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Abstract

Introduction: Selective serotonin reuptake inhibitors (SSRISs) and, to a lesser extent, serotonin-
norepinephrine reuptake inhibitors (SNRIs) are the cornerstone of pharmacotherapy for children
and adolescents with anxiety and depressive disorders. These medications alleviate symptoms

and restore function for many youths; however, they are associated with a distinct adverse effect
profile, and their tolerability may complicate treatment or lead to discontinuation. Yet, SSRI/SNRI
tolerability has received limited attention in the pediatric literature.
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Methods: This review examines the early- (e.g., activation, gastrointestinal symptoms, sedation)
and late-emerging (e.g., weight gain) adverse effects of SSRIs and some SNRISs in pediatric
patients.

Results: We provide a framework for discussing SSRI/SNRI tolerability with patients and their
families and describe the pharmacologic basis, course, and predictors of adverse events in youth.
Strategies to address specific tolerability concerns are presented. For selected adverse events,
using posterior simulation of mean differences over time, we describe their course based on
Physical Symptom Checklist measures in a prospective, randomized trial of anxious youth aged
7-17 years who were treated with sertraline (r7=139) or placebo (7= 76) for 12 weeks in the
Child/Adolescent Anxiety Multimodal Study (CAMS).

Main Results: In CAMS, the relative severity/burden of total physical symptoms (p < 0.001),
insomnia (p = 0.001), restlessness (v < 0.001), nausea (p = 0.002), abdominal pain (p < 0.001),
and dry mouth (p = 0.024) decreased from baseline over 12 weeks of sertraline treatment, raising
the possibility that these symptoms are transient. No significant changes were observed for
sweating (o = 0.103), constipation (p = 0.241), or diarrhea (p = 0.489). Finally, we review the
antidepressant withdrawal syndrome in children and adolescents and provide guidance for SSRI
discontinuation, using pediatric pharmacokinetic models of escitalopram and sertraline—two of
the most used SSRIs in youth.

Conclusion: SSRI/SNRIs are associated with both early-emerging (often transient) and late-
emerging adverse effects in youth. Pharmacokinetically-informed appraoches may address some
adverse effects and inform SSRI/SNRI discontinuation strategies.

Keywords
activation; antidepressant; CAMS; selective serotonin reuptake inhibitor (SSRI, SRI); side effects

11 INTRODUCTION

Antidepressants, including selective serotonin reuptake inhibitors (SSRIs), are the first-

line pharmacologic treatment for children and adolescents with depressive,! anxiety,? and
obsessive—compulsive disorders—the most prevalent psychiatric disorders in youth.34 These
medications—as monotherapy or combined with psychotherapy—decrease symptoms and
improve functioning.>” However, some youth experience adverse effects during treatment
with SSRIs and other antidepressant medications.8-11 Understanding antidepressant-
associated adverse effects could substantially improve outcomes, while understanding

the relationship between risk factors for adverse effects and pharmacokinetic and
pharmacodynamic processes could help clinicians to predict adverse effects and use
pharmacologically informed strategies to manage them.

Despite several examinations of antidepressant tolerability and discontinuation in
youth,%12-14 only two meta-analyses have examined the risks of specific adverse effects

in children and adolescents.8:1% In our recent meta-analysis of SSRIs and serotonin-
norepinephrine reuptake inhibitors (SNRIS) in youth, discontinuation due to adverse effects
was similar to relative risk estimates derived from recent network meta-analyses that focused
primarily on efficacy and compared multiple medication classes (e.g., SSRIs, SNRIs,
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tricyclic antidepressants [TCASs], benzodiazepines, and a., agonists).>’ Across disorders,
SSRIs are more likely to produce activation, abdominal pain, sedation/drowsiness, and
adverse effect-related discontinuation compared to placebo, and SSRI tolerability is similar
in pediatric patients with obsessive compulsive disorder (OCD) and anxiety disorders as
well as depressive disorders.1® Beyond these two meta-analyses, there is limited guidance
and no recent synthesis of current data, despite clinicians being ethically and medicolegally
compelled to discuss medication side effects/adverse effects with patients and their parents.

For discontinuation of antidepressant medications, few studies have examined wash-out, and
those that have included discontinuation have not reported taper or discontinuation-related
adverse effects. Moreover, most current studies that have examined discontinuation in
children or adolescents either examined antidepressants with nonlinear kinetics and long
half-lives (e.g., fluoxetine)16 or included only a single time point post discontinuation (e.g.,
duloxetine, escitalopram). By contrast, emerging data in adults with depressive and anxiety
disorders suggest the potential benefit of slower or hyperbolic discontinuation.1718

We provide a narrative review and describe the most common antidepressant-related adverse
effects in youth.1® Then, using publicly available data from the largest trial of an SSRI in
pediatric patients with anxiety disorders (CAMS),2% we examined the course of specific
physical symptoms that overlap with symptoms that are frequently evaluated as side

effects. Finally, we provide guidance for managing these adverse effects and discontinuing
antidepressant medications in children and adolescents.

21 METHODS

2.11

Narrative review

For this unstructured, narrative review, searches were conducted in PubMed, PsychINFO,
and the abstracts from the Annual Meeting of the American Academy of Child &
Adolescent Psychiatry (AACAP) (2016-2022). Search results were compiled and reviewed
to provide an overview of the current knowledge regarding antidepressant-related adverse
effects and their management as well as discontinuation strategies. For the PubMed search
(inception through October 18, 2022), we used the following search strategy (adolescent™
OR children OR pediatric OR youth) AND (selective serotonin reuptake inhibitor OR

SSRI OR selective serotonin norepinephrine reuptake inhibitor OR SNRI OR selective
serotonin norepinephrine reuptake inhibitor OR fluoxetine OR fluvoxamine OR citalopram
OR escitalopram OR fluoxetine OR paroxetine OR venlafaxine OR desvenlafaxine OR
duloxetine OR vortioxetine OR vilazodone) AND (side effect* OR adverse event* OR
tolerability OR taper* OR discontin*). The results of the search were then manually limited,
and the references of selected studies and review articles were searched for additional
references. The physician authors, both board-certified child and adolescent psychiatrists
with a combined 30 years of clinical experience, also provided guidance on the management
of side effects and discussed proposed side effect selection with other practicing child and
adolescent psychiatrists with at least 5 years of clinical practice (7= 11), psychiatric nurse
practitioners (n7 = 3), and board-certified clinical pharmacists (7= 3) (see acknowledgments).
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2.2 1 lllustrative presentation of the temporal course of physical symptoms in a
prospectively treated sample of SSRI-treated youth

Many symptoms that are frequently reported as side effects fluctuate contemporaneously
with antidepressant treatment in pediatric patients. However, most trials report the presence
or absence of these items (e.g., abdominal pain, diarrhea, and headache), which fails to
capture their temporal stability/resolution. As an illustrative example and to provide a rare
glimpse into the resolution/stability of items, which may be seen by clinicians as side
effects, we used publicly available data from the largest trial of an SSRI in pediatric patients
with anxiety disorders (CAMS).20

In CAMS, patients, aged 7-17 years, with generalized separation and/or social anxiety
disorders (/V=488), were randomized 2:2:2:1 to cognitive behavioral therapy (CBT),
sertraline, CBT + sertraline, or placebo and were treated for 12 weeks. The primary efficacy
measures were improvement in the pediatric anxiety rating scale (PARS) and Clinical Global
Impression-Severity and Clinical Global Impression-Improvement (CGI-1) scores, which
were assessed at baseline and every 4 weeks by independent evaluators. To be eligible,
patients had to have substantial impairment and an 1Q =80. Participants could have comorbid
psychiatric disorders of lesser severity than their primary anxiety disorder. Additionally,
patients with attention deficit-hyperactivity disorder (ADHD) could receive stable doses

of a stimulant; however, those who were receiving other psychoactive medications and

who had psychiatric diagnoses that made participation in the study clinically inappropriate
(i.e., current major depressive or substance-use disorder; unmedicated ADHD; or a lifetime
history of bipolar, psychotic, or pervasive developmental disorders) or those deemed to be a
risk to themselves or others were excluded. Additional exclusion criteria included unstable
medical conditions, anxiety-related school refusal, inadequate response to two adequate
SSRI trials, or an adequate trial of CBT.

In this sample of sertraline-treated youth (7= 139) who were assessed at baseline, week

4, week 8, and week 12 (or early termination), we examined specific physical symptoms
extracted from the physical symptom checklist. With an uninformative prior (Uniform or
conjugate Normal-Gamma with large prior variance), the posterior distribution of the mean
at each time point is a Student-t (ST) distribution. The difference in means at each time
point, for each physical symptom score (e.g., insomnia, nausea), which reflects frequency
and severity from baseline, was therefore computed using Monte Carlo (MC) simulation
draws from an ST distribution for the mean at each time point, y, ~ ST(x,, s, n, — 1), where n,
= number of observations in period ¢, x, = the sample mean symptom score in period ¢, and
s, = SD(x,) | \/n with SD(x,) = standard deviation of the sample in period ¢. The posterior
for the difference in means was then computed by subtracting the baseline posterior MC
sample from the posterior MC sample for each other time point. Mean differences, 95%
credible intervals (Crl), and Bayesian p-values were computed from the simulation draws.
All computations were carried out using Julia 1.7, and statistical significance was defined as
a tail posterior probability (p-value) <0.05.
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Pharmacokinetic modeling and antidepressant dosing simulation

Concentration-time curves were generated for an adolescent female (age 14 years) to
illustrate both variation in exposure for sertraline and escitalopram—two SSRIs approved
for pediatric use. Additionally, concentration—time curves were generated to visualize
medication exposure during SSRI tapering. For pharmacokinetic models, pediatric volumes
of distribution (VD), clearance, and bioavailability were extracted from previously published
data for sertraline and escitalopram. Then, based on common sertraline and escitalopram
dosing strategies, plasma SSRI concentrations were modeled with allometric scaling using
MwPharm (MediWare BV, version 3.82) as:

kg body Weight)0~75

CI = Clyeaboiic ® ( 70

For escitalopram models, parameters included metabolic clearance 33 L/h/70 kg, V1 17.5
L/kg lean body mass, and ;= 0.8 h™1. For sertraline models, parameters included clearance
200 L/h/70 kg, V1 110 L/kg lean body mass, and 4, = 0.8 h™1.

31 SSRI-RELATED ADVERSE EFFECTS IN CHILDREN AND
ADOLESCENTS

3.11

3.21

Time course of adverse effects

Clinical trials of antidepressants in youth rarely examine the time course of adverse effects.
Yet, clinicians are aware that some side effects emerge early and resolve quickly (e.g.,
activation, gastrointestinal symptoms). In contrast, other side effects are late-emerging (e.g.,
weight gain) or persistent (e.g., sexual dysfunction). For acutely emerging side effects such
as gastrointestinal symptoms, dynamic physiologic relationships may mitigate these effects.
For example, nausea—which emerges early—may relate to acute increases in serotonergic
tone, increasing gastrointestinal motility. The resolution of these effects may relate to
desensitization of enteric serotonergic receptors. Discussing the temporal course of the side
effects and distinguishing between persistent and transient side effects is critical. Ensuring
that patients are aware not only of side effects but the tendency of some side effects to

be transient is important and should be part of discussions with patients and their families.
For many, knowing that a side effect is likely transient, as opposed to persistent, may
significantly influence the patient and family's anxiety or fears related to medication.

Relationship between adverse effects and symptoms of the disorder being treated

Given the overlap of potential adverse effects of pharmacotherapy and physical and somatic
symptoms of depression or anxiety,21-23 which are associated with patient age, family
characteristics, and endogenous factors, it is critical to assess symptoms before beginning
treatment. Several tools are available to clinicians to assist with characterizing baseline
symptoms, including the physical symptom checklist. This 46-item inventory assesses “how
much you have been bothered by each condition during the PAST WEEK?” by specific
symptoms. Anchors range from “not at all” (0) to “very much” (3), and this instrument has
been used in large prospective trials of SSRIs in children and adolescents.2%-24 Consistent
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with the possibility that overall physical symptoms are related to the disorder being treated,
in CAMS, we observed that total physical symptom scores decreased in youth who received
sertraline (n=139) but not in those who received placebo at week 4 (sertraline: p=0.006;
placebo: p=0.686) and week 8 of the trial (sertraline: p=0.011; placebo: p=0.106)
although, at week 12, total physical symptoms significantly improved (compared with
baseline) in both groups (sertraline: p < 0.001; placebo: p=0.001) (Figure 1). However,
this finding does not preclude the possibility that some SSRI-related adverse effects emerge
early and then disappear before the first assessment of physical symptoms (week 4).

Side effects and antidepressant pharmacokinetics

Many early-emerging adverse effects (e.g., activation) and some late-emerging adverse
effects have been related to pharmacokinetic factors, and these are increasingly linked

to variation in cytochrome activity. In considering these relationships in children and
adolescents, clinicians will do well to recall that cytochrome (CYP) activity varies across
development?® and that genetic variation in these enzymes significantly impacts exposure
(area under the curve [AUC]), maximum concentration (C,.x), and half life (t.,) for several
commonly used SSRIs in youth.2 Further, in considering potential pharmacokinetically
relevant adverse events, it is essential to consider interactions and phenoconversion. For
example, treatment with a strong CYP2D6 inhibitor such as paroxetine or fluoxetine can
reduce CYP2D6 activity to levels seen in poor metabolizers.

Additionally, drug—drug interactions, including with illicit substances such as cannabis or
cannabidiol (CBD), are relevant to many adolescents, given the increasing use of these
substances. Both CBD and tetrahydrocannabinol (THC) are moderate to strong inhibitors
of cytochrome enzymes and interact with SSRIs and increase SSRI plasma concentrations.
In a small study of es/citalopram-treated adolescents/young adults aged 17-24 years, CBD
significantly increased citalopram plasma concentration?’, and in pharmacokinetic models
of adolescents treated with sertraline or escitalopram, CBD and THC increase sertraline
and es/citalopram C,,x and AUC,.,,. Finally, it is noteworthy that a recent examination of
the Food and Drug Administration Adverse Event Reporting System database revealed that
co-administration of CBD and CYP2C19-metabolized SSRIs increased the risk of some
SSRI-related side effects (e.g., diarrhea, dizziness, and fatigue), which may relate to SSRI
concentrations.28

Discussion of adverse events with parents and youth

Potential side effects should be discussed with patients and their families before beginning
any medication. Importantly, these discussions vary considerably among clinicians.2® Some
present all side effects, whereas others discuss the most common or serious potential

side effects. Some clinicians may discuss the probability of side effects in addition to

their temporal course (see above). Still other clinicians and package inserts provided with
medications present the rates of side effects across trials.

How risk is presented—uwhether absolute risk, expected frequencies, odds, or odds ratios—
may confuse patients and their families.3 Importantly, the multiple ways results can be
reported contribute to this problem. For example, consider a trial in which 6% of youth

Pharmacotherapy. Author manuscript; available in PMC 2023 July 28.
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receiving placebo reported headaches compared with 7% of those receiving medication.
There is an absolute difference of 1% (or 1 out of 100), but the relative risk is 1.18

(or an 18% increase). Presenting this “risk” as a 20% increase in risk associated with
antidepressant-treated youth potentially misrepresents both an overall low risk and an
infrequent event. Currently, in package inserts, reactions are classified as frequent (>1/100),
infrequent (between 1/100 and 1/1000), and rare (<1/1000). In reviewing the package insert
for fluoxetine, 22% of patients who received fluoxetine reported nausea (631 of 2869
patients) compared with 9% of those who received placebo (151 of 1673). This represents
a 133% larger incidence of nausea in patients who received fluoxetine compared with those
who received placebo, a 22% incidence or an additional 13 out of 100 patients experiencing
nausea with fluoxetine compared to placebo. The odds of this side effect (2.4:1) is also
misleading. We would argue that context is missing for this generally transient and relatively
mild side effect. Finally, visual approaches to representing these data may be more helpful,
including dials, gauges, and personographs (Figure 2).

41 EARLY-EMERGING SIDE EFFECTS

4.11

Gastrointestinal symptoms

Gastrointestinal symptoms may be associated with SSRI treatment in pediatric patients,3
but are also influenced by the presence and severity of the underlying condition

being treated.2! Yet gastrointestinal symptoms generally improve with treatment,

whether psychopharmacologic or psychotherapeutic.2! Mechanistically, SSRI-associated
gastrointestinal symptoms are related to central and peripheral actions (e.g., direct action at
serotonin receptors in the gut that modulate gastrointestinal motility). However, assessments
of these symptoms in the literature are complicated by significant heterogeneity in the
reporting and categorizing of gastrointestinal symptoms (e.g., nausea vs. dyspepsia vs.
nausea+abdominal pain vs. abdominal pain). A recent meta-analysis of SSRI-treated
pediatric patients with anxiety disorders and OCD found that SSRIs (compared with
placebo) were associated with greater abdominal pain (p < 0.001). In contrast, SNRIs only
differed from placebo in terms of the likelihood of nausea (p < 0.001).1° In general, similar
rates of nausea, abdominal pain, and other gastrointestinal symptoms are reported in trials of
SSRIs in depressive, anxiety, and obsessive—compulsive disorders.1®

The temporal progression of gastrointestinal symptoms in pediatric SSRI trials has not
been systematically assessed, although ongoing trials are evaluating this. However, in the
largest trial of an SSRI in youth with anxiety disorders, CAMS,20 the frequency/severity
of increased abdominal pain, as assessed by the Physical Symptom Checklist, significantly
decreased by week 4 in SSRI-treated youth (p = 0.004) and remained significantly improved
at weeks 8 and 12 (p=0.006 and p < 0.001, respectively) (Figure 1). Abdominal pain also
improved in patients receiving placebo; though this difference did not emerge until week

8 (p=10.027). For nausea, SSRI-treated patients had improvement at week 8 and 12 (o=
0.016 and p = 0.002, respectively), although at week 4, the improvement failed to reach
the 5% significance threshold (o= 0.053). In contrast, in patients who received placebo,
nausea was unchanged from baseline at weeks 4, 8, and 12 (p=0.332, p=0.187,and p

= 0.209, respectively) (Figure 1). Of note, this potentially differs from the package insert
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data presented for other SSRIs (Figure 2), which are based on counts rather than repeated
measures over time. The frequency and severity of bloating did not change over time in
patients who received sertraline (p= 0.863, p= 0.461, p=0.233 at weeks 4, 8, and 12) or
placebo (p=0.575, p=0.782, p=0.569 at weeks 4, 8, and 12). Diarrhea severity/frequency
did not significantly change in sertraline-treated youth (o= 0.944, p=0.776, p= 0.489 at
weeks 4, 8, and 12); diarrhea severity/frequency also did not change significantly over time
in youth who received placebo except for the average severity rating at week 8 (0 =0.813, p
=0.012, p=0.090 at weeks 4, 8, and 12). Finally, constipation did not significantly change
in patients who received sertraline (p=0.872, p=0.546, p=0.241 at weeks 4, 8, and 12) or
placebo (p=10.897, p=0.335, p=0.638 at weeks 4, 8, and 12) (Figure 1).

Insomnia in SSRI-treated youth

In randomized, controlled trials of youth with anxiety, depressive, and obsessive—compulsive
disorders, insomnia occurs in between 8% and 19% and pediatric patients; however, baseline
rates of insomnia are often inconsistently reported in these trials, and types of insomnia
(e.g., initial, middle, and terminal insomnia) may vary based on the disorder being treated.

In a recent meta-analysis of youth with anxiety and related disorders, SSRIs were associated
with treatment-emergent insomnia. In our follow-up meta-analysis, which examined the

risk of insomnia for specific SSRIs in youth with anxiety and obsessive—compulsive
disorders, sertraline was associated with twice the likelihood of insomnia compared with
placebo (Relative Risk:1.94). Still, the other SSRIs did not differ from placebo. In

CAMS, the frequency/severity of insomnia, as assessed by the Physical Symptom Checklist,
significantly decreased in SSRI-treated patients by week 12 (p = 0.001) but did not differ
from baseline at week 4 (p = 0.256) or week 8 (p=0.197) (Figure 1). In contrast, placebo
did not affect insomnia frequency/severity.

SSRI-related insomnia may relate to non-serotonergic effects, given that SSRIs differ in their
effects on other monoamines. For example, more dopaminergic SSRIs may be associated
with more insomnia in adults. Also, consistent with this possibility, sleep disturbances
increase from SSRIs to SNRISs to tricyclic antidepressants (TCAs) to monoamine oxidase
inhibitors (MAOISs), which parallels the decreasing specificity of these agents in terms of
monoaminergic effects.

Insomnia is transient for many patients and, when persistent, is best managed through one of
several behavioral or psychopharmacologic approaches. For youth with treatment-emergent
insomnia, a first intervention is timing the SSRI administration so that the maximum
concentration (Cy.x) occurs during the day rather than in the evening. In other words,
ensuring that the dosing of the SSRI is in the morning rather than in the afternoon or evening
can be helpful for many patients. Additionally, SSRI-related insomnia has been associated
with daytime fatigue/tiredness in children and adolescents.1® This underscores the shared
etiology of these two “sleep-related” adverse effects and may provide evidence against their
being etiologically separate adverse effects.

After ensuring the appropriate SSRI dosing and administration timing (e.g., morning),
healthy sleep practices are the first-line behavioral treatment. They may be combined
with cognitive behavioral therapy for insomnia (CBT-1).3! Further, exclude other primary
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causes of dyssomnia (e.g., obstructive sleep apnea, iron deficiency anemia) before pursuing
pharmacotherapy because pharmacotherapy could mask an underlying disorder.3! Regarding
the relatively limited evidence for psychopharmacologic interventions for sleep difficulties
in children, a large survey of child and adolescent psychiatrists suggested that medications
were considered for one in four youth with insomnia. Among these interventions are
melatonin, antihistamines, zolpidem, zaleplon, and trazodone.3! However, in SSRI-treated
youth, trazodone may be particularly problematic. In the Treatment of SSRI-Resistant
Depression in Adolescents (TORDIA) study,32 when trazodone was combined with
antidepressants that inhibit CYP2D6 (e.g., fluoxetine, paroxetine), none of the trazodone-
treated patients improved with regard to depressive symptoms.33 This finding—which has
been replicated in a separate cohort of depressed adolescents3*—may relate to CYP2D6
interactions and the accumulation of methyl-chloro-piperazine. This trazodone metabolite is
associated with dysphoria, irritability, and depression.

Tiredness, fatigue, and sedation

Tiredness, fatigue, and sedation overlap considerably, and their prevalence varies across
prospective trials of SSRIs in youth.35-38 Further, like insomnia, treatment-emergent
drowsiness, fatigue, and sedation overlap with core symptoms of depressive and anxiety
disorders, making their association with treatment difficult to discern. Meta-analyses of
SSRIs in youth with anxiety and obsessive—compulsive disorders suggested that fluoxetine
and fluvoxamine are associated with more treatment-emergent sedation compared with
placebo.3®

SSRI-related tiredness may relate to medication-specific receptor pharmacology, although
this has been difficult to assess in pediatric trials of these medications. For example,
paroxetine and citalopram (and potentially escitalopram at high doses) are antihistaminergic,
which may contribute to greater treatment-emergent tiredness and sedation in some trials

of adults; however, this is confounded by general tolerability concerns for paroxetine in
pediatric patients and the relative scarcity of prospective pediatric trials of citalopram. Like
other potential SSRI-related adverse effects, tiredness, fatigue, and sedation syndromically
overlap with core symptoms of anxiety and depressive disorders. As such, these symptoms
should be systematically assessed before beginning pharmacotherapy.

To address SSRI-related tiredness, fatigue, or sedations, clinicians may leverage medication-
specific pharmacokinetics. For most SSRIs, absorption is rapid, and C,,.x occurs shortly
following administration. Clinicians may change to evening administration for youth

with significant treatment-emergent tiredness, fatigue, and sedation; however, this strategy
should incorporate differences in absorption. For example, suppose a child is experiencing
escitalopram-related tiredness. In that case, the administration might be optimal in the early
evening to avoid daytime somnolence after morning administration.

For a child experiencing sertraline- or escitalopram-related fatigue and sedation, dosing
might be at dinner, given that the time to maximum concentration (T,,.) for the two
medications is 4 h and nearly 8 h, respectively, for the two medications. Also, taking the
medication without food (sine cibum) will hasten absorption and thus change C,,.x and
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Twax, although these effects are less pronounced with most SSRIs. If these strategies are
ineffective and there are no significant concerns related to sleep hygiene, clinicians could
consider changing to an SSRI with a lower risk of treatment-emergent tiredness, fatigue, and
sedation (e.g., fluoxetine).

Activation in SSRI-treated youth

First described in the 1990s and early 2000s,12 SSRI-related activation represents a
constellation of symptoms consisting of hyperactivity, irritability, insomnia, disinhibition,
restlessness, hyperactivity,14 and anxiety. In adults, this syndrome—termed “antidepressant-
induced jitteriness/anxiety syndrome”—has been described in adults (see Sinclair et al.
(2009) for a systematic review of this syndrome in antidepressant-treated adults).40
Importantly, these symptoms overlap with one another and with core symptoms of the
disorders that are the focus of SSRI treatment. Activation emerges early in treatment or
following dose titration and generally resolves with dose reduction or discontinuation of the
medication.1441 Also consistent with a pharmacokinetic component to risk for SSRI-related
activation, the resolution is related to the onset and may be longer with SSRIs that have
longer half-lives, such as fluoxetine.#! To date, several studies have examined activation-
related AEs in SSRI-treated youth. In the first report of activation in a prospective, double-
blind, placebo-controlled study of children and adolescents, fluvoxamine was associated
with activation in 10 of 22 participants (45%) compared with 1 of 23 (4%) patients

who received placebo.? In this study, most activation-related adverse events occurred

by the fourth week of treatment, and patients with greater fluvoxamine concentrations—
not dose—had higher activation rates. Though pharmacogenetic testing was not included

in this study, higher fluvoxamine concentrations have been associated with CYP2D6

poor metabolizer status,*2 and the Clinical Pharmacogenetics Implementation Consortium
recommends reduced fluvoxamine doses in CYP2D6 poor metabolizers.*3 In a second study,
fluoxetine exposure was indirectly associated with greater activation.4 In a third study,

in adolescents with generalized anxiety disorder treated with escitalopram, activation was
associated with greater escitalopram C,,.y (0= 0.04) and AUC,., in patients for whom
pharmacokinetic sampling was completed.24 A fourth study, a large retrospective study

of pediatric patients treated with escitalopram/citalopram, revealed that activation-related
symptoms were more likely in slower CYP2C19 metabolizers.*® Importantly, the role of
pharmacodynamic genes in the development of activation is unclear, although it is likely
that pharmacodynamic factors interact with pharmacokinetic factors to produce activation
(Figure 3). Finally, with regard to the CAMS trial, there is no “activation” item on the
Physical Symptom Checklist, and activation was examined separately.13 The “restlessness”
and “agitation” items significantly improved by week 12 in both sertraline-treated patients (p
< 0.001) and in those who received placebo (p=0.001). However, compared with baseling,
no significant changes were observed at weeks 4 or 8.

In general, management of SSRI-related activation involves dose reduction and a slower
titration. Interestingly, one study examined “slow” and “standard” sertraline titration in
children and adolescents with OCD, and there were no differences in activation rates
between the two groups, but the study was unable to adjust for differences in metabolism
and weight that are now known to produce differences in medication exposure. Currently,
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when patients experience activation at higher doses of an SSRI, there is evidence®! that
decreasing the total daily dose or stopping the medication can effectively reduce activation.
Also, because activation may directly relate to higher blood concentrations, switching to

an extended-release formulation may help reduce the peak concentration of the medication
(i.e., Cyax). If pharmacogenetic testing is available, consider slower titration and lower
target doses to avoid activation in poor metabolizers of the medication (e.g., CYP2C19 poor
metabolizers for escitalopram and CYP2D6 poor metabolizers for fluvoxamine).

51 PERSISTENT OR LATE-EMERGING ADVERSE EFFECTS

511

Antidepressant-related hyperhidrosis

Increased sweating has been evaluated meta-analytically in adults (V= 28,544) treated

with “second generation antidepressants,” and both SNRIs and SSRIs have similar risk
ratios compared with placebo (SNRI risk ratio: 3.17, 95% confidence interval (Cl):
2.63-3.82; SSRI risk ratio: 2.93, 95% Cl: 2.46-3.47).48 However, in this meta-analysis,

all antidepressants, except fluvoxamine, bupropion, and vortioxetine, were significantly
associated with hyperhidrosis, and the risk was related to the affinity for the dopamine
transporter. To date, similar meta-analytic evaluations have not been completed in SSRI-
treated pediatric patients, although hyperhidrosis occurs in SSRI-treated children and
adolescents. In the largest trial of SSRIs in pediatric patients with anxiety disorders, CAMS,
the frequency/severity of increased sweating assessed by the Physical Symptom Checklist
significantly decreased in SSRI-treated patients. By week 4, sweating did not significantly
change from baseline in either sertraline-treated youth (p = 0.099, p=0.400, p=0.103 at
weeks 4, 8, and 12) or those who received placebo (p=0.327, p=0.113, p=0.078 at weeks
4,8, and 12) (Figure 1).

Management of SSRI-related hyperhidrosis in children and adolescents is primarily

based on an adaptation of strategies that have been successful in adults.#® In general,
strategies have included using low-dose glycopyrrolate to attenuate cholinergic effects.
Glycopyrrolate is available in oral formulations, including an orally dissolvable tablet.
Importantly, unlike other anticholinergics, glycopyrrolate has a limited ability to cross the
blood-brain barrier, which may produce fewer unwanted central nervous system (CNS)
anticholinergic effects compared with other anticholinergics that are commonly used to
address psychotropic adverse effects in children and adolescents. However, glycopyrrolate
has relatively poor bioavailability in youth*” and may be associated with constipation,

nasal congestion, and urinary retention. Topical agents have been used in pediatric
populations with primary hyperhidrosis and include glycopyrronium tosylate (2.4%), a
topical anticholinergic approved in the United States for primary axillary hyperhidrosis

in patients =9 years.*® Additionally, in the case of antidepressant-related palmar-plantar
hyperhidrosis, clinicians may consider aluminum salts (e.g., 12.5% aluminum chloride
hexahydrate or 20% aluminum zirconium salts), which precipitate ions that obstruct eccrine
ducts and in doing so block the movement of sweat to the skin surface.*® Finally, while

oral oxybutynin may be used for the treatment of primary hyperhidrosis in youth, we do not
recommend it given its tertiary structure, which allows it to penetrate the CNS more easily
and produce neurocognitive adverse effects.
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Antidepressant-related Headaches

Headaches are commonly reported in antidepressant-treated youth; however, headaches and
headache syndromes are also more common in pediatric patients with depressive and anxiety
disorders.2! Headaches associated with SSRIs and SNRIs may relate to myriad pre- and
post-synaptic serotonergic effects. It is noteworthy that the triptans—5-HT4g/1p agonists and
TCAs are often used as abortifacients for headaches and prophylaxis, respectively. In one
meta-analysis of headaches in antidepressant-treated adults, SSRIs were not associated with
headaches. However, among individual SSRIs, this effect was nearly significant (Re/ative
risk:1.06, C/:1.00 to 1.13), and the effect was significant for escitalopram.59 Additionally,
neither SNRIs (Relative risk: 0.97, CI:0.88 to 1.06) nor second-generation antidepressants
(e.g., bupropion, vilazodone, vortioxetine) were associated with a significant increase in
headaches over the course of the trial. However, bupropion was associated with more
headaches compared with placebo. In this analysis, there was no significant difference in

the relative risk of headache with second-generation antidepressants and no difference based
on whether the trials were conducted in depressed or anxious adults. In meta-analyses of
antidepressants in pediatric patients with anxiety and OCD, headaches do not occur more
commonly than placebo.1® In a meta-analysis of side effects in children and adolescents
treated with antidepressants, headaches were not associated with SSRI or SNRI treatment,
and the risk was not different between the two.1® Finally, in the largest trial of SSRIs in
pediatric patients with anxiety disorders, CAMS, headache frequency/severity, as assessed
by the Physical Symptom Checklist, significantly decreased in SSRI-treated patients. By
week 4, headaches were improved compared with baseline (mean difference: —-0.28, Crl:
-0.415t0 -0.147, p=0.011) and remained decreased relative to baseline (12-week mean
difference: -0.48, Crl- —0.593 to —0.368, p < 0.001, Figure 1) whereas placebo did not affect
headaches (12-week mean difference from baseline: -0.17, Crf. —0.366 to 0.033, p=0.254).
This effect did not differ between males and females (p = 0.249).

The limited data related to headaches in children and adolescents treated with
antidepressants illustrate the importance of context for interpreting side effects. Headaches
may improve over the course of active treatment, but not placebo. However, most trials

and United States Food and Drug Administration (FDA)-required registration trials require
reporting the emergence of side effects—including headaches—at any point during the trial.
Standard approaches to examining headaches in antidepressant-treated youth underscore the
importance of assessing the baseline frequency and severity of these headaches, which is
uncommon in clinical trials.

Vivid dreams

Vivid dreams have been reported with multiple antidepressants, a phenomenon that may
relate to disruption in REM sleep. TCAs and MAOIs generally increase total sleep

time and decrease wake time after an individual falls asleep; however, SSRIs have the
opposite effect as a class.®! In young, healthy adults who recorded dreams over 30

days, treatment with SSRIs decreased REM sleep and increased the intensity of dreaming
experience upon initiation and during discontinuation. Dream reports during SSRI treatment
contained more visual terms, which increased during discontinuation, potentially reflecting
“cholinergic rebound from serotonergic suppression [during treatment].”>2 Finally, in
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CAMS, vivid dreams significantly decreased in SSRI-treated patients. By week 12, vivid
dreams/nightmares were improved compared to baseline (/mean difference. -0.20, Crl.
-0.296 to —0.101, p= 0.016) but were similar to baseline at week 4 (p=0.250) and

week 8 (p=0.258). In youth who received placebo, the frequency/severity of vivid dreams/
nightmares was similar to baseline (0 =0.492, p=0.079, p=0.158 at weeks 4, 8, and 12)
(Figure 1).

SSRI-related xerostomia

Dry mouth has received less attention than any other potential SSRI or SNRI-related side
effect. Rates of xerostomia are higher in patients treated with TCAs compared with SSRISs,
and in one study of antidepressant-treated adults, TCAs reduced salivary flow by nearly
60%, whereas SSRIs reduce salivary flow by approximately 30%.53 Proposed treatments for
dry mouth, regardless of pharmacologic etiology, include lozenges, sprays, mouth rinses,
gels, oils, and chewing gum, which broadly fall into two categories: saliva stimulants and
saliva substitutes. Recent systematic reviews for the treatment of xerostomia have failed

to identify any topical therapies as effective for symptomatic relief, although oxygenated
glycerol triester (OGT) saliva substitute spray is more effective than an aqueous electrolyte
spray, and chewing gums appear to increase saliva production in those with residual
secretory capacity and may be preferred by patients, but there is no evidence that gum

is better or worse than saliva substitutes.>3 Saliva substitutes have been used in pediatric
patients with multiple disorders and are a reasonable first-line intervention. In CAMS,
xerostomia significantly decreased in SSRI-treated patients and those who received placebo
at week 12 (p=0.024 for sertraline and p = 0.022 for placebo). However, xerostomia

did not differ from baseline in sertraline-treated patients or those who received placebo

at weeks 4 or 8 (s at both time points=0.068 for sertraline and £=0.091 for placebo)
(Figure 1). The observation that xerostomia decreased in both groups is interesting; however,
the failure to observe an effect may have been related to lower rates of xerostomia being
present in this sample or to the etiologic heterogeneity of xerostomia (e.g., anxiety-related,
medication-related) as well as the significant subjectivity of sensations of dry mouth.

Considerations related to suicidal thinking and behavior in antidepressant-treated

In 2004, a boxed warning was added to all “antidepressants” warning of suicidal

thinking and behavior in children, adolescents, and adults. This significantly decreased the
prescription of antidepressants to children, adolescents, and young adults®* and produced
considerable trepidation among clinicians.2% However, the findings from this initial fixed-
effects model have not been replicated in most8:7:15.55 meta-analyses or recent prospective
controlled trials.20:24.56.57 That said, accumulating data suggest that multiple factors
influence the likelihood of treatment-emergent suicidality, including specific medication
(e.g., venlafaxine, paroxetine),’-°8:59 baseline suicidality, clinical factors,?8 and the type of
disorder being treated.5® Further, assessing suicidal thinking in these short-term studies

is difficult given that some high-risk groups (e.g., prior history or recent history of

suicide attempt, substance use disorders) are often excluded from pediatric clinical trials
of antidepressant medications.
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Recent well-designed cohort studies have provided new data related to suicidality. One
large population-based cohort study (N =538,577) of individuals—including children,
adolescents, and young adults—who began SSRIs, linked multiple Swedish national
registers using unique personal identifiers to examine suicidal behavior in the 365 days
prior to initiating an SSRI and in the 365 days following SSRI initiation.89 This analysis
also stratified by age and included a 6-17-year-old cohort and an 18-24-year-old cohort.
The risk of suicidal behavior was highest in the month prior to initiating SSRIs and then
decreased following initiation of SSRI1s.50 This finding, in a very large cohort with repeated
assessments, underscores the possibility raised in other naturalistic studies that suicidality is
confounded by the disorder being treated and by comorbidity, which complicates causal
linking. In the CAMS sample, suicidality was assessed separately from the physical
symptom checklist (PSC), although no significant associations were identified.13

Antidepressant-associated weight gain

Data concerning weight gain in SSRI-treated youth have produced mixed results. This may
be related to changes in appetite associated with the underlying disorder being treated.
Additionally, these effects are difficult to detect given age- and sex-related developmental
shifts in weight and growth trajectory and the short-term nature of most clinical trials.
However, several studies of SNRIs suggest that in adolescents, SNRIs produce weight

loss early in treatment,7:61 although this abates over the course of longer-term treatment.
For SSRI-treated youth, weight gain can emerge early or late and may persist. The two
SSRIs associated with the most weight gain in prospective studies of youth with anxiety
and depressive disorders are paroxetine and citalopram.52 Additionally, for escitalopram
and citalopram, weight gain may be associated with CYP2C19 metabolism in pediatric
patients.#® In one prospective study of adolescents (and young adults) that examined
SSRI-related weight gain over more than a year of follow-up, SSRI treatment and dose
were associated with increases in body mass index (BMI), fat mass index, and changes

in lean BMI z-scores. Also, in this cohort, increased body composition measures were
greatest in those treated with citalopram and escitalopram, and smaller effects were observed
for fluoxetine. In contrast, sertraline was not associated with significant changes in body
composition measures.%2

The mechanism for SSRI-related weight gain is unclear. However, the past half-century of
experience with multiple classes of antidepressants suggests that TCAs and MAOIs are most
likely to cause weight gain, whereas as classes, the SNRIs and SSRIs are less likely to cause
weight gain. Within the specific classes, data in adults suggest that this may be related to
antihistamine effects®® and 5-HT,c receptor activity.54

Antidepressant-related sexual dysfunction

Sexual side effects are common in antidepressant-treated adults and contribute to medication
discontinuation and nonadherence. These sexual side effects (e.g., decreased libido, genital
anesthesia, erectile dysfunction, delayed ejaculation, loss of lubrication, and anorgasmia)
degrade quality of life and compound the decreased sexual functioning related to depression
and anxiety. However, very little attention has been paid to these side effects in youth85.66
and, similarly, little attention has been paid to sexual function in adolescents with depressive
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and anxiety disorders.%7 In one 2 years, prospective study of antidepressant-treated
adolescents aged 15-20 years (N = 263) who were assessed within 1 month of beginning

an SSRI, depression severity, but not anxiety severity, was associated with worse sexual
functioning (arousal, orgasm, and pleasure). Additionally, lower total scores {5 = -0.13, p
<0.001) and lower arousal, orgasm, and pleasure subscale scores (all 8= -0.03, p< 0.003)
using the Changes in Sexual Functioning Questionnaire (CSFQ) were noted. Additionally, in
this sample, higher SSRI doses were associated with more anorgasmia.6’

Sexual side effects may relate to antidepressant-specific pharmacology (e.g., anticholinergic
effects and nitric oxide synthase inhibition), and SSRI-related sexual dysfunction persists
in up to 80% of adults. Dose reduction can help some patients treated with very high

doses; however, dose reductions of up to 50% are needed for some adults to improve
sexual dysfunction. This approach to managing sexual dysfunction in adolescents would

be consistent with prospective studies of adolescents, which have found greater anorgasmia
in adolescents treated with higher doses of SSRIs. Yet, unless they are poor metabolizers
or concomitantly prescribed inhibiting medications, reducing the dose by this much puts
patients at risk for subtherapeutic antidepressant exposure, and sexual side effects could
persist. Other strategies include switching antidepressants and adjunctive antidepressants
(with a lower risk for sexual dysfunction); however, the risk of sexual dysfunction is
generally inferred from studies of adults, given the relatively limited data in the pediatric
population.57

61 ANTIDEPRESSANT WITHDRAWAL SYNDROME AND
ANTIDEPRESSANT DISCONTINUATION

Withdrawal symptoms have been described with SSRIs and SNRIs in children, adolescents,
and adults over the past several decades and generally emerge when antidepressants

are discontinued abruptly, although withdrawal symptoms can occur with missed

doses and, in some patients, following significant dose reductions. These symptoms

can include gastrointestinal and flu-like symptoms, dysesthesias, dyssomnia, increasing
anxiety, agitation, or irritability and must be distinguished from recrudescence of
symptoms associated with the disorder being treated.58:69 Antidepressant withdrawal

has been evaluated from both pharmacokinetic and pharmacodynamic perspectives. In
general, pharmacodynamic aspects of antidepressant withdrawal have focused on the
5-HT transporter, SERT.”9 However, withdrawal may relate to pharmacokinetic factors;
withdrawal symptoms are more common with antidepressants with shorter half-lives

(e.g., paroxetine) than antidepressants with longer half-lives (e.g., fluoxetine).”X:72 Further,
in one 4 weeks study of adults treated with fluoxetine, sertraline, or paroxetine,
double-blind placebo-controlled discontinuation for 5-8 days resulted in significantly
fewer “discontinuation-emergent events than either sertraline-treated or paroxetine-treated
patients (p < 0.001).”72 Given that the half-life may be 50% shorter for ultrarapid
metabolizers than normal metabolizers,”® withdrawal symptoms may be more common

in ultrarapid metabolizers. Finally, although antidepressant withdrawal symptoms relate

to pharmacokinetic and pharmacodynamic factors, other processes have been implicated
in both adult studies and in preclinical studies and include glutamatergic effects, altered
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binding at glutamatergic receptors, increases in synaptic GABA, changes in the density of
post-synaptic NMDA receptors, and BDNF expression.

The general approach to managing antidepressant withdrawal is ensuring (i) adherence

and (ii) slow discontinuation when stopping an antidepressant is necessary.’* Regarding
adherence, pharmacokinetic modeling studies suggest significant decreases in serum
concentrations of several antidepressants used in children and adolescents (e.g., sertraline
and escitalopram), even following one or two missed doses.2® These effects may be
accentuated in youth with increased CYP2C19 metabolism. For example, in a 14-year-old
adolescent normal (Figure 4A) or ultrarapid (Figure 4C) metabolizer, missing two or more
consecutive doses of escitalopram significantly decreases AUC and decreases Cpyn to
nearly 0. Similar effects can be seen when the adolescent is treated with sertraline 150 mg
daily (Figure 4B,D). Slow discontinuation has been consistently recommended; however,
few studies have evaluated slow versus rapid discontinuation of antidepressants, and a recent
systematic review could not provide guidance on rates of discontinuation on the emergence
of withdrawal symptoms in adults.1’ Further, significant pharmacologic heterogeneity often
complicates these studies. As an example, one prospective study of slow (2 weeks) versus
rapid (3 days) discontinuation of adults treated with multiple SSRIs and venlafaxine did

not find differences in the two discontinuation approaches; however, patients treated with
short half-life antidepressants had significantly greater increases in discontinuation and
depressive symptoms than those stopping fluoxetine. A similar study in adults also observed
significantly more withdrawal symptoms in paroxetine compared with fluoxetine-treated
patients during a double-blind, placebo-controlled taper over 5-8days.’2 Taken together, the
extant prospective studies in adults suggest that knowledge of SSRI pharmacology and the
pharmacokinetics of the antidepressant needs to be considered when considering the length
of the taper.

Recently, hyperbolic discontinuation has been proposed as an alternative to more rapid
discontinuations.® This approach leverages the hyperbolic relationship between SSRI
concentration and receptor occupancy. These dose reductions, which occur as a fixed
percentage, produce exponential decreases in total dose as opposed to a linear reduction.18
This approach is based mainly on PET imaging data of serotonin transporter occupancy by
SSRIs in adults and supports the notion that hyperbolically reducing SSRI doses decreases
serotonin transporter inhibition linearly. This approach also recommends tapering more
slowly, which is frequently done in the discontinuation components of most clinical trials,
and drops to doses lower than typical “therapeutic minimums.”18 The ANTidepressants to
prevent reLapse in dEpRession (ANTLER) trial”® examined discontinuation in adults with
major depressive disorder who were treated with either citalopram 20 mg, sertraline 100
mg, fluoxetine 20 mg, or mirtazapine 30 mg daily. This study used a modified version

of hyperbolic discontinuation. Patients received half the dose of their original medication
(citalopram 10 mg, sertraline 50 mg, or mirtazapine 15 mg), “followed by a quarter of

the dose for a month taken as half the dose and placebo on alternate days and then

taking placebo for the remainder of the study” (except for fluoxetine which was taken

as 20 mg every other day for the last month).”® The Discontinuation-Emergent Signs and
Symptoms Scale was used to examine discontinuation symptoms, and despite tapering,
patients who continued antidepressants and those who tapered had similar scores at week 6,
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but scores significantly increased and differed, between the maintenance and discontinuation
group at week 12. Thereafter, discontinuation symptoms continued to decrease. However,
the study did not examine differences in the discontinuation rates among the specific
antidepressants.’®

For tapering in pediatric patients, using a typical taper, a patient taking sertraline 200 mg
would be reduced to 100 mg, then to 50 mg, and then to 25 mg (i.e., 50% dose reduction at
each titration point). However, we have tended to use even slower discontinuation strategies
shown in Figure 4E-G for two common “target doses” of sertraline and escitalopram.
Importantly, even with discontinuation of longer half-life SSRIs (e.g., fluoxetine), the
single prospective discontinuation trial in adolescents suggests that the highest risk of
symptomatic recurrence occurs within the first 2 months following discontinuation.”®
Therefore, following the discontinuation of antidepressants in youth, monthly monitoring
for several months may represent a reasonable approach.

The decision to discontinue an antidepressant should consider the adolescent's psychosocial
milieu.33 Antidepressants may be discontinued during lower stress periods, recognizing

the importance of incorporating factors such as school or separation-related events (e.qg.,
leaving for summer camp) into the decision to stop an antidepressant. Additionally,
clinicians should consider the type, frequency, and duration of psychotherapy. Long-term
data in youth with major depressive disorder and anxiety disorders suggest more rapid
improvement associated with combined therapy (i.e., SSRI + psychotherapy) relative to
antidepressant treatment or psychotherapy alone.”” A patient who has successfully engaged
in psychotherapy during the course of pharmacologic treatment or a patient with a more
rapid response to acute treatment (more likely with combined treatment) might require a
briefer psychopharmacologic intervention. However, no prospective, randomized controlled
trials have evaluated this possibility.

Although debate remains regarding the optimal duration of antidepressant treatment for
youth with major depressive disorder or anxiety disorders, the overarching goal of treatment
is obvious: remission. Any discussion regarding treatment discontinuation is predicated

on the patient having achieved remission of depressive or anxiety symptoms; remission
status indicates clinical relief is linked to functional recovery.”* Current data suggest

that 9—12 months of SSRI treatment is recommended for pediatric patients with major
depressive disorder. For children and adolescents with generalized separation and social
anxiety disorders, 6-9 months of SSRI treatment may be sufficient.”8.79 Many clinicians
extend treatment to 12 months based on extrapolation of data from adults with anxiety
disorders.80 Such extended treatment periods may decrease the risk of long-term morbidity
and recurrence; however, the goal of treatment is ultimately remission rather than the
duration of antidepressant pharmacotherapy.

71 CONCLUSION

Our understanding of antidepressant tolerability and the management of antidepressant-
related adverse events remains underdeveloped; however, significant advances have been
made over the past several decades. We now have a greater understanding of how
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developmental pharmacology underlies some side effects and how the risk for specific side
effects varies among specific antidepressant medications and between antidepressant classes.
Importantly and consistent with the analyses presented herein, many physical symptoms
improve in SSRI-treated children and adolescents. As such, it is critical that baseline
symptoms be assessed using either unstructured, semistructured approaches, or structured
physical symptom inventories (e.g., physical symptom checklists).

In general, early emerging side effects (e.g., activation, gastrointestinal symptoms, sedation)
can be managed by modifying exposure and potentially considering individual differences
in medication metabolism. However, with early-emerging side effects, it is critical to

have evaluated baseline symptoms before initiating pharmacotherapy, given the syndromic
overlap with the disorder being treated.

Management is more nuanced for late-emerging adverse effects (e.g., weight gain).

Weight gain—for SSRIs--may relate, in part, to medication metabolism?® and the specific
medication being used.52 In such cases, switching, perhaps with cross titration, represents
a reasonable strategy. However, for some antidepressants, such as duloxetine, the effects on
weight are more complicated and require a dynamic management approach. For example,
duloxetine is associated with initial weight loss, which normalizes during longer-term
treatment.5” Thus, monitoring or changing diet may represent a better strategy for patients
experiencing duloxetine-related weight loss.

The antidepressant withdrawal syndrome in children and adolescents has been poorly
described, and pharmacokinetic risk factors for discontinuation are inadequately described
in pediatric patients compared with adults. Yet, pharmacokinetic factors likely subtend the
risk of developing withdrawal symptoms in youth and must be considered in approaches

to SSRI discontinuation. Approaches to antidepressant discontinuation are largely based on
strategies used in adults, and studies are urgently needed to understand how differences

in cytochrome ontogeny and pharmacogenetic variation affect discontinuation in youth.
Finally, how symptoms should be monitored after antidepressant discontinuation is unclear,
although a single study in pediatric patients suggests that the highest risk of relapse occurs
within the first 3 months after discontinuing SSRIs, even for long-half-life SSRIs.

In sum, side effects of antidepressant medications vary considerably and are influenced

by developmental pharmacology. Our nascent understanding of side effect prevalence is
incomplete at best, and our understanding of their temporal stability and course has not been
systematically evaluated. Frequently, these side effects are reported as being present during
a trial, which fails to capture the temporal stability and resolution of many side effects.
These side effects—which relate to pharmacokinetic and pharmacodynamic processes, can
be categorized as early-emerging and late-emerging. Managing antidepressant-related side
effects should involve collaboration with the patient and family and may include specific
strategies (e.g., dose reduction, change in administration time), adjunctive medications, or
cross-titration to another antidepressant.
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FIGURE 1.

Physical Symptoms in SSRI-treated Children and Adolescents. Physical symptoms (A-J)
generally decrease over time in sertraline-treated children and adolescents (/7= 139) during
a prospective, double-blind placebo-controlled trial. Similarly, total physical symptoms (K)
significantly decrease over time in sertraline-treated youth. Points represent the change from
baseline in mean burden score on the physical symptom checklist (PSC) at baseline, week 4,
week 8, and week 12, and dotted lines represent the 95% credible interval (Crl).
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FIGURE 2.
Alternative Approaches to Visualizing Adverse Effects. In contrast to presenting relative

rates, odds ratio, or bar graphs, adverse effects can be visually presented relative to the
population of antidepressant-treated patients and the comparison group to provide more
context. Modified gauges (left) and a pictogram (right) show the incidence of nausea (based
on rates in the package insert) for fluoxetine-treated patients across registration trials. Figure
created using BioRender.com
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FIGURE 3.
Functional Causal Diagram of Activation in Selective Serotonin Reuptake Inhibitor-Treated

Youth. Activation, a constellation of symptoms including insomnia, restlessness, irritability,
and mild impulsivity, (red) is influenced by both pharmacologic (green), and clinical (beige)
factors as well as adherence. Additional factors that influence medication metabolism are
shown in blue. Figure created using BioRender.com
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FIGURE 4.
Plasma selective serotonin reuptake inhibitor concentrations with missed doses and during

hyperbolic discontinuation. The effect of missed doses (*) can be seen in an adolescent
treated with 15 mg daily of escitalopram (A) and 150 mg daily of sertraline (B) who
is a normal metabolizer for CYP2C19. However, these effects are amplified in the same
adolescent treated with escitalopram 15 mg daily (C) or sertraline 150 mg daily (D), if she
is an ultrarapid CYP2C19 metabolizer. Hyperbolic discontinuation of escitalopram (E) and
sertraline (F and G) is shown with dosing shown in gray bars. Pharmacokinetic models were
developed for a 14-year-old female weighing 52 kg with a height of 162 cm. Green curves
represent escitalopram, and blue curves represent sertraline
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