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Objective: Despite the increasing recognition of attention deficit hyperactivity disorder
(ADHD) in adults, there is a paucity of controlled pharmacological trials. Recent reports
have suggested the potential usefulness of cholinergic agents for ADHD. To this end, the
authors completed a controlled study of ABT-418, a novel cholinergic activating agent, for
the treatment of adults with ADHD. Method: This was a double-blind, placebo-controlled,
randomized, crossover trial that compared a transdermal patch of ABT-418 (75 mg/day) to
placebo in adults who met DSM-IV criteria for ADHD. There were two 3-week treatment pe-
riods separated by 1 week of washout. Results: Of the 32 subjects enrolled in the study
(88% were men; mean age=40 years, SD=9), 29 completed the study. At the endpoint of
each active arm (last observation carried forward), a significantly higher proportion of sub-
jects was considered improved while receiving ABT-418 than while receiving placebo (40%
versus 13%). Similarly, at endpoint there was a significantly greater reduction in ADHD
symptom checklist scores (28% versus 15%). Symptoms reflective of attention, and sub-
jects with less severe ADHD, responded more robustly to ABT-418. Treatment with ABT-
418 was relatively well tolerated; dizziness and nausea were the most frequently reported
adverse effects. Conclusions: The results of this investigation indicate that ABT-418, a

nicotinic analog, may be a potentially useful agent for the treatment of ADHD.

(Am J Psychiatry 1999; 156:1931-1937)

Attention deficit hyperactivity disorder (ADHD) is
a prevalent disorder estimated to affect at least 5% of
schoolchildren (1). While its prevalence in adults is less
well-known (2), longitudinal follow-up studies have
documented a persistent course in a substantial num-
ber of affected youth (3-6). Characterized by high de-
grees of symptoms of inattentiveness (7), adults with
ADHD have been documented in controlled studies to
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have more psychopathology, substance abuse, occupa-
tional, academic, and relationship difficulties than
adults Wlthout ADHD (3,4, 8,9).

Although central noradrenergic and dopaminergic
neurotransmission dysregulation has been hypothesized
as the underlying pathophysiology of this disorder (10),
in recent years, evidence has suggested that nicotinic
dysregulation may also play a role in the pathophysiol-
ogy of ADHD. Independent lines of investigation have
documented that subjects with ADHD have a greater
risk, and earlier age at onset, of cigarette smoking than
comparison subjects without ADHD (11, 12). In addi-
tion, maternal smoking during pregnancy appears to in-
crease the risk for ADHD in the offspring (13), and in
utero exposure to nicotine in animals confers a height-
ened risk for an ADHD-like syndrome in the newborn
(14, 15). That nicotine dysregulation could play an im-
portant role in the pathophysiology of ADHD is not
surprising, considering that nicotinic activation en-
hances dopaminergic neurotransmission (16, 17).
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Further support for a “nicotinic hypothesis” of
ADHD can be derived from a recent study that evalu-
ated the therapeutic effects of nicotine in the treatment
of adults with ADHD (18). That controlled clinical
trial in a small sample of adults with ADHD docu-
mented that commercially available transdermal nico-
tine resulted in significant improvement in ADHD
symptoms and neuropsychological functioning (18).
Although this finding is promising, the short 2-day du-
ration of the study necessitates the reexamination of
the therapeutic role of nicotinic agents in ADHD.

One such promising agent is ABT-418. ABT-418 is a
prototype of a new class of compounds referred to as
selective cholinergic channel activators. ABT-418 is a
potent and selective agonist for a-4 3-2 subtype central
nervous system (CNS) neuronal nicotinic receptors
(19, 20). In addition to sharing some structural simi-
larities to nicotine (21), ABT-418 is equipotent to
(-)-nicotine in enhancing cognitive performance in ani-
mal models (20). However, because of its selectivity for
CNS neuronal nicotinic receptor subtypes, ABT-418 is
less potent than (-)-nicotine in eliciting EEG activation,
hypothermia, seizures, and locomotor reduction (22).
ABT-418 also had markedly lower effects on mean
arterial pressure and heart rate than (-)-nicotine (22).
For example, in animal (canine) testing, intravenous
(-)-nicotine (500 nmol/kg) resulted in a rapid, dose-
related biphasic response characterized as a short-lived
depressor response followed by a 2-5-minute pressor
increase of 50 mm Hg. In contrast, ABT-418 at the
same dose had no pressor effects and only a modest de-
pressor response in dogs and had no effect on either
systolic or diastolic blood pressure or heart rate in pri-
mates (22). Moreover, in a study of 251 normal volun-
teers and elderly subjects with Alzheimer’s disease, at
presumed therapeutic doses (75 mg/day or less), ABT-
418 had no clinically meaningful cardiovascular abnor-
malities (Abbott Laboratories, unpublished data).

Because central nicotinic activation can improve tem-
poral memory (23), attention (24), cognitive vigilance
(25-27), and executive function (26) and because phase
1 and 2 studies of this compound in humans indicated
its low abuse liability, safety, and tolerability in elderly
adults (22) (Abbott Laboratories, unpublished data),
we hypothesized that ABT-418 would be effective and
well tolerated in the treatment of ADHD. We now re-
port the results of a placebo-controlled, double-blind
study of ABT-418 in adults with ADHD.

METHOD

Subjects

Subjects were outpatient adults between 19 and 60 years of age
who were recruited from advertisements and clinical referrals to a
psychopharmacology clinic and who satisfied DSM-IV criteria for
ADHD. We excluded potential subjects if they had any clinically sig-
nificant chronic medical conditions, history of cardiac arrhythmias,
mental retardation (IQ less than 75), organic brain disorders, clini-
cally unstable psychiatric conditions, bipolar disorder, drug or alco-
hol abuse or dependence within the 6 months before the study, or
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current use of psychotropics. We also excluded any women of child-
bearing potential. This study was approved by the institutional re-
view board, and all subjects completed a written informed consent
form before inclusion in the study.

Assessment Measures

Patients underwent a standard clinical assessment comprising a
psychiatric evaluation, a structured diagnostic interview, a cognitive
battery, a medical history, a physical and neurological examination,
ECG, and a complete laboratory assessment (CBC, liver function
tests, renal function tests, electrolytes, and thyroid function tests).
The structured diagnostic interview used was the Structured Clini-
cal Interview for DSM-III-R and DSM-IV, supplemented for child-
hood disorders by unmodified modules from the Schedule for Affec-
tive Disorders and Schizophrenia for School-Age Children—
Epidemiologic Version (28). To obtain a full diagnosis of adult
ADHD, the subject must have 1) met full DSM-IV criteria for a di-
agnosis of ADHD by the age of 7 as well as currently (within the
past month), 2) described a chronic course of ADHD symptoms
from childhood to adulthood, and 3) endorsed a moderate or severe
level of impairment attributed to the ADHD symptoms. Diagnostic
reliability between raters and board-certified psychiatrists was ex-
cellent. A kappa of 1.0 was obtained for ADHD, with a 95% confi-
dence interval of 0.8-1.0.

To assess intellectual functioning, we administered subtests of the
WAIS-R and the Wide-Range Achievement Test III. Socioeconomic
status was measured by the Hollingshead Four-Factor Index of So-
cial Status (29); low values indicated high socioeconomic status.

To assess change during treatment, we examined ADHD, depres-
sion, and anxiety symptoms. Similar to previous reports (30, 31),
overall severity in each of these domains was assessed with the Clini-
cal Global Impression (CGI) scale (32). The CGI includes scales for
global severity (1=not ill, 7=extremely ill) and global improvement
(1=very much improved, 7=very much worse). The intraclass correla-
tion coefficient for the CGI was 0.91. In addition, the following do-
main-specific rating scales were used. To assess improvement in
ADHD symptoms, we used the ADHD Rating Scale (33, 34), which
has been shown to be sensitive to drug effects in pediatric (33) and
adult (30, 31) groups. This scale, updated for DSM-1V, assesses each
of the 18 individual criterion symptoms through use of an identical
severity grid (O=not present; 3=severe; overall minimum score=0;
maximum score=54) that has been shown to be correlated with
ADHD in adults (35, 36) and is medication sensitive (37). An intrac-
lass correlation of 0.85 was obtained for the ADHD symptom check-
list. To assess depression, we used the Hamilton Depression Rating
Scale (minimum score=0, maximum=64) (38) and the Beck Depres-
sion Inventory (minimum=0, maximum=63) (39). To measure anxi-
ety, we used the Hamilton Anxiety Rating Scale (minimum score=0,
maximum=56) (40). In addition, adverse experiences were systemat-
ically recorded at each visit. While the ADHD symptom checklists
and CGI were administered at baseline and at each follow-up visit of
the study, the Hamilton anxiety scale, Hamilton depression scale, and
the Beck Depression Inventory were administered at baseline and at
the end of each treatment arm (end of weeks 3 and 7).

Procedure

This was a double-blind, placebo-controlled, randomized, cross-
over trial comparing 75 mg of ABT-418 to placebo. There were
two 3-week treatment periods separated by 1 week of washout.
The order of treatment (ABT-418-placebo or placebo—ABT-418)
was randomized. Weekly supplies of ABT-418 or placebo were dis-
pensed by the pharmacy in identically appearing 37.5-mg patches.
All subjects were instructed on how to apply their patches and to
rotate application sites daily. Subjects were instructed to apply two
patches every morning and to remove the patches just before retir-
ing. Compliance was monitored by diary and by patch counts at
each physician visit. Study medication was begun at two 37.5-mg
patches applied simultaneously and continued throughout each
phase unless adverse effects emerged, in which case one 37.5-mg
patch was applied. Vital sign monitoring and ECG were performed
at baseline and were repeated each week.
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Statistical Analysis

Improvement in ADHD was defined as a reduction of 30% or
better in the ADHD rating scale score or a CGI score of 1-2 (much
to very much improved) (37, 41). For analyses of CGI scores and a
30% or more reduction in ADHD symptom checklist scores, we
used the intent to treat with the last observation carried forward. To
compare the proportion of subjects who improved with ABT-418
versus placebo, we used the McNemar test for correlated propor-
tions with the continuity correction. To compare ordinal data be-
tween two time points, we used the Wilcoxon signed rank test for
paired data. For continuous variables, we tested for group differ-
ences through use of a generalized estimation equation that esti-
mated main effects of drug (ABT-418 versus placebo), time (week in
study), and order (ABT-418 first versus placebo first) over time, as
well as any interactions. The model assumed a subject-specific re-
sidual that differed among subjects but that was constant over time
(42, 43). All statistical tests were performed by using Stata (Stata
Corp., College Park, Tex.). We set statistical significance at the 5%
level (p=0.05, n.s.). Data are expressed as mean and standard devi-
ation unless otherwise specified.

RESULTS

Of 130 subjects screened, 32 subjects met inclusion
and exclusion criteria and were enrolled in the study.
Ninety-eight subjects were screened out: 28 had a his-
tory of bipolar disorder, 27 were women of child-bear-
ing potential, 22 did not meet criteria for ADHD, nine
had major depression, eight were receiving concurrent
exclusionary medications, and four had a substance
use disorder. The final group consisted of four women
and 28 men who ranged in age from 25 to 60 years
(mean age=40.3 years, SD=9.4). Twenty-nine subjects
(91%) completed the protocol; of the three subjects
who dropped out, one did so because of adverse ef-
fects, and two because of noncompliance.

Subjects were most frequently diagnosed with the
combined subtype of ADHD (N=24, 75%), followed
by the inattentive (N=5, 16%) and hyperactive/impul-
sive (N=3, 9%) subtypes. As depicted in table 1, 91%
of subjects with ADHD had at least one past comorbid
psychiatric disorder, and for 44% the comorbid disor-
der was also present within the past month. The two
groups did not differ on these variables (placebo to
ABT-418 versus ABT-418 to placebo: x>=0.4, df=1, p=
0.5 for past disorders, X2=0.0, df=1, p=1.0 for current
disorders). Baseline ratings of depression (mean
Hamilton depression score=4.3, SD=2.3; mean Beck
depression score=7.6, SD=4.6) and anxiety (mean
Hamilton anxiety score=7.3, SD=4.6) were relatively
low and did not differ between groups. Only two sub-
jects had scores above standard cutoff points for de-
pression (Hamilton depression score greater than 16,
Beck depression score greater than 19), and only one
subject had scores indicative of meaningful anxiety
(Hamilton anxiety score greater than 21). Before enter-
ing this study, only two subjects had received medica-
tions for ADHD, and 12 others had received medica-
tions for non-ADHD psychiatric disturbance. This
group of adults with ADHD had average to above av-
erage intelligence (mean IQ=108.9, SD=11.1).

Am J Psychiatry 156:12, December 1999

WILENS, BIEDERMAN, SPENCER, ET AL.

TABLE 1. Demographic and Clinical Characteristics of 32
Adults With ADHD

Subjects
Variable N %

Demographic
Male gender 28 88
Age (years) 40.3 9.4
Socioeconomic status? 2.2 1.2
Current Global Assessment
of Functioning score 62.1 4.1
Psychiatric disorders
Major depression with at least
moderate impairment
Past 16 50
Current 3 9
Multiple anxiety disorders (=2)
Past 9 28
Current 3 9
Substance abuse/dependence
Past 11 34
Current 0 0
Alcohol abuse/dependence
Past 14 44
Current 2 6
Antisocial personality disorder
Past 6 19
Current 0 0
Any comorbid disorder
Past 29 91
Current 14 44
Cognitive testing
WAIS
Full-scale IQ
Freedom from distractibility 1Q
WRAT subscale percentiles
Arithmetic 1004 143
Reading 1059 116

@ Measured by the Hollingshead Four-Factor Index of Social Status
(29); low values indicate high socioeconomic status.

Mean SD

1089 111
1031 131

Average daily doses of ABT-418 at the end of each
weekly assessment period were 70 mg/day for week 1,
69 mg/day for week 2, and 67 mg/day for week 3. Of
the 32 patients enrolled in the study, 31 were exposed
to ABT-418; of these, 25 received the full daily dose of
75 mg (two patches), and six received 37.5 mg/day
(one patch).

Outcome Assessment

On the basis of categorical definitions of improve-
ment in ADHD with the last observation carried for-
ward, ABT-418 was found to be clinically and statisti-
cally superior to placebo (figure 1). On the basis of a
predefined criterion of a CGI improvement of 1 or 2
(much to very much improved) for ADHD (37, 41),
a significantly higher proportion of subjects were
considered improved while receiving ABT-418 than
while receiving placebo (40% versus 13%; p=0.03)
(figure 1). A similar trend was found by using a prees-
tablished definition of improvement of a 30% or more
reduction in the DSM-IV ADHD symptom checklist
scores (37, 41); more subjects improved during the
ABT-418 phase than during the placebo phase (47%
versus 22%) (x2=3.5, df=1, p=0.06; McNemar test).
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FIGURE 1. Adults With ADHD (N=32) Who Had CGI Global Im-
provement Scores of 1 or 22 at Treatment Endpoint While Re-
ceiving ABT-418, a Selective Cholinergic Channel Activator, or
Placebo
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aMuch to very much improved. A significantly higher proportion of
subjects were considered improved while receiving ABT-418 than
while receiving placebo (40% versus 13%) (x2=4.9, df=1, p=0.03;
McNemar test).

To test for the presence of a medication carryover ef-
fect, an order effects analysis was performed on the
ADHD symptom checklist by random regression. This
analysis failed to reveal a significant order effect (ABT-
418 first versus placebo first). Results from the random
regression model indicated a significant effect of time
(z=—2.7, p=0.006), no significant main effect of drug
(ABT-418 or placebo), and a trend toward a drug-by-
time interaction for ADHD symptoms (z=—1.9, p=
0.06). Endpoint analysis (weeks 3 and 7, last observa-
tion carried forward) revealed that the ADHD symp-
tom checklist scores were reduced by 28% with ABT-
418, compared to 15% with placebo (by linear regres-
sion, t=—2.2, df=31, p=0.04).

To evaluate what ADHD characteristics might have
accounted for our findings on the ADHD symptom
checklist, we stratified our group both by ADHD DSM-
IV subtype and ADHD severity. Response to treatment
was not significantly related to ADHD subtype (inatten-
tive versus combined). However, when we stratified the
group by severity of ADHD symptoms (using the me-
dian value on the ADHD symptom checklist), we found
a significant drug effect for the less severe subgroup (by
random regression, z=—2.25, p=0.03).

We also evaluated the effect of ABT-418 on DSM-IV
ADHD symptoms at the end of each treatment phase
(last observation carried forward). Subjects treated
with ABT-418 had significantly greater overall im-
provement than placebo-treated subjects in ADHD
symptoms (McNemar x2=8.1, df=1, p=0.004). The im-
provement was particularly notable in the inattentive
subgroup (McNemar x2=5.2, df=1, p=0.02), compared
to the hyperactivity/impulsivity subgroup (McNemar
x?=1.3, df=1, p=0.25). These analyses also showed
that compared to baseline, 15 of 18 DSM-IV ADHD
symptoms improved significantly during the ABT-418
phase (all nine DSM-IV symptoms of inattention and
six of nine symptoms of hyperactivity/impulsivity),
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TABLE 2. Adverse Effects Experienced by 32 Adults With
ADHD Who Received ABT-418, a Selective Cholinergic Chan-
nel Activator, and Placebo

ABT-418 Placebo
Group Group
(N=32) (N=32)
Adverse Effect N % N %
Dizziness or light-headedness 132 41 1 3
Skin irritation 8 25 5 16
Gastrointestinal problems
Nausea, vomiting 5 16 1 3
Diarrhea 0 0 1 3
Headache 4 13 4 13
Transient mood symptoms
Depression 1 3 1 3
Irritability 1 3 1 3
Anxiety 2 6 1 3
Bronchitis, flu-like symptoms 0 0 4 13
Decreased energy 2 6 0 0
Motor discoordination 3 9 1 3
Insomnia 1 3 2 6
Diaphoresis 2 6 0 0

agignificant difference between groups (x2=10.1, df=1, p<0.01;
McNemar test).

whereas only five of 18 DSM-IV ADHD symptoms im-
proved during the placebo phase.

ABT-418 resulted in neither improvement nor deteri-
oration in symptoms of depression and anxiety. There
was no effect of gender, socioeconomic status, or cur-
rent or lifetime history of smoking, anxiety, or depres-
sive disorders on response to ABT-418.

Adverse Effects

No serious adverse drug effects were observed during
the trial. With the exception of one subject who
dropped out during the ABT-418 phase of treatment be-
cause of nausea, ABT-418 was well tolerated. The rate
of individuals with at least one adverse effect was high
in both groups, but there were no statistically signifi-
cant differences observed between ABT-418 and pla-
cebo arms (73% versus 61%) (McNemar x?=2.3, df=1,
p=0.13). As depicted in table 2, the most common ad-
verse effects during ABT-418 treatment were dizziness,
skin irritation, nausea, and headaches. Six subjects tak-
ing ABT-418 and one subject taking placebo had the
dose lowered because of adverse effects. No clinically
meaningful heart rate, blood pressure, or ECG findings
were observed in either phase. There were no significant
changes in laboratory studies, including liver, renal, and
thyroid function tests and electrolytes, during this
short-term study. Similarly, according to detailed medi-
cal and neurological examinations, there were no clini-
cally significant changes in neurological or general med-
ical status at the end of the study.

DISCUSSION

Results of this randomized, placebo-controlled pilot
investigation of ABT-418 showed clinical efficacy of a
cholinergic-nicotinic analog for treatment of ADHD in
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adults. A preferential improvement with this treatment
was found in adults with the inattentive symptom clus-
ter of ADHD, as well as in those adults with less severe
ADHD symptoms. ABT-418 was relatively well toler-
ated, with predictable cholinergic adverse events. Fur-
ther controlled trials of ABT-418, with higher dosing
and a longer duration of treatment, are warranted.

Our results with this nicotinic analog are consistent
with those obtained by Levin et al. (18) with the nico-
tine patch. In that brief controlled trial, nicotine patch
administration to 17 adults with ADHD resulted in a
modest reduction in ADHD symptoms, with concom-
itant reduction in reaction time on the Continuous
Performance Test (18). Other work has also demon-
strated an improvement in attention associated with
nicotine administration in subjects without ADHD
(for review, see reference 44). For example, improve-
ment in cognition has been reported in studies of
adults receiving nicotine by gum (2 and 4 mg) (27),
cigarette consumption (26), and subcutaneous injec-
tion (25). Nicotine has also been shown to improve
rapid visual information processing (26), reaction
time (25), and vigilance (45). Consistent with cholin-
ergic activating agents’ broad effects on attention
(44), ABT-418 resulted in significantly larger improve-
ment in the inattentive cluster of symptoms than in the
hyperactive/impulsive symptoms.

Although the 47% response rate for ABT-418 (30%
or greater reduction in DSM-IV ADHD symptoms) is
quite consistent with our findings in a controlled inves-
tigation of pemoline (37) and tomoxetine (41) in
adults with ADHD that used identical methodology,
the response was lower than that observed in our prior
trials of methylphenidate (30) and desipramine (31).
Moreover, whereas methylphenidate had a more rapid
onset of action, ABT-418 was similar to pemoline, to-
moxetine, and desipramine in the time course of effect
(30, 31, 37, 41). Unlike the stimulants and antidepres-
sants that result in comparable reductions in hyperac-
tive, impulsive, and attentional symptom clusters of
ADHD, ABT-418 appears to more selectively affect the
attentional symptoms. While the apparent difference
in the magnitude of effect could suggest that ABT-418
may have a weaker anti-ADHD effect than some stim-
ulants or tricyclic antidepressants, it could also be due
to nonspecific cognitive-enhancing properties of this
cholinergic agent (44) or insufficient dosing and dura-
tion of the trial. In support of the latter notion is the
observation that there was continued improvement in
both the ADHD symptom checklist and the CGI at the
completion of each active phase, and the effect of
higher dosing of ABT-418 on ADHD symptoms re-
mains unknown. Although nicotine has a rapid habit-
uation period (44, 46, 47), ABT-418 may not have a
similar pharmacodynamic time course. Moreover,
studies of other compounds with presumably rapid on-
set of action, such as pemoline (48), suggest the need
for at least 3 weeks to obtain maximal response in
adults with ADHD (37). Clearly, more information,
based on a longer study using variable doses fixed over
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time, is needed to establish a dose-response and time-
course profile of ABT-418 in the treatment of ADHD
in adults.

Consistent with our previous controlled pharmaco-
logical studies of ADHD, response to ABT-418 was
not affected by gender, socioeconomic class, or psychi-
atric comorbidity. Moreover, past or current smoking
status did not influence outcome; however, there were
only a small number of current smokers. We also
found that adults with less severe ADHD symptoms
manifested more robust improvement with ABT-418
than did subjects with more severe symptoms. Our
finding of a preferential improvement in attentional
symptoms, coupled with reports suggesting less over-
all severity in the inattentive subtype of ADHD (7,
49), led us to speculate that this compound may have
more efficacy in the inattentive subtype of ADHD.
Contrary to our expectation, our analysis found that
response was independent of ADHD subtype. It may
be that ABT-418, by nature of its cholinergic agonistic
properties, may nonspecifically improve attention in-
dependent of ADHD status. Clearly, more work needs
to be completed to elaborate the specific neuropsycho-
logical and behavioral outcomes of cholinergic agents
on ADHD.

ABT-418 was relatively well tolerated, and most sub-
jects achieved the targeted dose. Adverse effects of
ABT-418 reported in the current study were similar to
those described with other cholinergic agents, namely,
dizziness, nausea, headaches, and dysphoria (44, 50).
Our observations of the generally transient nature of
adverse effects of ABT-418 are consistent with findings
that repeated exposure to nicotine results in habitua-
tion to its acute effects (50). In the current study, there
were no reports of withdrawal symptoms or cravings
for cigarettes or other forms of nicotine or drugs of
abuse, consistent with the low abuse liability of trans-
dermal application of nicotine (51). No cardiovascular
or other laboratory abnormalities occurred during the
study; yet, our ability to detect infrequent and idiosyn-
cratic reactions was limited by the relatively small
number of subjects and short-term duration of the
study. Given that cardiovascular changes have been as-
sociated with chronic nicotine administration (21),
longer-term studies of ABT-418 are necessary.

The combined positive findings of a nicotinic agent
for reduction of ADHD symptoms provide further
support for the hypothesis linking cholinergic influ-
ence on catecholaminergic neurotransmission in
ADHD (18, 44). Data from laboratory studies showed
that nicotine stimulates dopaminergic neurotransmis-
sion (16, 17). For example, administration of nicotine
resulted in a concentration-dependent release of
dopamine from superfused slices of rat striatum (17).
Moreover, specificity in dopamine release appears de-
pendent on specific subtypes of cholinergic agents ad-
ministered (17, 52). Whereas muscarinic antagonism
has no apparent effect on dopamine release, nicotinic
receptor antagonism results in diminished dopamine
release (17) and a blunted effect of the indirect-acting
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sympathomimetic amine methylphenidate on reticular
formation firing in rat brain (52).

The results of this study should be viewed in light of
methodological limitations. The majority of subjects
were from relatively higher socioeconomic strata;
hence, the results of the current study may not general-
ize to subjects from lower socioeconomic strata. Other
limitations include the use of a crossover design, a rel-
atively short exposure to medication, and dosing re-
strictions. Further controlled dose-response trials, em-
ploying a parallel design, longer treatment duration,
and higher dosing, are needed.

While our results are based on self-reports from af-
fected individuals, it has been suggested that subjects
with ADHD may not be ideal reporters of their disor-
der (33). Although this places some limits on the inter-
pretation of our results, the highly significant effects
on ADHD symptoms observed in this and previous
studies (30, 37, 41, 53) suggest that adults with ADHD
are acceptable reporters of their own condition. In ad-
dition, self-report of ADHD symptoms has been
shown to be a reliable and valid method of assessing
ADHD in adults (54, 55).

Despite these limitations, the results of this pilot
study show that ABT-418 was well tolerated and im-
proved ADHD symptoms in adults. This nicotinic an-
alog appeared to have preferential efficacy for the at-
tentional symptom cluster of the disorder. These pilot
findings add to a growing clinical and basic science lit-
erature linking nicotinic-cholinergic agents to cate-
cholamine function and improvement in ADHD.
Given the continuity of pharmacological responsivity
across the life cycle in subjects with ADHD (56), fur-
ther study that evaluates the efficacy and tolerability of
novel agents in the treatment of ADHD in adults, be-
fore use of these agents in youth with ADHD, appears
to be a promising concept.
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