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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is characterized by age- 
inappropriate and impairing levels of inattention, hyperactivity, or impulsivity, or 
a combination of these characteristics. It is estimated to affect around 4% of adults world-
wide. In the past few decades, prescriptions for ADHD drugs (psychostimulants and non- 
psychostimulants) have increased significantly. However, the efficacy and safety of adult 
ADHD medications remains controversial. Guanfacine extended-release (GXR) is a non- 
psychostimulant ADHD drug that is a selective α2A-adrenergic receptor agonist, first 
approved for treatment of adult ADHD in Japan in June 2019. Our aim was to provide an 
overview of GXR pharmacology and review the studies on efficacy and safety that have been 
conducted in adults with ADHD. The beneficial actions of guanfacine are thought to be 
attributed to the strengthening of prefrontal cortical network connections, which regulate 
attention, emotion, and behavior via the activity at post-synaptic α2A receptors. Current 
evidence of GXR efficacy and safety suggests that GXR is an effective monotherapy 
treatment option for adults with ADHD. 
Keywords: attention-deficit/hyperactivity disorder, pharmacotherapy, guanfacine, adults, 
nonstimulant

Introduction
Attention-deficit/hyperactivity disorder (ADHD) is characterized by age- 
inappropriate and impairing levels of inattention, hyperactivity, or impulsivity, or 
a combination of these characteristics.1 It is estimated to affect 7–10% of children2 

and about 4% of adults.3 Available pharmacological treatments for ADHD include 
psychostimulant (eg methylphenidate and amphetamine) and non-psychostimulant 
medications (eg atomoxetine and α2-agonists). In the past few decades, prescrip-
tions for ADHD drugs have significantly increased globally.4,5 Despite clinical 
guidelines recommending the use of these drugs for treating ADHD,6–9 the treat-
ment guidelines for adult ADHD are developing.

Guanfacine extended-release (GXR) is a nonstimulant, selective, α2A- 
adrenergic receptor agonist. The guanfacine extended-release formulation has 
been available in the United States since 2009. The GXR is approved by the US 
Food and Drug Administration for the treatment of ADHD in patients aged 6–17 
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years, either as monotherapy or an adjunctive therapy for 
stimulants. However, there have not been sufficient exam-
inations of efficacy and safety of this drug in adults with 
ADHD. In fact, GXR for adults was not included in the 
comprehensive 2018 systematic review and meta-analysis 
of medications for ADHD;10 moreover, it has not been 
included in the current international guidelines.11

In Japan, GXR was first approved for treatment of 
adults with ADHD in June 2019. Therefore, we sought 
to provide an overview of GXR pharmacology and review 
studies that have evaluated the efficacy and safety of GXR 
for the treatment of adults with ADHD.

Pharmacology of GXR
Guanfacine differs from clonidine in that it is 
a phenylacetylguanidine derivative12 and is more selective 
in its α2 agonism.13 Like the action of clonidine, it lowers 
blood pressure by activating brainstem receptors, which 
leads to decreased sympathetic tone.14 Guanfacine’s bene-
ficial effects on ADHD are thought to occur via its agon-
ism at α2A-adrenoceptors in the prefrontal cortex. The 
prefrontal cortex is the primary brain area implicated in 
ADHD, and the prefrontal dysfunction may underlie 
symptoms of inattentiveness, impulsivity, and excessive 
motor activity.15 Furthermore, the prefrontal cortex is 
important for executive functions (eg planning, decision 
making, judgment, and response inhibition).

Both norepinephrine and dopamine are crucial for pre-
frontal cortex functions.16 Sufficient levels of norepinephr-
ine are required for optimal working memory and 
attention; however, excessive norepinephrine release (eg 
during stress) can also impair cognitive functions.15 

Optimal levels of norepinephrine activate α2A- 
adrenoceptors, whereas excessive levels lead to stimula-
tion of lower affinity α1-adrenoceptors. Experimentally, 
blocking prefrontal α2A-adrenoreceptors induces motor 
hyperactivity in primates. Guanfacine has been shown to 
enhance attention and hyperactivity in animal models of 
ADHD.17 Guanfacine has also been shown to extend the 
activity of the frontal cortex in both rats18 and humans.19

The GXR tablet is formulated as a single daily 
extended-release matrix tablet,20 that should be swallowed 
whole, instead of chewed, crushed, or split, to increase the 
rate of guanfacine release. Guanfacine is absorbed effec-
tively from GXR tablets that are taken orally;21 the time to 
peak plasma concentration is approximately 5 hours in 
children and adolescents with ADHD.21 However, con-
sumption of a food has an effect on exposure to guanfacine 

via GXR tablets, with a 75% increase in peak 
concentration of plasma and 40% increase in area under 
the concentration–time curve of plasma when exposed to 
a high-fat breakfast.21 Therefore, exposure to a high-fat 
food should be shunned.

In plasma, guanfacine is approximately 70% bound to 
plasma proteins.21 Guanfacine is mainly metabolized by 
hepatic cytochrome p450 (CYP) 3A4 microsomal 
enzymes, and exposure to guanfacine has the potential 
to be increased by the simultaneous use of CYP 3A4 
inhibitors (eg itraconazole, clarithromycin, fluvoxamine, 
and grapefruit juice) or decreased by the simultaneous 
use of CYP 3A4 inducers (eg rifampin, carbamazepine, 
phenytoin, and St. John’s Wort).21 However, CYP 
enzymes are not inhibited or induced by guanfacine.21 

The elimination half-life of guanfacine following GXR 
administration is 16–17 hours,20 which enables a single 
daily administration of GXR. Furthermore, 50% of one 
GXR dose is excreted unaltered within the urine.20 In 
addition, it is suggested that guanfacine may affect the 
pharmacokinetics of valproic acid and lead to 
a significant increase in valproate plasma levels when 
used concurrently with this agent.

Guanfacine reduces sympathetic nerve impulses, which 
leads to reduced sympathetic outflow and follow-on 
decrease in vasomotor tone and heart rate. Additionally, 
guanfacine selectively binds to postsynaptic α2A- 
adrenoreceptors in the prefrontal cortex and has been 
theorized to enhance delay-related neural firing at the 
prefrontal cortex. This affects behavioral inhibition and 
working memory, which improves symptoms associated 
with ADHD. Similar to norepinephrine, guanfacine acts 
on α2A-receptors within the cortex to reinforce the signal- 
to-noise ratio of surrounding stimuli, which is assumed to 
enhance the power to focus on a specific stimulus “above 
the noise” during times of low arousal.22

GXR for Treating Adult ADHD
Butterfield et al studied 26 adults with a diagnosis of 
ADHD who were 19–62 years of age.23 The study’s pri-
mary outcome measures were the ADHD Rating Scale 
(ADHD-RS) and the Clinical Global Impression-Severity 
(Table 1). Patients were randomly assigned to two treat-
ment groups, where their existing psychostimulant treat-
ment regimen was supplemented with either a titrated dose 
(1–6 mg) of GXR or placebo over a 10-week trial period. 
The data were analyzed using a standard mixed-model 
analysis of variance procedure, and patients in both groups 
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showed significant improvement in symptoms and func-
tioning during the trial. There was no difference between 
the treatments in terms of their efficacy, safety, or 
tolerability.

Iwanami et al assessed GXR efficacy and safety in 
adults with ADHD in a Phase 3, double-blind, placebo- 
controlled study that included Japanese patients with 
ADHD aged ≥ 18 years.24 Patients were administered 
GXR (n = 101) or placebo (n = 100), titrated from 2 mg/ 
day to 4–6 mg/day with dose optimization during 5 weeks, 
followed by 4–6 mg/day in maintaining the dose during 5 
weeks, then tapered to 2 mg/day for 2 weeks (Table 1). 
Compared with placebo, GXR treatment showed 
a significant decrease in ADHD-RS total score. 
Additionally, treatment with GXR showed significantly 
greater improvements in two subscale (inattention and 
hyperactivity-impulsivity) scores of the ADHD-RS, 
Clinical Global Impression-Improvement scale scores, 
and Patient Global Impression-Improvement scale scores. 
However, there were more participants in the GXR group 
compared with participants in the placebo group who 
reported treatment-emergent adverse events and who dis-
continued GXR because of treatment-emergent adverse 
events. The main adverse events in the GXR group were 
somnolentia, mouth dryness, reduced blood pressure, 
nasopharyngitis, dizziness upon standing, and astriction, 
although most treatment-emergent adverse events were 
mild to moderate in regard to severity. Therefore, the 
study concluded that GXR monotherapy improves 
ADHD symptoms in Japanese adults with ADHD without 
major safety concerns.

In another study, the safety and efficacy of prolonged 
pharmaceutical therapy of GXR in adults with ADHD were 
assessed by Iwanami et al.25 In this open-label, prolonged 
period, phase 3, extension study conducted in Japan, 150 
participants who had continued from a double-blind period, 

and 41 newly attended participants were administered single 
daily GXR from 2 mg/day during 50 weeks (maintenance 
dose 4–6 mg/day) (Table 1). One hundred and eighty of 191 
participants reported more than one treatment-emergent 
adverse event and 38 of 191 participants discontinued 
because of treatment-emergent adverse events. Most treat-
ment-emergent adverse events were mild to moderate with 
regard to severity; two were considered serious treatment- 
emergent adverse events but there were no deaths. 
Treatment-emergent adverse events that were reported by 
more than 10% of participants were somnolentia, mouth 
dryness, nasopharyngitis, decreased blood pressure, dizzi-
ness upon standing, cardiac slowing, lassitude, astriction, 
and dizziness. The ADHD-RS scores (total, inattention sub-
scale, and hyperactivity-impulsivity subscale), Adult ADHD 
Quality of Life Questionnaire total scores, and executive 
functioning showed significant improvement in participants 
in double-blind trial and newly enrolled participants at the 
final point, and there was also an increase in the proportion 
of patients who showed considerable improvement in 
Clinical Global Impression-Improvement scale scores and 
Patient Global Impression-Improvement scale scores. 
Therefore, results demonstrated that there were no major 
safety issues for prolonged pharmaceutical therapy of GXR 
for adults with ADHD, and patients showed significant 
ameliorations in ADHD symptoms, quality of life, and 
executive function following long-term GXR monotherapy.

Taking it into consideration, rebound hypertension is 
a potential concern with sudden discontinuation of alpha-2 
agonists. Persistent blood pressure increases of up to 10 
mmHg have been observed in a few individuals at 30 days 
post-discontinuation.26 All reviewed trials had a dose tapering 
period following the maintenance phase, in keeping with the 
manufacturer’s recommendations for gradual dosage decre-
ments of no more than 1 mg every 3–7 days when tapering off 
GXR.26

Table 1 Characteristics of GXR Study for Adult ADHD

Author, Year Duration Diagnosis of 
ADHD

Mean Age 
(SD)

Male 
%

Intervention (No. 
Dose)

Primary Outcome 
Measures

Butterfield, 

2016

10 weeks DSM-IV-TR 37.5 (12.2) 46.2% Placebo ADHD-RS, CGI-S
GXR 1–6mg
Total: 26

Iwanami, 2020a 12 weeks DSM-5 31.1 (8.1) 66.0% Placebo (100) ADHD-RS
GXR (101) 4–6mg

Iwanami, 2020b 50 weeks DSM-5 33.1 (9.4) 68.1% GXR (191) 4–6mg ADHD-RS
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GXR for Treating Comorbid ASD 
and Tic Disorder
Scahill et al assessed GXR efficacy and safety in autism 
spectrum disorder with hyperactivity.27 This study was 
a five-site randomized, double-blind placebo-controlled, 
fixed-flexible dose clinical trial conducted by the 
Research Units on Pediatric Psychopharmacology Autism 
Network. Sixty-two subjects were randomly assigned to 
GXR (n=30) or placebo (n=32) for 8 weeks. The GXR 
group showed a 43.6% decline in scores on the Aberrant 
Behavior Checklist-hyperactivity subscale compared with 
a 13.2% decrease in the placebo group. The most common 
adverse events included drowsiness, fatigue, and decreased 
appetite. There were no significant changes on ECG in 
either group. For subjects in the GXR group, blood pres-
sure declined in the first 4 weeks, with return nearly to 
baseline by endpoint (week 8). Pulse rate showed a similar 
pattern but remained lower than baseline at endpoint. 
Therefore, the study concluded that GXR appears to be 
safe and effective for reducing hyperactivity, impulsive-
ness, and distractibility in children with autism spectrum 
disorder although there was no effects for autism spectrum 
symptoms.

In the meta-analysis of treatment for children with 
ADHD with comorbid tic disorder, methylphenidate, 
alpha-2 agonists, desipramine, and atomoxetine demon-
strated efficacy in improving ADHD symptoms in children 
with comorbid tics. In addition, alpha-2 agonists and ato-
moxetine significantly improved comorbid tic 
symptoms.28 In the current systematic review, methylphe-
nidate, clonidine, guanfacine, desipramine, and atomoxe-
tine appear to reduce ADHD symptoms in children with 
tics, though the quality of the available evidence is low to 
very low.29 Therefore, GXR is not recommended for the 
treatment of ADHD in adults with comorbid tic disorder as 
first line therapeutic agent.

Comparison Between ADHD Drugs
Medications used to treat youths with ADHD have been 
studied extensively; however, direct comparisons between 
medications have not been investigated in head-to-head 
clinical trials. Faraone searched literature to identify dou-
ble-blind, placebo-controlled trials in young people with 
ADHD from 1979 onwards that described the variability 
of drug-placebo effect sizes.30 Faraone conducted meta- 
analysis regression to assess the impact of medication type 
on pharmacological effects. The effect sizes for 

immediate-release (effect size 0.99) and long-acting stimu-
lants (effect size 0.95) were broadly similar. On the other 
hand, the effect size for nonstimulants (effect size 0.57) 
was smaller than the effect sizes for stimulants. Similar 
investigations are needed for pharmacotherapy studies in 
adults with ADHD.

The abuse potential of stimulants is still controversially 
discussed. However, GXR has no abuse potential. This 
characteristic is one of the strengths of this medicine.

Conclusion
Guanfacine is an agonist that acts on α2A-adrenoreceptors, 
that are highly concentrated in the locus coeruleus and 
prefrontal cortex. The beneficial actions arise from its 
ability to strengthen prefrontal cortical network connec-
tions to regulate attention, emotion, and behavior via its 
activity at postsynaptic α2A receptors. The current effi-
cacy and safety evidence indicates that GXR as monother-
apy is an effective treatment option for adults with ADHD.

Abbreviations
ADHD, attention-deficit/hyperactivity disorder; GXR, 
guanfacine extended-release; CYP, cytochrome p450; 
ADHD-RS, ADHD Rating Scale.
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