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Abstract

Objective—To evaluate the association of Attention-Deficit/Hyperactivity Disorder (ADHD) and
severity of physical dependence on nicotine in a controlled study of adolescents and young adults
with ADHD.

Study design—In controlled longitudinal family studies of ADHD, we examined self-reports on
the modified Fagerstom Tolerance Questionnaire (mFTQ) for degrees of physical dependence on
nicotine.

Results—We obtained mFTQ data from 80 ADHD probands and 86 control probands (mean age=
19.2). Smokers with ADHD had significantly higher scores on the mFTQ, indicative of more severe
physical dependence on nicotine compared with control smokers. Similarly, among current smokers,
there was a positive linear relationship between mFTQ score and symptoms of both inattentive and
hyperactive ADHD symptoms. Environmental factors such as current parental smoking, peer
smoking, and living with smokers all increased the risk for smoking in youth with ADHD more than
in controls.

Conclusion—Male and female smokers with ADHD manifest more severe physical dependence
on smoking compared with controls. Important environmental factors appear to add to the smoking
risk in ADHD.

Keywords
ADHD; smoking; nicotine; Fagerstrom Tolerance Questionnaire (FTQ)

Cigarette smoking among adolescents and young adults has long been recognized as a serious
public health probleml. Recent nationwide surveys of high school students revealed that 22%
of 12t-graders were smoking 2. In addition to the direct health effects, cigarette smoking often
represents an early stage in the developmental sequence into illicit drug use3 4. we recently

Corresponding author: Timothy E. Wilens, M.D, Pediatric Psychopharmacology Unit, 55 Parkman Street, YAW 6A, Boston, MA 02114,
Telephone: (617) 726-1731; Fax: (617) 724-3742; Email: TWILENS@PARTNERS.ORG.

Potential conflicts of interest information available at www.jpeds.com

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilens et al.

Methods
Subjects

Page 2

found smoking to be a significant risk factor for the subsequent use and abuse of drugs -
particularly in youth with Attention-Deficit Hyperactivity Disorder (ADHD)

Over the past decade, studies have demonstrated important bidirectional relationships between
ADHD and cigarette smokmg6‘ . As children with ADHD reach adolescence, they are
significantly more likely to smoke and at an earlier age than controls (before age 15:
ADHD=25%, non-ADHD= 9%) Prior studies have generally not examined potential
differences in the risk and characteristics of cigarette smoking between boys and girls with
ADHD. Yet data suggest that girls with ADHD may have a substantially higher age-matched
risk for associated 2problems such as substance use than boys, despite having lower rates of
conduct disorder?

The aim of the present study was to evaluate the risk and severity of cigarette smoking in
adolescents and young adults with ADHD who were part of an ongoing controlled, longitudinal
study of ADHD. Based on the literature”> 8, we hypothesized that a greater frequency of
cigarette smoking would be identified in subjects with ADHD; and based on findings of a
greater severity of substance use problems associated with ADH D14 —that among smokers,
a more severe form of nicotine dependence, measured by higher scores on a smoking
questionnaire, would be associated with ADHD.

Subjects were derived from two longitudinal case-control family studies of ADHD 16,17 A
three-stage ascertainment g)rocedure was used to select subjects: referral, telephone screening,
and structured interview!®. Because this study had begun prior to the finalization of DSM-IV,
our baseline assessment used DSM-111-R-based structured interviews but we supplemented
these with questions that would allow us to make DSM-IV diagnoses. The present study reports
on the 5-year follow-up of the female subjects (mean age at baseline=11.7 yrs) and the 10-year
follow-up of the male subjects (mean age at baseline=11.0 yrs), which occurred simultaneously
during the same five-year time period (Boys study: N=217, Girls study: N=235). Parents and
adult offspring provided written informed consent to participate, and parents also provided
consent for children under the age of 18. Children and adolescents provided written assent to
participate. The human research committee at Massachusetts General Hospital approved this
study protocol.

Psychiatric assessments including ADHD for the follow-up data presented here relied on the
Schedule for Affective Disorders and Schizophrenia for School Aged Children - Epidemiologic
Version (K-SADS-E) for subjects under 18 and the Structured Clinical Interview for DSM-IV
(SCID) (supplemented with modules from the K-SADS-E to assess retrospectively childhood
onset of symptoms and diagnoses including ADHD) for subjects 18 years of age and
older!6. In both children and adults, we considered a positive diagnosis if DSM-1V diagnostic
criteria were unequivocally met. Clinically significant ADHD symptoms were based on the
DSM-IV (9 Inattentive and 9 Hyperactive/Impulsive total) and derived from age-appropriate
structured interviews (see above). The raters were blind to the clinical status of the subject, the
ascertainment site and all prior assessments.

Socioeconomic status (SES) was measured using the 5-point Hollingshead scale, in which
higher scores indicate lower SES. Family intactness was recorded as a binary variable showing
if a subject’s parents had ever been divorced or separated.
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Fagerstrom Tolerance Questionnaire

The Fagerstrom Tolerance Questionnaire (FTQ) is a reliable and valid, self-reporting
instrument for assessing cigarette use, severity of physical dependence on nicotinel9.
Screening questions divide subjects by having smoked cigarettes at least once in one’s lifetime
(ever smoked), and by having smoked in the past month (current smokers). Current smokers
then complete 8 items evaluating smoking habits. The questionnaire was scored according to
the modified FTQ (mFTQ), which consists of seven items from the original 8-item FTQ (mFTQ
does not include the question “What brand of cigarettes do you smoke?”). A higher mFTQ
score indicates a greater degree of physical dependence for smoking19 (range: 0-9). A subject
was defined as being mFTQ dependent when the score was 4 or greater, indicating the midpoint
of moderate dependencezo. We also added additional items including exposure to smoking
questions asking if parents, people they live with, or friends smoke and past smoking items
such as age at onset of smoking. Subjects were mailed the FTQ to be completed at home and
returned on or before the day of their assessments.

Statistical Analysis

Results

Because our subjects spanned two sex-specific studies with different mean ages, we restricted
our sample to subjects within overlapping age ranges, in order to minimize collinearity of age
and sex. We truncated the sample age distribution by eliminating 65 female subjects aged 10-14
and 46 male subjects aged 26-31, thus eliminating the difference in mean age between males
and females. Subjects who did not complete and return the mFTQ in form packets (N=175)
were dropped from analyses. The dropped subjects were significantly different based on sex
as more females successfully completed and returned mFTQs (Xz(l):G.l, p=0.01). There were
no differences in age, SES, ADHD status or family intactness between included and dropped
subjects.

We used Pearson 2 tests for categorical variables and two-sided Fisher exact tests in cases of
low-frequency responses. Student’s t-tests were used to compare mFTQ scores and ages of
onset between groups. We used linear regression models to evaluate the relationship between
ADHD symptoms and mFTQ scores as well as to include all relevant covariates in analyses.
We modeled mFTQ score with linear regression including an interaction term for exposure to
smoking and ADHD status. We fitted logistic regression models for associations between
ADHD symptoms and rates of cigarette use. We used an alpha-level of 0.05 to assert statistical
significance and indicated any trends at p<0.10; all statistical tests are two-tailed. We calculated
all statistics using STATA 9.0 (Stata Corporation, 2005).

We assessed 341 subjects and obtained mFTQ data from 80 ADHD probands and 86 control
probands between the ages of 15 and 25. There were no significant differences between ADHD
and control subjects inage (19.3+2.7 and 19.2+2.8 years, respectively, p=0.73), socioeconomic
status (2.0+£1.2 and 1.7+0.8, p=0.27) or sex ratio (43% (34) males and 38% (33) males,
respectively; p=0.59). The ADHD cohort consisted of 70 (out of 80) subjects who reported
receiving pharmacologic medication as treatment for ADHD in their lifetime (duration: 8.6
+4.1 years). Within the ADHD group there were no differences between current smokers and
non-smokers with respect to severity of ADHD (x2(2)=1.8, p=0.40).

Smoking Prevalence

Based on responses to the mFTQ, there were significant differences in rates of having ever
smoked and current smoking between ADHD and control subjects (Table I). Lifetime
prevalence of smoking was more common in subjects with ADHD compared with controls
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(Table I). Similarly, current smoking (past month) was more common in subjects with ADHD
compared with controls (Table I).

mFTQ Score

Subjects with ADHD had greater rates of smoking dependence according to the mFTQ (Table
). When restricting analyses to current smokers, subjects with ADHD had significantly higher
mFTQ scores indicative of more severe nicotine addiction compared with controls (Table I).
These differences in rates of smoking dependence and mFTQ scores were maintained after
controlling for conduct disorder (p=0.008 and p=0.01, respectively). On the questionnaire’s
individual scored items, subjects with ADHD had significantly higher scores on two of the
seven items compared with control smokers: greater number of cigarettes smoked daily
(ordered logistic regression: z=2.9, p=0.003) and more often smoking while sick (Fisher exact
test, p=0.04). There was also a trend for the ADHD group to smoke sooner after waking than
the control group (t=1.8, p=0.09).

ADHD Symptoms and Subtypes

Current smoking rates were directly related to the overall number of current overall, inattentive,
and hyperactive/impulsive ADHD symptoms across all subjects (Figure 1; Table II). Similarly,
among current smokers, there was a positive linear relationship between mFTQ score and total
ADHD symptoms (Table Il) —which was significant for both ADHD subtypes. Within subjects
with ADHD, the only symptom found to be significantly more prevalent in current smokers
compared with non-smokers was “difficulty playing/being quiet” (smokers: 69%; non-
smokers: 40%; x2(1)26.1, p=0.01). Control subjects displayed fewer inattentive and
hyperactive/impulsive symptoms than subjects with ADHD (ADHD: Inattentive=7.5+2.1,
Hyperactive=6.1+2.6; Control: Inattentive=1.4+2.2, Hyperactive=1.3+1.9).

Sex Differences in Smoking

Albeit we had a larger percentage of females relative to males in our sample, there was a trend
to more severe nicotine dependence in female compared with male smokers with ADHD
(mFTQ scores: 4.5+1.8 and 3.4+1.8, respectively, z=1.7, p=0.09). Across all subjects with
ADHD, there were no differences in rates of mFTQ smoking dependence, current smoking or
lifetime smoking between males and females

Exposure to Smoking

On items in the MFTQ measuring exposure to cigarette smokers, we found three environmental
factors associated with the mFTQ score. Having more friends who smoke, living with smokers,
and having parents who smoke were all associated with a greater physical dependence across
all subjects (Friends: p<0.001; Living with: p<0.001; Parents: p=0.007). There were significant
interaction effects on mFTQ score between each of the three environmental factors and ADHD
status (Figure 2) indicating that exposure to smoking had a significantly greater difference in
mean mFTQ scores in subjects with ADHD compared with controls.

Onset of Smoking

Subjects with ADHD reported a significantly earlier onset of smoking compared with controls
(ADHD=13.9+2.7yrs, Control=15.2+2.0yrs, t(9g)=2.4, p=0.02) — that was no longer significant
when controlling for conduct disorder (CD; p=0.28). ADHD subjects with CD, compared with
ADHD subjects without CD, had a significantly earlier onset of smoking (12.8+2.5yrs, and
14.8+2.6yrs, t(52)=2.8, p=0.007).
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Discussion

The current findings support our hypotheses and replicate previous work highlighting that
ADHD is a risk factor for early-onset and higher rates of cigarette smoking. Our data extend
findings by showing more severe cigarette smoking associated with ADHD. We also found
important relationships between ADHD symptoms, the environment, and the risk for smoking.

These findings further the research on ADHD as a major risk for earlier onset- and more severe
cigarette smoklng 1. Smokers with ADHD had significantly higher mFTQ scores,
indicative of a more severe form of cigarette smoking relative to controls. Our examination of
the intrinsic characteristics of ADHD related to smoking revealed that subjects with more
ADHD symptoms including both inattentive and hyperactive/impulsive cluster symptoms
reported greater FTQ scores. Our data replicates epidemiological work by Kollins et al’,
showing a direct relationship between probability of smoking and both inattentive and
hyperactlvellmpulswlty cluster symptoms. Interestingly, using different methodology, like
Kollins et al 7, we found a linear relationship across our entire sample. Our data also support
findings by Upadhyaya etal 21 who reported that among college students the presence of
current symptoms of ADHD were directly related to risk for cigarette smoking (and substance
use). Likewise, Tercyak etal 8founda strong association in acommunity sample of adolescents
between an increase in ADHD inattentive symptoms and an increased risk for cigarette
smoking. Whereas Galera et al 22 found an association between cigarette smoking and ADHD
symptoms in girls but not boys, in the current study, we did not find that sex mediated the
relationship between ADHD, smoking risk, or severity.

The significant interaction between ADHD and environmental factors related to cigarette
smoking is noteworthy. Similar to others8, we found that a relationship with a parent or peer
smoker increased the severity of smoking across all subjects but that mFTQ scores were
clinically and statistically higher in subjects with ADHD compared with controls. For instance,
the likelihood to smoke in ADHD was over two-fold higher in the presence of parental smoking.
Hence, ADHD appears to make an individual more vulnerable to the environment by nature
of exposure to either peers or parental smoking. Our data are similar to others showing
heightened vulnerability to Substance Use Disorders specifically in ADHD related to social
class 23 or exposure of young adolescent to parental substance abuse at specific developmental
periods 24 Our data also replicated findings that individuals with ADHD had the onset of
cigarette smoking 1.5 years prior to non-ADHD controls. For instance, Downey et al 25 showed
that adult smokers with ADHD began smoking at a younger age than non-ADHD smokers.
Like Millberger et al 6,26, \e also found that the very early onset of cigarette smoking in our
youth with ADHD was related to comorbid CD.

Although limited by an overrepresentation of reporting from females relative to males, we

found interesting trends to more severe smoking in females with ADHD compared with males

with ADHD. If replicated, our current data su@ort others suggesting higher age-matched risk

for substance use in girls relative to boys12 — that has been linked to earlier cigarette

smokmg .Our findings are particularly interesting in that the girls with ADHD in our sample
8 had lower rates of CD compared with the boys with ADHD.

Although the reasons for the link between smoking and ADHD remain unclear, theoretical
considerations suggest that the two conditions might share common underlying mechanisms.
Notably, the putative underlying mechanisms of ADHD and the pharmacologic effects of
nicotine in the brain are believed to share common neurotransmitter system2 . For example,
Krause et al30, using positron emission tomography, showed similar effects of nicotine and
methylphenidate on the dopamine transporter protein. Moreover, a large preclinical literature
supports the prominent effects of nicotine and nicotinic modulators on various aspects of
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cognition including attention, working memory and other executive functions29. There is also
evidence that common genes may create a vulnerability to both ADHD and nicotine
dependence, as mothers who smoked during pregnancy increased their child’s risk for
hyperactivitygl. Of interest, recent human data indicate a positive effect of nicotine32 or
nicotinic modulators29 on ameliorating symptoms of ADHD.

Considering the well-documented morbidity and mortality associated with cigarette smoking,
the continued findings of not only higher risk but also earlier onset and more severe cigarette
smoking in ADHD merit discussion. Moreover, given recent findings documenting that
smoking in youth with ADHD is an especially potent predictor of subsequent substance use
and abuse in ADHD 33, prevention, identification, and early intervention of cigarette smokers
with ADHD seems warranted. Even though the most prudent approach to reducing the risk for
cigarette smoking in ADHD remains unclear, it appears clinically reasonable to educate youth
and their families about the risk of cigarette smoking in ADHD, to optimally treat ADHD
symptoms, and to provide ongoing monitoring and early aggressive treatment of cigarette
smoking.

The results of this study need be considered in the light of their methodological limitations.
Although subjects were a mean age of 19 years, not all subjects were completely through the
period of risk. Smoking severity was by a self-report questionnaire (mFTQ) with more females
than males responding, and not breath or urine measures. Among subjects with ADHD, a lack
of current ADHD symptoms may represent remission, treatment effects, or underreporting
(sensitivity)-especially in situations without parental indirect reports. Our sample sizes were
relatively small, particularly when comparing smokers with and without ADHD and treated
and untreated subjects with ADHD. Treatment was determined by direct and indirect report
and may not reflect actual adherence to treatment.

Despite these limitations, our results show that ADHD is associated with earlier onset and more
severe cigarette smoking compared with matched non-ADHD controls. A direct relationship
between ADHD symptoms and the risk and severity of cigarette smoking exists. Given the
significant risk that youth with ADHD have for developing a severe form of nicotine
dependence, clinically relevant prevention and early intervention strategies aimed at cigarette
smoking in youth with ADHD are necessary. Future research should examine the
environmental and neurobiological interaction between ADHD and nicotine use, as well as
effects of treatment, prevention and early intervention strategies on smoking in these high-risk
youth. Additional research is also needed to examine correlations between ADHD severity and
dimensional smoking measures, and the age effects on physical dependence to nicotine in
adolescents and adults with ADHD.
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Figure 1.
Association between total ADHD symptoms and smoking rates; Wald test for logistic
regression model: N=166, y?(1)=14.0, p<0.001.
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Figure 2.

(a) Mean mFTQ score in young adults stratified by peer smoking and ADHD status; Control
N =84, ADHD N =74; F(1 154=14.2, p<0.001. (b) Mean mFTQ score in young adults stratified
by living with smokers and ADHD status; Control N =84, ADHD N =74; F(1 154)=7.1, p=0.008.
(c) Mean mFTQ score in young adults stratified by parental smoking and ADHD status; Control
N =81, ADHD N =72; Parents: F(; 149)=12.1, p<0.001.
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Table Il
Association between ADHD Symptoms and Smoking Rates/Severit
Outcome Variable] Independent Variable Test-statistid] df p
Current Smoking Total Sxs ¥’ =14.0 1 <0.001
Current Smoking* Inattentive Sxs Y =121 1 <0.001]
Current Smokinql Hyperactive Sxs XZ =137 1 <0.001]
METO score® Total Sxs F=8.1 1, 46) 0.007
MFTO score? Inattentive Sxs F=75 1,46 0.009
MFTO score® Hyperactive Sxs F=75 1, 46 0.009

1 .. .
Logistic regression model

2. .
Linear regression model
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