 50% reduction in obsessive-compulsive symptoms. Of the 5 activation cluster 

symptoms (i.e., irritability, akathisia, disinhibition, mania and self-harm), only an increase in 

irritability from one session to the next predicted an increase in obsessive-compulsive 

symptoms.12
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Pharmacogenomic Factors

The serotonin transporter promotor (SLC6A4 or 5-HT) exists as a long or short variant (the 

result of a 44 base pair insertion or deletion), which results in an individual’s genotype 

being: homozygous short (ss), heterozygous (sl), or homozygous long (ll). The short allele 

may be associated with an increased risk of depressive and anxiety disorders and may—in 

some samples—be associated with decreased response to SSRIs (see Wehry et al, 2017–this 

issue).46,47 However, given that these polymorphisms relate to the ‘site of action’ for 

antidepressants, there has been some investigation of their role in SSRI/SNRI related 

adverse effects. Recently, an 8-week open-label trial of citalopram in pediatric patients aged 

7 to 18 with MDD and/or anxiety disorders, patients who had an ss genotype had a smaller 

decrease in CDRS-R scores than the sl/ll genotype (p=0.04) but also reported less treatment-

related agitation relative to patients with the sl/ll genotype (6.3 vs. 32.8%, p=0.05).47 In a 

study of 64 offspring of bipolar parents and 51 healthy controls, within the subset of un-

medicated bipolar offspring, those with the ss and ls genotype had higher anxiety than those 

with the ll genotype.48 In an open label study of 87 pediatric outpatients (7–18 years of age) 

with MDD and/or anxiety disorders treated citalopram for 8 weeks, three polymorphisms 

were analyzed: 5-HTR21 T102C, 5-HTR1Dβ G861C, and 5-HTR2C G86C. Only the 5-
HTR1Dβ G861C was associated with and increased risk of activation, with the CC genotype 

experiencing significantly more agitation (71.4%) compared to the CG (33%) and GG 
(18.1%) genotypes (p=0.02).49

Medication Specific Factors

The mechanism of SSRIs and their characteristic delayed onset of therapeutic benefit may 

relate to activation. Specifically, during the 2–4 week period that often precedes clinical 

benefit, increased synaptic 5-HT may activate presynaptic 5HT1A receptors to inhibit release 

of 5-HT.50 Such paradoxical decreases in serotonergic tone has been associated with 

impulsive and violent behavior similar to that of activation symptoms in some samples.51,52 

Therefore, the early onset of activation-related adverse events may be linked to 5HT1A-

associated depression of 5-HT release. In support of this, in a mouse model of 

antidepressant-induced activation, administration of a 5-HT1A antagonist, decreased SSRI-

related “anxiogenic behavior.”53 This finding is of interest in light of the fact that 

modulation of the 5-HT1A receptor may underlie akathisia associated with some second 

generation antipsychotics (e.g., compared to first generation antipsychotics)54 and given 

observations that 5-HT1A binding is decreased in patients with anxiety disorders.55,56 This 

study also demonstrated an inverse relationship between time to reach maximum drug 

concentration and “anxiogenic behavior” in the rodent model of antidepressant-induced 

activation (Figure 3).

Mounting evidence suggests that dietary deficits in omega-3 (n-3) polyunsaturated fatty 

acids, including eicosapenaenoic acid (EPA) and docosahexaenoic acid (DHA), are 

associated with mood dysregulation.57 Similar to adults with mood disorders, children and 

adolescents with major depressive disorder58,59 exhibit blood n-3 polyunsaturated fatty acids 

deficits compared with healthy youth, and increasing blood n-3 polyunsaturated fatty acids 

levels has been found to promote SSRI response.60,61 Preclinical studies further indicate that 

n-3 fatty acid deficiency during development produces long-standing alterations in central 
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serotonin neurotransmission62 that may modify the central actions of SSRI medications. For 

example, abnormal increases in behavioral activation were observed in n-3 fatty acid 

deficient rats following chronic fluoxetine treatment associated with alterations in 5-HT1A 

and alpha2A adrenergic receptor expression.63 The latter findings suggest that n-3 

polyunsaturated fatty acids deficiency may promote behavioral activation in response to 

SSRI treatment by augmenting noradrenergic tone. N-3 polyunsaturated fatty acids have 

anti-inflammatory properties, and n-3 polyunsaturated fatty acids deficiency is associated 

with inflammation-induced irritability in human subjects with the TNF-α A-308G 

polymorphism.64 The latter study also found that SSRI treatment was associated with 

inflammation-induced irritability. Additional studies are warranted to characterize the role of 

n-3 polyunsaturated fatty acids status and inflammation in SSRI-induced activation.

Relative Risk of SSRI-Related Activation in Pediatric Mood and Anxiety 

Disorders

Across six published studies of antidepressants in non-OCD anxiety disorders, summarized 

by Strawn and colleagues,24,25,65–68 activation-related adverse events ranged from 3 to 55%. 

Given concerns that antidepressant related activation may depend on the disorder being 

treated, activation cluster (e.g., activation, restlessness, irritability, nervousness, or 

hypersensitivity) were compared between studies of SSRIs in youth with MDD and those 

with anxiety disorders. For trials of SSRIs in pediatric patients with anxiety disorders, the 

average relative risk of activation was 1.8 (range 0.7 [duloxetine] to 5.2 [paroxetine]) and the 

average number needed to harm (NNH) was 17.6 (range −71 [duloxetine] to 24 [sertraline]). 

By contrast in studies of these medications in adolescents with MDD,8 the average activation 

rates in depressed adolescents treated with SSRIs was 0.65–9.5% with the average relative 

risk of activation being 2 (range: 0.6 [fluoxetine] to 4.5 [fluoxetine]) (Figure 4). Regarding 

insomnia, a specific symptom within the activation cluster, similar relative risk was observed 

for the two disorders. In studies of pediatric patients with anxiety disorders who were treated 

with SSRIs, insomnia was reported in 8.3–19% of patients with the average relative risk of 

insomnia being 1.59 (range: 0.92 [fluvoxamine] to 2.31 [paroxetine]) and average NNH 

being 23 (range: −63 [fluvoxamine] to 26 [duloxetine]). By contrast, in studies of pediatric 

patients with MDD, 2.8–23.8% of patients reported insomnia, with the average relative risk 

of insomnia being 2 (range: 1.2 [citalopram] to 4.8 [fluoxetine]) and average NNH being 19 

(range: 9 [paroxetine] to 53 [fluoxetine]). However, while there are numerical differences 

between the magnitude of relative risk across studies of pediatric patients with MDD and 

non-OCD anxiety disorders, factors other than the primary disorder under study may 

contribute to these differences. For example, patients with co-occurring MDD are excluded 

from most randomized controlled trials of antidepressants in pediatric patients with anxiety 

disorders. Anxiety disorders are often co-morbid in youth with MDD and this comorbidity 

does not generally result in the exclusion of patients with MDD from clinical trials of 

antidepressants in youth. Antidepressant treatment studies may under-represent the presence 

of activation in youth with anxiety disorders.
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Pathophysiology of Activation

The complex pathophysiology of antidepressant-induced activation likely involves genetic 

and neurochemical factors as well as circuit-level processes that interact with psychological 

and pharmacologic aspects of the patient and treatment (Figure 3).49 However, given the 

difficulty assessing and defining activation, it is not surprising that it has been difficult to 

elucidate the pathophysiology of activation with clarity. Some hypothesize that activation—

like affective instability—represents a variant of the manic phase of bipolar disorder. Others 

propose that activation results of a developmental sensitivity to the increase in serotonergic 

tone associated with acute serotonin reuptake inhibition within arousal-regulating circuits. 

Based on a nascent literature implicating prefrontal-amygdala circuits in dysfunctional 

arousal, and studies that suggest that SSRIs are associated with functional changes within 

structures contained in these circuits, antidepressants may precipitate activation through 

facilitating effects within these circuits in vulnerable youth. It is noteworthy that studies of 

these same structures suggest that SSRIs may normalize activation within these regions.69,70 

Thus, with regard to activation, it is likely that the relationship between activity within 

regions or circuits and treatment response as well as treatment-related adverse effects is 

complex and characterized by temporal and developmental nuance. It is possible that these 

antidepressant-related activation effects might only emerge at specific medication threshold 

concentrations (i.e., exposure); consistent with the observation that activation may be related 

to SSRI plasma levels in some studies.14 Specifically, antidepressants have been shown to 

initially increase and then decrease amygdala activity and increases prefrontal inhibition of 

the amygdala.71,72 Thus, the degree to which a particular antidepressant, in a particular 

patient, might potentiate vs dampen activity within this circuitry is not well understood. 

Some individuals (e.g., patients with a family history of bipolar disorder) may be primed to 

react to antidepressants within these arousal-regulating circuits.42 While the neurocircuitry 

of activation is unknown, findings from neuroimaging studies of antidepressant 

dysfunctional hyperarousal—primarily in youth with a family history of bipolar disorder—

have been extrapolated to propose a similar neurocircuitry that may underlie activation. 

Decreased amygdala volumes73 and increased amygdala activation during emotional 

processing tasks74 have been implicated in the early development of chronic hyperarousal. 

5-HT receptor blockade by SSRI administration increases amygdala reactivity to salient 

stimuli in a dose dependent manner in adolescents.75 While antidepressant administration to 

pediatric patients generally increases functional activity in prefrontal structures that inhibit 

the amygdala,76 there is a possibility that antidepressants may act differently in a limbic 

system that is primed, as may be the case for some patients who are at higher risk of 

developing antidepressant-related hyperarousal77,78

Management of Antidepressant-Related Activation

Only one study evaluated slow and standard titration strategies for sertraline dosing in youth 

with OCD.12 Case reports79,80 as well as a few controlled trials suggest that activation is 

more likely to occur with higher doses of SSRIs as well as rapid titration of antidepressants. 

Common clinical strategies for prevention of activation syndrome, as well as other side 

effects, include starting SSRIs at low doses with slow, planned titrations. Clinical practice 

guidelines (e.g., GLAD toolkit, www.glad-pc.org/)81 are available, that outline typical 
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starting doses as well as suggestions for titration of medications in children. If a patient 

develops activation once he or she begins a higher dose of the medication, there is some 

evidence82 that decreasing total daily dose or stopping the medication can be effective in 

reducing this side effect. Because activation may be related to high plasma concentrations of 

SSRIs, switching to an extended-release form of medication (when available) may also be 

helpful in that the peak plasma drug concentration (i.e., Cmax) for the medication will 

generally be reduced with extended release. Another treatment strategy could be to switch to 

a different antidepressant, keeping in mind that patients who have experienced activation 

with one agent may be more likely to experience this side effect again. Pharmacotherapy to 

target specific symptoms within activation syndrome such as treating insomnia with 

melatonin is another option for managing symptoms. Compliance with medication should 

also be assessed; withdrawal symptoms may mimic the symptoms seen in activation 

syndrome in patients who do not consistently take their medications. Specifically, 

venlafaxine, which has a half-life of about 6 hours, has a significant discontinuation 

syndrome that includes insomnia, irritability and worsening anxiety. Paroxetine with its lack 

of active metabolites is more likely to cause significant discontinuation syndromes compared 

to other SSRIs.83

Discussion

Activation cluster symptoms represent a particularly important adverse effect that decreases 

the efficacy of antidepressant treatment in youth and increases the likelihood of 

antidepressant discontinuation. Moreover, our prior mixed-methods (i.e., quantitative/

qualitative) evaluation of antidepressant prescribing in pediatricians in youth with anxiety 

and depression suggests that activation is widely recognized by pediatricians, but that 

pediatricians often feel uncomfortable managing this side effect.84 Current data suggest that, 

because activation is likely related to age and plasma level as well as to factors that may 

accentuate the action of an antidepressant (e.g., alterations in serotonin transporter 

expression), the likelihood of activation may be reduced by initiating antidepressant 

treatment at low doses, particularly in younger (e.g., prepubertal) patients and in those with a 

family history of bipolar disorder. Should activation emerge, pediatricians may wish to 

consider decreasing dose or hold the antidepressant dose; this strategy—in one prospective 

study and in clinical practice—resolves activation-related adverse events in most SSRI-

treated pediatric patients.14

Risk factors for antidepressant-related activation are critically important for child health 

clinicians, particularly when knowledge of these risk factors is accompanied by an 

understanding of the impact of dosing and the temporal course of antidepressant-related 

activation. For example, in treating a pre-pubertal girl with generalized anxiety disorder and 

comorbid ADHD who might be at higher risk of developing antidepressant-related 

activation, a clinician might choose to initiate antidepressant treatment at a particularly low 

dose and might choose to titrate the antidepressant more slowly. A clinician treating this 

patient might consider more frequent monitoring of the patient and might aggressively 

utilize non-pharmacologic strategies to decrease specific anxiety and activation-related 

symptoms. For example, the clinician treating such a patient might consider melatonin (3–6 

mg at bedtime or 0.5 mg after dinner and 2 mg at bedtime) and the use of a sleep diary for 
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the management of her insomnia as well as psychotherapy to decrease family conflict and 

associated irritability in addition to ADHD-specific interventions to manage ADHD-related 

impulsivity and hyperactivity.

In sum, antidepressant-induced activation likely involves genetic and neurochemical factors 

as well as circuit-level processes that interact with psychological and pharmacologic aspects 

of the patient and treatment. This constellation of adverse events frequently emerges early in 

treatment or following an increase in dose,18 but can be effectively managed. Activation 

frequently resolves when the antidepressant dose is decreased or when the antidepressant is 

discontinued13,19 and should be monitored, particularly in patients who may be at increased 

risk for developing activation. Finally, several practices including starting SSRIs at low 

doses with slow, planned titrations may decrease the likelihood of treatment-related 

activation
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FIGURE 1. Factors that may contribute to activation-related adverse events in pediatric patients
In this functional causal diagram, white circles represent clinical and demographic risk 

factors as well as attributes of the medication or its interactions. Gray circles reflect intrinsic 

metabolism and pharmacologic factors.
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FIGURE 2. 
Modeled density (probability) of activation of fluvoxamine in patients who developed 

activation-related adverse effects compared to those who did not. Mean and standard 

deviation were extracted from Reibblatt et al, 2009 and a t-distribution was modeled from 

bootstrapped fluvoxamine plasma concentrations  for patients with (blue) and 

without (red) activation adverse events. Mean fluvoxamine blood levels were higher in 

subjects that experienced an activation-related adverse event (p=0.04).

Luft et al. Page 17

Curr Probl Pediatr Adolesc Health Care. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Patient-specific pharmacologic factors that have been implicated in the development of 

activation-related adverse events. While many SSRIs and SNRIs are metabolized through 

cytochrome P450 systems, P4502D6 is primarily responsible for metabolism of fluoxetine, 

paroxetine and venlafaxine. Importantly, 5–10% of the Caucasian populations are poor 

metabolizers which may result in increased concentration of these SSRIs and increases the 

blockade of the serotonin (5-HT) transporter.
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FIGURE 4. 
Relative risk of activation and insomnia across randomized controlled trials of SSRIs in 

pediatric patients with generalized, separation and or social anxiety disorders (top) or major 

depressive disorder (bottom). The average relative risk of an activation-related adverse event 

was 1.8 in studies of anxiety disorders and 2.1 in pediatric patients with MDD. The average 

relative risk of insomnia (black bars) was 1.6 in studies of anxiety disorders and 2 in studies 

of MDD.
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