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PERSPECTIVE

Pharmacotherapy for generalized anxiety disorder in adult and pediatric patients:
an evidence-based treatment review
Jeffrey R. Strawn a, Laura Geraciotia, Neil Rajdeva, Kelly Clemenzab and Amir Levineb

aUniversity of Cincinnati College of Medicine, Cincinnati, OH, USA; bColumbia University, New York City, NY, USA

ABSTRACT
Introduction: Generalized anxiety disorder (GAD) often begins during adolescence or early adulthood
and persists throughout the lifespan. Randomized controlled trials support the efficacy of selective
serotonin and selective serotonin norepinephrine reuptake inhibitors (SSRIs and SNRIs, respectively), as
well as benzodiazepines, azapirones, anti-adrenergic medications, melatonin analogs, second-genera-
tion antipsychotics, kava, and lavender oil in GAD. However, psychopharmacologic treatment selection
requires clinicians to consider multiple factors, including age, co-morbidity, and prior treatment.
Areas covered: The authors review the literature concerning pharmacotherapy for pediatric and adult
patients with GAD with specific commentary on the efficacy and tolerability of selected agents in these
age groups. The authors describe an algorithmic approach to the pediatric and adult patient with GAD
and highlight considerations for the use of selected medications in these patients.
Expert opinion: In adults with GAD, SSRIs and SNRIs represent the first-line psychopharmacologic
treatment while second-line pharmacotherapies include buspirone, benzodiazepines, SGAs, and prega-
balin. In pediatric patients with GAD, SSRIs should be considered the first line pharmacotherapy and
psychotherapy enhances antidepressant response.
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1. Introduction

Generalized anxiety disorder (GAD), a chronic illness [1,2],
often begins during adolescence or early adulthood [3,4],
and persists throughout the lifespan [5]. Characterized by
pervasive, diffuse anxiety related to multiple domains, GAD
affects up to 5% of children and adolescents and between
3–6% of adults. In addition to inflicting significant individual,
societal and economic costs [6,7], untreated GAD increases the
likelihood of developing secondary disorders, including major
depressive disorder (MDD) [8,9], other anxiety disorders and
increases the risk of suicide attempt and completed suicide
across the lifespan [10,11].

Treatment of GAD and other anxiety disorders in children
and adults frequently consists of both psychotherapy and
pharmacotherapy. In fact, numerous studies suggest concur-
rent psychotherapy amplifies the benefits of pharmacotherapy
(e.g. sertraline, fluoxetine, etc.) [12–15]. Additionally, multimo-
dal approaches (e.g. psychotherapy and pharmacotherapy)
may differentially target specific symptoms (e.g. cognitive vs.
somatic) and the addition of psychotherapy increases treat-
ment adherence and decreases reported side effects of
pharmacotherapy.

The last 4 decades saw rapid progress in the systematic
evaluation of psychopharmacologic interventions for GAD in
pediatric and adult populations. To date, randomized controlled
trials, open-label studies, and other data support the efficacy of
selective serotonin and selective norepinephrine reuptake inhi-
bitors (SSRIs and SNRIs, respectively), as well as benzodiazepines,

monoamine oxidase inhibitors (MAOIs), tricyclics, azapirones,
anti-adrenergics, antihistamines, melatonin analogs, second gen-
eration antipsychotics [16] in addition to trazodone. Herein the
evidence and clinical use of these medications and their related
classes will be reviewed.

2. Psychopharmacologic interventions

2.1. Selective serotonin reuptake inhibitors

The SSRIs inhibit the serotonin (5-hydroxytryptamine, 5-HT)
reuptake transporter and in some cases weakly inhibit dopa-
mine and norepinephrine reuptake mechanisms. Inhibition
of 5-HT reuptake increases the concentrations of synaptic 5-
HT, which in turn increases extra-synaptic diffusion. The
SSRIs (Figure 1) differ significantly in terms of the potency
and selectivity for the 5-HT transporter relative to norepi-
nephrine and dopamine transporters, as well as in their
ability to interact with other synaptic and extra-synaptic
receptors, which subtends their variable efficacy and side
effect profiles. Furthermore, these compounds all differ in
their metabolism, side effect profiles, and duration of action.
The use of SSRIs in the treatment of GAD is endorsed by
both the 2014 Canadian Clinical Practice Guidelines for the
Management of Anxiety, Posttraumatic Stress and
Obsessive-Compulsive Disorders [17] and the British
Association for Psychopharmacology 2014 Guidelines [18].
The latter notes that SSRIs ‘have “broad spectrum” efficacy
in both short-term and long-term treatment, and are
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generally well tolerated; and for these reasons are widely
considered to be the first-line pharmacological approach in
patients with anxiety disorders’ [18].

2.1.1. Fluoxetine
Originally synthesized in the early 1970s, fluoxetine was the
first SSRI to be introduced in the United States in 1987.

Figure 1. Structures of antidepressant medications that have been systematically evaluated in patients with generalized anxiety disorder (GAD).
Structurally, SSRIs and SNRIs share many similarities and contain halogen atoms at specific positions, which are key determinants of their specificity for the serotonin transporter. The
position and type of the specific substitution on an aromatic component of the antidepressant molecule determines the specificity at the serotonin transporter. Halogen substitutions are
associated with the most binding specificity which is mediated through binding within the halogen binding pocket (HBP). Colors represent specific atoms: nitrogen (blue); oxygen (red);
halogens (fluorine and chloride) (green); sulfur (yellow); carbon (gray).

Figure 2. Psychopharmacologic Treatment algorithm for moderate to severe generalized, anxiety disorder in adults (A) and in children and adolescents (B).
Cooler colors represent higher levels of evidence and reflect greater evidence of tolerability and safety. Trials of SSRIs and SNRIs should be ≥ 8 weeks, although if there is no response by
week 8, there is a low likelihood of additional improvement. In the pediatric population, clinicians should note that for buspirone, guanfacine, antihistamines, and maintenance
administration of benzodiazepines, the evidence base is very weak or conflicting. SSRI, selective serotonin reuptake inhibitor; SNRI, selective serotonin norepinephrine reuptake inhibitor;
TCA, tricyclic antidepressant.
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Fluoxetine increases central serotonergic transmission, but it
also has noradrenergic and dopaminergic effects which puta-
tively underlie its therapeutic efficacy. Fluoxetine, which is
primarily metabolized through the CYP2D6 system, also inhi-
bits CYP2D6 activity; and its active metabolite, norfluoxetine,
inhibits CYP3A4 [19]. Compared to its parent compound fluox-
etine, which has a half-life of 4–6 days, norfluoxetine has a
half-life of two weeks [19]. Additionally, fluoxetine is highly
protein bound, and because of its extensive CYP2D6-depen-
dent metabolism, may exhibit considerable intra-individual
variability in tolerability and response [20].

While relatively few studies have evaluated the efficacy of
fluoxetine in adults with GAD, fluoxetine has been studied in a
large randomized controlled trial (RCT) of pediatric patients with
generalized, separation, and/or social anxiety disorders [21]. In
this study, youth, aged 7–17 years of age were randomized to
fixed dose fluoxetine (20 mg/day, n = 37) or placebo (n = 37) for
12weeks; 61% of patients fluoxetine-treated youth (compared to
35% of those receiving placebo) responded in terms of CGI
categorical outcome and fluoxetine was well tolerated [21].

2.1.2. Sertraline
Sertraline is slowly absorbed from the gastrointestinal tract
with peak serum levels occurring between 6 and 8 hours
[22] after administration. Its absorption is influenced by co-
administration with food, which may hasten absorption by
1–2 hours. Sertraline is primarily metabolized by CYP2C19
and CYP2B6 [23] and has a half-life of 26–32 hours in adults,
although this half-life varies as a function of CYP2C19 pheno-
type [24]. In children, the half-life of sertraline is significantly
lower, and some pharmacokinetic studies suggest the need for
BID dosing in pre-pubertal patients [25].

In pediatric patients with GAD (age 6–17 years), sertraline
was evaluated in a fixed-dose randomized, controlled trial
that was conducted by Rynn and colleagues [26]. In this
study, sertraline was initiated at 25 mg and titrated to
50 mg/day and improvements in sertraline-treated patients
were observed by the fourth week of treatment. Also,
despite a fixed-dose administration, improvement increased
over time, as is generally observed in meta-analyses of
antidepressants in anxious youth. In a subsequent study of
sertraline in anxious youth, of whom nearly 40% met DSM-IV
criteria for GAD, flexibly-dosed sertraline significantly
reduced symptoms. As has been observed in studies of
adults with GAD, the effects of sertraline were amplified
by CBT with response rates to CBT + sertraline being super-
ior to sertraline or CBT monotherapy and superior to pla-
cebo [12]. In this study, side effects were extensively
explored and sertraline was relatively well-tolerated.
Specifically, no differences were detected in the double-
blinded conditions for total physical and psychiatric side
effects, or any one physical or psychiatric adverse event.
However, the total somatic symptom-related side effect
burden was greater in patients who received sertraline
monotherapy compared to those who received CBT or CBT
+ sertraline (p’s < 0.01), while the total number of psychia-
tric adverse events was greater in children compared to
adolescents. Importantly, sertraline-associated adverse
events generally decreased over time [27].

2.1.3. Paroxetine
The third SSRI to be introduced in the United States, paroxetine,
inhibits 5-HT reuptake and some norepinephrine reuptake. As an
FDA-approved treatment for GAD in adults, immediate-release
paroxetine has been studied extensively and multiple trials sup-
port its efficacy in adults with GAD. In the first double-blind,
placebo-controlled study, adults with a primary diagnosis of
GAD were randomized to paroxetine (n = 161; 20–50 mg/day)
or placebo (n = 163) for 8 weeks, and improvement in both
anxiety symptoms and daily functioning was reported in parox-
etine-treated patients relative to placebo [28]. In a second dou-
ble-blind, placebo-controlled trial, Rickels and colleagues
examined the efficacy of paroxetine (20 mg or 40 mg) in adults
with GAD (N = 566) over an 8-week double-blind trial and noted
significantly greater improvement in HAM-A scores for both
doses relative to placebo, and also found paroxetine to be well-
tolerated [29].

Several head-to-head studies evaluated the comparative effi-
cacy and tolerability of paroxetine and other SSRIs. In the first,
sertraline and paroxetine were studied in a head-to-head trial in
adults with GAD (N= 55); both SSRIs improved anxiety symptoms
and no differences were detected in response or remission rates
nor in the tolerability profiles of the two medications. A second
and longer study (24 weeks) involved double-blind treatment
with escitalopram (n = 60; 10–20 mg/day) or paroxetine (n = 61;
20–40 mg/day) and, while no differences were observed with
regard to improvement in anxiety symptoms, treatment-emer-
gent adverse events were more frequent in paroxetine-treated
patients compared to those randomized to escitalopram (88.7%
vs. 77.0%). Additionally, significantly fewer escitalopram—com-
pared to paroxetine-treated—patients discontinued due to
adverse events (6.6% vs. 22.6%; p = 0.02) [30]. In another parox-
etine trial, adults with GAD were randomized to paroxetine,
imipramine or diazepam; patients treated with the benzodiaze-
pine improved earlier although both paroxetine and imipramine
were associated with significant improvement in anxiety symp-
toms. Importantly, the improvement associated with paroxetine
was greater than the decreases in anxiety associated with ben-
zodiazepine treatment.

The side effect profile of paroxetine is relatively unique
among SSRIs. In this regard, paroxetine blocks both 5-HT and
norepinephrine reuptake and has significant muscarinic choli-
nergic receptor antagonism and antihistamine effects.
Additionally, paroxetine undergoes significant first pass meta-
bolism, is highly protein-bound, and is extensively metabo-
lized through the CYP2D6 system. Moreover, paroxetine has a
very short half-life and its variability in steady-state plasma
concentrations may be further related to numerous CYP2D6
polymorphisms. Because of its short half-life, SSRI withdrawal
symptoms may be more common in paroxetine-treated
patients relative to those treated with other SSRIs, and these
symptoms may be especially pronounced in younger patients.

2.1.4. Citalopram
Citalopram and its pharmacologically-active s-enantiomer,
escitalopram, represent the newest SSRIs on the US market,
released in 1998 and 2002, respectively, and are among the
most selective for the serotonin transporter of all the SSRIs.
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Interestingly, ‘a blunting effect of r-citalopram on escitalopram
is presumed to explain the therapeutic differences between
citalopram and escitalopram.' Additionally, the r-enantiomer
may have greater histamine affinity and associated antihista-
minergic effects as well as more QTc-prolongation compared
to escitalopram [31] and compared to other SSRIs [32]. Rapidly
absorbed from the gastrointestinal system with a bioavailabil-
ity of 80%, citalopram levels peak 2–4 hours following oral
administration and, unlike several other SSRIs, citalopram does
not undergo substantial first-pass metabolism [33]. This anti-
depressant, like other SSRIs, is highly protein-bound, and
metabolized primarily through the CYP2C19 system. Recently,
large studies suggested that drug level is influenced by
CYP2C19 genotype and that levels are also greater than
expected in patients older than approximately 65 years of
age, although drug level was not separately evaluated in this
age group.

Escitalopram has been approved by the FDA for the treat-
ment of GAD in adults, although both escitalopram and cita-
lopram have been evaluated in adults with GAD. To date,
three 8-week trials have demonstrated that escitalopram is
superior to placebo in the acute treatment of GAD, and that
it is generally well tolerated [34]. In these three trials, adults
with GAD (age 18–80 years; approximate N = 850) were ran-
domized to escitalopram or placebo and, in each individual
study, escitalopram was significantly superior to placebo
(p < 0.05) in terms of improvement in HAM-A scores [34]. In
a double-blind, placebo-controlled maintenance study,
patients were treated with fixed-dose escitalopram (20 mg/
day) over the course of 24–76 weeks, and re-randomization to
placebo significantly increased the risk of relapse (OR: 4; 56%
vs. 19%; log-rank test, p < 0.001). Also, during this study,
discontinuation-emergent symptoms included dizziness, ner-
vousness and dyssomnia [35].

Escitalopram is approved by the FDA for the treatment of
MDD in adolescents aged 12–17, but no studies have evalu-
ated its efficacy in pediatric patients with GAD (although one
single-site, double-blind placebo-controlled trial is ongoing).

2.2. Selective serotonin-norepinephrine reuptake
inhibitors

2.2.1. Venlafaxine
Venlafaxine is a selective serotonin and norepinephrine reup-
take inhibitor (SNRI) that is FDA-approved for the treatment of
GAD, MDD, panic disorder, and social anxiety disorder in
adults. Its active metabolite, o-desmethylvenlafaxine, inhibits
serotonin and norepinephrine reuptake transporters albeit
with greater potency at the norepinephrine transporter.
Desvenlafaxine is itself marketed as an antidepressant, and
both venlafaxine and desvenlafaxine weakly inhibit dopamine
reuptake. In general, dose-related increases in blood pressure
are associated with treatment and are likely mediated by
increases in central and peripheral noradrenergic tone (see
Effexor XR package insert, Wyeth Pharmaceuticals, a subsidiary
of Pfizer, Philadelphia, 2015). Venlafaxine is converted to its
active metabolite by CYP2D6, which potentially contributes to
variability in efficacy and tolerability profiles, as individuals
who are rapid metabolizers for CYP2D6 may have a higher

concentration ratio of desvenlafaxine to venlafaxine, which is
associated with more serotonergic effects. Others who are
poor metabolizers with regard to CYP2D6, however, may
have a higher ratio of venlafaxine to desvenlafaxine, resulting
in more 5-HT relative to norepinephrine reuptake blockade.
This is another example that underscores the complex phar-
macology of these medications.

In adults with GAD, venlafaxine (75–225 mg/day) effectively
reduces anxiety symptoms [36–38] and was the first FDA-
approved antidepressant for the treatment of GAD. In the
second double-blind, placebo-controlled study of venlafaxine,
fixed doses of extended-release venlafaxine were evaluated
(N = 377) with venlafaxine being superior to placebo in
terms of categorical response criteria and continuous mea-
sures of anxiety [37]. The first study of venlafaxine in adults
with GAD examined the efficacy of venlafaxine XR (75 mg/day,
150 mg/day, or 225 mg/day; N = 124) compared to placebo
(N = 127) over a 6-month period. Response rates in patients
receiving venlafaxine XR were 69% compared to 46% in
patients randomized to placebo (p < 0.001) [38]. Across trials
in adults with MDD, the most common treatment-emergent
adverse events were nausea, somnolence, and xerostomia;
increases in systolic blood pressure and heart rate have also
been observed. Finally, two studies suggest that the efficacy of
venlafaxine in patients with GAD and one suggests that this
efficacy is maintained over long treatment periods of
6–12 months [39]. Importantly, these longer-term studies sug-
gest that 12 months of treatment may be preferable to
6 months in decreasing the risk of relapse; however, they
also highlight that in patients who have experienced relapse
upon discontinuation of venlafaxine, response can be recap-
tured by resuming treatment [39].

One randomized placebo-controlled trial evaluated venla-
faxine XR in pediatric patients aged 6–17 years of age with
GAD and suggested efficacy [40]. In this study, venlafaxine XR
was initiated at 37.5 mg and flexibly titrated. Over the course
of 8 weeks, both GAD symptoms and HAM-A scores improved
compared to placebo. In general, venlafaxine was well toler-
ated but associated with asthenia, pain, somnolence, anorexia,
and weight loss [40].

2.2.2. Duloxetine
Duloxetine, a selective 5-HT and norepinephrine reuptake inhibi-
tor, is FDA-approved for the treatment of GAD, MDD, diabetic
peripheral neuropathic pain, fibromyalgia, and chronic musculos-
keletal pain. In multiple randomized placebo-controlled trials of
adults with GAD, duloxetine is associatedwith significant improve-
ments in anxiety symptoms and functional outcomes. These trials
have recently been subjected to a meta-analysis which revealed
superior remission rates for duloxetine (n = 2,399, RR = 1.60, 95%
CI: 1.43–1.80) and greater improvement in HAM-A scores
(n = 1,135, SMD = 3.34, 95% CI: 2.37–4.32), while discontinuation
rates did not differ between placebo and duloxetine [41]. Also,
duloxetine, like escitalopram and several other pharmacothera-
pies, has been evaluated as a relapse-prevention treatment for
adults with GAD. In this double-blind, placebo-controlled trial,
flexibly-dosed duloxetine reduced relapse more frequently than
placebo (41.8% vs. 13.7%, p < 0.001) and was generally well-
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tolerated [42]. Duloxetine has been evaluated in older adults with
GAD and, in this double-blind, placebo-controlled study, adults
aged 65 years or older were randomized to duloxetine (N = 151) or
placebo (N = 140) and, over the course of 10 weeks of treatment,
reductions in HAM-A total scores were significantly greater than
those in patients receiving placebo [43]. In this population, con-
stipation, dry mouth, and somnolence were more common with
duloxetine compared to placebo [43].

In children and adolescents, duloxetine is the only antidepres-
sant that has received FDA approval for the treatment of GAD.
This approval is based on a randomized trial of flexibly-dosed
duloxetine in youth aged 7–17 years with a primary diagnosis of
GAD. In this study, youth were treated with duloxetine (30–
120 mg/day, N = 135) or placebo (N = 137) for 10 weeks and
the acute treatment phase was followed by 18 weeks of open-
label duloxetine treatment (30–120 mg/day) [44]. Improvement
for the Pediatric Anxiety Rating Scale (PARS) [45] score was
greater for duloxetine (−9.7) compared with placebo (−7.1,
p ≤ 0.001, Cohen’s d: 0.5). Furthermore, symptomatic response
(50% improvement on the PARS severity for GAD), remission
(PARS severity for GAD ≤ 8), and functional remission (CGAS
> 70) rates for the duloxetine group (59%, 50%, 37%, respec-
tively) were greater than for the placebo group (42%, 34%, 24%,
respectively, p ≤ 0.05) during acute treatment. Of note, dose-
independent hemodynamic side effects were observed in the
duloxetine group with regard to systolic blood pressure and
heart rate as well as a small, but statistically-significant weight
loss [44].

2.3. Atypical antidepressants

2.3.1. Vilazodone
Vilazodone, a 5-HT transporter inhibitor and a partial agonist
at the 5-HT1A receptor, is approved by the FDA for the treat-
ment of MDD in adults [46,47]. To date, one double-blind,
parallel-group, placebo-controlled, fixed-dose study evaluated
two doses of vilazodone (20 mg/day, N = 230; 40 mg; n = 227)
compared to placebo (n = 223) and observed a statistically-
significant improvement in patients treated with 40 mg/day
(vs. placebo; p = 0.031) but did not observe a drug-placebo
difference at the 40 mg/day dose. An additional study evalu-
ated flexibly-dosed vilazodone (20–40 mg/day) over the
course of 8-weeks and observed a statistically-significant
decrease in anxiety symptoms in vilazodone-treated patients
compared to those receiving placebo (p = 0.005) [47]. In both
studies, the most commonly reported side effects, which
occurred at twice the rate in patients being treated with
vilazodone compared to placebo, were nausea, diarrhea, dizzi-
ness, vomiting, delayed ejaculation, and erectile dysfunction
as well as fatigue [46,47]. To our knowledge, vilazodone has
not been systematically evaluated in youth with GAD.

2.3.2. Mirtazapine
Mirtazapine is an inhibitor of the pre-synaptic α2-adrenergic
autoreceptor and has affinity for both the 5-HT2A and 5-HT2C
receptors. Mitrazapine has no substantial impact on dopa-
mine and 5-HT reuptake machinery, and very little activity at
the norepinephrine transporter. It is a potent histamine H1

receptor antagonist in as much as in vivo cortical histamine

H1 receptor binding occupancy reaches 80–90% following a
15 mg oral dose [48]. Because of its unique combination of
antihistaminergic and serotonergic effects, there has been
considerable interest in this compound as a treatment for
GAD and other anxiety disorders. However, this interest has
not been realized in the clinic, with only two known studies
published to date of mirtazapine in adults with GAD. In the
first study, open-label mirtazapine treatment in adults with
MDD and co-occurring GAD was associated with improve-
ment in depressive symptom severity and in anxiety symp-
toms (HAM-A), which was noted following the first week and
continuing through the following 8 weeks of treatment [49].
In a second open-label study, fixed-dose mirtazapine
(30 mg/day) was associated with improvement in the HAM-
A in adults with GAD (N = 44), and at the week 12 endpoint,
nearly 80% of the sample met response criteria, with one
third meeting criteria for remission [50].

2.4. Multimodal antidepressants

2.4.1. Vortioxetine
Vortioxetine, a medication with a multimodal mechanism of
action including inhibition of the 5-HT transporter and 5-
HT1D receptor, in addition to modulation of 5-HT1A, 5-HT1B,
5-HT1D, and 5-HT7 receptors [51], has been evaluated in four
double-blind placebo-controlled trials of adults with GAD
[52–55]. In the first of these trials, patients were randomized
to vortioxetine or placebo for 8 weeks and modest, but
statistically-significant, improvements were noted for HAM-
A scores in the vortioxetine group [54]. In a subsequent
study, patients (N = 457) were randomized to vortioxetine
(2.5 mg or 10 mg) or placebo (1:1:1) and no differences were
observed [55]. A final study utilized an interesting design to
examine the risk of relapse following stabilization on vor-
tioxetine, and found the risk of relapse following randomiza-
tion to vortioxetine (5 or 10 mg/day) to be significantly
lower than for those randomized to placebo. Finally, a
meta-analysis of vortioxetine in adults with GAD revealed
vortioxetine to be significantly more effective than placebo
in reducing anxiety symptoms (standardized mean differ-
ence: −0.118, p = 0.007) and suggested that the benefit
might be strongest in those with more severe GAD. In this
meta-analysis, odds ratios for response and remission were
1.221 (95% CIs, 1.027 to 1.452, p = 0.024) and 1.052 (95%
confidence interval: 0.853 to 1.296, p = 0.637), respectively
[56]. In general, vortioxetine is well tolerated with the most
common side effects being nausea, diarrhea, constipation,
vomiting, xerostomia, and headache.

Vortioxetine has not been evaluated in any double-blind,
placebo-controlled trials in youth with GAD but has been
evaluated in 2 prospective pediatric trials of patients with
mixed depressive or anxiety disorders. In an acute phase
pharmacokinetic study of youth aged 7–17 years with depres-
sive and/or anxiety disorders, vortioxetine was safe and well
tolerated (dose range: 5–20 mg/day) however, an open-label
extension study (N = 41), suggest that vortioxetine was not
well tolerated; 85% of participants reported adverse events
including headache, nausea, dysmenorrhea, and vomiting [57].
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2.5. Benzodiazepines

Benzodiazepines bind to the γ-aminobutyric acid (GABAA)
receptor and serve as allosteric modulators, potentiating the
effects of endogenous GABA. Prior to the introduction of SSRIs
and SNRIs, benzodiazepines represented a mainstay of GAD
pharmacotherapy. These medications vary in their duration of
action, abuse liability, lipophilicity, and metabolism. They also
vary in their therapeutic onset; although, unlike antidepres-
sant medications, the therapeutic effects associated with ben-
zodiazepines typically emerge shortly after administration.

While benzodiazepines have been studied in patients with
GAD, many of these compounds were introduced and evalu-
ated as treatments for ‘anxiety disorders’ rather than specifi-
cally for GAD – which emerged as a diagnosis in adults with
the publication of the DSM-III, and in children and adolescents
with the publication of the DSM-IV-TR in 1994. As such, alpra-
zolam is the only benzodiazepine to be approved by the FDA
for the treatment of GAD. However, clonazepam, lorazepam,
and diazepam are often used to treat GAD in adults and have
been studied in pediatric patients with mixed anxiety disor-
ders, which include GAD. Benzodiazepines such as diazepam
and clonazepam (both of which are long-acting agents) may
be efficacious in treating GAD, although many clinicians
choose to limit their use due to concerns about the risks
regarding possible misuse and dependence. Current prescrib-
ing guidelines suggest that benzodiazepine therapy for adults
should be short-term (3–6 months), although it has been
noted that this time frame falls short of addressing the chronic
nature of GAD. Of note, numerous specialists have voiced the
opinion that benzodiazepines can be a reasonable option for
certain patients, such as those at a low risk for substance
abuse, when other treatments are contraindicated or proven
ineffective, so long as they are administered with consistent,
close monitoring [58,59]. In fact, while SSRIs an SNRIs are the
most common pharmacotherapy for GAD, a recent meta-ana-
lysis involving 12,655 patients (κSSRI = 16, κSNRI = 17,
κbenzodiazepine = 23), the Hedges’ g for SSRIs and SNRIs were
0.33 and 0.36, respectively while the Hedges g for benzodia-
zepines was 0.5 [60]. These findings suggest that benzodiaze-
pines are more effective than SSRIs or SNRIs in adults with
GAD [60].

It is of interest that benzodiazepines have been evalu-
ated as adjunctive interventions in adults with anxiety dis-
orders who were prescribed SSRIs and that benzodiazepine
treatment may attenuate the transient increase in anxiety
that, in some patients, occurs shortly after initiation of SSRIs.
In this regard, a double-blind, placebo-controlled trial of
clonazepam in adults with panic disorder initiating sertraline
observed more rapid stabilization when paired with clona-
zepam combined initiation with placebo [61]. Similarly, in a
10-week trial of adjunctive clonazepam or placebo in adults
with generalized social anxiety disorder, 79% of patients
who received paroxetine + clonazepam improved in terms
of CGI response compared to 43% of those treated with
paroxetine + placebo, although this narrowly missed the
threshold for statistical significance (p = 0.06) [62]. In adults
with anxiety disorders, the most common side effects of
clonazepam and other benzodiazepines are somnolence,

fatigue, increased sweating, jitteriness. Additionally, standar-
dized withdrawal assessments suggest that the following
are more common with discontinuation from a benzodiaze-
pines compared to placebo: anxiety, diaphoresis and tre-
mor [62].

Studies of benzodiazepines in youth with GAD are limited.
In one study of children and adolescents with GAD (mean age:
12.6 years, N = 30), alprazolam did not result in a statistically
significant improvement compared to placebo in terms of CGI
[63]. Similarly, a study of clonazepam in youth with social
anxiety disorder and/or GAD (aged: 7–13 years, N = 15)
found decreases in anxiety symptoms (standardized, continu-
ous measure of anxiety not reported) but no statistically sig-
nificant differences on the categorical CGI-I response rate
between placebo and clonazepam were detected. Finally, in
youth, the side effects of benzodiazepines are reported to
include irritability, drowsiness, and ‘oppositional behavior’
[64] as well as dry mouth and sedation [63], although relatively
aggressive dosing in these studies may have contributed to
the poor tolerability of this class of medications in anxious
youth.

2.6. Non-benzodiazepine hypnotics

To date, one study has evaluated the non-benzodiazepine
soporific, eszopiclone, in patients with GAD [65]. This study
addressed an important limitation to antidepressant treatment
– that some patients experience worsening anxiety and insom-
nia associated with the initiation of treatment – and specifically
addressed the need for a targeted insomnia treatment, given
that insomnia is frequently a symptom of GAD. In this double-
blind, randomized, placebo-controlled, parallel-group, add-on
therapy 10-week trial, adults with GAD received 10 mg of
escitalopram for 10 weeks and were randomized to receive
adjunctive eszopiclone (n = 294) or placebo (n = 301). The
combination of eszopiclone and escitalopram significantly
improved sleep and daytime functioning (p < 0.05) and there
was no evidence of tolerance. Further, the addition of eszopi-
clone to escitalopram resulted in greater improvement in HAM-
A scores at each week, even when the insomnia item of the
HAM-A was removed, and also enhanced the likelihood of
response and remission [65]. The most common side effects
were unpleasant taste, headache, dry mouth, and somno-
lence [65].

2.7. Tricyclic antidepressants

The tricyclic antidepressants (TCAs) were developed in the
1950s and represented a mainstay of psychopharmacotherapy
prior to the introduction of the SSRIs in the late 1980s. The
TCAs are categorized as tertiary amines (e.g. amitriptyline,
clomipramine, doxepin, imipramine, and trimipramine) and
secondary amines (e.g. desipramine, nortriptyline, protripty-
line). Secondary amines are more effective in blocking the
norepinephrine transporter, whereas the tertiary amines are
more potent inhibitors of 5-HT reuptake (Table 1). The TCAs
are rapidly absorbed in the small intestine, with peak concen-
trations achieved within 2–4 hours (Table 2). Like SSRIs and
SNRIs (other than venlafaxine), TCAs are highly protein bound.
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Finally, TCAs are metabolized through the cytochrome P450
system [66].

While the use of TCAs has largely been supplanted by the
use of SSRIs for the treatment of GAD, they still represent a
viable option for patients who fail to respond after multiple
trials of SSRIs, SNRIs, and adjunctive psychopharmacologic
interventions. Mechanistically, the TCAs bind to norepinephr-
ine and 5-HT transporters and increase synaptic concentra-
tions of these biogenic amines, although they have some
affinity for histaminergic, cholinergic, and α1 adrenergic recep-
tors which lead to the common side-effects of dry mouth,
constipation, and weight gain [67] as well as orthostatic hypo-
tension. Additionally, QTc prolongation with TCAs is more
pronounced compared to SSRIs (7.1 msec; 95% CI 3.84–
10.27)[32] and TCAs may be fatal in overdose, secondary to
TCA-related ventricular arrhythmias and seizures [68].

Numerous studies have demonstrated the efficacy of TCAs in
the treatment of patients with GAD, so we will review only a
selection of the more notable randomized controlled trials here.
Rickels and colleagues evaluated imipramine, trazodone, diaze-
pam, and placebo over the course of 8 weeks to adults with GAD
who were experiencing moderate to severe symptoms (HAM-A
score ≥ 18) [69]. Diazepam was superior to imipramine and
trazodone within the first 2 weeks, although by week 4, the
salutary effects of imipramine statistically eclipsed both trazo-
done and diazepam. In this study response rates were 73% for
imipramine-treated patients, compared to 69% for patients
receiving trazodone and 66% for those receiving diazepam,
and 47% for the placebo group. Imipramine was relatively
well-tolerated, with the most common side effects being dry
mouth and constipation; although less drowsiness was reported
for imipramine compared to either of the other medications
[69]. In another double-blind placebo-controlled, parallel group
study of imipramine and alprazolam, the latter was more effec-
tive in reducing somatic symptoms, whereas imipramine was
more effective in ameliorating psychic symptoms (e.g. dys-
phoria, negative anticipatory thinking). Based on this trial, the
authors suggest that, in adults with GAD, somatic symptoms

and hyperarousal respond best to GABAergic medications, while
psychic symptoms respond best to medications targeting the
noradrenergic or serotonergic systems [70]. Imipramine has also
been evaluated in tapering benzodiazepeines in patients with
GAD [71]. In this study, 83% of long-term benzodiazepine-trea-
ted adults (average duration: 8.5 years) who had previously
failed at least three tapers, were successfully tapered when
treated with imipramine [71].

2.8. Monoamine oxidase inhibitors

The monoamine oxidase inhibitors (MAOIs) inhibit the mito-
chondrial enzyme monoamine oxidase, which metabolizes
and inactivates dopamine, 5-HT and norepinephrine. Thus,
inhibition of monoamine oxidase increases the synaptic con-
centrations of these monoamines. The MAOIs inhibit one or
both isomers of monoamine oxidase (MAO) [72]. MAO-A is
primarily expressed in gastrointestinal and central nervous
system, whereas MAO-B is found mainly in platelets and in
CNS regions that are heavily innervated by dopaminergic
neurons [72]. Currently, in the United States, two non-selective
MAOIs are prescribed: tranylcypromine and phenalzine, while
the MAO-B inhibitor, selegiline is also available [73]. To date,
most MAOI trials in anxious adults have focused on panic and
social anxiety disorders, although MAOIs still represent a
potential treatment option for patients with refractory GAD
in whom SSRIs, SNRIs and alternative pharmacotherapies are
not viable options.

2.9. Azapirones

2.9.1. Buspirone
Buspirone, a non-benzodiazepine anxiolytic and 5-HT1A recep-
tor agonist, is approved for the treatment of GAD in adults
and has been evaluated in several double-blind placebo-con-
trolled trials of children and adolescents with GAD. Recently, a
Cochrane review of randomized controlled trials of azapirones
(κ = 36) in adults with GAD suggested that this class of
medications is relatively well-tolerated and effective, particu-
larly in patients who have not been previously treated with
benzodiazepines [74], though interestingly, the comparative
analysis conducted by this review suggested that azapirones
may be less effective compared to benzodiazepines [74].

Buspirone has been evaluated in pediatric patients with
GAD. The results of these trials, which were recently published,
suggest that buspirone is relatively well-tolerated in the pedia-
tric population, although two randomized controlled trials
were too underpowered to detect small effect sizes (Cohen’s
d < 0.15) [75].

2.10. Antihistamines

2.10.1. Hydroxyzine
Antihistamines have long been used as abortive interventions in
pediatric and adult patients with GAD, and yet systematic ana-
lyses of antihistamines have only recently been undertaken. The
H1 receptor antagonist, hydroxyzine, a centrally-acting antihista-
mine with mild anticholinergic effects was first introduced in
1955 and has been repeatedly evaluated in the four decades

Table 1. Comparison of tricyclic antidepressants (TCAs).

Potency of reuptake blockade

Drug 5-HT Norepinephrine Dopamine

Amitriptyline • •
Clomipramine ••• •
Desipramine • •••
Imipramine •• •
Nortriptyline • ••• •

Table 2. Dosage, half-life and apparent therapeutic plasma concentrations of
tricyclics and tetracyclics.

Drug
T½ (hours)
[134–136]

Dosage
(mg/day) [137]

Plasma concentration
(ng/mL) [137]

Tertiary amines
Amitriptyline 13–36 100–300
Clomipramine 19–40 100–250/300 >150*
Imipramine 8–21 100–300* >200
Secondary amines
Desipramine 15–24 75–300 >125
Nortriptyline 26 50–150 50–150

*Total plasma concentration + metabolite
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since as an anxiety treatment. A recent Cochran review of 39
studies, of which five met inclusion criteria [76], found hydro-
xyzine to bemore effective than placebo in the treatment of GAD
in adults. Across studies, hydroxyzine was well-tolerated and
there were no statistically significant differences in the number
of patients experiencing adverse effects between hydroxyzine
treated patients and those receiving placebo [76]. Overall, hydro-
xyzine wasmore effective than placebo in reducing symptoms of
GAD; however, the quality of these studies was generally
deemed to be low [76].

2.11. GABA-related interventions

2.11.1. Pregabalin
The GABA analog pregabalin binds with high affinity to the
α2δ subunit of brain voltage-gated calcium channels (N-type),
and in doing so, decreases presynaptic calcium currents [77]
and subsequently decreases calcium-dependent vesicle dock-
ing at the presynaptic membrane. However, unlike benzodia-
zepines which exert their therapeutic effects through binding
to GABAA, and benzodiazepine receptors, pregabalin does not
bind directly to these receptors, augment currents or affect
GABA metabolism. Moreover, pregabalin does not appear to
have functional activity at 5-HT, dopamine, or norepinephrine
receptors. This highly lipophilic compound is rapidly absorbed
from the gastrointestinal tract, has a high bioavailability and is
renally-cleared.

Nearly a dozen studies have examined the efficacy of preg-
abalin in adults with GAD [78]. In the first of these studies,
Pande and colleagues [79] evaluated the efficacy of pregabalin
over four weeks with a one-week placebo lead in. Additionally,
in this study, as in similar trials of pregabalin in adult GAD,
active benzodiazepine comparison arms were included. In
most studies, separation from placebo occurred relatively
early and statistically significant improvements were observed
relative to placebo over the course of treatment. Additionally,
the efficacy of pregabalin was, in general, consistent with the
efficacy of active benzodiazepine comparators. Furthermore,
in adult outpatients randomized to fixed-dose venlafaxine
(75 mg/day) or pregabalin, treatment effects emerged earlier
for pregabalin (week 2) compared to the SNRI venlafaxine [80].

In adults with GAD, the most common treatment-emergent
adverse effects associated with pregabalin included dizziness,
somnolence, headache, xerostomia, amblyopia, and diarrhea.
Importantly, these treatment-emergent adverse events were
generally more common with higher doses (600 mg/day)
compared to lower doses (150 mg/day). Given the potential
neurocognitive and psychomotor effects of pregabalin, its
neuropsychiatric side effect profile has additionally been eval-
uated in comparison with alprazolam, to which it was found to
compare favorably [81]. The most significant treatment limit-
ing adverse event appears to be the weight gain; significant
weight gain is observed in nearly all trials and does appear to
be dose-dependent [78].

Pregabalin is generally well-tolerated in adults with GAD
and has a rapid onset of action compared to many other
pharmacotherapies (approximately one week) as well as com-
parable efficacy to benzodiazepines [82,83]. Additionally, it has
been evaluated in older adults with GAD and found to be

efficacious and well-tolerated both as monotherapy [84] and
as an adjunctive intervention in antidepressant-resistant GAD
[85]. Discontinuation rates in double-blind, placebo-controlled
trials of pregabalin in the treatment of GAD have generally
been lower than those observed for both benzodiazepines
[79,83] and 75 mg/day venlafaxine [86]. However, pharmacov-
igilance data suggest that pregabalin (and gabapentin) have
abuse liability and are associated with overdose fatalities [87].
A recent systematic review of abuse liability suggests that
pregabalin may be more addictive than gabapentin regarding
the magnitude of behavioral dependence symptoms and tran-
sitions from prescription to self-administration’ [87].
Additionally, in this review overdoses ‘appeared relatively
safe but can become lethal (pregabalin > gabapentin)’ which
is relevant in that lethal overdoses frequently include conco-
mitant medications (e.g. opioids and sedative-hypnotics) [87].

Finally, it is of interest that recent studies, including a meta-
analysis, suggest that the effect size of pregabalin may be
lower than was first appreciated. Specifically, a meta-analysis
of seven studies suggested an Hedges’ g of 0.364, with effect
sizes of 0.349 and 0.24 for psychic and somatic symptoms,
respectively [88].

2.11.2. Tiagabine
Tiagabine is a GABA-reuptake inhibitor that exerts its action
via the presynaptic GAT-1 transporter blockade [89]. Open-
label studies in adults with GAD [90] as well as case series of
adult outpatients with treatment refractory GAD [91,92], found
tiagabine to be generally effective and well tolerated,
although results from double-blind placebo-controlled trials
have produced mixed results. In an 8-week open-label study
of tiagabine in SSRI-treated adults with GAD (N = 17, mean
dose: 13 mg/day), nearly 80% experienced at least a 50%
reduction in anxiety symptoms as (HAM-A), with nearly 60%
achieving remission [90]. In an analysis of three placebo-con-
trolled trials, tiagabine demonstrated no superiority to pla-
cebo on the HAM-A for any dose in two flexible-dose
studies. However, tiagabine-treated patients did improve, but
this improvement only reached significance in study comple-
ters [93]. Common side effects of tiagabine in adults with GAD
include dizziness, headache, nausea, fatigue, and somnolence
[93]. To date, no studies have evaluated tiagabine in pediatric
patients with GAD.

2.12. Second-generation antipsychotics (SGAs)

2.12.1. Olanzapine
Olanzapine, a D2/5-HT2A antagonist with significant H1 and α1
antagonism [94], is rapidly absorbed with peak concentrations
occurring in 4–6 hours [95] and is primarily metabolized
through CYP1A2 [96]. Olanzapine has been evaluated in adults
with GAD who continued to experience significant symptoms
during the course of treatment with fixed-dose fluoxetine
(20 mg/day) [97]. In this study, patients who failed to respond
completely to fluoxetine were randomized to olanzapine or
placebo (N = 24) for six weeks (mean dose 8 ± 7 mg/day).
Response rates were significantly higher in olanzapine-treated
patients on both the CGI [98] and HAM-A [80], while remission
rates were numerically greater in patients treated with
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olanzapine, but this effect only trended toward significance
(p = 0.1). As is common with SGAs, treatment-emergent
weight gain was noted [97]. No studies have evaluated olan-
zapine in pediatric patients with GAD.

2.12.2. Ziprasidone
Snyderman and colleagues evaluated low-dose ziprasidone in
patients with treatment-resistant GAD (N = 13): ziprasidone
(20 to 80 mg/day) significantly improved anxiety symptoms
[99]. To date, no studies have evaluated ziprasidone in pedia-
tric patients with GAD.

2.12.3. Risperidone
This high potency SGA with D2/5-HT2A/α1 antagonism is
rapidly absorbed with peak concentrations occurring in
1–2 hours, and is primarily metabolized through CYP2D6 to
the active metabolite, 9-OH-risperidone (paliperidone) [100].
Several studies have evaluated open-label risperidone treat-
ment in adults with refractory anxiety, including GAD [101].
One double-blind, placebo-controlled study in adults with
GAD who were already treated with an anti-anxiety agent
but with only partial response evaluated adjunctive risperi-
done. In the controlled study, patients with GAD (N = 40)
were randomized to 5 weeks of double-blind adjunctive treat-
ment with placebo or risperidone (0.5–1.5 mg/day) and
greater reductions in HAM-A total scores (p = 0.034) and
HAM-A psychic anxiety factor scores (p = 0.047) were observed
in patients treated with risperidone compared to those who
received placebo [102]. To date, no studies have evaluated
risperidone in pediatric patients with GAD.

2.12.4. Aripiprazole
Aripiprazole is a partial dopamine D2 and 5HT1A receptor agonist
that also binds to D3 dopamine and 5HT2A receptors. This SGA is
well absorbed with peak plasma concentrations typically occur-
ring 3–5 hours after administration and has a long half-life,
approximately 75 hours in adults [103]. Two open-label studies
of low-dose aripiprazole in adults with treatment-resistant GAD
suggest that adjunctive aripiprazole is associated with significant
improvement in terms of CGI and is generally well-tolerated,
although a minority of patients discontinued treatment due to
side effects [104,105]. To date, no studies have evaluated aripi-
prazole in pediatric patients with GAD.

2.12.5. Quetiapine
The high affinity for 5-HT2A, α1 and H1 receptors and D2

antagonism that characterize the quetiapine neuropharmacol-
ogy only partially accounts for its clinical effects. In this regard,
quetiapine, despite its D2 receptor potency, rapidly disassoci-
ates from the D2 receptor [106] conferring a low risk of extra-
pyramidal symptoms that is equivalent to placebo – including
akathisia, which may be particularly problematic in patients
with GAD. To date, five open-label studies have evaluated
quetiapine (XR formulation: κ = 2; immediate release: κ = 3)
as an adjunctive treatment for adults with GAD [107] and this
compound has also been evaluated for GAD in geriatric
patients [108]. In these studies, quetiapine was generally effi-
cacious and well tolerated. Two of the double-blind trials of
quetiapine in adults with GAD require additional discussion.

Statistically significant improvement was observed over an 8-
week treatment period, and dosing was relatively lower than is
typically used for bipolar disorder or schizophrenia. Among
patients randomized to fixed-dose treatment (quetiapine XR:
50 mg/day, n = 234; 150 mg/d, n = 241; 300 mg/d, n = 241) or
placebo (n = 235) quetiapine was statistically superior to
placebo; although, at the 300 mg/day dose, wherein side
effects were significantly greater [109]. An additional study
evaluated the efficacy of quetiapine XR in the maintenance
treatment of adults with GAD. In this double-blind, placebo-
controlled study, patients were stabilized with quetiapine XR
(50–300 mg/day) over a period of 4–8 weeks and then rando-
mized to continue quetiapine XR (n = 216) or switch to pla-
cebo (n = 216); and significantly fewer patients who had been
randomized to quetiapine XR experienced recurrence of their
anxiety symptoms compared to placebo [110]. There are no
studies of quetiapine in pediatric patients with GAD.

2.13. Other agents

2.13.1. Agomelatine
Agomelatine (β-methyl-6-chloromelatonin) is a melatonin
structural homologue that potently agonizes melatonin-1
(MT1) and MT2 receptors in addition to antagonizing 5-HT2C
receptors [111]. This compound, which has been found to
normalize sleep in studies without daytime sedation, and
which has established efficacy for the treatment of MDD in
adults, has been evaluated in several double-blind, placebo
controlled studies in adults with GAD. In the first study of
agomelatine in adults with GAD, agomelatine (25 to 50 mg/
day) was associated with a greater reduction in anxiety symp-
toms compared to placebo and similar improvements were
observed for clinical response, insomnia, and associated dis-
ability [112]. In an international multi-site study, agomelatine
was compared to escitalopram and placebo in adults with
GAD. Comparable reductions were observed between both
active treatments, and agomelatine was well-tolerated
whereas escitalopram was associated with increased rates of
side effects compared to placebo [113]. The most recent acute
efficacy study of agomelatine observed improvement in HAM-
A scores in adults with GAD who were treated with agomela-
tine (10 mg/day and 25 mg/day) over a 12-week period and
observed a dose-response relationship for this effect.
Additionally, response (51% to 70%) and remission (25% to
40%) were also found to be significantly superior in agomela-
tine-treated patients compared to those treated with placebo
[114]. Finally, a relapse-prevention study found that over a
6 month follow-up period, patients subsequently randomized
to agomelatine had lower rates of relapse compared to those
randomized to placebo (19.5% vs. 30.7%, p = 0.046) [115].

2.13.2. Guanfacine
Strawn and colleagues [116] examined the efficacy of the α2A-
adrenergic receptor agonist, guanfacine (extended-release) in
pediatric patients (N = 83) with generalized, separation, and
social anxiety disorders (95% met DSM-IV criteria for GAD). At
the α2A receptor, guanfacine may decrease synaptic release of
norepinephrine which is relevant to anxiety in that agents that
decrease norepinephrine release or dampen its postsynaptic
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effects may attenuate fear responses [117]. Patients were ran-
domized (3:1) to guanfacine (n = 62) or placebo (n = 21) and
extended release guanfacine was relatively well-tolerated with
the most common side effects being headache, somnolence,
fatigue, abdominal pain, dizziness, and constipation [116]. No
differences were observed between medication and placebo
for the improvement in PARS or SCARED scores (PARSguanfacine:
−6.9 ± 6.6; PARSplacebo: −5.6 ± 6.3), although the number of
patients who responded to treatment as measured by CGI-I
score was statistically significantly higher in youth who
received guanfacine relative to those who received placebo.

2.13.3. Lavender oil
Long used in aromatherapy, silexan, an essential oil derived
from lavender has been evaluated in adults with GAD. In one
trial comparing the benzodiazepine lorazepam to silexan,
comparable improvements were observed between loraze-
pam and silexan [118]. Additionally, in a randomized, double-
blind, double-dummy trial (N = 539) that was referenced to
paroxetine, silexan (160 or 80 mg/day) was superior to placebo
in reducing symptoms of anxiety (HAM-A) total score,
p < 0.01); paroxetine trended toward significance (p = 0.10).
Silexan was well-tolerated and was associated with fewer
adverse events compared to paroxetine [119]. Additionally, in
a meta-analysis of silexan in patients with sub-threshold anxi-
ety (K = 3), a significant effect was observed ‘for observer- and
self-rated anxiety’ in addition to sleep and quality of life and
this compound was well-tolerated [120]. To date, there are no
reports of silexan in pediatric patients with GAD, although
there may be specific tolerability concerns in this population,
particularly in boys. In this regard, lavender oils have been
associated with sex-steroid signaling disruption that may
result in unopposed estrogen action on breast tissue produ-
cing gynecomastia in pre-pubertal youth [121].

2.13.4. Kava
Kava (Piper methysticum) has been evaluated as a treatment
for anxiety in adults with GAD. Several [122], but not all, [123]
of these trials suggest efficacy. Kava was banned in the UK and
in several European in the early 2000s secondary to approxi-
mately 100 reports of hepatotoxicity; however, it has recently
been reintroduced. Interestingly, some suggested that as the
compound became increasingly used in the late 1990s and
early 2000s, kava ‘prices were high and kava was in short
supply. Thus kava cultivars (over 80 different cultivars exist)
and parts (e.g. peelings of the stump instead of the rhizome),
were used’ and these may have been associated with hepato-
toxicity [124]. As such, routine transaminase monitoring
appears to be indicated should clinicians recommend treat-
ment with kava. To date, there are no trials of kava in pediatric
patients.

3. Conclusions

The extant literature suggests that multiple classes of medications
are available to clinicians treating GAD in children, adolescents,
and adults. Collectively, these medications comprise a pharmaco-
logic armamentarium rather than an interchangeable list,
although guidelines and evidence suggest that – across age

groups – SSRIs should be considered the first line interventions,
followed by SNRIs [17,18]. Additionally, guidelines for the treat-
ment of GAD in adults, including both the Canadian and US
guidelines [17,18] as well the International Psychopharmacology
Algorithm Group recommendations (www.ipap.org) are generally
convergent with regard to second line pharmacotherapies [125].
However, the International Psychopharmacology Algorithm
Group recommendations for GAD also note the importance of
co-morbidity in guiding treatment selection (e.g. adjunctive mood
stabilizer in a patient with bipolar disorder + GAD, non-benzodia-
zepine GABAergic hypnotic or benzodiazepine or trazadone in a
patient with GAD and prominent insomnia) [125]. Ultimately, the
choice of medication for the treatment of GAD will be based on
numerous individual patient considerations, including target
symptoms, patient age, co-morbidities, genotypes for CYP450
enzymes, and other genetic polymorphisms of clinical relevance.
As such, this review of the available pharmacotherapy for GAD
underscores the tenet that psychopharmacologic treatment with
all its intricacies is still just emerging. Finally, regardless of the
treatment—whether psychopharmacologic, psychotherapeutic or
a combination—early treatment response and remission should
be the most important goal. In this regard, large prospective
studies of patients with GAD consistently find that early treatment
response predicts long-term remission and overall functional
improvement [126].

4. Expert opinion

4.1. Synthesis of data

SSRIs are considered to be the first-line psychopharmacologic
interventions in adults with GAD [17,18]; although, there is
considerable evidence supporting the efficacy and tolerability
of SNRIs in these patients as well (Figure 2). The classification
of these two medications as first-line interventions is related
to the substantial body of evidence supporting their efficacy
and, importantly, their tolerability and side effect profile and is
consistent with international guidelines [17,18]. Second-line
interventions in adults with GAD are also supported by numer-
ous randomized controlled trials; however, these medications,
which include benzodiazepines, buspirone, SGAs (primarily
quetiapine), and some antiepileptic medications (e.g. prega-
balin) may be associated with less favorable side effect profiles
relative to antidepressants. Third-line interventions include
TCAs, which are associated with substantial efficacy but
require more monitoring given their clinically-significant,
class-related tolerability concerns, which limit their use by
non-psychiatrists.

In pediatric patients, SSRIs are the first-line psychopharmaco-
logic intervention, and SNRIs may be considered second-line
(Figure 2). This distinction between SSRIs and SNRIs, with regard
to first and second-line treatment, stems not from differences in
tolerability, but rather from accumulating data suggesting that
SSRIs are associated with a greater magnitude of treatment
response and a more rapid treatment response compared to
SNRIs [127]. In pediatric patients with GAD and related anxiety
disorders, SSRIs and SNRIs differ in their response trajectories and
magnitude. For SNRIs, the response rate at week 8 is only 40% of
that typically observed for SSRIs, and this difference in trajectory
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is apparent by the second week of treatment. This is of interest in
light of three recentmeta-analyses of SNRIs and SSRIs in pediatric
anxiety disorders [127–129]. These meta-analyses suggest an
advantage to SSRIs, compared to SNRIs, and one meta-analysis
specifically suggests a relationship between serotonergic selec-
tivity and the weighted effect size of the antidepressant [129]. In
youth, SNRIs may be associated with class-specific tolerability
concerns and, in fact, venlafaxine was associated with increased
treatment-emergent suicidality in the Treatment of SSRI-
Resistant Depression in Adolescents (TORDIA) study [130] and
in a recent meta-analysis of antidepressants in pediatric patients
with MDD [131]. Additionally, the 5-HT system matures earlier
than the noradrenergic system; this developmental lag may
underlie differences in the effectiveness of antidepressants that
mechanistically target both norepinephrine and 5-HT reuptake
(e.g. SNRIs and TCAs) vs. those that more selectively target 5-HT
reuptake (i.e. SSRIs) between youth and adults [132]. Lastly, GAD
pathophysiology may involve more serotonergic dysfunction
relative to noradrenergic dysfunction [133] which could relate
to the greater effectiveness of SSRIs relative to noradrenergic
agents.

Compared to the literature for the treatment of GAD in
adults, there is considerably less evidence for ‘next step’ inter-
ventions for youth. Additionally, many of the trials responsible
for generating evidence for these ‘next step’ interventions are
complicated by methodologic and sample size concerns.
Nonetheless, there remains some data to suggest that, in
some patients, adjunctive benzodiazepines or buspirone may
have a role to play during the course of treatment. Finally, the
emergence of agomelatine as a potential therapeutic agent
with a low side effect profile in GAD in adults merits its
potential investigation in youth with GAD, especially in the
adolescent population where co-morbid circadian rhythm dis-
orders prevail.

4.2. What research or knowledge is required to achieve
goals and biggest challenges?

The last four decades have seen a number of studies establishing
the efficacy for numerous psychopharmacologic interventions in
both pediatric and adult patients with GAD. However, relatively
few studies have examined the optimal treatment duration, stra-
tegies for discontinuation of medication, and adjunct of interven-
tions for inpatients with GAD. We also desperately need (1) more
treatment studies; (2) studies that evaluate psychotherapeutic
interventions in parallel with psychopharmacologic treatments;
(3) head-to-head trials of pharmacologic treatments; and (4) stu-
dies that identify predictors of differential treatment response to
guide patient-specific treatment selection. An unfortunate incon-
venience of many of our treatments is the requirement that
patients wait weeks in order to determine whether or not a
particular treatment is going to work for them. This underscores
the need to identify predictors of treatment response. Similarly, we
need to understand how treatment might be tailored based on a
given patient, how the disorder manifests in them, and other
factors that affect symptom severity or course of illness. For exam-
ple, might medications be titrated more slowly in some patients
versus others, and in what patients should pharmacotherapy
occur in tandem with, or precede, or follow psychotherapy?

Unfortunately, despite being nearly two decades into this millen-
nium, selecting an antidepressant remains largely a trial and error
process. For this reason, a better understanding of the clinical as
well as demographic predictors of treatment response, as well as
potential pharmacogenetic or other biological predictors of treat-
ment response, are desperately needed.
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