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Abstract

Introduction: Children with attention-deficit/hyperactivity disorder (ADHD) are at increased risk for 
smoking cigarettes, but there is little longitudinal research on the array of smoking characteristics 
known to be prognostic of long-term smoking outcomes into adulthood. These variables were 
studied into early adulthood in a multisite sample diagnosed with ADHD combined type at ages 
7–9.9 and followed prospectively alongside an age- and sex-matched local normative comparison 
group (LNCG).
Methods: Cigarette smoking quantity, quit attempts, dependence, and other characteristics were 
assessed in the longitudinal Multimodal Treatment Study of Children with ADHD (MTA) eight times 
to a mean age of 24.9 years: ADHD n = 469; LNCG n = 240.
Results: In adulthood, the ADHD group had higher rates of daily cigarette smoking, one or more 
quit attempts, shorter time to first cigarette of the day, and more severe withdrawal than the LNCG. 
The ADHD group did not appear to have better smoking cessation rates despite a higher proportion 
quitting at least once. Smoking quantity and nicotine dependence did not differ between groups. 
The ADHD group reported younger daily smoking onset and faster progression from smoking ini-
tiation to daily smoking across assessments. Finally, ADHD symptom severity in later adolescence 
and adulthood was associated with higher risk for daily smoking across assessments in the ADHD 
sample.
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Conclusions: This study shows that ADHD-related smoking risk begins at a young age, progresses 
rapidly, and becomes resistant to cessation attempts by adulthood. Prevention efforts should ac-
knowledge the speed of uptake; treatments should target the higher relapse risk in this vulnerable 
population.
Implications: Although childhood ADHD predicts later smoking, longitudinal studies of this 
population have yet to fully characterize smoking behaviors into adulthood that are known to 
be prognostic of long-term smoking outcome. The current study demonstrates earlier and faster 
progression to daily smoking among those with a childhood ADHD diagnosis, as well as greater 
risk for failed quit attempts. Prevention efforts should address speed of smoking uptake, while 
treatments are needed that address smoking relapse risk. The current study also demonstrates 
ADHD symptom severity over development increases daily smoking risk, implicating the need for 
continuous ADHD symptom management.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a childhood-
onset disorder characterized by pervasive and functionally impair-
ing inattention and/or hyperactivity-impulsivity.1 Children with 
ADHD are more likely to smoke cigarettes in adolescence2–4 and 
adulthood,5–11 but little prospective longitudinal research has fully 
characterized their prognostically important smoking behaviors 
into adulthood when smoking patterns become more firmly estab-
lished.12 As a result, little is known about the specific characteris-
tics of smoking (eg, quantity, success in quitting) as smokers with 
childhood ADHD become adults. One prospective study recently 
reported group differences in smoking characteristics as a function 
of childhood ADHD (eg, younger age of smoking initiation, faster 
progression to regular smoking), but nearly half of the sample was 
under 18 years old with a mean age of 17.75 years.13 As such, failure 
to find other group differences (eg, quit attempts) may have been 
hampered by a limited number of adults with prolonged smoking 
histories. Indeed, the mean age of daily smoking onset is 18.2 years 
with about one-third of smokers progressing to daily smoking after 
age 18.14 Studies that examine a broad array of smoking outcomes in 
adults are needed to better capture childhood ADHD smoking out-
comes that do not fully emerge until adulthood. The current study 
addresses this need with a prospectively studied multisite sample of 
children with ADHD followed to their mid-20s.

Although ADHD persists into adulthood for about 60% of chil-
dren with ADHD15 and places individuals at risk for worse sub-
stance use outcomes,16 the impact of ADHD symptom persistence 
over time with cigarette smoking is an understudied area. Persistent 
ADHD was not associated with daily smoking in the Rhodes and 
colleagues sample,13 but this question needs to be examined in an 
adult sample. Moreover, a dimensional approach to symptoms may 
provide a more sensitive analysis for daily smoking given the poten-
tial functional importance of subthreshold symptom persistence for 
ADHD.17,18 The current study provides an important contribution by 
being the first to examine ADHD symptom severity over adolescence 
and into adulthood in relation to daily smoking—a smoking variable 
associated with significantly higher risk of adult death.19

The longitudinal follow-up of the children in the Multimodal 
Treatment study of ADHD (MTA)20 repeatedly assessed cigarette 
smoking through adolescence into early adulthood when partici-
pants were about 25 years old. It therefore provides an opportunity 
to address the aforementioned gaps in the literature. The MTA began 
as a 14-month randomized controlled trial of treatments for children 
with ADHD and continued as a prospective observational study with 

regular assessments for 16 years. The MTA features a well-character-
ized, large multisite sample and a local normative comparison group 
(LNCG) of classmates matched for age and sex.20

Previous publications from the MTA demonstrate the high rates 
of daily smoking in late adolescence21,22 and adulthood23 in the 
ADHD group compared to the LNCG. The MTA therefore provides 
an excellent opportunity to determine whether prognostically rele-
vant smoking characteristics, such as high quantity of cigarette con-
sumption, greater nicotine dependence, and failed quit attempts, are 
related to childhood ADHD. Our first aim was to compare a variety 
of young adult smoking outcomes (ie, smoking quantity, nicotine 
dependence, quit attempts, a smoking relapse indicator variable, 
and withdrawal symptoms) between those with and without child-
hood ADHD. Our second aim was to compare time to the following 
events between those with and without childhood ADHD: smoking 
initiation, daily smoking onset, and progression from initiation to 
daily smoking. Across both of these aims, we predicted worse smok-
ing outcomes among those with childhood ADHD compared to the 
LNCG, including earlier onset and more rapid smoking progression 
for the ADHD group than the LNCG. Our third aim was to examine 
the association between ADHD symptom severity at different de-
velopmental stages (eg, adolescence and adulthood) and the prob-
ability of daily smoking over time within the ADHD sample. We 
predicted a positive association between ADHD symptom severity 
and daily smoking through adolescence and early adulthood within 
the ADHD group.

Methods

Participants
Participants were from the longitudinal follow-up of the MTA. 
Children received a diagnosis of ADHD, Combined Type (N = 579) 
at study entry when they were 7.0–9.9  years old.20 At each of six 
sites, children were randomly assigned to one of four treatment 
groups: Medication Management alone, Behavioral Treatment 
alone, Combined Treatment, or Community-treated Comparison.24 
Participants were assessed at completion of the 14-month treatment 
phase and again at 2, 3, 6, 8, 10, 12, 14, and 16 years after random-
ization. The LNCG (N  =  258 without ADHD at study entry) was 
recruited at the 2-year assessment.23 Thus, data for the LNCG are 
available beginning when their mean age was 10.4 years (SD = 1.08). 
Details about group differences at 2 years are summarized elsewhere.25 
From the original sample, 95% of ADHD group participants were 
reassessed at least once between the 2- and 16-year waves and were 
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retained in our analyses. Retention in adulthood (assessed at least 
once in the three adult assessments at 12-, 14-, or 16-year follow-up) 
was 476 of 579 (82%) for the ADHD group and 241 of 258 (93%) 
for the LNCG. Participants with and without complete data in the 
MTA were not significantly different on most demographic variables 
and equally met missing-at-random criteria.26 See Swanson et al.27 for 
group differences in ADHD symptoms between the ADHD group and 
LNCG. The final sample included 469 ADHD and 240 LNCG partici-
pants who completed assessments of smoking behavior in at least one 
adult assessment. The most recent adult assessment was used.

Measures
Tobacco Smoking
Tobacco smoking was assessed at each assessment with the self-
reported Substance Use Questionnaire22,28 (SUQ) adapted for the 
MTA. The SUQ assessed daily smoking in the past year, smoking 
amount in the past year (ie, about a half pack or more per day; 
about a full pack or more per day), quit attempts, and withdrawal 
symptoms (ie, craving, difficulty concentrating, and restlessness). For 
analyses involving the 12- through 16-year assessments, participants 
were coded as daily smokers if they smoked “once a day” or more in 
response to “In the past year, how often did you smoke cigarettes?” 
or if they responded “yes” to “Are you currently a daily smoker?” For 
the 2- through 10-year assessments, participants were coded as daily 
smokers if they smoked at least one cigarette per day in response 
to “During the past month, how many cigarettes have you smoked 
on an average day?” Responses to the restlessness question were fol-
lowed by, “Are you normally a restless person (i.e., don’t like to sit for 
long periods of time, need to move about frequently)?” on a 4-point 
Likert scale. We examined quit attempts among those who were ever 
weekly smokers for the 12- through 16-year assessments (i.e., those 
who responded “once a week or more” in response to “In the past 
year, how often did you smoke cigarettes?”) given that there are sig-
nificant health effects among such non-daily smokers.29 Smoking ini-
tiation age was the earliest age when smoking was first endorsed or 
retrospectively reported. Age of daily smoking onset was based on 
age at the time daily smoking was first reported. Latency to daily 
smoking was the difference between these two variables. Test–retest 
reliability of the SUQ smoking items is good (eg, kappa for ever tried 
cigarettes = .87).13

Nicotine Dependence Severity
The Fagerström Test for Nicotine Dependence (FTND)30 assessed 
nicotine dependence severity among daily smokers in adulthood. 
Total scores ≥5 indicate moderate to high dependence. The FTND 
is both reliable and valid in cigarette-smoking samples.31,32 The first 
item from the FTND assesses time to first cigarette upon waking (ie, 
≤5 min, 6–30 min, 31–60 min, and ≥60 min). This item was sepa-
rately analyzed because it has predictive validity for smoking relapse 
during quit attempts and is an index of ability to quit smoking.33

ADHD Symptom Severity
ADHD symptom severity was assessed by collateral reporters 
(>80% mothers) using common items from the Swanson, Nolan, 
and Pelham Rating Scale (SNAP)34 and Conners Adult ADHD 
Rating Scale (CAARS).35 These measures have adequate to excellent 
internal reliability (α ranging .71–.93 for the SNAP36 and .74–.92 for 
the CAARS35), as well as validity.35,37 The SNAP was administered 2 
to 10 years after baseline for participants under age 18; the CAARS 
was administered at 8 to 16  years after baseline for participants 

age ≥18. The 18 DSM-IV items from the SNAP were matched with 
parallel CAARS items. Response options ranged from 0 (not at all/
never) to 3 (very often/very frequently). Total symptom severity was 
calculated as the mean of all 18 item responses, whereas the inatten-
tive and hyperactive-impulsive symptom severity scores were calcu-
lated as the means of their respective subscale items (9 items each).

Data Analysis
Aims 1 and 2 Analytic Plan
Adulthood smoking outcomes were compared between ADHD and 
LNCG using ANOVA and logistic regression. Progression of smok-
ing initiation and daily smoking were examined via Cox propor-
tional hazards regression. As we have done elsewhere,23,38 household 
disadvantage was accounted for by including weighted effects-coded 
variables comparing children from two-parent households and at 
least one college-educated parent to the sample average (household 
advantage), and children from single-parent households with no 
college-educated parents to the sample average (household disad-
vantage). Presence of a baseline diagnosis of oppositional defiant 
disorder (ODD) or conduct disorder (CD) was covaried as we have 
done in previous studies,23 as well as sex (Female=0, Male=1) and 
race (dummy-coded: Black=1, All other=0; Hispanic/Other/Mixed 
ethnicity=1, All other=0).

Aim 3 Analytic Plan
The longitudinal association between ADHD symptom severity 
and probability of daily smoking in the ADHD group was tested 
via latent growth modeling in Mplus v.8.0.39 First, we estab-
lished an appropriate model for change over time in daily smok-
ing. Preliminary data inspection suggested that the probability of 
daily smoking increased through adolescence but leveled off in 
adulthood. We used a piecewise linear function of time40 with an 
inflection or “knot” point at the 12-year assessment to separately 
estimate rates of change in daily smoking through adolescence up 
to the 12-year follow-up and in early adulthood after the 12-year 
follow-up. Second, we estimated the association between ADHD 
symptom severity and daily smoking at each wave of assessment (a 
time-varying covariate relation), to determine whether more severe 
symptoms at specific points in time were linked to a greater chance 
of daily smoking at the same time. As in our analyses for Aims 1 and 
2, household (dis)advantage, baseline ODD or CD, sex, and race 
were included as covariates. We also tested their effects on rates of 
change in daily smoking, but only retained statistically significant 
terms. Diagonally weighted least squares estimation was used to 
obtain parameter estimates and standard errors. Cases with missing 
values were retained and estimates were unbiased under a missing 
at random mechanism.41

Results

Aim 1: Smoking Outcomes in Young Adulthood
Table  1 summarizes ADHD and LNCG comparisons in young 
adulthood. Daily smoking over the past year, higher in the ADHD 
group than the LNCG, is reported in Molina et al.23 and repeated 
in Table  1 to facilitate interpretation of results (p  <  .001). 
Quantity of cigarettes smoked in the past year was compared be-
tween ADHD and LNCG daily smokers. Statistically significant 
group differences were not found for either smoking about a half 
pack or more a day or for smoking a full pack or more daily. 
The rate of moderate-to-high nicotine dependence among daily 
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smokers did not differ by ADHD/LNCG (p = .38). Mean FTND 
scores also did not differ (ADHD M = 3.09, SD = 2.20; LNCG 
M = 2.63, SD = 2.34; p = .36).

Among participants reporting ever smoking at least once per week, 
the ADHD group reported a higher proportion of one or more quit 
attempts than the LNCG (p = .019). Despite this, the ADHD group 
did not appear to have better smoking cessation rates: there were no 
group differences in rates of nonsmoking in the past year among those 
who had ever smoked at least once per week (17% ADHD, 16% 
LNCG, p = .73). Time to first cigarette of the day was shorter for the 
ADHD group (p = .046). Withdrawal symptoms were higher in the 
ADHD group than the LNCG for craving, difficulty concentrating, 
and restlessness (p’s ≤ .016)—the latter remained statistically signifi-
cant after controlling for normal level of restlessness (p = .007).

Aim 2: Smoking Initiation, Daily Smoking Onset, and 
Progression from Initiation to Daily Smoking
Smoking initiation occurred earlier in the ADHD group than the 
LNCG across assessments, but this did not reach statistical signifi-
cance after the inclusion of covariates (Wald χ2(1) = 0.913, p = .34, 
Hazard ratio = 1.09, CI = 0.91–1.31). Both median and modal ages 
for smoking initiation were 15.00 years (SD = 4.90) for the ADHD 
group and 16.00 years (SD = 3.92) for the LNCG (see Supplement A).

The ADHD group reported an earlier daily smoking onset 
than the LNCG across assessments (Wald χ2(1) = 10.80, p = .001, 
Hazard ratio = 1.57, CI = 1.20–2.06) (Figure 1). Median age was the 
same for both groups, 19.00 years (SD = 3.64 and 2.59 for ADHD 
and LNCG, respectively), but modal age was younger for ADHD 
(18.00 years) versus the LNCG (19.00 years).

The ADHD group progressed more rapidly from smoking ini-
tiation to daily smoking than the LNCG across assessments (Wald 
χ2(1) = 6.66, p = .01, Hazard ratio = 1.43, CI = 1.09–1.88). Whereas 

the median latency to daily smoking after initiation was 4.00 years 
for both the ADHD group (SD = 3.54) and the LNCG (SD = 3.79), 
the modal latency was 0.00 (ie, the age of daily smoking onset 
occurred at the same age as smoking initiation) for the ADHD group 
and 2.00 years for the LNCG. Initiation age as linear and quadratic 
terms were also entered in subsequent steps, followed by the initi-
ation age (linear and quadratic) interaction with childhood ADHD 
status. Statistically significant effects emerged for initiation age as a 
linear term and as a quadratic term (p’s < .001), indicating that pro-
gression to daily smoking was faster for participants who initiated 
smoking at an older age and that risk for daily smoking increased as 
a function of older age. For instance, mean latency was 5.60 years 
(SD = 3.26) for participants who initiated smoking at 17 years old 
or younger and 1.90 years (SD = 2.08) for participants who initiated 
smoking 18 years old or older. The initiation age (linear) by child-
hood ADHD status interaction was significant (p = .025), indicating 
that progression to daily smoking was faster for LNCG participants 
who initiated smoking at an older age than ADHD participants. For 
instance, mean latency was 5.61 years (SD = 3.28) for ADHD par-
ticipants and 5.29 (SD = 3.22) for LNCG participants who initiated 
at 17 year-old or younger, but 2.14 (SD = 2.26) for ADHD partici-
pants and 1.20 (SD = 1.23) for LNCG participants who initiated at 
18 years-old and older. The other interaction was not statistically 
significant (p > .10).

Aim 3: Daily Smoking as a function of ADHD 
Symptom Severity Across Development
Results of our latent growth model of daily smoking from the 2- 
to 16-year follow-ups in children with ADHD showed good fit to 
the data (χ2(133) = 168.50, p =  .02; CFI =  .993; RMSEA =  .021, 
CI.95  =  .008–.030). Table  2 shows that daily smoking increased 
through adolescence (B = .195, p < .001), from an initial probability 

Table 1. Smoking Outcome at Adult Follow-up

ADHD LNCG

N (%) N (%) B p value OR (95% CI)

Daily Smokers in the Past Yeara 180 (38.4%) 46 (19.2%) 0.95 <.001 2.59 (1.76–3.81)
Smoking about a Half Pack or More Daily in the Past Yearb 126 (70.0%) 26 (56.5%) 0.58 .11 1.79 (0.88–3.63)
Smoking about a Pack or More Daily in the Past Yearb 62 (34.4%) 12 (26.1%) 0.31 .43 1.36 (0.63–2.95)
FTND (moderate-to-high dependence)c 42 (26.4%) 8 (20.0%) 0.40 .38 1.49 (0.62–3.59)
≥1 Quit Attemptd 217 (75.9%) 58 (63.7%) 0.62 .019 1.87 (1.11–3.15)

Mean (SD) Mean (SD) F p value d

Time to First Cigarettee 2.42 (1.06) 2.88 (1.02) 4.02 .046 .45
Withdrawal Symptomsf

 Craving 2.38 (1.18) 2.07 (1.12) 5.87 .016 .28
 Difficulty Concentrating 1.91 (1.12) 1.58 (0.96) 8.06 .005 .34
 Restlessness 2.03 (1.19) 1.54 (0.91) 18.10 <.001 .54

FTND = Fagerström Test for Nicotine Dependence. All analyses excluded 31 LNCG participants diagnosed with ADHD at baseline. Cohen’s d = difference between 
group means divided by LNCG SD.
aADHD n = 469, LNCG n = 240. There is a difference of n = 1 between the samples analyzed for this report and in Molina et al.23 due to different selection of 
variables across the analyses.
bADHD n = 180, LNCG n = 46. These analyses were among to daily smokers in the past year only. See Supplement B for analyses of smoking quantity among the 
full sample.
cADHD n = 159, LNCG n = 40. Participants were instructed to complete the FTND only if they were “currently a daily smoker.”
dADHD n = 286, LNCG n = 91. These analyses were among those who ever smoked at least weekly.
eADHD n = 158, LNCG n = 40. A lower score on this FTND item indicates a faster time to first cigarette (ie, 1 = within first 5 min, 2 = 6–30 min, 3 = 31–60 min, 
4 = after 60 min). The absolute value of the d statistic is reported for this finding.
fADHD n = 300, LNCG n = 108. The same pattern of results emerged when analyses were repeated among those who ever smoked at least weekly.
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of 0.8% at the 2-year follow-up to 33% by the 12-year follow-up. 
The rate of change in daily smoking remained stable through early 
adulthood (B =  .019, p =  .260), reaching a predicted base rate of 
36% at the 16-year follow-up. ADHD symptom severity was a po-
tent correlate of daily smoking at all assessments. Figure 2 shows 
that at the 16-year follow-up, ADHD symptoms one standard devi-
ation above average predicted a 47% chance of daily smoking, com-
pared to 25% for symptoms one standard deviation below average. 
The main effect of time-varying symptom severity was stable at the 
adult 12- to 16-year follow-ups (B = .447, p < .001), and a symptom 
× time interaction showed a marginally strengthening association 
through adolescence (B  =  .036, p  =  .089). Figure  2 shows that 
from the 2- to 12-year follow-ups, ADHD symptoms became more 
strongly associated with daily smoking every year.

In sensitivity analyses, we explored whether time-varying effects 
of symptom severity differed for inattention versus hyperactive-
impulsive symptoms. We replaced our composite symptom severity 
measure with domain-specific symptoms and tested their effects sep-
arately. Inattention and hyperactivity-impulsivity were each strongly 
associated with daily smoking during the adult follow-ups (B = .390, 
p < .001 and B = .366, p < .001 for inattention and hyperactivity-
impulsivity, respectively). Although a symptom × time interaction 
involving inattention was statistically significant, the interaction for 
hyperactivity-impulsivity was not (B = .038, p = .048 for inattention; 
B = .027, p = .154 for hyperactivity-impulsivity).

As summarized in Table 2, the probability of daily smoking at 
the 16-year follow-up was lower for females (24%), Black (8%), and 
other minority participants (9%; vs. 36% for White males). Daily 
smoking was more likely among young adults coming from disad-
vantaged households (single-parent family with no college-educated 
parents, 62%) and less likely from advantaged households at base-
line (two-parent family with at least one college-educated parent, 
17%). The probability of daily smoking at the 16-year follow-up 
did not differ between participants with and without comorbid 

childhood CD/ODD. The rate of daily smoking increased through 
adolescence, with no differences by sex or household (dis)advantage. 
The rate of increase among Black participants was 2.0% faster per 
year compared to White participants. The rate of increase among 
children with an initial comorbid diagnosis of CD or ODD was 
slower compared to children with ADHD alone (3.4% per year), 
owing to their higher rates of use at the earliest wave (all five chil-
dren who reported daily smoking at the 2-year assessment had a 
comorbid diagnosis of CD/ODD). In early adulthood, women on 
average became less likely to smoke (4.0% faster reduction per year 
than men in the probability of daily smoking). There were no dif-
ferences in the rate of change in daily smoking through adulthood 
across ethnic groups, between participants with and without comor-
bid childhood CD/ODD, or by household (dis)advantage.

In contrast to the dimensional approach assessing ADHD 
symptom severity over time, we also considered ADHD persistence 
categorically using DSM-5 symptom count criteria in adulthood, 
similar to Hechtman et  al.16 We found that 43.3% of the per-
sistent ADHD group reported daily smoking compared to 33.6% 
of the desistent ADHD group (p  =  .057) (see Table  1 for LNCG 
comparison).

Discussion

This study was a longitudinal analysis of a multisite sample of chil-
dren comprehensively diagnosed with ADHD and followed over 
eight assessment points into their mid-20s when smoking behav-
iors become more firmly established. Our findings indicate that, by 
adulthood, those with childhood ADHD endorse higher rates of 
daily cigarette smoking, no differences in smoking cessation rates 
despite higher rates of quitting at least once, shorter time to first 
cigarette of the day (an index of greater likelihood of relapse during 
quit attempts33), and more severe smoking withdrawal symptoms. 
Collectively, these findings are novel for a prospectively followed 
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sample diagnosed with ADHD in childhood. We speculate that 
greater withdrawal severity in the ADHD group is particularly rele-
vant in the context of the results indicating greater difficulty quitting. 
Additional findings were that group differences for daily smoking 
onset and progression to smoking were replicated, which extend past 
ADHD longitudinal studies in an older cohort. The current study 
was also the first to demonstrate that ADHD symptom severity was 
associated with probability of daily smoking across adolescent and 
adulthood assessments, which suggests that management of ADHD 
symptoms over development may affect daily smoking rates. We ex-
pand on these findings below.

Smoking Outcomes in Young Adulthood
Young adults with childhood ADHD experienced mixed smok-
ing outcomes. Rates of daily smoking were high (also reported 
in Molina et  al.23), which extends prior findings to a multisite 
sample.7,13,42 Contrary to cross-sectional findings,43 the quantity 
of cigarettes smoked among daily smokers did not differ between 
groups. However, this finding does replicate results from a sin-
gle-site study that included younger participants at follow-up.13 
One possibility for these null findings is that group differences 

among daily smokers may emerge as individuals continue to age 
into their 30s. Another possibility is that cigarette smokers with 
a history of ADHD may less accurately report on their smok-
ing behavior. In addition to cigarette smokers’ inaccuracy recall-
ing specific aspects of smoking behavior, including the number 
of cigarettes smoked,44 individuals with a history of ADHD are 
often inaccurate reporters of their own behavior.45 Future studies 
of smoking in real time, such as ecological momentary assess-
ments, could address this methodological limitation. These expla-
nations should be examined prior to concluding that smoking 
quantity is not higher among daily smokers with a history of 
childhood ADHD.

Nicotine dependence did not differ between the ADHD group 
and LNCG. These findings are consistent with some,13 but not 
other longitudinal studies of ADHD cohorts that either included 
nonsmokers46 or smaller sample sizes.47 Mean scores on the same 
measure (ie, FTND) were comparable in other ADHD cohorts,13 but 
relatively lower than national trends.48 Overall, these findings sug-
gest that children with well-characterized ADHD, and prospectively 
followed to smoker status in adulthood, have similar levels of nico-
tine dependence as their peers without a history of ADHD. In con-
trast, the ADHD group reported more severe withdrawal symptoms 
(ie, craving, difficulty concentrating, and restlessness). Here again, 
findings from the MTA converge with Rhodes and colleagues’ report 
that also found greater difficulty concentrating and craving during 
periods of abstinence.13 Together, these parallel findings across two 
prospectively followed ADHD cohorts may indicate that rates of 
nicotine dependence are not higher in ADHD, but ADHD is more 
relevant when withdrawal symptoms emerge following periods of 
smoking abstinence.

Results pertaining to aspects of smoking cessation were among 
the most novel findings of adult smoking outcomes that have yet 
to be identified in prospective studies of childhood diagnosed 
ADHD. Adult smokers with childhood ADHD more often reported 
attempting to quit at least once compared to the LNCG. In con-
trast to previous research,13 we may have detected this difference 
because our participants were older, which extended the timeframe 
for observation of quit attempts. We also found that despite dif-
ferences in quit attempts, the ADHD group did not appear to 
have better smoking cessation rates—this suggests that the ADHD 
group was more likely to relapse when they attempted to quit. This 
interpretation is consistent with the finding that the ADHD group 
had a shorter time to first cigarette, which is a potent predictor of 
smoking relapse.33

More failed quit attempts for adults with ADHD histories may 
reflect their increased difficulties with withdrawal symptoms, par-
ticularly when those symptoms appear to be an unmasking of ADHD 
symptoms previously “treated” by nicotine. Therefore, our findings 
of greater withdrawal experience by ADHD could be due to the re-
emergence of baseline ADHD severity during abstinence. However, 
laboratory-based protocols where change in baseline ADHD symp-
toms are examined against smoking withdrawal symptoms over the 
same period of time during biochemically confirmed smoking absti-
nence show that withdrawal symptoms are more severe and inde-
pendent of ADHD symptoms.49 The current study was not designed 
to address this issue, but our findings converge with cross-sectional 
studies that withdrawal is more severe.

More quit attempts should allow for more opportunities to experi-
ence withdrawal symptoms, which are more severe in those with ADHD. 
This implies a greater number of instances in which cigarette smoking 

Table 2. Latent Growth Model Results Predicting Level and Rates 
of Change in Daily Smoking Among Participants With ADHD 
Histories From the 2- Through 16-Year Follow-ups

B SE

Time-varying effect of ADHD symptom severity, 12 
to 16 years

.447* .086

Rate of change in symptom-smoking relation from 
2 to 12 yearsa

.036† .021

Effects on predicted base rate of daily smoking at 16-year follow-up 
(mean age 25)b

 Femalec −.350* .150
 Raced

  Black −.1.021* .388
  Other −.981* .377
 CD/ODD .022 .110
 Household advantage −.583* .161
 Household disadvantage .677* .204
Rate of change in daily smoking from Years 2–12 

(Piece 1 Slope)
.195* .024

 Race
  Black .052* .025
  Other −.040 .035
 CD/ODD −.085* .014
Rate of change in daily smoking from Years 12–16 

(Piece 2 Slope)
.019 .017

 Female −.095* .031

B = Probit regression coefficient (represents unit change in the expected value 
of a continuous, latent propensity to be a daily smoker on a cumulative stand-
ard normal distribution); SE = Standard Error; Analyses were also conducted 
controlling for Site and Site × ADHD symptom interactions, which did not 
produce any effects. *p < .05. †p = .089. aBaseline association (null) between 
symptom severity and daily smoking at 2 years: B =  .092, SE =  .19. bInter-
cept (predicted base rate) of daily smoking at 16-year follow-up: B = −.367 
(p < .053), SE = .190, prob = .36. cNegative value indicates women are less 
likely to be daily smokers (Female  =  1, Male  =  0). dDummy coded: Black 
(Black = 1, All other = 0), Other (Hispanic, other, and mixed ethnicity = 1, All 
other = 0). The reference category is White.
CD/ODD (Comorbid CD or ODD diagnosis in childhood=1, No 
comorbidity=0
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would be negatively reinforced (ie, smoking relieves withdrawal symp-
toms) in those with ADHD. This may explain why smoking cessation 
rates are lower in adult samples with retrospectively diagnosed child-
hood ADHD.50 Related to this latter point, the difficulty quitting that 
characterized our prospectively followed sample is notable because it 
overcomes limitations of cross-sectional studies of adult samples that 
relied on retrospective diagnosis of ADHD in childhood.

Future studies are needed to examine relevant topographical 
aspects of quitting not measured here, such as whether quit attempts 
were planned and duration of abstinence. In addition, studies are 
needed to address how quit attempts are associated with smoking ces-
sation rates in ADHD samples. For example, in addition to negative 
reinforcement processes, pre-existing motivational deficits and delay 
aversion51 in ADHD may make smoking abstinence disproportionally 
more difficult. Also, ADHD may lower the ability to tolerate aversive 
emotional and somatic sensations experienced during smoking absti-
nence (eg, emotion dysregulation), which is consistent with past stud-
ies of ADHD smokers.52 Smoking cessation treatments for those with 
a history of ADHD may be improved by targeting these processes.

Smoking Initiation, Daily Smoking Onset, and 
Progression from Initiation to Daily Smoking
We extended prior findings of ADHD cohorts followed into ado-
lescence2–4,13,21,22 regarding daily smoking onset and progression 
to daily smoking by prospectively following a sample into early 
adulthood. Since most adult smokers begin cigarette use by early 
adulthood,14 we were able to complete the cumulative record of 
smoking progression using prospective data. These findings con-
verge with other longitudinal studies of ADHD samples followed 
into adulthood.7,53 Whereas the ADHD group was not significantly 

more likely to try cigarettes earlier than the LNCG across assess-
ments, they did initiate daily smoking earlier and progressed from 
smoking initiation to daily smoking more quickly. These findings 
are particularly important in light of this population’s difficulty 
with smoking cessation, both in our sample and elsewhere in 
cross-sectional adult smoking samples.50 If children with ADHD 
begin smoking daily at young ages and have difficulty quitting, 
then they are potentially exposed to the harmful effects of smoking 
over more years of their lives. Although this needs to be tested in 
samples followed further into adulthood, this pattern would likely 
place smokers with a history of ADHD at greater risk for negative 
physical health outcomes of smoking (eg, pulmonary, cardiovas-
cular, and peripheral vascular disease54).

Daily Smoking as a Function of ADHD Symptom 
Severity Across Development
The association between ADHD symptom severity and daily smok-
ing across assessments is a novel finding that extends previous reports 
that relied on retrospective self-reported symptoms in a nonclinical 
sample.55 Notable strengths of the current study include a prospec-
tively followed sample and ADHD symptoms assessed by collateral 
reporters. A novel finding was that ADHD symptoms in late child-
hood were weakly or unrelated to daily smoking, but by late ado-
lescence, participants exhibiting more severe ADHD symptoms had 
a higher probability of being daily smokers, an effect that remained 
strong and stable in adulthood. For example, at the 16-year follow-
up, the chance of being a daily smoker for those with elevated ADHD 
symptoms was 39.6% in adulthood, compared to 20.3% for those 
with low ADHD symptoms within the ADHD group. Consistent 
with a broader examination of substance use in the MTA,23 patterns 

Figure 2. Model-implied probabilities of daily smoking for high and low levels of time-varying ADHD symptom severity, 2- through 16-year assessments, for the 
childhood ADHD group. +1SD = one standard deviation above mean symptom severity, −1SD = one standard deviation below mean symptom severity. At any 
given assessment point, higher-than-usual symptom severity predicts a shift to a trajectory on which daily smoking is more likely. 
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of use increased in adolescence and became relatively stabilized by 
young adulthood. These findings implicate the importance of ADHD 
symptom management into late adolescence and young adulthood 
on daily smoking. Our sensitivity analyses examining differential 
effects of ADHD symptoms build on previous studies (see Flory 
et  al.,56 for a review) and indicate that inattentive symptoms may 
be particularly important for the development of daily smoking in 
late adolescence. Although prior studies have demonstrated stronger 
effects for hyperactive-impulsive symptoms in the early stages of 
smoking,57 inattentive symptoms may play a more prominent role 
in progression to daily use due to the attention-enhancing effects 
of nicotine. By adulthood, however, after withdrawal symptoms 
become more pronounced, all ADHD symptom difficulties may be 
reflected in the experience of withdrawal (eg, restlessness). Although 
we caution against over-interpreting the modestly different findings 
for inattention versus hyperactivity-impulsivity (ie, the symptom 
domain by time interaction terms yielded beta values that differed 
by .011 units), the exclusion of children with differential elevations 
in symptom domains, particularly those with the inattentive subtype 
of ADHD, should have made this finding harder to detect.

A few effects of demographic covariates emerged. Women were 
less likely to smoke as adults, and Black adolescents progressed to 
daily smoking at a faster rate than other adolescents. Those with base-
line ODD or CD were slower to progress to daily smoking in adoles-
cence due to higher rates of daily smoking at the earliest assessment. 
At the 16-year follow-up, those from single-parent families with no 
college-educated parents were more likely to smoke than those from 
two-parent families with at least one college-educated parent. These 
variables need to be considered in greater detail in future studies.

Limitations
Future studies should also consider limitations not already identified. 
First, smoking status was not biochemically verified. Second, ADHD 
combined type was the only subtype allowed at study entry. Those 
with the inattentive type in childhood may have different smoking 
profiles. For example, daily smoking onset may be different in a sam-
ple with the inattentive type at baseline. Third, future research on 
reasons for ADHD vulnerability to daily smoking may benefit from 
considering the role of parental smoking and in-utero exposure that 
could affect rates of smoking. Fourth, though we considered baseline 
ODD and CD, later diagnosis may differentially affect the relation-
ship between childhood ADHD and smoking. Future studies should 
consider timing of ODD and CD diagnosis and impact on smoking 
behavior.58 Finally, our analyses did not consider stimulant medica-
tion effects. Although meta-analytic results do not support that stim-
ulant treatment for ADHD increases the odds of daily smoking in 
adulthood,59 future analyses will consider the impact of MTA treat-
ment group status and naturalistic stimulant medication use effects.

Summary
This study examined adult outcomes of children with and without 
ADHD into their mid-20s and is one of the most comprehensive 
reports to date on a variety of smoking outcomes in a large, pro-
spectively followed sample assessed this far into adulthood. Findings 
suggest that ADHD in childhood confers a risk for earlier daily 
smoking onset, faster progression from smoking initiation to daily 
smoking, more attempts to quit at least once, greater likelihood of 
relapse during quit attempts, and more severe withdrawal. Further, 
greater symptom severity into adulthood was associated with greater 
likelihood of being a daily smoker, underscoring the need for future 
mechanistic research to examine how ADHD into adolescence and 

adulthood—not just childhood ADHD—contributes to smoking 
outcomes. Continued study of these processes is needed to improve 
efforts to prevent and treat habitual cigarette use among individuals 
with ADHD.
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