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Discrepancies in the Validity of Self-Reported Cigarette Smoking
in Adults with and without ADHD

Jean-G. Gehricke, PhD, MA?2, Jonathan Gevorkian, BS%, Annamarie Stehli, MPH2, Sharina
Dyan Alejo, BS%, Meghan Dawson, BA2, Alexei Kopelevich, BS2

aThe Center for Autism & Neurodevelopmental Disorders, University of California, Irvine,
Department of Pediatrics, Santa Ana, CA 92705, USA

Abstract

Objective—Attention-deficit/hyperactivity disorder (ADHD) is associated with an increased
smoking prevalence and impairments in executive function, which may negatively affect the
validity of self-reported smoking rates. This study compares the utility of self-reported smoking
with salivary cotinine in adult smokers and non-smokers with and without ADHD.

Methods—~Participants (A = 82) were adult smokers and nonsmokers with and without ADHD (n
=35 ADHD and n= 47 controls) from an observational study. Odds ratios (ORS) for accuracy of
self-reported smoking compared to salivary cotinine were calculated using diagnosis (ADHD
versus control), gender, age, education, employment, and number of cigarettes per day as
predictors. Post-hoc analysis stratified sensitivity, specificity, and accuracy of self-reported
smoking in individuals with ADHD and without ADHD.

Results—The initial analysis identified education as a significant independent predictor of odds
of accuracy OR = 6.22, p=.013, after adjusting for diagnosis, gender, age, employment, and
cigarettes per day. Post-hoc analysis revealed that sensitivity, specificity and accuracy of self-
reported smoking was 100% for individuals with ADHD who had more than high school
education compared to those with high school or less, which was 83.3%, 45.5%, and 65.2%,
respectively. Self-reported smoking of control participants with greater than a high school
education had a sensitivity of 85.7%, a specificity of 91.7%, and an accuracy of 88.5%. Control
participants with a high school or lower education had a sensitivity of 54.6%, a specificity of 90%,
and an accuracy of 71.4% for their self-reported smoking.

Conclusion—Individuals with ADHD and high school or lower education showed the lowest
specificity and accuracy in their self-reported smoking, which may affect documented smoking
prevalence rates. This is a secondary analysis of data collected as part of a clinical trial registered
as Clinicaltrials.gov Identifier at www.clinicaltrials.gov.
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Introduction

Method

Data

Self-report surveys on smoking rates are generally considered cost-efficient, quick, and
reliable (Hoseini et al., 2016; Vartiainen, Seppala, Lillsunde, & Puska, 2002; Yeager &
Krosnick, 2010) but age, education, and frequency of smoking have been shown to affect
accuracy (Caraballo, Giovino, Pechacek, & Mowery, 2001; Gerritsen et al., 2015; Klesges,
Klesges, & Cigrang, 1992). Historically, self-reported smoking amongst the general
population shows high levels of sensitivity and specificity. Sensitivity is the ability of a test
to correctly identify individuals with a condition (true positives), whereas specificity is the
ability to correctly identify those without the condition of interest (true negatives; Akobeng,
2007). According to a 1994 meta-analysis, sensitivity and specificity were on average 87%
and 89%, respectively, when compared to biochemical markers (Patrick et al., 1994).
However, more recent studies have shown that these self-reports underestimate the
prevalence of smoking (Connor Gorber, Schofield-Hurwitz, Hardt, Levasseur, & Tremblay,
2009). In a study assessing the validity of smoking self-reports across different countries, the
United States was shown to underestimate sensitivity and specificity by 0.6% (West,
Zatonski, Przewozniak, & Jarvis, 2007). People are thought to underreport their smoking
due to perceived social pressure (Fendrich, Mackesy-Amiti, Johnson, Hubbell, & Wislar,
2005; Gerritsen et al., 2015). Furthermore, concerns have been raised about the subjectivity
and recall error associated with self-reports (Benowitz, Bernert, Caraballo, Holiday, &
Wang, 2009). Recall error and reduced memory function are frequently associated with
attention-deficit/hyperactivity disorder (ADHD; Pollak, Kahana-Vax, & Hoofien, 2008),
which has a prevalence of 2.5% in adults (American Psychiatric Association, 2013) who also
have a smoking prevalence rate of 40% (Pomerleau, Downey, Stelson, & Pomerleau, 1995;
McClave, McKnight-Eily, Davis, & Dube, 2010). Previous research has shown that
individuals with ADHD had a higher incidence of false memories than control participants
(Soliman & Elfar, 2014). Inaccuracies in self-reports have important implications for
smoking prevalence rates and tobacco related disease statistics (Yeager & Krosnick, 2010).
Biomarkers of nicotine intake via tobacco smoke are more objective, such as cotinine —a
nicotine metabolite, which is detectable in saliva for up to 2-3 days (Bramer & Kallungal,
2003; Carey & Abrams, 1988).

The aim of the study was to examine discrepancies in the validity of self-reported smoking
compared to salivary cotinine levels in individuals with and without ADHD. It was
hypothesized that accuracy of self-reported smoking is a function of age, education,
frequency of smoking and diagnosis (Pollak et al., 2008; Stein et al., 2002). Based on the
initial model, we performed follow-up analyses that evaluated discrepancies in specificity,
sensitivity, and accuracy in individuals with and without ADHD.

A total of 82 participants were recruited from the community using advertisements, flyers,
and referrals from healthcare professionals as part of a neuroimaging study on ADHD and
smoking (Gehricke et al., 2017). The study inclusion criteria were male and female current

J Dual Diagn. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gehricke et al.

Measures

Analysis

Page 3

smokers and nonsmokers, ages 18 to 45, with or without a diagnosis of ADHD. The study
excluded pregnant women or women who were planning on pregnancy, individuals with any
chronic or major medical illness or any mental disorder that required medication (other than
stimulant medication), as well as non-English speaking individuals. The study was explained
to all participants before informed consent was obtained. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the
Institutional Review Board of the University of California, Irvine. The participants
represented various racial groups, both genders, and matched the criteria of either an ADHD
diagnosis or no diagnosis. Each participant was assessed according to DSM-IV criteria by a
licensed psychologist (J-G.G.) using the Structural Clinical Interview for DSM Disorders
(First MB, 2002), and the QUEST Method (Wigal et al., 2007). The majority of participants
with ADHD were diagnosed with the predominantly combined subtype (54.3%, n=19)
compared to the predominantly inattentive subtype (40.0%, 7= 14) and the hyperactive-
impulsive subtype (5.7%, n=2). In addition, 25.7% (/7= 9) of participants with ADHD were
taking stimulant medications such as Adderall (14.3%, n=5) and Ritalin (11.4%, n= 4).
See Table 1 for more details on participant characteristics.

Participants were surveyed about their smoking status (smoker versus nonsmoker), average
number of cigarettes smoked per day for the last 30 days, education, employment status, and
current medication intake. The administered questionnaire contained a total of 29 items
including questions about general health behaviors such as physical exercise and mental
well-being, with the main questions addressing smoking habits appearing early on in the
survey. Participants took roughly 5-10 minutes to complete the entirety of the questionnaire.
Participants were also asked to provide saliva samples on four separate days. The following
cotinine cutoffs were used: 4.85 ng/ml for Whites, 5.92 ng/ml for African-Americans, and
0.84ng/ml for Mexican-Americans (Benowitz et al., 2009). Salivary cotinine is minimally
invasive in nature and has increased sensitivity (Connor Gorber et al., 2009). Since salivary
cotinine is a comparable measure to plasma cotinine (Benowitz et al., 2009; Bernert et al.,
2000; Jarvis et al., 2003; Parzynski et al., 2008; SRNT, 2002), the cotinine cutoffs proposed
by Benowitz and colleagues (Benowitz et al., 2009) were used for analysis. The salivary
sample was collected, stored in a freezer, and analyzed by Salimetrics as cotinine values in
ng/mL units. See Table 1 for more details.

This study was an ad-hoc examination of salivary cotinine and self-reported smoking data
collected from a neuroimaging study, which recruited a relatively equal number of smokers
and nonsmokers with and without ADHD. The primary aim of this exploratory analysis was
to assess the accuracy of self-reported smoking in each group. The evaluation of sensitivity,
specificity and accuracy within the subgroups was the primary endpoint analysis. Analysis
of potential predictors of individual level accuracy was exploratory and could inform design
of future studies.

Participants who reported being smokers and had measured cotinine levels above the cutoff
were considered 7rue Positive, while those who reported being non-smokers and had
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cotinine levels below the cutoff were considered True Negative. Participants who reported
being non-smokers but had cotinine values that indicated levels typical of a smoker were
False Negative, while those who reported smoking and did not meet the cotinine threshold
were False Positive. Sensitivity, specificity and accuracy was calculated according to
established formulas (Akobeng, 2007) separately for individuals with ADHD and controls.
More specifically, sensitivity was defined as True Positivel( True Positive + False Negative).
Conversely, specificity was defined as 7rue Negativel( True Negative + False Positive). Using
the specificity and sensitivity data, accuracy was measured for each ADHD and control
group using ( 7rue Positive + True Negative)l( True Positive + False Positive + True Negative
+ False Negative).

For the independent predictors analysis, accuracy was defined on an individual level using a
binary variable where 1 = Accurate (True Positive or True Negative) and 0 = Not Accurate
(False Positive or False Negative). The distribution of level of education in years revealed a
median split that corresponded with two categories: high school or less/more than high
school (i.e., college). The range of ages spanned adulthood and the distribution lent itself to
examining younger, approximately college-age, adults (up to age 23) to older adults (age 24
and over). Thus, both education and age were entered as binary variables. The sample was
predominantly White (73%). Asian-Americans made up 17% of the sample, Chicanos 6%,
Native Americans 2%, and African Americans 1%. Investigation of both three-level race
(White/Asian/Other) and binary race (White/non-white) indicated no significant relationship
between race and any of accuracy, ADHD/control, or smoking status. Thus, education, age,
and race were entered as binary variables. For age, participants were divided into two
groups: 23 years of age or younger, and older than 24 years of age; education was divided
into two categories: high school or less, and more than high school; and race was indicated
as White or non-White. Odds ratios were calculated for age, education, race, frequency of
smoking, and clinical diagnosis with SAS (SAS Institute Inc.) using accuracy of self-
reported smoking (currently smoking versus nonsmoking) versus their average cotinine
levels across 4 consecutive days. Hypothesis testing was conducted at a p value of .05, two-
tailed. Employment was also included in the model to take into account the significant
difference between individuals with ADHD and controls (p = .030). Based on the findings
from the initial model, stratified analyses were performed and contingency tables created to
further examine the variation in sensitivity, specificity and accuracy among diagnostic and
education subgroups.

All subjects had complete data for each of the independent predictors of accuracy (V= 82)
and were included in the logistic regression (see Table 2). On an individual level,
participants in each diagnosis group exhibited similar accuracy of smoking status (binary
variable): participants with ADHD (22.9%) and control participants (19.5%), Xz(l) =17, p
= .683. Education was a significant independent predictor of odds of accuracy, OR = 6.22,
Wald Xz(l) = 6.2, p=.013, after adjusting for diagnosis, gender, age, race, employment, and
cigarettes per day. The other factors in the model were not independent predictors of
accuracy. A model investigating the interaction of diagnosis and education on accuracy
yielded no significant difference in the education effect between the subgroups (p = .976).
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Table 3 shows the frequency of individuals with and without ADHD being above/below
cutoff by education and self-reported smoking status. In the follow up analysis, individuals
with ADHD and a high school or less education showed a sensitivity of 83.3%, specificity of
45.5%, and accuracy of 65.2% (Table 4). In contrast, individuals with ADHD and more than
a high school education, sensitivity, specificity, and accuracy were 100%. Control
participants with a high school or lower education showed a sensitivity of 54.6%, a
specificity of 90%, and an accuracy of 71.4%. Control participants with more than a high
school education showed a sensitivity of 85.7%, a specificity of 91.7%, and an accuracy of
88.5%.

Discussion

Education was the only independent predictor of self-reported smoking accuracy which
corroborates previous findings (Caraballo et al., 2001; Gerritsen et al., 2015; Klesges et al.,
1992). Age and smoking frequency were not identified as independent predictors due to the
relatively young age and modest smoking frequency of the participants. However, stratified
analysis of the utility of self-reported smoking yielded differential results for adults with
ADHD compared to those without ADHD. More specifically, the findings suggest that
education may be an independent predictor of accuracy particularly in individuals with
ADHD who had a 34.8% difference between those who had more than a high school
education compared to those who had a high school education or less. In individuals without
ADHD, this difference was 17.0%. Intriguingly, individuals with ADHD who had more than
a high school education had the highest accuracy, followed by controls with more than a
high school education, then controls with a high school education or less, and finally
individuals with ADHD who had a high school education or less. These findings corroborate
previous studies that lower levels of education reduce smoking accuracy (Caraballo et al.,
2001; Gerritsen et al., 2015; Klesges et al., 1992), particularly in individuals with ADHD.
Although ADHD has been associated with subjective recall bias (Soliman & Elfar, 2014),
the current findings suggest that this association may be affected by education.

Besides the differences in accuracy, individuals with ADHD with a high school education or
less had higher sensitivity and lower specificity compared to controls with similar
educational attainment. As depicted in Table 3, the lower specificity in individuals with
ADHD with a high school education or less was due to the larger proportion of False
Positives (7= 6 out of 35 participants) compared to the control group (/7= 1 out of 47
participants). Correspondingly, higher sensitivity in this group was due to a lower proportion
of False Negatives compared to the control group (7= 2 for ADHD versus /7= 5 in control).
These data suggest that among those who have a high school education or less, individuals
with ADHD have a tendency to over-report their smoking status whereas those without
ADHD (i.e., the control smokers in our study) may be under-reporting their smoking. More
research is necessary on the link between ADHD, education and the accuracy of reporting
(e.g., of substance use, medication intake, etc.) by examining the underlying prefrontal
cortex functioning as was done in previous research on memory function (Abe et al., 2008).

The findings suggested that education may be a significant factor in determining the utility
of self-reported smoking in individuals with and without ADHD. The utility of self-report
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was high in individuals with more than a high school education, in particular for those with
ADHD. But individuals with ADHD and a high school education or less were less likely to
be correctly identified as nonsmokers based on their self-report. In contrast, individuals
without ADHD and a high school education or less were less likely to be correctly identified
as smokers based on self-report. Such sensitivity and specificity data fall far below that of
87.5% sensitivity and 89.2% specificity averages found in a previous meta-analysis
comparing the accuracy of self-reports to measured cotinine (Patrick et al., 1994). However,
the small sample size when divided into subgroups limits generalizability of the findings to
the larger convenient area. In addition, individuals with ADHD showed more heterogeneity
in years of education and employment compared to controls, which may have affected the
results. Although it remains unclear if secondhand smoke (SHS) exposure alone could raise
the cotinine levels of non-smokers enough to exceed the cutoffs utilized, SHS was not taken
into account in this study, which may have affected cotinine values in participants,
particularly in those with ADHD and high school education or less (Lindsay, Tsoh, Sung, &
Max, 2016).

In summary, the findings revealed that the validity of self-reported cigarettes use may be
significantly affected by educational attainment in individuals with and without ADHD. The
data suggests that self-reported smoking rates are particularly problematic when the majority
of individuals in a population have an educational level of high school or less. This may
affect self-reported smoking rates in individuals with ADHD due to the documented lower
educational outcomes in this population (Loe & Feldman, 2007). Thus, while self-reported
smoking surveys for individuals with higher education provide a relatively accurate estimate
of real behavior, independent of ADHD, salivary cotinine collection may be necessary to
validate smoking in those with a high school education or less.

Acknowledgments

The authors’ responsibilities were as follows: JGG and JG designed the research and wrote the manuscript; JGG,
JG, and AS analyzed data; JGG, JG, SDA, MD, and AK edited the manuscript; JGG conducted the research and
had primary responsibility for the final content of the manuscript; and all authors read and approved the final
manuscript.

Funding
The research was supported by Public Health Service research grants DA25131 and RR00827. In addition, the

project was supported by the National Center for Advancing Translational Sciences, National Institutes of Health,
through Grant UL1 TR000153.

References

Abe N, Okuda J, Suzuki M, Sasaki H, Matsuda T, Mori E, Tsukada M, & Fujii T (2008). Neural
correlates of true memory, false memory, and deception. Cerebral Cortex, 18(12), 2811-2819. doi:
10.1093/cercor/bhn037 [PubMed: 18372290]

Akobeng AK (2007). Understanding diagnostic tests 1: Sensitivity, specificity and predictive values.
Acta Paediatrica, 96(3), 338-341. d0i:10.1111/j.1651-2227.2006.00180.x [PubMed: 17407452]

American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition. In. Arlington, Virginia: American Psychiatric Association.

Benowitz NL, Bernert JT, Caraballo RS, Holiday DB, & Wang J (2009). Optimal serum cotinine levels
for distinguishing cigarette smokers and nonsmokers within different racial/ethnic groups in the

J Dual Diagn. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gehricke et al.

Page 7

United States between 1999 and 2004. American Journal of Epidemiology, 169(2), 236-248. doi:
10.1093/aje/kwn301 [PubMed: 19019851]

Bernert JT Jr., McGuffey JE, Morrison MA, & Pirkle JL (2000). Comparison of serum and salivary
cotinine measurements by a sensitive high-performance liquid chromatography-tandem mass
spectrometry method as an indicator of exposure to tobacco smoke among smokers and
nonsmokers. Journal of Analytical Toxicology, 24(5), 333-339. [PubMed: 10926356]

Bramer SL, & Kallungal BA (2003). Clinical considerations in study designs that use cotinine as a
biomarker. Biomarkers, 8(3-4), 187-203. doi:10.1080/13547500310012545 [PubMed: 12944172]

Caraballo RS, Giovino GA, Pechacek TF, & Mowery PD (2001). Factors associated with discrepancies
between self-reports on cigarette smoking and measured serum cotinine levels among persons aged
17 years or older: Third National Health and Nutrition Examination Survey, 1988-1994. American
Journal of Epidemiology, 153(8), 807-814. [PubMed: 11296155]

Carey KB, & Abrams DB (1988). Properties of saliva cotinine in young adult light smokers. American
Journal of Public Health, 78(7), 842—843. [PubMed: 3381965]

Connor Gorber S, Schofield-Hurwitz S, Hardt J, Levasseur G, & Tremblay M (2009). The accuracy of
self-reported smoking: A systematic review of the relationship between self-reported and cotinine-
assessed smoking status. Nicotine & tobacco research : official journal of the Society for Research
on Nicotine and Tobacco, 11(1), 12-24. doi:10.1093/ntr/ntn010 [PubMed: 19246437]

Fendrich M, Mackesy-Amiti ME, Johnson TP, Hubbell A, & Wislar JS (2005). Tobacco-reporting
validity in an epidemiological drug-use survey. Addictive Behaviors, 30(1), 175-181. doi:10.1016/
j.addbeh.2004.04.009 [PubMed: 15561458]

First MB, Gibbon M, Spitzer RL, Gibbon M, Williams JB. (2002). Structured Clinical Interview for
DSM-IV-TR Axis | disorders - research version (SCID-1/P, 1%2002 revision) (1%2002 revision ed.).
New York: Biometrics Research.

Gehricke JG, Kruggel F, Thampipop T, Alejo SD, Tatos E, Fallon J, & Muftuler LT (2017). The brain
anatomy of attention-deficit/hyperactivity disorder in young adults - a magnetic resonance imaging
study. PloS One, 12(4), e0175433. doi:10.1371/journal.pone.0175433 [PubMed: 28406942]

Gerritsen M, Berndt N, Lechner L, de Vries H, Mudde A, & Bolman C (2015). Self-reporting of
smoking cessation in cardiac patients: How reliable is it and is reliability associated with patient
characteristics? Journal of Addiction Medicine, 9(4), 308-316. doi:10.1097/adm.
0000000000000137 [PubMed: 26083956]

Hoseini M, Yunesian M, Nabizadeh R, Yaghmaeian K, Parmy S, Gharibi H, . . . Naddafi K (2016).
Biomonitoring of tobacco smoke exposure and self-reported smoking status among general
population of Tehran, Iran. Environmental Science and Pollution Research International. doi:
10.1007/s11356-016-7619-8

Jarvis MJ, Primatesta P, Erens B, Feyerabend C, & Bryant A (2003). Measuring nicotine intake in
population surveys: comparability of saliva cotinine and plasma cotinine estimates. Nicotine &
Tobacco Research, 5(3), 349-355. [PubMed: 12791530]

Klesges LM, Klesges RC, & Cigrang JA (1992). Discrepancies between self-reported smoking and
carboxyhemoglobin: An analysis of the second national health and nutrition survey. American
Journal of Public Health, 82(7), 1026-1029. [PubMed: 1609905]

Lindsay RP, Tsoh JY, Sung HY, & Max W (2016). Secondhand smoke exposure and serum cotinine
levels among current smokers in the USA. Tobacco Control, 25(2), 224-231. d0i:10.1136/
tobaccocontrol-2014-051782 [PubMed: 25398561]

Loe IM, & Feldman HM (2007). Academic and educational outcomes of children with ADHD. Journal
of Pediatric Psychology, 32(6), 643-654. doi:10.1093/jpepsy/jsl054 [PubMed: 17569716]

McClave AK, McKnight-Eily LR, Davis SP, & Dube SR (2010). Smoking characteristics of adults
with selected lifetime mental illnesses: Results from the 2007 National Health Interview Surveyet
al. American Journal of Public Health, 100(12), 2464-2472. doi:10.2105/AJPH.2009.188136
[PubMed: 20966369]

Parzynski CS, Jaszyna-Gasior M, Franken FH, & Moolchan ET (2008). Measuring nicotine intake
among highly-dependent adolescent smokers: Comparability of saliva and plasma cotinine
concentrations. Pharmacology, Biochemistry and Behavior, 89(2), 145-149. doi:10.1016/j.pbb.
2007.12.003

J Dual Diagn. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gehricke et al.

Page 8

Patrick DL, Cheadle A, Thompson DC, Diehr P, Koepsell T, & Kinne S (1994). The validity of self-
reported smoking: A review and meta-analysis. American Journal of Public Health, 84(7), 1086—
1093. [PubMed: 8017530]

Pollak Y, Kahana-Vax G, & Hoofien D (2008). Retrieval processes in adults with ADHD: A RAVLT
study. Developmental Neuropsychology, 33(1), 62—73. doi:10.1080/87565640701729789
[PubMed: 18443970]

Pomerleau OF, Downey KK, Stelson FW, & Pomerleau CS (1995). Cigarette smoking in adult patients
diagnosed with attention deficit hyperactivity disorder. Journal of Substance Abuse, 7(3), 373-378.
[PubMed: 8749796]

SAS [computer program]. Version 9.4. Cary, NC: SAS Institute Inc; 2014.

Soliman AM, & Elfar RM (2014). False memory in adults With ADHD: A comparison between
subtypes and normal controls. Journal of Attention Disorders. doi:10.1177/1087054714556814

Stein LAR, Colby SM, O’Leary TA, Monti PM, Rohsenow DJ, Spirito A,. . . Barnett NP (2002).
Response distortion in adolescents who smoke: A pilot study. Journal of Drug Education, 32(4),
271-286. [PubMed: 12556133]

Vartiainen E, Seppala T, Lillsunde P, & Puska P (2002). Validation of self reported smoking by serum
cotinine measurement in a community-based study. Journal of Epidemiology and Community
Health, 56(3), 167-170. doi:10.1136/jech.56.3.167 [PubMed: 11854334]

SRNT Subcommittee on Biochemical Verification. (2002). Biochemical verification of tobacco use
and cessation. Nicotine & Tobacco Research, 4(2), 149-159. doi:10.1080/14622200210123581
[PubMed: 12028847]

West R, Zatonski W, Przewozniak K, & Jarvis MJ (2007). Can we trust national smoking prevalence
figures? Discrepancies between biochemically assessed and self-reported smoking rates in three
countries. Cancer Epidemiology, Biomarkers and Prevention, 16(4), 820-822. doi:
10.1158/1055-9965.Epi-06-0679

Wigal TL, Wigal SB, Steinhoff K, Kollins S, Newcorn JH, Steinberg-Epstein R, . . . Swanson JM
(2007). Establishing a clinical diagnosis of ADHD in adults: The QUEST Method. Advances in
ADHD, 2(1), 8.

Yeager DS, & Krosnick JA (2010). The validity of self-reported nicotine product use in the 2001-2008
National Health and Nutrition Examination Survey. Medical Care, 48(12), 1128-1132. doi:
10.1097/MLR.0b013e3181ef9948 [PubMed: 20940652]

J Dual Diagn. Author manuscript; available in PMC 2020 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gebhricke et al.

Participant Characteristics

Table 1

ADHD (n = 35)

Control (n =47)

Demogr aphics
Ages, years (M+ SD) (min, max)
>= 24 years old (%, 1)
Male/Female ()
Race/Ethnicity
White (%, 1)
Asian American (%, 1)
Other (African, Chicano, Native American) (%, )
Education, years (M + SD)
More than high school (%)
Employed (%)
Smoking measures
Mean cotinine (ng/ml) (M + SD)
Self-reported cigarettes per day (M + SD)
Self-reported smokers (%, 1)
Mean cotinine (ng/ml) (Mt SD)
Self-reported cigarettes per day (M + SD)
Self-reported non-smokers (%, 1)
Mean cotinine (ng/ml) (Mt SD)
Self-reported cigarettes per day (M + SD)

24.83 £ 451 (21, 41)

40.0%, 14
30/5

77.1%, 27
14.3%, 5
8.6%, 3

13.94 +3.29

34.3%, 12

57.1%, 20

69.84 + 107.68
6.50 +£7.16
60.0%, 21

100.06 + 111.52

10.83+6.15
40.0%, 14

24.53 + 86.66

0+0

23.91 +3.53 (18, 39)
48.9%, 23
35/12

70.2%, 33
19.2%, 9
10.6%, 5
14.87 +1.97
55.2%, 26
80.9%, 38

57.96 +78.78
3.94 £6.52
42.6%, 20

104.99 + 84.75
9.25+7.14
57.5%, 27

23.13 £52.65

0+0

Note. ADHD = attention-deficit/hyperactivity disorder; M = Mean; SD = standard deviation.
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Effect Adjusted odds ratio estimates?(95% Wald waldx?(df=1)  p
confidence interval)
Diagnosis (ADHD vs. control) 1.313[0.373, 4.616] 0.1799 672
Gender (female vs. male) 1.687 [0.401, 7.095] 0.5094 AT75
Age (< 23 years old vs. = 24 years old) 1.810 [0.521, 6.284] 0.8742 .350
Race/ethnicity (White vs. non-White) 1.204 [0.301, 4.812] 0.0678 793
Education (high school or less vs. more than high school) 6.200 [1.470, 26.15] 6.1721 .013
Employed 0.443 [0.106, 1.849] 1.2466 264
Cigarettes/day 0.951 [0.860, 1.051] 0.9748 323

Note. ADHD = attention-deficit/hyperactivity disorder

aOdds ratios for accuracy were adjusted for diagnosis, gender, age, race, employment, and cigarettes per day.
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Table 3

Self-Reported Smoking and Cotinine Cutoffs by Education

Self-reported status

Did cotinine exceed cutoffal indicative of smoking?

No Yes

High school or less Nonsmoker 5 2

ADHD Smoker 6 10
More than high school ~ Nonsmoker 7 0
Smoker 0 5
Control  High school or less Nonsmoker 9 5
Smoker 1 6
More than high school ~ Nonsmoker 11 2

Smoker 1 12

Note. ADHD = attention-deficit/hyperactivity disorder.

aCotinine cutoffs by race are 4.85 ng/ml for Whites, 5.92 ng/ml for African Americans, and 0.84 ng/ml for Mexican-Americans (Benowitz et al.,

2009).
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Utility of Self-Reported Smoking versus Cotinine Levels by Education in Adults with ADHD and Controls

Current smoker based  Current smoker based Sensitivity True Specificity True Accuracy (True
on catinine (n =42) on self-report (n =41) Positive/(True Negative/(True Positive + True
Positive + False Negative + False Negative)/(True
Negative) Positive) Positive + False
Positive + True
Negative + False
Negative)
ADHD
High school or 52.2%, n=12 65.2%, n=15 83.3% 45.5% 65.2%
less
More than HS 41.7%, n=5 41.7%,n=5 100% 100% 100%
Control
High school or 52.4%, n=11 33.3%,n=7 54.6% 90.00% 71.4%
less
More than HS 53.9%, n=14 41.7%, n=14 85.7% 91.7% 88.5%

Note. ADHD = attention-deficit/hyperactivity disorder; HS = high school.
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