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Abstract

Background—Negative affect and low distress tolerance have been associated with increased

likelihood of alcohol consumption and relapse. This study utilized the Paced Auditory Serial

Attention Test (PASAT-C) Computer Version to examine affective reactivity, cognitive

performance, and distress tolerance during early abstinence among heavy drinking adolescents.

Methods—Participants, ages 16–18 (50% female), were 23 heavy episodic drinking youth

(HED) and 23 demographically-matched, non-drinking teens (CON). Both groups were drawn

from the same schools and assessed at three time points: HED were first studied within 10 days (M

= 4.26, SD = 4.4) of heavy episodic drinking and then at two 2-week intervals over four

subsequent weeks of monitored abstinence. CON were studied at the same 2-week intervals.

Results—Findings indicate that HED responded with greater emotional response to the PASAT-

C (i.e., greater increases in frustration and irritability and greater decreases in happiness) at the

initial assessment, but their affective responses diminished with sustained abstinence. CON and

HED task performance did not differ at the initial assessment or across time. HED showed faster

task discontinuation times to the PASAT-C at the first assessment, and both groups reduced task

persistence across testings. Among HED, greater lifetime and recent alcohol consumption,
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alcohol-induced blackouts, and withdrawal symptoms were associated with increases in negative

affect with PASAT-C exposure. Earlier age of onset of alcohol use was linked to poorer

performance.

Conclusions—Heavy episodic drinking adolescents demonstrated heightened emotional

reactivity and poorer distress tolerance to a cognitively challenging task during early abstinence.

The combination of elevated negative affect and low distress tolerance may place adolescents at a

heightened risk for escalations in or return to alcohol involvement.
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INTRODUCTION

Current theoretical models of abuse and dependence posit that a propensity for stronger

negative affect magnifies risk for progression to alcohol dependence (Abrantes et al. 2008;

Tate et al. 2005) and that a stressor provokes additive risk for return to use among adults

who recently completed treatment (Tate et al. 2005). In adults with substance use disorders,

low tolerance for distress is predictive of treatment dropout (Daughters et al. 2005a) and

shorter abstinence attempts (Daughters et al. 2005b). This progression from heightened

negative affect and low distress tolerance to relapse may be due to expectations of both

negative (i.e., reductions in negative mood) and positive (i.e., mood enhancement)

reinforcement from substance intake (e.g., Koob and Le Moal 2008; Wills et al. 1995;

Witkiewitz and Marlatt 2007). Such decisions to return to use or to continue to use are

influenced by rational cognitive processes as well as by negative emotions that further direct

behavior (Bechara and Martin 2004). Furthermore, individuals with low distress tolerance

may have difficulty persisting in a task when experiencing negative emotions and rely on

disengaging from the stressful activity to provide relief (Daughters et al. 2009). The

prefrontal cortex, which is involved in decision-making and impulse control, undergoes

continued development during adolescence and young adulthood (Giedd 2004). Therefore,

the risk for impulsive decision-making associated with negative affective states and low

distress tolerance is elevated in youth (Ernst and Fudge 2009), especially among teens who

misuse alcohol or drugs (Clark et al. 2008).

Among adolescents with histories of alcohol problems, negative affect and low distress

tolerance are associated with increased probability of alcohol use (Daughters et al. 2009).

These factors are also considered risk factors for relapse among youth with alcohol use

disorders (Ramo et al. 2012), especially during early abstinence when affective disruption is

most pronounced (Brown et al. 1989a). Furthermore, protracted heavy drinking may

provoke negative affect (Brown et al. 1995b; Liappas et al. 2002) and diminish problem-

solving abilities (Brown et al. 2000; Goudriaan et al. 2007), thereby compromising distress

tolerance and decision-making skills during this critical time. In the context of ongoing

neurodevelopment, the combination of low distress tolerance, elevated negative affect, and a

tendency towards negative reinforcement or reward-dependence may place abstaining

adolescents at particularly heightened risk for return to problematic drinking.
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Adult research has demonstrated that improvements in mood (Brown and Schuckit 1988;

Brown et al. 1995a; Brown et al. 1991; Liappas et al. 2002) after sustained abstinence may

contribute to decreased emotional reactivity and improved distress tolerance, but this

possibility has not yet been explored in adolescent populations. To date, no study has

investigated the rate and pattern of changes in emotional reactivity and distress tolerance

during the initial days to weeks of abstinence from alcohol in heavy drinking youth (Brown

et al. 2008). Elucidating the features of emotional improvements during early abstinence

may have important implications for improvements in academic and social functioning

among nonclinical heavy drinking youth, prevention, early intervention tailored to different

stages of use and recovery, and reduction of problematic use among youth with alcohol use

disorders.

Present Study

Many researchers have examined relapse phenomena via self-report outside of a relapse risk

context, either using retrospective report of previous relapse events or in the context of

longitudinal studies that utilize prospective reports (Maisto et al. 2002; Myers and Brown

1990), yet without proximity to the additive impact of stress. This study introduced an

objective stressor to examine affective response, cognitive performance, and distress

tolerance in heavy episodic drinking and non-drinking adolescents and to assess potential

group differences and determine whether affective reactivity, performance, and distress

tolerance improve over a four-week period following cessation of substance use in the heavy

drinking youth. This study utilized a modified version of the Paced Auditory Serial Addition

Test (PASAT-C; Lejuez et al. 2003) to provide a challenging cognitive task that assessed

cognition (i.e., task performance) and generated negative affect in the context of an

objective stressor to measure emotional reactivity (i.e., self-reported difference in affect

after exposure to the challenging task). During the final stage of the PASAT-C, participants

were provided the opportunity to persist in the task in the presence of negative affect or

terminate the source of negative affect by quitting the task (i.e., task discontinuation). The

PASAT-C created an opportunity to test a negative reinforcement model by employing a

behavioral measure that provides measurable responses in close proximity to a stressor.

We expected that both heavy episodic drinkers and nondrinkers would evidence negative

affect in response to the task; however, we hypothesized that heavy episodic drinkers with

limited abstinence would show more pronounced affective responses that would improve as

length of abstinence increased. We also predicted that heavy episodic drinking youth would

show impacted cognition (i.e., worse task performance) and impulsive decision-making (i.e.,

quitting the task sooner), and that task performance as well as behavioral persistence would

improve with extended periods of abstinence. Relations between emotional reactivity, task

performance, distress tolerance, and alcohol use history were also explored.

MATERIALS AND METHODS

Participants

We were interested in studying youth with recent and frequent heavy episodic drinking who

experienced recent withdrawal symptoms and had limited experiences with marijuana and
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other drugs. Heavy episodic drinking was defined as ≥5 drinks in males or ≥4 drinks in

females within a 2-hour period (NIAAA, 2002). We examined 23 heavy episodic drinking

adolescents (HED; > 100 lifetime drinking episodes, > 3 past month heavy episodic drinking

episodes, > 1 recent alcohol withdrawal symptom, < 50 lifetime marijuana episodes, and <

15 lifetime experiences with other drugs) and 23 control teens (CON; < 5 drinking episodes,

no history of heavy drinking or alcohol withdrawal symptoms, no previous marijuana or

other drug use). HED and CON, ages 16–18, were drawn from the same schools and

matched on socio-demographic factors including age, gender (50% female), ethnicity (74%

Caucasian), grades completed, recent grade point average, socioeconomic status

(Hollingshead 1965), and family history of depression and of alcohol dependence in a first

degree relative (Table 1). In accordance with the University of California, San Diego

(UCSD) Institutional Review Board, written informed assent (for adolescents under 18) and

consent (parent/legal guardian and teens 18 or older) were obtained prior to participation.

Recruitment and Eligibility Screening

Participants were recruited from local high schools, colleges, and community settings via

mailings and fliers (Brown et al. 2005; Tapert et al. 2003). No information regarding alcohol

or drug use criteria was described in the fliers or discussed prior to screening. Interested

students responding by phone were independently screened to determine eligibility. All

interested teens and their parents underwent a subsequent, detailed phone interview to

confirm eligibility. To ensure findings were due to heavy drinking and not impacted by other

factors shown to influence cognitive performance, emotional reactivity, or distress tolerance

among youth, exclusionary criteria included history of alcohol dependence, non-alcohol

related DSM-IV Axis I or II psychiatric disorder; extensive or recent drug use other than

alcohol (i.e., not consistent with inclusionary criteria listed above); neurological

dysfunction/trauma; serious medical illness; prenatal alcohol/drug exposure; sensory

problems; and use of psychoactive medications.

Measures

Structured Clinical Interview and Substance Use History—Adolescent participants

and their parents independently completed structured interviews to assess demographics,

social and academic functioning (Brown et al. 1989b), family history of alcohol or

psychiatric disorders (Family History Assessment Module Screener; Rice et al. 1995), and

personal history of Axis I psychiatric disorders (Diagnostic Interview Schedule for Children;

Shaffer et al. 2000). The Customary Drinking and Drug Use Record (Brown et al. 1998) and

modified Time Line Follow Back (Sobell and Sobell 1992) documented teen substance use

history, including lifetime and recent tobacco, alcohol, and drug use (12 types), withdrawal

symptoms, DSM-IV abuse and dependence criteria, and other alcohol-related social and

physiological problems.

Baseline Affect—To assess baseline mood state prior to PASAT-C testing, all participants

completed the 20-item Positive and Negative Affect Scale (PANAS; Watson et al. 1988), a

reliable measure of affective states with each rated from 1 (low) to 5 (high).
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Paced Auditory Serial Addition Test - Computerized Version (PASAT-C)—
Participants completed the PASAT-C task (Lejuez et al. 2003) on three occasions at two 2-

week intervals following cessation of alcohol use. During PASAT-C administration,

numbers were presented on a computer screen, and participants were asked to add the

number that was most recently presented with the number that appeared prior to it. The

PASAT-C task presented three stages with varying latency between number presentation to

(a) measure performance on a challenging neuropsychological test that involves working

memory, attention, and arithmetic capabilities, and (b) introduce a cognitive stressor to

assess negative emotional reactivity and distress tolerance. During the initial ‘performance’

stage, numbers were presented in 3-second intervals to assess a participant’s ability to

complete the task. During the second ‘negative affect induction’ stage, the latency period

was decreased to 2 seconds to decrease participants’ success rates and provoke negative

affect. Prior to initiating the task and at the completion of the second stage, subjects were

asked to rate their negative (anxiety, frustration, and irritability) and positive (happiness)

emotional states on a visual analog scale ranging from 0 (none) to 100 (extreme) (Lejuez et

al. 2003). Finally, during the third ‘distress tolerance’ stage, the latency period was further

decreased to a 1-second interval and participants were offered the opportunity to persist with

the task in the presence of negative affect or terminate the source of negative affect by

discontinuing the task. In line with published work (e.g., Brown et al. 2002), performance

was measured by the number of correct responses on the first stage, emotional reactivity was

measured as the difference between pre-test affect and affect following the second stage, and

distress tolerance was measured as time to discontinue the third stage as it indicated how

long (in seconds) they were willing to persist in the presence of a cognitive stressor.

Assessment Timing and Abstinence Monitoring

HED and CON were assessed at three time points. HED were first studied within ten days of

heavy episodic drinking (M = 4.26 days since last heavy episodic drinking episode, SD =

4.43) and then at two 2-week intervals over four subsequent weeks of monitored abstinence

(2nd testing session: M = 18.77 days since last heavy episodic drinking episode, SD = 4.96;

3rd testing session: M = 32.12 days since last heavy episodic drinking episode, SD = 4.55).

CON were studied at the same 2-week intervals. Abstinence was monitored thrice weekly

via ETG/ETS alcohol metabolite (Wurst et al. 2006) and 10-panel drug urine testing,

randomly determined breath samples (Intoximeter, St. Louis, MO), and self-report.

Standardized sample collection procedures minimized the likelihood of participant

tampering, and samples were analyzed by Redwood Toxicology (Santa Rosa, CA) using

cloned enzyme donor immunoassay (CEDIA) kits. Abstinence was also facilitated using a

standardized Motivational Interviewing protocol (Miller and Rollnick, 1991) demonstrated

to encourage the maintenance of abstinence for adolescents in prior research (Brown et al.

2005; Schweinsburg et al. 2005).

Participants were compensated for their time and abstention throughout the four weeks to

maintain commitment and reward sustained abstinence, with a bonus for study completion to

encourage continuation. Four HED drank alcohol between sessions 1 and 2 (detected via

toxicology screen and confirmed with self-report) and data collected after their alcohol use

were excluded from the present analyses. To minimize the impact of study participation on
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subjects' daily lives, research staff worked closely with enrolled youth to select a one month

period that did not conflict with birthdays, school events, or breaks. As this was not a

treatment seeking sample, eligibility was not contingent upon a teen's expressed desire to

quit drinking. Instead, participants were motivated by financial compensation and the

opportunity to contribute to research.

Statistical Analytic Plan

Comparison of socio-demographic characteristics between groups was conducted on

distributions, means, and standard deviations using chi-square tests for categorical variables

and t-tests for continuous variables.

Primary analyses were carried out with linear mixed model analyses of repeated measures,

with participants entered as a random term, time point (as a category), and an interaction

between time point and group. This approach is used in similar situations as a repeated

measures ANCOVA, except that the linear mixed model allows us to retain data for the four

participants who dropped the study and had only one valid data point. The mixed model

analysis provided a convenient way to model error structures among repeated dependent

variables; we modeled the structure of the means using fixed effects, specified a covariance

structure for both between and within subjects, and fit the means model accounting for

specified covariates (Gelman and Hill, 2007; Rabe-Hesketh and Skrondal, 2005; Singer and

Willett, 2003). Interactions were evaluated with likelihood ratio (LR) tests for the

comparison of nested models. In this study, models with and without the interaction terms

were evaluated with the LR tests whose sampling distribution approximates a chi-square

distribution with degrees of freedom equal to the difference in degrees of freedom between

the two models (Frees 2004). To be consistent with prior research (e.g., Brown et al. 2002)

and to limit the impact of skill or affective responding in the analyses, we took a

conservative approach and covaried for baseline mood state (PANAS) and task performance

in the linear mixed models examining affective reactivity and distress tolerance. Because

performance may be influenced by pre-task mood states, we included pre-task mood in

analysis of the performance stage.

Secondary analyses examined the associations between alcohol use characteristics and

affective reactivity, task performance, and time (in seconds) to discontinue the task in the

distress tolerance stage. Due to non-normal distribution of alcohol use characteristics and

task discontinuation times, Spearman’s correlations were calculated to describe these

relationships.

RESULTS

Affective response and changes with abstinence

Initial analyses examined baseline mood states of HED and CON and although positive and

negative mood varied across individuals (positive: 1.1 – 4.6; negative: 1.0 – 2.3), groups did

not differ in pre-test mood states at any of the three testing time points (p's>.16). As

designed, the negative affect induction stage of the PASAT-C task provoked negative affect

beyond baseline mood in both CON and HED with feelings of frustration, irritability, and
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anxiety increasing and the positive feeling of happiness decreasing from the onset of the

performance stage to our assessment time point following the negative affect induction stage

(p's<.003).

Linear mixed models, controlling for self-reported pre-task mood states (PANAS) and task

performance (Stage 1), tested the primary hypothesis that adolescent, heavy episodic

drinkers would have more pronounced affective response to the stressor at the initial

assessment but that their affective response would reduce with sustained abstinence. LRTs

were used to evaluate whether inclusion of the interaction term improved overall model fit;

the LR (approximates chi square) was statistically significant for frustration (χ2(2, N=46) =

6.73, p=.035), irritability (χ2(2, N=46) = 9.84, p=.007), and happiness (χ2(2, N=46) = 5.99,

p=.050), as described in more detail below. However, differences in anxiety between HED

and CON at time point one and across time did not reach statistical significance (p's>.055).

Raw data for all four affective measure difference scores are shown in Table 2; marginal

means estimates are used for the three statistically significant affective measures in Figure 1.

Frustration

Both groups evidenced an increase in frustration when completing the PASAT-C. HED

showed a 81% greater increase in frustration from pre- to post-testing than CON at time

point one, when controlling for task performance and baseline negative mood

(b(SE)=24.54(7.48), z=3.28, p=.001, 95% CI: [9.88,39.21]). HED reduced the intensity of

their frustration response from the task across testing with a trend at time point two (b(SE)=

−14.22(7.74), z=−1.84, p=.066, 95% CI: [−29.40,0.94]) and a statistically significant

interaction at time point three (b(SE)=−19.95(7.81), z=−2.56 p=.011, 95% CI:

[−35.25,−4.65]). While frustration reactivity of CON also decreased with time, CON did not

show a statistically significant change over testing session in their frustration response to the

task at time point two (b(SE)=−8.32(6.04), z=−1.38, p=.169, 95% CI: [−20.18,3.54]) or at

time point three (b(SE)=−11.60(6.53), z=−1.78, p=.076, 95% CI: [−24.39,1.19]). Using the

marginal means estimates from the model, HED showed a 61% reduction in the intensity of

their frustration response to the task from the initial to the final testing, while CON showed a

40% reduction in their emotional response (Figure 1).

Irritability

Similar group and group×time point effects were evident for intensity of and change in

irritability across testing sessions, while controlling for task performance and baseline

negative mood. Both groups showed an increase in irritability following the PASAT-C task;

however, HED showed a 86% greater increase in irritability in response to the task

compared to CON at time point one (b(SE)=13.95(6.28), z=2.22, p=.026, 95% CI:

[1.63,26.27]). HED reduced the intensity of their irritability reactions with a trend at the

second time point (b(SE)=92212;12.00(6.40), z=−1.88, p=.061, 95% CI: [−24.53,0.54]) and

a statistically significant interaction at the third testing session (b(SE)=−20.64(6.45), z=

−3.20, p=.001, 95% CI: [−33.30,−8.00]). CON did not show a statistically significant change

over testing session in their irritability to the task at time point two (b(SE)=−0.46(5.02), z=

−0.09, p=.927, 95% CI: [−10.29,9.37]) or at time point three (b(SE)=−0.88(5.49), z=−0.16,

p=.873, 95% CI: [92212;11.65,9.89]). Abstaining HED showed a 71% reduction in
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irritability in response to the PASAT-C from the initial to the final testing session, whereas

CON showed a 5% reduction in their irritability across testing sessions (Figure 1).

Happiness

Both groups demonstrated a decrease in happiness following PASAT-C exposure when

controlling for task performance and baseline positive mood; however, a main effect for

group was identified with HED evidencing 320% greater reductions in the change in

happiness scores at time point one (b(SE)=−24.65(5.95), z=−4.14, p<.001, 95% CI:

−36.31,−12.98]). HED continued to display a more pronounced decrease in happiness at

each testing, but the intensity of their affective response diminished at time point two

(b(SE)=10.36(6.75), z=1.54, p=.125, 95% CI: [−2.86,23.59]) and at time point three

(b(SE)=16.78(6.82), z=2.46, p=.014, 95% CI: [3.42,30.14]). CON did not significantly

change their happiness ratings over subsequent testing sessions at time point two (b(SE)=

−0.49(5.21), z=−0.09, p=.926, 95% CI: −10.69,9.72]) or at time point three (b(SE)=

−2.66(5.53), z=0.48, p=.630, 95% CI: −8.17,13.49]). HED showed a 60% reduction in the

intensity of their response to the task from the initial to the final testing, while CON showed

a 35% reduction in their emotional response across testings (Figure 1).

PASAT-C performance

Linear mixed models controlled for baseline mood when examining whether HED would

obtain lower performance scores than CON on the PASAT-C (Stage 1) and demonstrate

greater improvement in task performance over testing session. CON and HED showed a

trend for an initial group difference (p=.066) with HED performing worse on the task.

Contrary to the hypothesis, no group×time point interactions were statistically significant

(p’s>.327; Table 3).

PASAT-C time to task discontinuation

To examine tolerance for distress, linear mixed models controlling for performance and

baseline mood assessed PASAT-C distress tolerance stage discontinuation times to

determine initial distress tolerance and possible increases in task persistence with extended

abstinence of HED. All participants' Stage 3 duration times were included in the analyses.

Five CON participants persisted for the full 600 seconds of Stage 3 at all three time points;

two HED completed the full task at time point one and one HED completed the full task at

time points two and three. Consistent with the hypothesis that HED would quit faster, HED

showed shorter time to quit than CON on the distress tolerance stage at the first testing

(b(SE)=−108.28(60.74), z=−2.11, p=.035). Of note, no significant group×time point

interaction was observed for HED and CON Stage 3 discontinuation times at the second or

third testing sessions (p’s>.101). At the initial time point, when participants first experienced

the high level of difficulty of the distress tolerance stage, CON persisted 53% longer than

HED. Both adolescent groups displayed a pattern of quitting the task more quickly across

testing sessions (p<.01; Table 3). No participants quit the task prior to Stage 3.
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Alcohol characteristics and affect, performance, and task discontinuation times among
drinking youth

The relationship of HED youth family history of alcohol dependence and alcohol use

characteristics to PASAT-C affective responses, performance, and persistence were

examined using Spearman's correlations. While family history of alcohol dependence did

not differ between groups and was not related to the dependent measures (−.06 < rho's < .12,

p's > .329), alcohol use characteristics were related to PASAT-C response measures during

early abstinence (Initial Testing) and with sustained abstinence (Final Testing). Given our

sample of 23 HED, these correlations should be considered preliminary.

Initial Testing

At initial measurement, both the number of lifetime drinking episodes and number of heavy

episodic drinking episodes were positively correlated with level of induction of negative

affect on the PASAT-C task. For example, drinkers with greater lifetime exposure to alcohol

showed larger increases in frustration (rho = .55, p = .006) and reductions in happiness (rho

= −.56, p = .006) following exposure to the task. More frequent recent drinking (i.e., 45 days

prior to starting study) was positively correlated with induction of anxiety in the task (rho = .

55, p = .006). Greater frequency of blackouts from alcohol in the three months prior to

starting the study was correlated with larger increases in frustration (rho = .47, p = .030) and

irritability during the task (rho = .46, p = .038). At initial testing, PASAT-C measures of

affect, performance, and task discontinuation times were not associated with days since use,

age of onset, recent or lifetime withdrawal symptoms, or the highest quantity of alcohol

consumed among HED.

Final Testing

At the third testing session, when the average length of abstinence was just over one month,

HED with greater lifetime alcohol exposure still showed greater increases in frustration to

the task (rho = .54, p = .016). Significant correlations also emerged for age of onset of

regular alcohol use and recent withdrawals from alcohol in the week prior to starting the

study. HED with earlier ages of onset of drinking showed worse task performance (rho = .

55, p = .021), and HED with more recent alcohol withdrawal symptoms exhibited greater

increases in frustration to the task at the third testing time point (rho = .63, p = .007).

DISCUSSION

Although preliminary, the present findings suggest that compared to nondrinking peers,

adolescents with recent heavy episodic drinking (1) display greater negative affect responses

and poorer distress tolerance in cognitively challenging situations during early abstinence

and (2) become less emotionally reactive as abstinence continues. Recent heavy episodic

drinking of these adolescents was associated with greater emotional reactivity to an

externally produced stressful situation. Specifically, heavy episodic drinkers’ affective

responses to a cognitive stressor, with respect to frustration, irritability, and happiness, were

initially more pronounced than those of peers with limited alcohol exposure, but the

emotional reactivity of heavy drinkers diminished with continued abstinence. These findings

suggest that heavy episodic drinking adolescents experience more emotional reactivity
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during early abstinence and appear to become less reactive within 4–6 weeks of abstinence.

These findings could reflect a return to functioning that existed prior to onset of heavy

drinking, an experience of short-term positive responses to encouraging life events (e.g., end

of transient withdrawal symptoms or positive reinforcement for behavior change), or other

factors related to recent abstinence.

Heavy episodic drinking teens with greater lifetime and recent alcohol consumption as well

as a greater frequency of recent alcohol-induced blackouts and withdrawal symptoms

showed greater increases in frustration, irritability, and anxiety from the task compared to

youth without drinking experiences. Even when the groups reacted with similar levels of

frustration following one month of abstinence, teens with greater lifetime exposure to

alcohol and with more recent withdrawal symptoms still showed a greater induction of

frustration to the task. Thus, among adolescents, recent heavy drinking may be related to

negative affect, and greater lifetime severity of alcohol involvement and withdrawal

symptoms may relate to persistence of negative emotional states.

Contrary to our hypothesis, youth with and without histories of heavy episodic drinking did

not differ significantly in their performance on the PASAT-C task at the initial session or

across testing sessions, although drinkers consistently performed slightly worse than non-

drinkers across time points. While the groups did not differ statistically in performance,

teens who initiated regular alcohol use at an earlier age continued to show worse task

performance even with sustained abstinence.

Lower distress tolerance was most evident during early abstinence for youth with a heavy

drinking history. In the first week of abstinence, heavy episodic drinking adolescents quit

the distress tolerance stage of the task an average of approximately 90 seconds earlier than

nondrinking peers. The drinkers' behavioral response of quitting the task more quickly is

consistent with prior adult and adolescent research showing that duration of recent

abstinence is related to the ability to persist when facing a psychological stressor (Daughters

et al. 2005b). These results suggest that youth with less than two weeks of abstinence may

experience stronger emotional responses in challenging situations and that youth with low

distress tolerance may have difficulty persisting in productive behavior when experiencing

negative emotions and may rely on negative reinforcement (i.e., disengaging from stressful

activities by quitting the task) to provide relief (Daughters et al. 2009). It is possible that

heavy episodic drinking adolescents may focus on immediate gains (e.g., relief from

negative affect by getting drunk) and attend less to the potential negative consequences of

their behavior, which may be an important vulnerability factor in progression to or

persistence of alcohol involvement (Ramo et al. 2012).

Interestingly, at the initial testing session, heavy episodic drinking teens with recent alcohol

exposure showed poorer tolerance of distress, but they showed a different pattern than

predicted at subsequent assessments. Contrary to the hypothesis, both groups of participants,

regardless of drinking history, quit the task sooner with subsequent administration, and in

fact may be learning that quitting earlier is more adaptive in this stage. The difficulty level

of the distress tolerance stage, with one second inter-stimulus intervals, is very high and

with repeated exposure youth may learn that this stage is unlikely to result in significant
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point increases. Thus, while the initial administration of the PASAT-C may indicate poorer

distress tolerance among recent heavy episodic drinkers, repeated administration of the

PASAT-C may reflect youth expectations of the quit option, rather than distress tolerance

alone.

This study is the first to examine changes in emotional reactivity and distress tolerance in

relation to length of abstinence among heavy episodic drinking youth. The groups were

comparable on demographic and family history of alcoholism dimensions, and the heavy

drinking teens were studied prior to onset of alcohol dependence. The study also considered

both affective and behavioral responses to a stressful situation. Nevertheless, these findings

should be considered tentative as the sample size was modest, limiting generalizability and

resulting in lower power to examine gender or ethnic differences. Replication of these

findings with a larger sample would substantiate and strengthen these preliminary findings.

The PASAT-C was designed to measure performance, change in affect, and distress

tolerance in specific stages of the task (Lejuez et al. 2003), but participants may not have

responded to the task as designed over repeated testings. There is a need for further research

to distinguish the contributing factors in adolescent responses to the PASAT-C over

repeated administration. Future studies might also consider including youth who continue to

engage in heavy drinking (i.e., no abstinence protocol) but follow the same testing schedule,

allowing a more direct test of the effects of abstinence on youth functioning and enabling a

better understanding of the practice effects with this task.

The existing literature examining substance use and dependence suggests that intolerance of

emotional and somatic sensations is a key mechanism driving continued use (Brown et al.

2002). While the effects are modest, this study is the first to illustrate heightened emotional

reactivity and poorer distress tolerance to a cognitively challenging task in heavy drinking

adolescents in early periods of abstinence. It is possible that the combination of elevated

negative affect and low distress tolerance during early abstinence may be a mechanism

whereby heavy episodic drinking heightens risk for progression to an alcohol use disorder or

results in a return to use following periods of abstinence. This information may also be

relevant for teachers, parents, and counselors to understand that youth with recent heavy

alcohol exposure may show heightened emotional reactivity and poorer tolerance of distress.

Students and young adults frequently encounter academically challenging or socially

demanding situations, and those with recent heavy drinking may have more difficulty due to

their reduced ability to manage their emotional reactivity and tolerate negative affect, which

can also lead to disrupted interpersonal relations or heightened risk for impulsive decision

making (Clark et al. 2008; Ernst and Fudge, 2009). Reductions in emotional reactivity with

abstinence may contribute to improvements in academic and social functioning among

nonclinical, heavy drinking youth.

The capacity to withstand aversive internal states, including negative emotions, is integral to

daily functioning. Importantly, the emotional reactivity of heavy episodic drinking

adolescents appears to reduce with continued abstinence. Additional research is needed to

understand factors underlying and facilitating this improvement and whether interventions

can further improve emotional reactivity and distress tolerance among youth during early

periods of abstention. It may also be helpful for youth to know that it is typical to experience
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heightened emotional reactivity and poorer distress tolerance during early periods of

abstinence. This knowledge may encourage maintenance of abstention or a lower

compulsion to consume alcohol if they feel confident that their emotional lability will reduce

relatively quickly.
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Figure 1.
PASAT-C frustration, irritability, and happiness marginal mean difference scores (i.e., affect

following second stage minus pre-test affect) from linear mixed effects models with

standard error bars, controlling for performance and baseline mood, by heavy episodic

drinkers (HED; N=23 at Time 1 and N=19 at Times 2 and 3) and controls (N=23 at all time

points) at three assessments over four weeks of monitored abstinence. Mean length of

abstinence for HED = 4.26, 18.77, and 32.12 days at Time 1, 2, and 3, respectively.
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Table 1

CON
N = 23; M (SE)

HED
N = 23; M (SE)

p-value

Age 17.7 (0.1) 17.7 (0.2) 0.184

Gender 11F, 12M 12F, 11M 0.616

Race (% Caucasian) 70% 78% 0.548

Grades Completed 11.0 (0.1) 11.1 (0.2) 0.236

Recent Grade Point Average 3.7 (0.1) 3.4 (0.1) 0.242

Hollingshead Code (SES) 20.9 (1.6) 23.2 (2.1) 0.172

Family History Alcohol Dependence 34% 48% 0.074

Family History Depression 52% 52% 1.000

Lifetime Alcohol Use a 0.7 (0.3) 166.6 (7.1) < .001

Heavy Episodic Drinking Episodes in 3 Months Prior to Starting Study 0.0 (0.0) 16.1 (1.0) < .001

Lifetime Marijuana Use a 0.0 (0.0) 31.4 (4.4) < .001

Lifetime Other Substance Use a 0.0 (0.0) 5.1 (1.7) < .001

a
The term “lifetime use” refers to the number of days each substance was used in the participant's lifetime

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Winward et al. Page 17

T
ab

le
 2

F
ru

st
ra

ti
on

D
if

fe
re

nc
e

Ir
ri

ta
bi

lit
y

D
if

fe
re

nc
e

H
ap

pi
ne

ss
D

if
fe

re
nc

e
A

nx
ie

ty
D

if
fe

re
nc

e

C
O

N
H

E
D

C
O

N
H

E
D

C
O

N
H

E
D

C
O

N
H

E
D

T
im

e 
1

31
.7

 (
5.

7)
54

.9
 (

6.
3)

17
.6

 (
4.

5)
32

.2
 (

5.
9)

−
10

.7
 (

3.
9)

−
30

.4
 (

5.
5)

13
.7

 (
4.

7)
24

.2
 (

4.
4)

T
im

e 
2

18
.8

 (
4.

3)
30

.0
 (

6.
2)

14
.1

 (
3.

6)
16

.8
 (

5.
7)

−
8.

4 
(3

.1
)

−
18

.7
 (

5.
5)

5.
3 

(2
.5

)
9.

7 
(3

.4
)

T
im

e 
3

15
.3

 (
4.

2)
23

.5
 (

5.
7)

12
.7

 (
3.

7)
11

.0
 (

3.
1)

−
6.

0 
(2

.5
)

−
11

.1
 (

4.
5)

3.
1 

(2
.8

)
10

.7
 (

4.
5)

N
ot

e:
 A

ll 
da

ta
 r

ep
or

te
d 

as
 M

 (
SE

).
 M

ea
n 

le
ng

th
 o

f 
ab

st
in

en
ce

 f
or

 H
E

D
 =

 4
.2

6,
 1

8.
77

, a
nd

 3
2.

12
 d

ay
s 

at
 T

im
e 

1,
 2

, a
nd

 3
, r

es
pe

ct
iv

el
y.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Winward et al. Page 18

T
ab

le
 3

P
er

fo
rm

an
ce

(S
ta

ge
 1

)
D

is
tr

es
s 

T
ol

er
an

ce
 D

is
co

nt
in

ua
ti

on
 T

im
es

(S
ta

ge
 3

)

C
O

N
H

E
D

p-
va

lu
e

C
O

N
H

E
D

p-
va

lu
e

T
im

e 
1

24
.8

 (
2.

5)
19

.5
 (

2.
3)

0.
06

6
26

3.
5 

(4
4.

4)
17

2.
5 

(4
4.

4)
0.

03
5

T
im

e 
2

37
.9

 (
2.

6)
33

.3
 (

2.
7)

0.
32

7
18

2.
9 

(4
3.

5)
18

8.
1 

(4
7.

9)
0.

46
9

T
im

e 
3

42
.8

 (
2.

5)
39

.8
 (

2.
6)

0.
78

8
18

9.
4 

(4
1.

6)
10

8.
9 

(4
5.

8)
0.

10
1

N
ot

e:
 A

ll 
da

ta
 r

ep
or

te
d 

as
 M

ar
gi

na
l M

ea
ns

 (
SE

).
 T

as
k 

pe
rf

or
m

an
ce

 a
nd

 ta
sk

 d
is

co
nt

in
ua

tio
n 

tim
e 

an
al

ys
es

 c
on

tr
ol

le
d 

fo
r 

pe
rf

or
m

an
ce

 a
nd

 p
re

-t
as

k 
ne

ga
tiv

e 
m

oo
d.

 M
ea

n 
le

ng
th

 o
f 

ab
st

in
en

ce
 f

or
 H

E
D

 =
4.

26
, 1

8.
77

, a
nd

 3
2.

12
 d

ay
s 

at
 T

im
e 

1,
 2

, a
nd

 3
, r

es
pe

ct
iv

el
y.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 June 01.


