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Increased subjective and reinforcing effects of initial nicotine
exposure in young adults with attention deficit hyperactivity
disorder (ADHD) compared to matched peers: results from
an experimental model of first-time tobacco use
Scott H. Kollins1, Maggie M. Sweitzer1, F. Joseph McClernon1 and Kenneth A. Perkins2

Individuals with attention deficit hyperactivity disorder (ADHD) are at increased risk for adverse cigarette smoking outcomes, and
little is known about factors underlying this risk. This study sought to evaluate the effects of initial nicotine exposure in young
adults with and without ADHD using a novel paradigm of exposure to model initial smoking experiences. Participants were young
adult nonsmokers (n= 61 ADHD, n= 75 Control) between the ages of 18–25 years (inclusive) who reported never having smoked a
full cigarette, and no tobacco use in the prior 3 years. Participants were exposed to three different blinded doses of intranasally
administered nicotine (0, 0.5, 1.0 mg) across three separate fixed dose experimental sessions. In subsequent sessions, participants
were given the opportunity to self-administer nicotine under two different conditions—high and low cognitive demand.
Physiological, subjective, and reinforcing effects of nicotine were the main outcomes. Nicotine plasma levels, and no group
differences in effects of nicotine on heart rate or blood pressure, confirmed comparable dosing exposure across groups. ADHD
participants reported significantly greater dizziness following nicotine, and greater pleasant subjective effects across all conditions,
compared to non-ADHD non-smokers. There were no group differences on subjective reports of bad or unpleasant effects.
Subsequent nicotine self-administration was significantly higher among non-smokers with ADHD, and their choices of nicotine
were not influenced by cognitive condition. There are meaningful differences between young adults with and without ADHD with
respect to the initial subjective and reinforcing effects of nicotine; and interventions to prevent use should start prior to typical age
of experimentation among ADHD patients.
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INTRODUCTION
Attention deficit hyperactivity disorder (ADHD) affects millions of
individuals and is a significant risk factor for smoking [1–5].
Individuals with ADHD start smoking earlier and become more
dependent [5, 6]. Moreover, individuals with ADHD are more likely
to progress from smoking experimentation to regular use [7].
Given the associated morbidity and mortality, clarifying factors
that increase risk for smoking in ADHD patients is an important
public health challenge and critical to help prevent and treat
smoking in this high-risk group.
Mechanisms underlying risk of smoking in ADHD are relatively

underexplored. Regular smokers with ADHD have been shown to
work more for cigarette puffs than non-ADHD smokers, suggesting
that the reinforcing effects of smoking may be higher in this group
[8]. Smokers with ADHD (compared to non-ADHD) show more
severe symptoms of nicotine withdrawal, including disrupted
inhibitory control, and these differences are associated with
differential activation in occipital/parietal regions [9–11]. These
studies, however, have been conducted in individuals who are
already regular smokers. No studies have prospectively evaluated
factors that might confer risk for smoking in an ADHD sample.

The primary objective of the present study was to determine
whether initial experiences with nicotine differed for young adult
non-smokers with ADHD compared to those without. We used a
validated approach for modeling initial exposure to nicotine,
without the non-nicotine constituents in tobacco smoke, using
nicotine nasal spray. This procedure allows for assessment of acute
effects of measured doses of nicotine in a less invasive manner
than intravenous administration and more closely approximates
the pharmacokinetics of actual smoking compared to other forms
of administration (e.g., transdermal) [12]. This paradigm has been
shown to be sensitive to individual differences in response to
nicotine: current smokers more readily administer nicotine nasal
spray than ex-smokers or non-smokers [13] and aspects of
impulsivity—a core component of ADHD—were associated with
greater self-administration among nonsmoking males [14]. We
hypothesized that the effects of initial exposure to nicotine nasal
spray would be different in nonsmokers with ADHD compared to
non-ADHD peers. We hypothesized that non-smokers with ADHD
would report more positive and fewer negative subjective effects
of initial experiences with nicotine and that they would be
more likely to self-administer nicotine. Given that nicotine is
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known to influence neurocognitive processes implicated in
ADHD (i.e., attention, inhibitory control) [15], we also examined
self-administration of nicotine under two different cognitive
conditions—a high demand and a low demand condition—and
hypothesized that the ADHD participants would be more likely to
self-administer nicotine under high demand cognitive conditions.

METHODS
This study was reviewed and approved by the local IRB and the
study was conducted consistent with all guidelines pertaining to
the ethical conduct of human research.

Participants/setting
Participants for this study were 136 (n= 61 ADHD, n= 75 Control)
young adult nonsmokers recruited between January 2013 and
September 2017 from an ADHD clinic and the community through
direct referrals, advertisements, and word-of-mouth. Inclusion
criteria for the study included healthy males and females between
the ages of 18–25 years (inclusive) who reported never having
smoked a full cigarette or used other nicotine-containing
products, and no tobacco use in the prior 3 years. Participants
in the ADHD group met full criteria for ADHD, any subtype as
determined by standardized diagnostic procedures (Supplemen-
tary Material); other DSM diagnoses or current treatment were
exclusionary. ADHD participants currently treated with stimulant
medication (n= 19) agreed to discontinue their medication for
72 h prior to each experimental session. Complete inclusion/
exclusion criteria are listed in Table 1.

Design/procedures
Participants completed six sessions: 1 Screening session to assess
eligibility; three Fixed Dose sessions (FDS) wherein they were
exposed to three different doses of nicotine; and two Choice
Session (CS) wherein participants could choose between nicotine
and placebo nasal spray.
During screening visits, informed consent was obtained and

a breath sample taken to assess expired-air CO and ensure
no recent smoking (CO < 3 ppm) [16]. Saliva, blood, and urine
samples were collected to assess (1) plasma cotinine levels

to verify no recent nicotine exposure (<5 ng/ml): (2) illicit
drug use; and (3) pregnancy in females. Breath alcohol level
(BAL) of 0.0 was required to continue screening and all
subsequent study visits. A smoking history was gathered to
ensure potential subjects met the lifetime tobacco use criterion,
and collateral reports from three sources (e.g. friends, family)
were used to verify self-reports of nonsmoking status. A medical
history/physical exam was also conducted by the study
physician.
Standardized diagnostic procedures were followed to assess

eligibility for both groups (ADHD and non-ADHD) in the study.
Procedures included the administration of the Structured Clinical
Interview for DSM (SCID) [17]; the Conners Adult ADHD Diagnostic
Interview (CAADID) [18]; and the use of the Conners Adult
ADHD Rating Scales [19]. These measures were administered and
reviewed by a qualified and trained clinician (Ph.D. level
psychologist or psychiatrist M.D.), along with a clinical interview
with the patients. The CAADID was used to confirm diagnosis in
the ADHD group and to ensure that those in the non-ADHD group
did not meet criteria. The SCID and the clinical interview was used
to rule out the presence of exclusionary DSM psychiatric
diagnoses other than ADHD. Eligible participants completed 3
FDS followed by 2 CS. Dosing order for FDS and cognitive demand
condition for CS was counterbalanced across participants. At the
beginning of each FDS/CS, participants provided a urine sample to
test for illegal drugs and to confirm abstinence from nicotine. BAL
was also assessed.
Each FDS was identical except for the dose of nicotine

evaluated. Vital signs, subjective, mood and performance mea-
sures were collected. This sequence of assessments was repeated
twice to obtain a stable baseline and to habituate participants to
the testing environment. The same assessment sequence was
then repeated three more times following nasal spray adminis-
tration, with each sequence separated by 45min. We selected this
inter-trial interval (45 min) to reduce likelihood of adverse events,
since previous studies have used a shorter interval (e.g., 30 min)
[14]. Nicotine and placebo were administered intranasally via
standardized procedures. During each dosing trial, participants
received two sprays of nasal spray. For the 0mg session, both
sprays were placebo; for the 0.5 mg session, one spray each was

Table 1. Study inclusion/exclusion criteria.

Inclusion criteria Exclusion criteria

◦ 18–25 years of age
◦ ADHD diagnosis:
◦ For ADHD Group: confirmed diagnosis, any subtype as determined by
the clinician administered CAADID and clinical interview

◦ For Control Group: NO diagnosis of ADHD as determined by clinician
administered CAADID and clinical interview

◦ All participants will be non-smokers defined as never having smoked an
entire cigarette and no tobacco use in the past 3 years

◦ Free from major medical problems and deemed healthy by the study
physician

◦ No contraindications for treatment with nicotine nasal spray or placebo
nasal spray

◦ DSM-IV Axis I or Axis II disorders that require additional pharmacological
treatment or otherwise would interfere with participation in the
present study

◦ Current use of any prescribed psychotropic medication in either group
will be exclusionary, with the exception of ADHD participants currently
being treated for ADHD that agree to discontinue their medication for
the 5 half-life (~24–72 h) washout period prior to each experimental
session

◦ For Control group, T-Score > 55 on Inattentive Symptoms, Hyperactive-
Impulsive Symptoms, Total Symptoms or ADHD Index subscales of
the CAARS

◦ Current substance abuse or dependence within the last 12 months
◦ Use of illegal drugs as measured by urine drug screen, expired breath
alcohol level > 0.0

◦ Significant and chronic medical problems
◦ Pregnancy
◦ Estimated IQ < 80 on Kaufman Brief Intelligence Test, 2nd Edition (KBIT-
II)

◦ Active use of any tobacco products
◦ Expired air CO level > 4 ppm; urine nicotine levels > 30 ng/ml
◦ Inability to understand written and/or spoken English language
◦ Reported uncertainty about being able to remain a nonsmoker in the
coming year
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placebo and nicotine; and for the 1mg session, both sprays were
nicotine. Participants were blinded to which drug they were
receiving. Research staff were also blinded, but were instructed by
unblinded study staff on which spray bottles to use. Plasma
nicotine concentrations to verify dosing and examine individual
differences, were obtained via venipuncture, after the last dosing
trial for each of the three FDS.
During CS, each participant completed 2 “sampling” trials (1

each of 1 mg nicotine and placebo, identified by letter code)
separated by 45 min. These were to ensure that participants
could identify which letter code was associated with acute drug
effects, since conditions were blinded, and in order to provide a
basis for the subsequent choice procedure. Following each of the
two sampling trials, participants were exposed to abbreviated
versions of the cognitive conditions for that day (high demand
versus low demand condition). Choice procedures began 45 min
after the second sampling trial and a series of five choice trials
were administered, with 45 min between trials. For each trial,
participants were given the opportunity to administer two sprays
from one or both bottles as described above, for a total of 10
choices.
In the high cognitive demand (HD) condition, subjects com-

pleted a mathematical vigilance task following each choice trial.
During this 10-min task, participants were given a 5-page set of
math problems (80 problems/page) and instructed to work as
many problems as possible in the allotted time. The level of
difficulty was calibrated for each participant during screening, and
designed to result in completion of 10–15 problems/min.
Participants received $0.50 for every 15 problems that they
accurately completed. Subjective effects and vital signs were also
collected and during the intervening periods, participants were
otherwise allowed to engage in a range of sedentary activities,
including reading magazines or watching television until the next
choice trial.
In the low cognitive demand (LD) condition, subjective effects

measures and vital signs were similarly collected, and participants
were otherwise free to participate in sedentary activities for the
remaining time between trials. Periodically throughout the
intervening time during the LD session, a tone sounded from a
computer in the laboratory, indicating the non-contingent
delivery of $0.50. Money was delivered 10 times throughout each
45-min time period at randomly scheduled intervals to match the
contingent payment that occurred under the HD condition as part
of the mathematical vigilance task.

Outcomes
Physiological. Heart rate and blood pressure were measured
prior to any drug administration and periodically throughout each
session.

Subjective effects. A series of Visual Analog Scales (VAS) was
presented on a computer screen and rated on a scale from 0 (“not
at all”) to 100 (“extremely”) and assessed a range of subjective
drug effects [20]. An Initial Reactions Questionnaire was also
administered at the end of each of the FDS. This measure has
been used widely in retrospective research on the effects of early
experiences to smoking and yields three empirically derived
factors: pleasant reactions, unpleasant reactions, and dizziness
[21–23].

Nicotine reinforcement. During CS, response for nicotine during
each trial was dichotomized to indicate whether any nicotine was
selected (1 or 2 sprays from the nicotine bottle—38% of all
choices; compared with 2 sprays from the placebo bottle—62% of
all choices). [24] Choice for nicotine across each of the five trials
within each session served as the primary measure of reinforce-
ment (see Supplementary Table S3 for additional details of choice
distributions across trials and sessions).

Study medications
Nicotine nasal spray (Nicotrol®; 0.5 mg/spray) was used for this
study. The placebo consisted of 15 ml sterile normal saline, 5 μl of
food grade capsaicin oil (Pure Cap extract) explicitly to match the
acute nasal sensations from the Nicotrol spray and aid blinding,
and 5 μl of polysorbate 80 NF to ensure stability of the solution.
The spray bottles utilized a Preservative Free Pump-Nasal (PFP-N)
from MeadWestvaco. Nicotine and placebo sprays were prepared
by a local compounding pharmacy facility.

Safety monitoring
A number of steps were taken with this protocol to ensure safety
of participants, particularly with respect to risk for smoking. First,
at both Screening and following all Experimental Sessions,
participants were asked how difficult they felt it would be to
refrain from smoking over the next year. At Screening, answering
this question with the following answers “Not Sure,” “Difficult,” or
“Very Difficult” was exclusionary. Per protocol, if participants
answered this question at the end of the study with the
aforementioned responses, they would be scheduled with a
clinician to discuss how to mitigate the possibility of smoking. No
participants were excluded for this reason, and none indicated
uncertainty about remaining a non-smoker at the end of the
study. Second, all participants were queried 1 and 6 months after
their final session to determine smoking status. No participants
reported that they had initiated smoking following the study.
Finally, as part of an IND that was filed and FDA approved for

the use of nicotine nasal spray in this study, additional safety
monitoring was implemented to assess specific pulmonary health/
adverse effects at the 30-day follow-up contact (see Supplemen-
tary Material). No participants reported pulmonary adverse events
that were deemed by the study physician to be related to the
nicotine (or placebo) nasal sprays.

Statistical analysis
Statistical analyses used regression models, with distribution
specified as normal for continuous outcomes during FDS and
binomial for dichotomous choice outcomes during CS. Analyses
were conducted using generalized estimating equations (GEE) in
SAS 9.4 PROC GENMOD, which adjusts standard errors of
parameter estimates using robust “sandwich” variance estimates
to account for repeated observations [25]. GEE models are flexible
with respect to outcome distribution, easily accommodating both
normal and binary outcomes, and have been shown to produce
unbiased estimates given sufficient sample sizes, as included here
[26]. Covariance matrix specified as exchangeable in all analyses.
All models were adjusted for age, sex, race (white vs. non-white).
For FDS, nasal spray Dose (0, 0.5, or 1.0 mg nicotine), Group (ADHD
and Control), and their interaction were entered as predictors for
all models, with FDS order included as covariate. When appro-
priate, a two-level factor of Time (Pre-drug assessments 1 and 2 vs.
post-drug assessments 3 through 5) was also included, along with
linear effects of the five repeated assessments within each session.
To ensure overall nicotine exposure levels were comparable across
groups in FDS, we first applied these models to the plasma
nicotine values assessed at the end of each FDS. We then
examined additional physiological measures (e.g., heart rate,
blood pressure), followed by subjective reactions. Simple effects
were examined to explore significant interactions. Of note, given
the linear increase in nicotine nasal spray content across the three
FDS, Dose was considered as a non-categorical factor in primary
analyses. This approach results in single parameter estimates for
Dose effects, thereby simplifying interpretation of complex
interactions. However, in cases of significant main effects of Dose,
follow-up categorical models were used to examine pairwise
comparisons between individual session doses. For CS, Group
(ADHD and Control), Cognitive Demand Condition (HD and LD),
and their interaction were included as predictors, and CS order
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and linear effects of repeated choice trials (3 through 7 within
each session) were included as covariates.

RESULTS
Figure 1 illustrates the disposition of participants throughout the
Recruitment and Screening portions of the study and Table 2
illustrates the baseline/demographic characteristics of participants
who completed the study.

Nicotine exposure/physiological effects
Mean values for physiological measures across session and group
are presented in Supplementary Table S1. As intended, these data
indicate consistent exposure/bioavailability and physiological
effects of the different nicotine doses across groups, as there
were significant dose-dependent increases in plasma nicotine
levels across FDS (B= 4.0; p < 0.0001) but no effects of group or
group × dose interaction. Pairwise contrasts indicated a significant
increase in plasma nicotine levels at the 0.5 mg dose relative to
placebo (B= 1.6, p < 0.0001) and at 1.0 mg compared with 0.5 mg
(B= 2.4, p < 0.0001). Nicotine also dose-dependently increased
systolic (B= 5.9, p < 0.0001) and diastolic (B= 7.1, p < 0.0001)
blood pressure and heart rate (B= 7.8, p < 0.0001), as evidenced
by significant dose × time interactions, but there were no main
effects of group for any physiological measure. As with plasma
nicotine levels, all measures were increased at the 0.5 mg dose
relative to placebo (all p’s < 0.01, and at the 1.0 mg dose compared
with 0.5 mg (all p’s < 0.01). Dose × time × group interactions were
significant for heart rate (B= 3.5, p < 0.05) and diastolic blood
pressure (B= 3.0, p < 0.05) indicating slightly greater post-drug
increases in these measures in the ADHD group (B=−9.7, p <
0.0001 for ADHD and B=−6.2, p < 0.0001 for controls). However,
there were no significant group differences in physiological
measures at any particular nicotine dose, and these differences
were not clinically significant.

Subjective effects
Figure 2 illustrates results from the Initial Reactions Questionnaire.
Pleasant, Unpleasant, and Dizzy reactions all increased linearly
with dose (see Supplementary Table S2).
After controlling for race, age, and sex, there were significant

group and/or group × dose interactions across 2 of the 3
outcomes associated with self-reported Initial Reactions.

A significant Group × Dose interaction emerged for the Dizziness
outcome (B= 0.40, p < 0.05). The groups were comparable at the
0.0 mg dose, but ADHD participants reported significantly higher
dizziness at the 0.5 mg (B= 0.21, p < 0.05) and 1.0 mg doses
(B= 0.41, p < 0.05). For Pleasant Reactions there was a main
effects of group characterized by higher values across all three
nasal spray doses for the ADHD compared to the Control group
(B= 0.30, 0.31, and 0.32, for 0.0, 0.5, and 1.0 mg doses,
respectively, all p’s < 0.005). Ratings of Unpleasant Reactions
did not differ between groups.
A similar pattern of results was observed for the VAS used

to measure other subjective drug effects (see Supplementary
Table S2). Nicotine dose-dependently increased all of the
subjective ratings (B’s > 4.0, p’s < 0.01), with the exception of
Would Like to Take Again. Significant main effects of group
(ADHD > Control) emerged for ratings of Feel Drug, Good Effects,
Like Drug, and Would Like to Take Again (B’s > 7.3; p’s < 0.05).
There were no main effects of group or group interactions for
ratings of Bad Effects.

Nicotine choice
Figure 3 and Supplementary Table S3 illustrate results of the
choice sessions as a function of group and cognitive condition.
Controlling for age, sex, race, and order effects, there was a
significant main effect of group (B= 0.53, p < 0.05), as ADHD
subjects made more choices for nicotine relative to controls. A
main effect of cognitive condition was also observed (B= 0.45,
p < 0.01), with more choices for nicotine made under high relative
to low cognitive demand. Although the group by condition
interaction was not significant, examination of simple effects
indicated that ADHD subjects chose significantly more nicotine
than controls during the LD condition (B= 0.78, p < 0.05), whereas
the groups did not differ during the HD condition. Similarly, the
effect of cognitive condition on choice was only significant within
the control group, such that controls increased nicotine choices
under high relative to low cognitive demand (B= 0.30, p < 0.01).
By contrast, ADHD subjects’ generally greater choices for nicotine
were not influenced by cognitive demand.

DISCUSSION
The current study demonstrates that nonsmoking young adults
diagnosed with ADHD exhibit a different pattern of subjective and

922 Phone 
Screens

326 Phone 
Screen Passes

215 Screening 
Visits

165 Enrolled (75 
ADHD, 90 
Control)

136 Completed 
Study (61 ADHD, 

75 Control)

596 Phone Screen Fails: 104 Medical 
Exclusion; 108 smokers; 48 recent 
tobacco use; 37 not interested; 119 age; 
127 schedule issues; 54 other

111 Not Scheduled for In-Person 
Screening:  77 Cancelled; 34 No-
Show/Lost to Follow Up

50 Screen Fails: 44 DSM diagnoses/ 
medica�on; 1 recent tobacco use; 2 
co�nine; 1 posi�ve urine drug screen ; 1 
abnormal EKG; 1 low IQ

29 Withdrew (14 ADHD, 15 Control): 15 
scheduling issues; 5 due to adverse 
effects of nico�ne; 2 elevated co�nine; 3 
non-compliance;  4 lost to follow up

Fig. 1 Participant disposition through the study.

Table 2. Baseline demographic characteristics of ADHD and Control
groups.

ADHD
Mean ( ± SD)

Control
Mean (and SD)

Test statistic p

Age 21.1 (2.3) 22.2 (1.9) T= 2.94 **

% Female 54% (n= 33) 49% (n= 37) χ2= 0.31

% Non-white 34% (n= 21) 56% (n= 42) χ2= 6.30 *

Estimated IQ 116.9 (12.0) 116.3 (16.9) T= 0.26

% College graduate 33% (n= 20) 53% (n= 40) χ2= 5.76 *

CAARS subscale T-scores

Inattention 77.6 (10.1) 42.6 (7.9) T= 22.68 ***

Hyperactivity/impulsivity 65.7 (13.1) 38.8 (6.5) T= 14.61 ***

Total score 76.1 (10.2) 39.6 (8.0) T= 23.37 ***

% Previous ADHD diagnosis 71% (n= 43) N/A

ADHD subtype

Predominantly
inattentive

49% (n= 30) N/A

Combined 51% (n= 31) N/A

Currently on medication 31% (n= 19)

CAARS Conners Adult ADHD Rating Scale
*p < 0.05, **p < 0.01, ***p < 0.0001
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behavioral responses to acute nicotine exposure compared to
peers without ADHD. Non-smokers with ADHD reported signifi-
cantly greater dizziness effects of intranasal nicotine dose per se,
and greater pleasant subjective effects across all nasal spray doses,
compared to non-ADHD non-smokers, and there were no group
differences on subjective reports of bad or unpleasant effects.
Notably, rates of nicotine self-administration were significantly
higher among non-smokers with ADHD, and their choices of
nicotine were not influenced by cognitive condition. Compara-
tively greater nicotine choice by ADHD participants versus
controls under the low demand condition (e.g. casual rest) may
suggest higher nicotine reinforcement under conditions more
representative of the natural environment than high demand [27].
As observed in other studies of nicotine naïve individuals, choice
of nicotine spray was not preferred overall but varied among
individuals [13].
A significant group by dose interaction was observed for self-

reported dizziness, which does not load clearly onto positive or
negative factors. This item is a robust predictor of subsequent
smoking [28, 29], has a strong heritable component, and has been
proposed as the clearest index of underlying nicotine sensitivity
[30]. The observation that ADHD non-smokers’ report of greater
pleasant subjective effects was not moderated by nasal spray dose
potentially indicates an increased positive response to novel
experience (i.e., nasal spray) rather than effects of nicotine per se.
Together with their greater choice of nicotine sprays, these results

support the hypothesis that individuals with ADHD are more
sensitive to initial exposure to nicotine, thereby placing them at
greater risk for progression of smoking.
To our knowledge, however, this is the first experimental

demonstration that a clinical group at risk for a particular type of
substance use exhibits a different pattern of response to that
substance during initial exposure. And while the magnitude of
effects observed in the present study was modest, the findings
have important implications for public health. Specifically, the
results suggest that smoking/nicotine use prevention efforts for
individuals with ADHD should be initiated prior to the age at
which experimentation typically occurs (i.e. early adolescence),
especially since it has been shown that the transition from initial
experimentation to nicotine dependence is faster among indivi-
duals with high levels of ADHD symptoms [31].
Several limitations should be considered. First, for ethical and

practical reasons, we studied young adults who had self-selected
to being non-users of nicotine and could independently provide
consent to participate. As such the degree to which our findings
generalize to younger individuals remains unknown. This is
important since it is known that individuals with ADHD or high
levels of ADHD symptoms are likely to experiment with nicotine/
smoking at younger ages than those without such characteristics
[2, 32]. Second, as noted above, some outcomes, including
pleasant subjective effects, showed main effects of ADHD status
and not interactions with dose, suggesting that nicotine per se
was not driving those group differences. These findings still have
relevance for understanding smoking risk since initial experimen-
tation involves novel physiological and sensory experiences.
Finally, our study was conducted, for the most part, prior to the
widespread use of novel electronic nicotine delivery systems (i.e.,
e-cigarettes). Given that a substantial and growing minority of
youth report recent e-cig use [33], the relevance of our findings to
experimentation and uptake of e-cigarette use is unknown,
though the pharmacokinetic and sensory experiences of nicotine
nasal spray may be more similar to e-cigarette use (i.e., both
routes lack combustion) than cigarette smoking. Still, additional
work is needed to clarify how the landscape of e-cigarette use
influences nicotine/tobacco use and dependence among indivi-
duals with ADHD.
In spite of limitations, the current study used a large and well-

characterized sample; as well as the use of well-validated behavioral
pharmacological methods to evaluate both the subjective and
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reinforcing effects of nicotine. The present findings suggest that
there are meaningful differences between young adults with and
without ADHD with respect to their initial reactions to nicotine. And
given the strong relationship between initial reactions and risk for
regular use, interventions to prevent use should start prior to typical
age of experimentation among ADHD patients.
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