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Abstract

Background—Executive function (EF) is considered an important mediator of health outcomes. 

It is hypothesized that those with better EF are more likely to succeed in turning their intentions 

into actual health behaviors. Prior studies indicate EF is associated with smoking cessation. 

Experimental and longitudinal studies, however, have yielded mixed results. Few studies have 

examined whether EF predicts post-treatment smoking behavior. Fewer still have done so 

prospectively in a large trial. We sought to determine if EF predicts quit attempts and cessation 
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among community smokers in a large randomized trial evaluating the efficacy of motivational 

interventions for encouraging cessation.

Methods—Participants (N=255) completed a baseline assessment that included a cognitive 

battery to assess EF (Oral Trail Making Test B, Stroop, Controlled Oral Word Association Test). 

Participants were then randomized to 4 sessions of Motivational Interviewing or Health Education 

or one session of Brief Advice to quit. Quit attempts and cessation were assessed at weeks 12 and 

26.

Results—In regression analyses, none of the EF measures were statistically significant predictors 

of quit attempts or cessation (all ps > 0.20).

Conclusions—Our data did not support models of health behavior that emphasize EF as a 

mediator of health outcomes. Methodological shortcomings weaken the existing support for an 

association between EF and smoking behavior. We suggest methodological improvements that 

could help move this potentially important area of research forward.

Keywords

Smoking cessation; motivational interviewing; health education; executive function; clinical trial; 
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1. Introduction

Executive function (EF), which comprises cognitive processes like working memory, 

attention, and inhibition along with higher-order processes like self-regulation and planning 

(Goldstein et al., 2014), is associated with improved health. EF contributes to dietary (Allan 

et al., 2010, 2011) and exercise (Hall et al., 2008) adherence, maintaining healthy weight 

(Menon et al., 2013), antiretroviral therapy adherence (Avants et al., 2001; Solomon and 

Halkitis, 2008), and non-smoking status (Brega et al., 2008; Menon et al., 2013; Moss et al., 

2009).

Smokers show poorer EF than non-smokers and ex-smokers (Durazzo et al., 2012; Glass et 

al., 2009; Nestor et al., 2011; Sabia et al., 2012; Starr et al., 2007), which could be an effect 

of smoking or both a cause and an effect. The few studies with longitudinal or experimental 

designs better suited to establishing whether EF predicts smoking behavior have yielded 

mixed results. For example, EF deficits in children with ADHD did not predict later 

cigarette smoking (Wilens et al., 2011). In smokers with schizophrenia, one of three EF 

assessments predicted treatment success (Moss et al., 2009) while in a study of community 

smokers one of two EF measures was associated with success in a laboratory relapse model 

(Mueller et al., 2009). Taken together these studies involving different populations, 

measures, and outcomes provide limited evidence that EF predicts smoking behavior. 

Further examination of this relationship in prospective studies, especially in large, diverse 

samples of smokers, is warranted.

We conducted a randomized controlled trial of Motivational Interviewing (MI) for inducing 

quit attempts and cessation in smokers with low interest in quitting (Catley et al., 2016), 

which included baseline measures of EF. Because no study has prospectively examined the 
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influence of EF on smoking outcomes in a large treatment trial among a diverse community 

sample, we conducted such an analysis using our data. We hypothesized that individuals 

with higher levels of EF at baseline would be more likely to attempt quitting and achieve 

abstinence because quitting smoking is a multi-step process (Lee et al., 2014) and both 

planning and executing plans are executive functions (Miller and Cohen, 2001).

2. Methods

Our data came from a clinical trial (ClinicalTrials.gov #NCT01188018) described in detail 

elsewhere (Catley et al., 2016; Catley et al., 2012). The study protocol was approved by the 

Institutional Review Board of the University of Missouri–Kansas City (#0978).

2.1. Participants

Participants (N = 255, 110 women) were recruited from the community. The sample was 

predominantly Black (65%), low-income (58% <$1000/mo.), and high school educated or 

less (84%) (see Catley et al. (2016) for full demographics). Primary inclusion criteria were: 

age ≥18 (mean 45.8), self-reported smoking of ≥1 cigarette per day (mean 17.1), not using 

cessation medication, and low desire to quit (≤6 on a 10-point scale; mean 1.9).

2.2. Study Arms

Participants were randomized in a 2:2:1 ratio to MI, Health Education (HE), or Brief Advice 

(BA). In MI and HE, participants received four 20-min sessions of in-person (baseline, week 

12) or over-the-phone (weeks 6, 18) cessation counseling. In BA participants experienced 

one 5-min session of direct advice to quit smoking.

2.3. Psychological Assessments

Baseline measures were assessed via computer or trained research staff and included 

demographics, smoking characteristics, and psychological variables. Nicotine dependence 

was assessed with the Heavy Smoking Index (HSI) (Kozlowski et al., 1994). EF measures 

were chosen for efficient administration and coverage of several facets of EF. We chose the 

Oral Trail Making Test (OTMT) (Ricker and Axelrod, 1994; Ricker et al., 1996) for general 

executive function, the “Victoria” Stroop task (Troyer et al., 2006) for response inhibition, 

and the Controlled Oral Word Association Test (COWAT-FAS) (Reitan and Wolfson, 1985) 

for verbal fluency. Detailed description and validation of these tests are available (Reitan and 

Wolfson, 1985; Ricker and Axelrod, 1994; Ricker et al., 1996; Troyer et al., 2006). OTMT 

score was defined as time to complete “B” section, Stroop as the interference score (color 

word sheet time/color dots sheet time), and COWAT-FAS as total valid words spoken.

2.4. Other Assessments

Other assessments included the Wechsler Test of Adult Reading (WTAR; proxy for IQ) (The 

Psychological Corporation, 2001); the Center for Epidemiologic Studies - Depression scale 

(CES-D) (Radloff, 1977); the Neuroticism and Extroversion components of the Eysenck 

Personality Questionnaire—Brief Version (EPQ) (Sato, 2005); and the Symbol Digit 

Modalities Test (SDMT) (Smith, 2002).
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2.5. Outcome Variables

Main outcomes were quit attempts at baseline, 12 weeks, and 26 weeks defined as a self-

reported quit attempt of at least 24 hours (Boardman et al., 2005; Zhou et al., 2009) within 

the past 3 months and smoking cessation, defined as self-reported abstinence at 12 weeks 

and cotinine-verified 7-day point-prevalence abstinence at 26 weeks (Benowitz et al., 2002; 

Hughes et al., 2003). Readiness to quit [“Contemplation Ladder” (Biener and Abrams, 

1991)], measured at baseline and weeks 12 and 26 was a secondary outcome.

2.6. Data Analysis

Results of preliminary factor analysis of the EF measures did not justify creating an EF 

composite; this approach was not pursued further. To avoid multicollinearity among the EF 

measures, we fit separate models for each EF variable-outcome combination.

Odds of a quit attempt were modeled using mixed logistic regression. For each explanatory 

EF variable (Stroop, OTMT-B, COWAT-FAS) we fit the following four models and 

compared them using the Bayesian Information Criterion (BIC): A base model (predictors: 

arm, week, arm*week), a base + EF predictor model (predictors: arm, week, arm*week, EF 

predictor), a base + EF + EF*arm model, and finally a full model which added seven 

covariates (age, HSI, CES-D, WTAR, SDMT, EPQ Neuroticism, EPQ Extroversion) to the 

best-fitting (i.e., lowest-BIC) of the previous three models.

Odds of quitting smoking (verified cessation) were modeled using Firth logistic regression. 

Due to few quitters, the only covariate included was study arm. We repeated this analysis 

limited to participants reporting a quit attempt to determine if effects of EF on cessation 

differ between those who do and do not make a quit attempt.

Contemplation Ladder was modeled in the same way as quit attempts except with Gaussian 

rather than logistic mixed models.

3. Results

Control variables were mostly similar between quit attempters and non-quit attempters 

(Table 1). Mean differences on the EF measures were <0.3 SD apart and not statistically 

significant (Wilcoxon test ps > 0.3). The same was true when comparing quitters versus non-

quitters (Table 1). Bivariate correlations between the EF measures and outcome variables 

were uniformly small (|r| < 0.14; Table 2).

In the quit attempt modeling, the best model per BIC for all three EF variables was the full 

model including the 7 covariates and the EF predictor, but not the EF*arm interaction. We 

found no statistically significant relation between odds of making a quit attempt and Stroop 

(aOR=1.07, 95% CI [0.70, 1.63], p = .761), OTMT-B (aOR=1.26, 95% CI [0.77, 2.07], p = .

356), or COWAT-FAS (aOR= 1.29, 95% CI [0.77, 2.17], p = .331).

Similarly, we did not find significant associations between smoking cessation and Stroop 

(aOR=1.43, 95% CI [0.81, 2.51], p = .217), OTMT-B (aOR=0.83, 95% CI [0.44, 1.60], p = .

584), or COWAT-FAS (aOR= 0.84, 95% CI [0.47, 1.49], p = .539). Limiting the analysis to 
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only those reporting a quit attempt yielded similar, non-significant results (aORs 1.44, 0.82, 

and 0.77 for Stroop, OTMT-B, and COWAT-FAS, respectively).

For the models predicting Contemplation Ladder the full model was not selected for any EF 

variable. COWAT-FAS was a significant predictor of Contemplation Ladder (β = 0.38, 95% 

CI [0.09, 0.66], p = .010), but neither Stroop (β = 0.10, 95% CI [−0.21, 0.40], p = .532) nor 

OTMT-B (β = 0.08, 95% CI [−0.26, 0.41], p = .659) were significant.

The BIC indicated improved likelihood-based fit when the EF predictors were added to the 

base models for quit attempt and Contemplation Ladder. However, changes in generalized 

R2 for all three outcomes were uniformly negligible: OTMT-B and Stroop never increased 

R2 by more than 0.01, and the largest effect on R2 for COWAT-FAS was a 0.03 increase for 

Contemplation Ladder. The addition of COWAT-FAS and Stroop both worsened likelihood-

based fit in verified cessation modeling. Additionally, OTMT-B and Stroop improved 

likelihood-based fit in quit attempt modeling, but their regression effects were both in the 

opposite direction than we would expect if EF is positively associated with quit attempts.

4. Discussion

We explored whether baseline executive function predicted quit attempts and cessation in a 

large community sample of unmotivated-to-quit smokers. EF did not predict quit attempts or 

cessation and only one of three EF tests was significantly associated with Contemplation 

Ladder. A second analysis of cessation limited only to those who reported a quit attempt also 

yielded null results. In total, only one of twelve EF-outcome relationships was statistically 

significant. Although EF measures improved likelihood-based fit (i.e., BIC) in most models, 

generalized R2 values suggest these measures make negligible contributions to predictive 

power.

The unexpected null results may be due to a weak or null relationship between EF and 

smoking behavior change or due to limitations in our study methods. One possibility is that 

we failed to use the “right” measure of EF; however, the best way to measure EF is not clear, 

and two of our measures were similar to ones that were significant predictors elsewhere: 

Moss et al. (2009) showed Trail Making Test B scores predicted cessation, and Mueller et al. 

(2009) found Stroop interference scores predicted short-term abstinence. But neither 

measure correlated with smoking behavior in our sample.

Another possibility is that EF may not predict who attempts to quit but instead predicts 

success in quitting. Our follow-up analysis on successful cessation among those reporting 

quit attempts yielded the same null results although this analysis had limited statistical 

power due to few quitters. EF could be a better predictor of the ability to control urges, say, 

than of deciding to initiate goal-directed behavior.

A third possibility is that our EF measures were possibly not sufficiently sensitive for a 

healthy community sample, resulting in ceiling effects. However, one study found significant 

effects using the Stroop test in a healthy population (Mueller et al., 2009).
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Although our results were null they add to a general picture of inconsistent evidence for EF 

as a predictor of smoking and smoking cessation. An important problem with the literature is 

that EF is defined and measured differently across studies. In smoking studies, EF has been 

operationalized using a paper-and-pencil scale (Brega et al., 2008), as a composite of scores 

on several cognitive tasks (Wilens et al., 2011), and as scores from several separate cognitive 

tasks (Moss et al., 2009; Mueller et al., 2009). Inconsistent defining/measuring EF is well 

documented; Goldstein et al. (2014) identified 33 definitions and 9 theoretical models. 

Additionally, studies involve different populations: older adults, adolescents, people with 

schizophrenia, and, in the present study, unmotivated-to-quit community smokers. It remains 

unclear how these sample differences may be impacting results; however, results appear to 

be consistently weak.

Another issue is that researchers sometimes conclude EF is an important predictor when 

only one scale out of a battery produced a statistically significant result. Often, no rationale 

is given for considering the one significant measure a better predictor than the others. In the 

two prior studies examining smoking outcomes combined only 2 of 5 EF predictors were 

significant (Moss et al., 2009; Mueller et al., 2009). We know of no published study 

reporting an entire battery of EF-primary outcome associations as null as in the present case. 

One explanation is that having at least one statistically significant predictor serves as a de 
facto threshold for publication.

4.1. Conclusions

Our null findings highlight that evidence for the association between EF and smoking 

cessation remains weak. While our results may be due to EF being less strongly related to 

quit attempts than cessation or other methodologic limitations, future research should 

confirm this and employ improved methods by: pre-registering specific EF measure-

outcome hypotheses, conducting prospective and experimental studies, using more stable 

measurements including factor analysis to generate composite measures of EF, measuring 

EF neurobiology using brain imaging, and reporting null findings.

Acknowledgments

Funding: This work was supported by the National Institutes of Health, National Cancer Institute (R01 CA133068 
to D.C.). Pfizer provided Varenicline (Chantix®) through Investigator Initiated Research Support (No. WS759405 
to D.C.).

References

Allan JL, Johnston M, Campbell N. Unintentional eating. What determines goal-incongruent chocolate 
consumption? Appetite. 2010; 54:422–425. [PubMed: 20100530] 

Allan JL, Johnston M, Campbell N. Missed by an inch or a mile? Predicting the size of intention–
behaviour gap from measures of executive control. Psychology & Health. 2011; 26:635–650. 
[PubMed: 21360414] 

Avants SK, Margolin A, Warburton LA, Hawkins KA, Shi J. Predictors of Nonadherence to HIV-
Related Medication Regimens During Methadone Stabilization. The American Journal on 
Addictions. 2001; 10:69–78. [PubMed: 11268829] 

Benowitz NL, Jacob P, Hall S, Tsoh J, Ahijevych K, Jarvis M, LeHouezec J, Hansson A, Lichtenstein 
E, Henningfield J. Biochemical verification of tobacco use and cessation. Nicotine and Tobacco 
Research. 2002; 4:149–159. [PubMed: 12028847] 

Fox et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Biener L, Abrams DB. The Contemplation Ladder: validation of a measure of readiness to consider 
smoking cessation. Health Psychol. 1991; 10:360. [PubMed: 1935872] 

Boardman T, Catley D, Mayo MS, Ahluwalia JS. Self-efficacy and motivation to quit during 
participation in a smoking cessation program. International journal of behavioral medicine. 2005; 
12:266–272. [PubMed: 16262545] 

Brega AG, Grigsby J, Kooken R, Hamman RF, Baxter J. The impact of executive cognitive functioning 
on rates of smoking cessation in the San Luis Valley Health and Aging Study. Age Ageing. 2008; 
37:521–525. [PubMed: 18515287] 

Catley D, Goggin K, Harris KJ, Richter KP, Williams K, Patten C, Resnicow K, Ellerbeck EF, Bradley-
Ewing A, Lee HS, Moreno JL, Grobe JE. A Randomized Trial of Motivational Interviewing: 
Cessation Induction Among Smokers With Low Desire to Quit. Am J Prev Med. 2016; 50:573–583. 
[PubMed: 26711164] 

Catley D, Harris KJ, Goggin K, Richter K, Williams K, Patten C, Resnicow K, Ellerbeck E, Bradley-
Ewing A, Malomo D. Motivational Interviewing for encouraging quit attempts among unmotivated 
smokers: study protocol of a randomized, controlled, efficacy trial. BMC Public Health. 2012; 
12:456. [PubMed: 22713093] 

Durazzo TC, Meyerhoff DJ, Nixon SJ. A comprehensive assessment of neurocognition in middle-aged 
chronic cigarette smokers. Drug Alcohol Depend. 2012; 122:105–111. [PubMed: 21992872] 

Glass JM, Buu A, Adams KM, Nigg JT, Puttler LI, Jester JM, Zucker RA. Effects of alcoholism 
severity and smoking on executive neurocognitive function. Addiction. 2009; 104:38–48. 
[PubMed: 19133887] 

Goldstein, S., Naglieri, JA., Princiotta, D., Otero, TM. Handbook of executive functioning. Springer; 
2014. Introduction: a history of executive functioning as a theoretical and clinical construct; p. 
3-12.

Hall PA, Fong GT, Epp LJ, Elias LJ. Executive function moderates the intention-behavior link for 
physical activity and dietary behavior. Psychology & Health. 2008; 23:309–326. [PubMed: 
25160480] 

Hughes JR, Keely JP, Niaura RS, Ossip-Klein DJ, Richmond RL, Swan GE. Measures of abstinence in 
clinical trials: issues and recommendations. Nicotine Tobacco Res. 2003; 5:13–25.

Kozlowski LT, Porter CQ, Orleans CT, Pope MA, Heatherton T. Predicting smoking cessation with 
self-reported measures of nicotine dependence: FTQ, FTND, and HSI. Drug Alcohol Depend. 
1994; 34:211–216. [PubMed: 8033758] 

Lee HS, Catley D, Harris KJ. Improving understanding of the quitting process: psychological 
predictors of quit attempts versus smoking cessation maintenance among college students. 
Substance use & misuse. 2014; 49:1332–1339. [PubMed: 24758706] 

Menon CV, Jahn DR, Mauer CB, O’Bryant SE. Executive Functioning as a Mediator of the 
Relationship Between Premorbid Verbal Intelligence and Health Risk Behaviors in a Rural-
Dwelling Cohort: A Project FRONTIER Study. Archives of clinical neuropsychology. 2013; 
28:169–179. [PubMed: 23192834] 

Miller EK, Cohen JD. An integrative theory of prefrontal cortex function. Annu Rev Neurosci. 2001; 
24:167–202. [PubMed: 11283309] 

Moss TG, Sacco KA, Allen TM, Weinberger AH, Vessicchio JC, George TP. Prefrontal cognitive 
dysfunction is associated with tobacco dependence treatment failure in smokers with 
schizophrenia. Drug Alcohol Depend. 2009; 104:94–99. [PubMed: 19447570] 

Mueller ET, Landes RD, Kowal BP, Yi R, Stitzer ML, Burnett CA, Bickel WK. Delay of smoking 
gratification as a laboratory model of relapse: effects of incentives for not smoking, and 
relationship to measures of executive function. Behavioural pharmacology. 2009; 20:461. 
[PubMed: 19741301] 

Nestor L, McCabe E, Jones J, Clancy L, Garavan H. Differences in “bottom-up” and “top-down” 
neural activity in current and former cigarette smokers: evidence for neural substrates which may 
promote nicotine abstinence through increased cognitive control. NeuroImage. 2011; 56:2258–
2275. [PubMed: 21440645] 

Radloff LS. The CES-D scale a self-report depression scale for research in the general population. 
Applied psychological measurement. 1977; 1:385–401.

Fox et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Reitan RM, Wolfson D. The Halstead-Reitan neuropsychological test battery: Theory and clinical 
interpretation. Reitan Neuropsychology. 1985

Ricker JH, Axelrod BN. Analysis of an oral paradigm for the Trail Making Test. Assessment. 1994; 
1:47–51. [PubMed: 9463499] 

Ricker JH, Axelrod BN, Houtler BD. Clinical Validation of the Oral Trail Making Test. Cognitive and 
Behavioral Neurology. 1996; 9:50–53.

Sabia S, Elbaz A, Dugravot A, Head J, Shipley M, Hagger-Johnson G, Kivimaki M, Singh-Manoux A. 
Impact of smoking on cognitive decline in early old age: the Whitehall II cohort study. Archives of 
general psychiatry. 2012; 69:627–635. [PubMed: 22309970] 

Sato T. The Eysenck personality questionnaire brief version: Factor structure and reliability. The 
Journal of psychology. 2005; 139:545–552. [PubMed: 16419443] 

Smith, A. Symbol digit modalities test: Manual. Western Psychological Corporation; 2002. 

Solomon TM, Halkitis PN. Cognitive executive functioning in relation to HIV medication adherence 
among gay, bisexual, and other men who have sex with men. AIDS Behav. 2008; 12:68–77. 
[PubMed: 17636373] 

Starr JM, Deary IJ, Fox HC, Whalley LJ. Smoking and cognitive change from age 11 to 66years: A 
confirmatory investigation. Addict Behav. 2007; 32:63–68. [PubMed: 16650620] 

The Psychological Corporation. Wechsler Test of Adult Reading. Harcourt Assessment; San Antonio, 
TX: 2001. 

Troyer AK, Leach L, Strauss E. Aging and response inhibition: Normative data for the Victoria Stroop 
Test. Aging, Neuropsychology, and Cognition. 2006; 13:20–35.

Wilens TE, Martelon M, Fried R, Petty C, Bateman C, Biederman J. Do executive function deficits 
predict later substance use disorders among adolescents and young adults? Journal of the 
American Academy of Child & Adolescent Psychiatry. 2011; 50:141–149. [PubMed: 21241951] 

Zhou X, Nonnemaker J, Sherrill B, Gilsenan AW, Coste F, West R. Attempts to quit smoking and 
relapse: factors associated with success or failure from the ATTEMPT cohort study. Addict Behav. 
2009; 34:365–373. [PubMed: 19097706] 

Fox et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fox et al. Page 9

Ta
b

le
 1

M
ea

ns
 f

or
 E

xe
cu

tiv
e 

Fu
nc

tio
n 

an
d 

C
on

tr
ol

 V
ar

ia
bl

es
 a

cr
os

s 
Q

ui
t/Q

ui
t A

tte
m

pt
 S

ta
tu

s

0 
Q

ui
t 

A
tt

em
pt

s
>0

 Q
ui

t 
A

tt
em

pt
s

D
id

 N
ot

 Q
ui

t
Q

ui
t

M
ea

n 
(S

D
)

n
M

ea
n 

(S
D

)
n

M
ea

n 
(S

D
)

n
M

ea
n 

(S
D

)
n

E
F 

V
ar

ia
bl

es

St
ro

op
*

2.
4 

(0
.8

)
10

5
2.

6 
(0

.9
)

13
8

2.
5 

(0
.9

)
20

3
2.

7 
(0

.8
)

11

O
T

M
T-

B
46

.2
 (

30
.6

)
10

0
50

.2
 (

31
.8

)
12

9
49

.4
 (

31
.7

)
19

4
40

.3
 (

23
.6

)
10

C
O

W
A

T-
FA

S
35

.4
 (

12
.8

)
10

8
36

.9
 (

12
.3

)
14

0
36

.7
 (

12
.5

)
20

7
34

.4
 (

8.
9)

11

O
th

er
 V

ar
ia

bl
es

A
ge

45
.0

 (
10

.5
)

11
1

46
.3

 (
11

.2
)

14
4

46
.3

 (
10

.7
)

21
3

47
.8

 (
11

.6
)

11

H
ea

vy
 S

m
ok

in
g 

In
de

x
3.

3 
(1

.3
)

11
1

3.
1 

(1
.3

)
14

4
3.

2 
(1

.3
)

21
3

2.
5 

(0
.9

)
11

C
E

S-
D

15
.8

 (
10

.7
)

11
1

16
.9

 (
10

.1
)

14
4

16
.0

 (
10

.1
)

21
3

23
.7

 (
11

.3
)

11

W
TA

R
90

.2
 (

17
.2

)
96

88
.8

 (
15

.8
)

12
1

89
.0

 (
16

.7
)

18
3

91
.2

 (
16

.5
)

9

SD
M

T
45

.1
 (

11
.2

)
10

8
43

.0
 (

10
.1

)
14

1
43

.7
 (

10
.4

)
20

8
41

.9
 (

11
.9

)
11

E
PQ

 N
eu

ro
tic

is
m

16
.4

 (
10

.9
)

11
1

16
.5

 (
9.

6)
14

4
16

.4
 (

10
.1

)
21

3
21

.0
 (

10
.5

)
11

E
PQ

 E
xt

ro
ve

rs
io

n
26

.2
 (

8.
7)

11
1

28
.7

 (
8.

4)
14

4
28

.2
 (

8.
7)

21
3

28
.0

 (
7.

9)
11

C
on

te
m

pl
at

io
n 

L
ad

de
r, 

B
L

2.
4 

(2
.1

)
11

1
3.

2 
(2

.2
)

14
4

2.
8 

(2
.2

)
21

3
3.

4 
(2

.3
)

11

A
bb

re
vi

at
io

ns
: O

T
M

T
 =

 O
ra

l T
ra

il 
M

ak
in

g 
Te

st
; C

O
W

A
T

 =
 C

on
tr

ol
le

d 
O

ra
l W

or
d 

A
ss

oc
ia

tio
n 

Te
st

; C
E

S 
– 

D
 =

 C
en

te
r 

fo
r 

E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

– 
D

ep
re

ss
io

n 
sc

al
e;

 W
TA

R
 =

 W
ec

hs
le

r 
Te

st
 o

f 
A

du
lt 

R
ea

di
ng

; S
D

M
T

 =
 S

ym
bo

l D
ig

it 
M

od
al

iti
es

 T
es

t; 
E

PQ
 =

 E
ys

en
ck

 P
er

so
na

lit
y 

Q
ue

st
io

nn
ai

re
.

* In
te

rf
er

en
ce

 s
co

re
 (

tim
e 

to
 c

om
pl

et
e 

co
lo

r 
w

or
d 

sh
ee

t/t
im

e 
to

 c
om

pl
et

e 
co

lo
r 

do
ts

 s
he

et
)

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fox et al. Page 10

Ta
b

le
 2

C
or

re
la

tio
n 

m
at

ri
x

V
ar

ia
bl

e
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16

1.
 S

tr
oo

p
--

2.
 O

T
M

T-
B

0.
13

--

3.
 C

O
W

A
T

−
0.

13
−

0.
44

--

4.
 A

ge
0.

14
0.

08
0.

03
--

5.
 H

SI
0.

08
0.

07
−

0.
17

−
0.

05
--

6.
 C

E
S-

D
0.

06
0.

02
−

0.
11

−
0.

06
0.

07
--

7.
 W

TA
R

−
0.

37
−

0.
49

0.
60

0.
02

−
0.

18
−

0.
09

--

8.
 S

D
M

T
−

0.
27

−
0.

41
0.

44
−

0.
37

−
0.

09
−

0.
11

0.
43

--

9.
 E

PQ
-N

0.
02

−
0.

07
0.

05
−

0.
13

0.
02

0.
68

0.
05

0.
03

--

10
. E

PQ
-E

0.
12

0.
01

0.
17

−
0.

02
0.

04
−

0.
25

0.
05

0.
04

−
0.

15
--

11
. C

L
 B

L
0.

00
−

0.
04

0.
17

−
0.

03
−

0.
25

0.
13

0.
17

0.
07

0.
08

0.
03

--

12
. C

L
 W

12
0.

03
0.

01
0.

11
0.

08
−

0.
15

0.
04

0.
14

−
0.

06
0.

07
0.

01
0.

38
--

13
. C

L
 W

26
−

0.
07

0.
02

0.
14

0.
00

−
0.

13
0.

07
0.

16
0.

05
0.

09
0.

03
0.

33
0.

62
--

14
. Q

A
 B

L
0.

11
0.

14
−

0.
06

0.
02

−
0.

07
0.

07
−

0.
17

−
0.

18
0.

00
0.

06
0.

23
0.

15
0.

12
--

15
. Q

A
 W

12
0.

02
0.

10
−

0.
05

0.
00

−
0.

04
0.

16
−

0.
21

−
0.

15
0.

12
0.

03
0.

14
0.

43
0.

31
0.

28
--

16
. Q

A
 W

26
0.

06
0.

09
0.

05
0.

02
−

0.
04

0.
09

0.
00

−
0.

12
0.

00
0.

13
0.

24
0.

57
0.

59
0.

23
0.

51
--

17
. C

es
sa

tio
n

0.
04

−
0.

06
−

0.
04

0.
03

−
0.

12
0.

16
0.

03
−

0.
04

0.
10

−
0.

00
0.

05
0.

26
0.

30
0.

05
0.

15
0.

21

A
bb

re
vi

at
io

ns
: O

T
M

T
 =

 O
ra

l T
ra

il 
M

ak
in

g 
Te

st
; C

O
W

A
T

 =
 C

on
tr

ol
le

d 
O

ra
l W

or
d 

A
ss

oc
ia

tio
n 

Te
st

; H
SI

 =
 H

ea
vy

 S
m

ok
in

g 
In

de
x;

 C
E

S 
– 

D
 =

 C
en

te
r 

fo
r 

E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

– 
D

ep
re

ss
io

n 
sc

al
e;

 W
TA

R
 

=
 W

ec
hs

le
r 

Te
st

 o
f 

A
du

lt 
R

ea
di

ng
; S

D
M

T
 =

 S
ym

bo
l D

ig
it 

M
od

al
iti

es
 T

es
t; 

E
PQ

-N
/E

 =
 E

ys
en

ck
 P

er
so

na
lit

y 
Q

ue
st

io
nn

ai
re

 –
 N

eu
ro

tic
is

m
/E

xt
ro

ve
rs

io
n 

sc
al

es
; C

L
 =

 C
on

te
m

pl
at

io
n 

L
ad

de
r;

 Q
A

 =
 Q

ui
t 

A
tte

m
pt

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.


	Abstract
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Study Arms
	2.3. Psychological Assessments
	2.4. Other Assessments
	2.5. Outcome Variables
	2.6. Data Analysis

	3. Results
	4. Discussion
	4.1. Conclusions

	References
	Table 1
	Table 2

