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Abstract

Objectives: This study examines cardiovascular (CV) effects of guanfacine immediate-release (GUAN-IR), dexmethyl-
phenidate extended-release (DMPH), and their combination (COMB) during acute and long-term treatment of youth with
attention-deficit/hyperactivity disorder.

Methods: Two hundred seven participants aged 7-14 years enrolled in an 8-week double-blind randomized trial of GUAN-IR
(1-3 milligrams (mg)/day), DMPH (5-20 mg/day), or COMB with fixed—flexible dosing and titrated to optimal behavioral
response. Heart rate, systolic blood pressure (BP), diastolic BP, and electrocardiograms were assessed at baseline, end of
blinded optimization, and over a 1-year open-label maintenance phase.

Results: During acute titration, GUAN-IR decreased heart rate, systolic BP, and diastolic BP; DMPH increased heart rate,
systolic BP, diastolic BP, and corrected QT (QTc) interval; COMB increased diastolic BP, but had no effects on heart
rate, systolic BP, or QTc. During maintenance, GUAN-IR-associated decreases in heart rate and DMPH-associated increases
in systolic BP returned to baseline values. Other variables across the three groups remained unchanged from the end of blinded
titration. There were no discontinuations due to CV adverse events.

Conclusion: GUAN-IR, DMPH, and COMB were well tolerated and safe. Expected changes in CV parameters during acute
titration were seen in GUAN-IR and DMPH groups, with COMB values falling intermediately between the two other
treatment groups. No serious CV events occurred in any participant. GUAN-IR- and DMPH-associated CV changes generally
returned to baseline with sustained therapy. These data suggest that COMB treatment might attenuate long-term CV effects of
GUAN-IR and stimulant monotherapy, possibly reducing risk of the small but statistically significant changes associated with
either single treatment. Clinicaltrials.gov Identifier: NCT00429273.
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Introduction

TTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD) is the
most commonly diagnosed behavioral disorder of childhood,

with an estimated prevalence in the range of 9% of school-age
youth (Polanczyk et al. 2007; Wolraich et al. 2012). ADHD is not
isolated to childhood and persists in 30%—70% of patients into
adulthood. Treating ADHD is compelled by studies showing that
symptoms impact nearly all domains of functioning (Barkley et al.
2006; Kessler et al. 2006; Biederman et al. 2012; Miller et al. 2013).
Psychostimulant medications, including various formulations of
methylphenidate (MPH) or amphetamine (AMPH), continue to be
the mainstay of ADHD pharmacotherapy, with an estimated 3.5
million children receiving prescriptions annually in 2011 (Visser
et al. 2014). Psychostimulants as monotherapy produce a robust
improvement in symptoms in the short term with responder rates of

65%—75% (Steele et al. 2006; Heal et al. 2012) and approximately
full syndrome remission described in roughly half of treated youth
(Swanson et al. 2001). Second-tier options for ADHD monotherapy
include the norepinephrine reuptake inhibitor atomoxetine as well
as the alpha-2 agonists, guanfacine (GUAN) and clonidine. FDA
has granted approval for GUAN extended-release (GUAN-XR)
and clonidine extended-release formulations as ADHD therapies.
Controlled trials of GUAN-XR suggest response rates of 50%—
65% during acute treatment (Biederman et al. 2008; Sallee et al.
2009).

Recognition of the negative impact of untreated ADHD symp-
toms (Biederman et al. 1998) and concomitant wishes to maximize
treatment response and higher rates of remission have led investi-
gators to examine possible benefits of adjunctive alpha-2 agonist
therapy in patients exhibiting partial stimulant responses (Spencer
et al. 2009; Wilens et al. 2012). Efficacy and safety data from
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these studies are largely limited to short-term trials conducted
with extended-release formulations in stimulant-refractory samples.

Despite their long history of frequent use, there have been on-
going concerns raised about the cardiovascular (CV) safety of
ADHD medications, particularly for psychostimulants (Martinez-
Raga et al. 2013). Specifically, the possible association of stimulant
medication use and increased risk for sudden cardiac death, po-
tential links to corrected QT (QTc) interval prolongation on elec-
trocardiogram (EKG), and risk of arrhythmia have prompted U.S.
Food and Drug Administration (FDA) reviews and several inde-
pendent reports. A black box warning on potential cardiac risks was
debated, but ultimately not implemented by the FDA due to lack of
support for an association.

One study described a significant association between cases of
unexplained sudden death and stimulant medications, although the
report did not establish causality and had certain methodological
weaknesses that might have influenced findings (Gould et al. 2009).
A second study conducted in a large cohort did not find statistically
significant differences between children taking stimulants and
nonusers in rates of sudden death, ventricular arrhythmia, or all
causes of death (Schelleman et al. 2011). Another large matched-
cohort longitudinal study of 1,200,438 children and young adults
similarly found no association between MPH use and serious car-
diac events (Cooper et al. 2011).

A separate prospective longitudinal cohort study of 714,258
Danish children containing 8300 diagnosed with having ADHD
and followed for a mean of 9.5 years reported an increased overall
rate of any CV event, that is, CV disease NOS, arrhythmias, and
hypertension, in stimulant users vs. nonusers (Dalsgaard et al.
2014). However, all observations of serious CV events (e.g., car-
diac arrest, ischemic heart disease) or death due to any cause oc-
curred in the nonstimulant users. While patients with underlying
heart disease might be at greater risk for sudden death, there is no
explicit recommendation against psychostimulant usage in such
patients. In all patients, reports of sudden death directly related to
stimulants are rare (Olfson et al. 2012). A review of studies of
~ 40,000 person-years of stimulant use found no reports of sudden
cardiac death (Winterstein et al. 2007).

The impact of ADHD medications on CV functioning remains
another area of active concern, especially given higher obesity rates
seen with ADHD as well as other data suggesting that adolescent
ADHD itself is a risk factor for adult hypertension (Fuemmeler et al.
2011). Numerous reports have demonstrated statistically significant
increases in heart rate and blood pressure (BP) with stimulants
(Samuels et al. 2006; Stiefel and Besag 2010; Hammerness et al.
2011), including studies showing increases from 3 to 10 beats per
minute (bpm), 1-8 millimeters of mercury (mmHg), and 1-15 mmHg
for heart rate, systolic BP, and diastolic BP, respectively. The long-
term effects of stimulant medication on CV health have not been fully
described, although one study suggests that increases in heart rate and
BP persist over time (Hammerness et al. 2011).

The majority of reports fail to find statistically significant CV
effects or effects that were determined to be clinically meaningful
(Silva et al. 2004; Stiefel and Besag 2010; Hammerness et al. 2011).
The determination of the clinical significance of these known CV
changes is complicated by the fact that few reports include the specific
identification of subjects with CV values falling outside of accepted
clinical cutoff values for age, sex, and height, with some exceptions
(Stowe et al. 2002; Donner et al. 2007; Grisaru et al. 2013).

The alpha-2 agonist GUAN has been found to affect CV pa-
rameters in directions opposite that of MPH. A study of 240 chil-
dren receiving GUAN-XR showed small decreases in BP and heart
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rate (Biederman et al. 2008). These reductions were not found to be
dangerous or clinically significant and there were no differences in
positional BP or orthostasis compared with placebo (Scahill
et al. 2001). Additionally, GUAN-XR is thought to prevent major
fluctuations in peak-to-trough drug concentrations, compared with
immediate release formulations, which could minimize the degree
of CV effects and improve tolerability (Sallee et al. 2009).

Studies of EKG changes similarly fail to find consistent clini-
cally meaningful effects of ADHD pharmacotherapies. The sum of
the literature does not find clinically or statistically significant
changes in EKG intervals (Hammerness et al. 2011). No clinically
significant EKG changes have been reported in studies of GUAN-
XR (Sallee et al. 2009) or combination GUAN-XR plus stimulant
(Wilens et al. 2012).

There are sparse long-term data on the safety of combined
stimulant and alpha agonist treatment in children with ADHD,
despite earlier concerns (Cantwell et al. 1997) and the increasing
frequency of the combination in community settings. Since MPH
tends to increase (while GUAN tends to decrease) heart rate and
BP, there is speculation that combination treatment might in fact
attenuate the CV effects of each drug and prevent marked changes
from patients’ baseline hemodynamic profiles (Roesch et al. 2013).
Preliminary studies suggest that combination MPH and GUAN-XR
treatment is safe and well tolerated, with small decreases in BP and
heart rate noted when GUAN-XR is added to ongoing MPH therapy
(Spencer et al. 2009).

A similar safety profile was found when GUAN-XR was added
to partial stimulant responders (Wilens et al. 2012). Overall, no
serious safety issue has been found in patients taking combination
psychostimulant and GUAN-XR (Spencer et al. 2009; Wilens et al.
2012). Notably, however, the majority of monotherapy and com-
bination treatment studies on CV effects are limited to acute trials
of a few months’ duration. There is a paucity of research on the
longer-term CV impact of combination regimens with ongoing
medication maintenance (Spencer et al. 2009; Wilens et al. 2012).

In this investigation, we compare potential changes in CV para-
meters among groups of ADHD-affected youth randomly assigned
to treatment with dexmethylphenidate extended-release (DMPH),
immediate-release GUAN (GUAN-IR) monotherapy, or these two
medications in combination (COMB) both during acute titration and
after 14 months of continued treatment.

Methods
Participants

Youth 7-14 years of age with a primary diagnosis of having
ADHD, any subtype, as defined by the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, Text Revision (DSM-IV-
TR) (American Psychiatric Association 2000), assessed using
the Kiddie Schedule for Affective Disorders and Schizophrenia—
Present and Lifetime version (K-SADS-PL) (Kaufman et al. 1997)
and clinical interview, and with Clinical Global Impressions (CGI)-
severity >4 (Guy 1976) were enrolled.

Participants were excluded for (1) autistic disorder, chronic tic
disorder, psychosis, bipolar disorder, or structural heart defects; (2)
current major depression or panic disorder; (3) systolic or diastolic
BP 95th or <5th percentile for age and body—mass index (Robertson
and Shilkofski 2005); (4) past history of unexplained syncopal
episodes, family history of sudden cardiac death before age 30
years, known clinically significant structural cardiac defects, or
other medical conditions that in the physician investigators’ judg-
ment contraindicated treatment with stimulants or alpha agonists;
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and (5) need for chronic use of other central nervous system
medications similarly assessed by a study physician. Before initi-
ation of any study procedures, participants and parents received
thorough oral and written explanations of all study requirements
and provided written informed permission and assent under pro-
cedures approved by the university’s Institutional Review Board.

Study design

The current investigation was conducted as part of a larger
project designed to test the hypothesis that clinical and cognitive
responses in ADHD to combination pharmacotherapies that ro-
bustly enhance both dopamine and norepinephrine signaling would
be superior to monotherapies (McCracken et al. 2016). The study
comprised two phases. Phase I was an 8-week randomized, com-
parative, parallel-group, fixed—flexible dosing study of three
treatments. Participants were randomized equally to (1) twice-daily
GUAN-IR; (2) once daily DMPH; or (3) COMB, randomized 1:1:1
and stratified by younger (7-10) and older (11-14) age ranges.
Treatments were applied sequentially. During the first 4 weeks par-
ticipants received GUAN-IR or placebo. Beginning in week 5,
participants continued week 4 treatments and additionally re-
ceived DMPH or placebo, creating the three groups.

Initial GUAN-IR dosing was 0.5 mg twice daily for week 1; in
week 2, dose increased to 1 mg twice daily as tolerated; and week 3
doses advanced to 1.5mg twice daily as tolerated. For DMPH,
participants weighing less than 25 kg received S mg DMPH once
daily for week 5; week 6 was advanced to 10 mg DMPH daily, and
week 7 moved to 15 mg daily. For participants weighing 25 kg or
more, DMPH began in week 5 with 10 mg DMPH once daily; week
6 advanced to 15mg daily; and week 7 moved to 20 mg daily.
Although attempts were made to complete titration over the full
range of specified doses, study physicians were permitted to deviate
from prescribed dosage increase if problems with tolerability emerged.

Optimal dosing of GUAN-IR and DMPH was established by
blinded clinical assessment of symptoms, CGI-Improvement (CGI-
I) ratings (Guy 1976), and side effect rating scales by consensus
agreement by two independent study clinicians at week 3 and 7
visits. Double-blind outcomes were assessed at week 8.

In Phase II, participants remained within assigned treatment
arms and received open-label therapy assessed at monthly intervals
for an additional year. Dose adjustments were permitted to main-
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tain efficacy or reduce side effects. CV outcomes, including heart
rate, BP, and EKGs, were obtained at each visit. Heart rate and BP
were measured while participants were seated, using an Omron
Digital Blood Pressure Monitor Model HEM907XL. EKG vari-
ables examined included corrected QTc and QRS intervals. QTc
was calculated using the Bazett formula (Phan et al. 2015)

Data analyses

Descriptive statistics for participant characteristics at baseline
were derived and groups compared to assess potential differences.
CV measures were assessed for effects of assigned treatment group
and time with the general linear mixed model using PROC MIXED
(SAS Version 9.2), which automatically handles missing observa-
tions. Separate analyses were conducted for Phase I and Phase 11
data. All tests were two-tailed, with an a priori significance level
of p<0.05.

Results
Participant characteristics

There were 207 participants randomized to the three treatment
groups: GUAN-IR (N=68), DMPH (N=69), and COMB (N="70).
The sample was 69% male, 69% white, and 21% Hispanic. Mean
(SD) age was 10.2 (2.1) years and there were no statistically sig-
nificant baseline differences for age, weight, height, sex distribu-
tion, heart rate, BP, or EKG measures between groups. Mean (SD)
final week 8 daily doses of DMPH were 16.0 (3.9) mg for DMPH-
Only and 15.1 (4.8) mg for COMB. Mean final daily doses of
GUAN-IR were 2.2 (0.7) mg for GUAN-IR-Only and 2.4 (0.6) mg
for COMB. Mean mg/kg daily doses of GUAN-IR were 0.06 (0.03)
mg/(kg-d) for both GUAN groups.

Phase | results

Phase I changes in CV variables, including heart rate, BP, and
QTc, are summarized in Table 1. Within-group variables largely
remained unchanged over the 8-week titration, although some
group X visit interaction effects were evidenced over time. QTc
prolongation occurred only with DMPH, with no significant
changes in QTc in the other two groups. No significant changes
were noted in QRS intervals.

TABLE 1. CHANGES IN CARDIOVASCULAR VARIABLES DURING BLINDED TITRATION

Baseline Week 8 Visit effect
All group
Variable Group Mean (SD) Mean (SD) F df P effects F df P
Heart rate GUAN-IR 79.4 (10.9) 73.8 (14.0) 15.8 154 0.0002 Visit 0.2 1170 0.6
DMPH 79.8 (11.0) 81.4 (13.6) 1.1 159 0.3 Group 2.8 2208 0.07
COMB 78.5 (10.9) 81.2 (13.9) 2.6 157 0.1 Visit X Group 8.3 2170 0.0004
BP systolic GUAN-IR 109.1 (8.6) 105.2 (11.6) 7.0 1/54 0.01 Visit 2.5 1170 0.1
COMB 107.8 (8.6) 109.8 (11.5) 1.8 1/57 0.2 Visit X Group 12.4 5170 <0.0001
BP diastolic GUAN-IR 65.5 (6.7) 61.2 (9.3) 12.9 /54 0.0007 Visit 4.5 11170 0.04
DMPH 64.3 (6.8) 69.6 (9.0) 25.5 150 <0.0001 Group 5.6 2208 0.004
COMB 64.4 (67) 67.5 (92) 7.7 1/57 0.008 VisitXGroup 190 2/170 <0.0001
EKG QTc GUAN-IR 417.3 (20.0) 415.3 (21.7) 0.8 1/50 0.4 Visit 7.4 1158 0.007
COMB 417.4 (19.8) 421.7 (21.6) 2.6 155 0.1 Visit X Group 5.1 5158 0.007

BP, blood pressure; COMB, combination; DMPH, dexmethylphenidate extended-release; EKG, electrocardiogram; GUAN, guanfacine immediate-

release.
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FIG. 1. Heart rate changes during acute titration. COMB, com-

bination; DMPH, dexmethylphenidate extended-release; GUAN,
guanfacine immediate-release.

For heart rate, a significant decrease was seen with GUAN-IR,
while DMPH and COMB remained unchanged from baseline
(Fig. 1). Systolic BP decreased with GUAN-IR, increased with
DMPH, and remained unchanged with COMB (Fig. 2). Diastolic
BP decreased with GUAN-IR and increased with both DMPH and
COMB, with COMB-associated changes intermediate compared
with the monotherapies (Fig. 3). All treatments were well tolerated.
Of the early terminations from Phase I, only 1 of 68 (GUAN-IR), 1
of 60 (DMPH), and 2 of 70 (COMB) discontinued for problems
related to tolerability. None of these were due to CV-related ad-
verse events.

Phase Il results

In Phase II, reductions in heart rate seen with GUAN-IR during
acute titration returned to baseline values, with a mean (SD) in-
crease of 11.6 (23.4) bpm over the 12 months of open treatment. For
DMPH and COMB, heart rate remained unchanged from both
baseline and end of acute titration. Differences in heart rate be-
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FIG. 2. Systolic blood pressure during acute titration. COMB,
combination; DMPH, dexmethylphenidate extended-release; GUAN,
guanfacine immediate-release.
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FIG. 3. Diastolic blood pressure during acute titration. COMB,
combination; DMPH, dexmethylphenidate extended-release; GUAN,
guanfacine immediate-release.

tween groups trended toward statistical significance, likely due to
the relatively lower heart rates since during initial months of
GUAN-IR (Fig. 4). Group differences for both systolic BP (Fig. 5)
and diastolic BP (Fig. 6) persisted over the 12-month maintenance
phase. There was a trend for differences in diastolic BP changes
over time within groups, likely due to increases seen with GUAN-
IR. No differences over time were evidenced in diastolic BP with
DMPH or COMB. For both heart rate and BP, changes seen with
COMB were intermediate to those seen with GUAN-IR and
DMPH. There were no changes in QTc or QRS in any group.

Discussion

This study examined the acute and long-term CV effects of
GUAN-IR, DMPH, and COMB treatment for up to 14 months of
exposure in youth with ADHD. Participants in this study had no
clinically meaningful CV changes in either the acute blinded ti-
tration or long-term open-maintenance phases. These findings add
to several previous studies that suggest that ADHD medications are
generally safe and without meaningful CV risk in otherwise healthy
children (Cooper et al. 2011). Importantly, the COMB treatment
was not associated with any evidence of CV risk or unexpected
safety signals.

During acute treatment, GUAN-IR and DMPH had opposing
effects on heart rate, BP, and QTc, consistent with prior findings

S0
88 -
86
84 -
82
80 -
78 1

“-GUAN
“DMPH
-4COMB

76 Visit: F= 4.54, df= 4/369, p=.001

74- Group: F= 2.49, df= 2/172, p= .09
72

70

Heart Rate Beats Per Minute (BPM)

Group x Visit: F= 1.43, df= 8/369, p= .18

0 4 8 12
Month

FIG. 4. Heart rate changes during 12 months of maintenance
treatment. COMB, combination; DMPH, dexmethylphenidate
extended-release; GUAN, guanfacine immediate-release.
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FIG. 5. Systolic blood pressure during 12 months of mainte-
nance treatment. COMB, combination; DMPH, dexmethylpheni-
date extended-release; GUAN, guanfacine immediate-release.

(Sallee et al. 2009; Hammerness et al. 2011). In addition, similar to
previous research, trends for acute decreases in heart rate and BP
were noted with GUAN (Biederman et al. 2008; Connor et al. 2010;
Hirota et al. 2014). Although prior reports of stimulant-associated
increases in BP and QTc intervals have lacked clinical significance
(Findling et al. 2001, 2005; Donner et al. 2007), the relationship
between QTc changes and GUAN-IR is less clear. While our study
found a small (2ms) decrease in QTC, another reported a small
(5.3ms) increase (Hirota et al. 2014), while a third found no
meaningful change (Kollins et al. 2011). These discrepancies merit
further investigation.

CV parameters in the GUAN-IR group remained unchanged
during 1-year follow-up, with the exception of heart rate increases
and diastolic BP decreases that returned to baseline values. Re-
versal of acute decreases in heart rate with sustained GUAN-IR
treatment was also found in a 2-year open-label follow-up study
(Sallee et al. 2009). Together, these data suggest that minor changes
in CV parameters seen during acute ADHD therapy return to pre-
treatment values over time.

CV parameters for the COMB group fell between the values of
DMPH and GUAN-IR. A similar phenomenon of GUAN-XR
mitigating heart rate increases from stimulants has been found in
other studies (Wilens et al. 2012). This demonstrates the possibility
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FIG. 6. Diastolic blood pressure during 12 months of mainte-
nance treatment. COMB, combination; DMPH, dexmethylpheni-
date extended-release; GUAN, guanfacine immediate-release.
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that combination treatment might not only improve ADHD
symptoms and enhance cognition (McCracken et al. 2016) but
might also attenuate CV effects of either monotherapy. Our study’s
safety profile, with a lack of clinically significant CV implications,
is in line with combination studies in which GUAN-XR was added
onto existing psychostimulant treatment (Spencer et al. 2009;
Wilens et al. 2012).

Study limitations

While the exclusion criteria used in this study allowed for a spe-
cific focus on children and adolescents with ADHD alone, many
patients in the clinical setting have comorbid psychiatric diagnosis
(Scahill and Schwab-Stone 2000). Along with this, polypharmacy to
treat other comorbid diagnoses may impact the CV profiles of pa-
tients on dual ADHD treatment and should be further investigated.

In addition, although the CV changes observed are deemed minor
and are consistent with those reported in the literature, more safety
data using longitudinal designs over longer treatment periods and in
larger samples are needed to further bolster our conclusions regarding
the safety for these treatments. Likewise, more intense efforts to study
the day-to-day variability of CV parameters in real-world settings
using methods such as ambulatory monitoring might add further
appreciation of the functional impact, if any, of these treatment ap-
proaches. Finally, additional efforts should be made to identify those
individuals who might be at highest risk for the rare but serious CV
events sometimes observed to be associated with ADHD therapies.

Conclusions

For children and adolescents with ADHD to achieve the ac-
knowledged goal of symptom remission, consideration of com-
bining stimulant and alpha-2 agonist monotherapies is becoming
more commonplace. This study failed to demonstrate any clinically
significant adverse CV outcomes with such pairing. Indeed, if
confirmed in additional studies, the moderation of usual stimulant-
and guanfacine-induced CV changes by their combination might
further increase the long-term safety of these two established
ADHD treatments.

Clinical Significance

This study provides additional data suggesting that combination
psychostimulant and alpha-2 agonist therapy creates no additional
adverse impact on CV health and might in fact attenuate CV
changes seen with either monotherapy
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