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Abstract

Background.—The current study examined if fluctuation in in-the-moment impulsivity was 

more pronounced for adults with, versus without, a childhood history of ADHD and if ADHD 

group moderated the association between fluctuation in impulsivity and alcohol use behaviors.

Methods.—Two hundred and eleven adult drinkers (52% ADHD) completed a 10-day, 6 times/

day, momentary assessment of state impulsivity. Self-reported trait impulsivity, alcohol problems, 

and frequency of 5+ drinks in the past 12 months were also assessed.

Results.—The ADHD group had more variability in three domains of state impulsivity (negative 

urgency, positive urgency, sensation seeking) compared to the nonADHD group. After including 

global trait impulsivity, the ADHD and nonADHD groups only differed on state sensation seeking. 

Fluctuation in two domains of state impulsivity were related to frequency of 5+ drinks (lack of 

planning: ADHD RR=3.60, p<0.001, nonADHD RR=0.90, p=0.81; negative urgency: ADHD 

RR=4.32, p=0.01, nonADHD RR=0.49, p=0.24) and number of different alcohol problems (lack 

of planning: ADHD RR=4.87, p<0.001, nonADHD RR=0.58, p=0.29; negative urgency: ADHD 

RR=4.96, p=0.01, nonADHD RR=0.24, p=0.04) for participants with a history of ADHD but were 

not related (or related to fewer problems) for those without childhood ADHD. Higher variability in 

positive urgency was related to more alcohol problems for the participants with childhood ADHD 

but not the nonADHD participants (ADHD RR=3.00, p=0.03, nonADHD RR=0.50, p=0.25).
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Conclusions.—Findings highlight the importance of assessing fluctuation in several domains of 

impulsivity and may elucidate important treatment targets for alcohol problems for adults with 

ADHD histories.
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1. Introduction

Childhood attention-deficit/hyperactivity disorder (ADHD) predicts increased heavy 

episodic alcohol use (Barkley et al., 2008; Hechtman and Weiss, 1986; Molina et al., 2007), 

and alcohol use disorder (Charach et al., 2011; Lee et al., 2011). Research is needed to 

understand vulnerability to alcohol problems for this population beyond simplistic models of 

psychiatric comorbidity (Molina and Pelham, 2014). In the current study, we contribute to 

existing literature by examining variability in 5 domains of impulsivity (negative urgency: 

acting rashly in response to negative mood; positive urgency: acting rashly in response to 

positive mood; lack of perseverance: tendency to not finish tasks or distractability; lack of 

planning: acting without thinking; and sensation seeking: desire to seek out new or thrilling 

experiences; e.g, Whiteside and Lynam, 2001; Cyders and Smith, 2008), in real time, and 

how this variability may differentially relate to heavy alcohol use and problems for adults 

with childhood ADHD compared to adults without a history of childhood ADHD.

1.1 Trait Impulsivity, Alcohol Use, and ADHD

A large body of research demonstrates that higher trait impulsivity predicts alcohol use and 

problems (de Wit, 2009; Dick et al., 2010). Individuals with a history of childhood ADHD 

may engage in heavy alcohol use in part due to elevated trait impulsivity (Elkins et al., 2007; 

Howard et al., 2015; Molina et al., 2012; Rooney et al., 2012, Rooney et al., 2015). Our prior 

research has shown that two domains of impulsivity, trait positive and negative urgency, 

account for the association between childhood ADHD and alcohol problems in adulthood 

~15 years later (Pedersen et al., 2016).

1.2 State Impulsivity, Alcohol Use, and ADHD

Many definitions of impulsigenic traits (e.g., negative urgency) actually contain situational 

components, highlighting the importance of examining fluctuation in impulsive behavior as 

opposed to global trait levels that aggregate across contexts. Variability in impulsive 

behavior (increases and decreases) within individuals may be an important index of 

inhibitory processes that are missed in trait level assessments and which may relate to 

substance use above and beyond the risk posed by trait levels. Consistent with this 

possibility, research has shown that self-reported, “trait-like,” measures of affective 

instability are only modestly correlated with ecological momentary assessment (EMA) 

measurements of variability in affect (Solhan et al., 2009).

Research has begun to demonstrate the importance of assessing fluctuations in impulsivity in 

the real world via self-report (Ansell et al., 2015; Tomko et al., 2014; Tomko et al., 2015) 

and behavioral task performance (McCarthy et al., 2018). Momentary levels of impulsivity 
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have been shown to vary within individuals both across and within days (Tomko et al., 

2014). Additionally, individuals with borderline personality disorder have been shown to 

have more variability in impulsivity than individuals without this disorder (Tomko et al., 

2014). Increased emotion dysregulation among individuals with ADHD (Sobanski et al., 

2010) may contribute to increased variability in positive and negative urgency as mood shifts 

increase fluctuation in impulsivity.

Research has begun to demonstrate the importance of examining fluctuations in risk factors 

for alcohol use in individuals with ADHD. For example, in a small sample of adult smokers 

with ADHD, hyperactivity-impulsivity symptoms momentarily increased prior to smoking 

in frustrating situations (Mitchell et al., 2014). A separate EMA study of adults with ADHD 

found that transdermal nicotine administration momentarily reduced negative mood and 

impulsivity for both abstinent smokers and nonsmokers (Gehricke et al., 2009). Importantly, 

EMA research on ADHD populations has been confined to small samples, utilized DSM 

criteria instead of behaviors likely to vary daily, or has focused on children.

1.3 Current Study

In the current study we hypothesized that adults with ADHD histories ( “ADHD”) would 

have more variability across 10 days in positive and negative urgency than adults without 

ADHD histories (“nonADHD”). We did not have a priori hypotheses about variability in the 

other 3 impulsivity domains. Second, we hypothesized that elevated variability in 

impulsivity, particularly in positive and negative urgency, would be more strongly related to 

alcohol use/problems for those with compared to without a history of ADHD. We examined 

these aims in a well-powered study (estimated power = .80 to detect small effects between 

the ADHD/nonADHD groups, d = .40, with our sample size: G*Power3, Faul et al., 2007, 

2009) over and above corresponding impulsivity domains assessed with traditional trait-

based measures (UPPS-P) as well as mean level of EMA-measured impulsivity.

2. Material and methods

2.1 Participants

Participants were 211 adult drinkers (n = 109 with childhood ADHD; 10 currently 

medicated; 38 currently endorsing ADHD symptoms at diagnostic threshold); n = 102 

without childhood ADHD). The sample was 75% male (Mage = 27.9; range 21-35 years, SD 
= 4.06). Participants were recruited into the study either from the community (n = 124: 

posted fliers, Craigslist advertisements) or from the Pittsburgh ADHD Longitudinal Study (n 
= 87: PALS). The majority of participants identified as White/European American (67.3%), 

31.8% identified as Black/African American, and 0.9% identified as Asian or another race. 

Participants were required to be between 21 and 36 years old. Participants in the current 

study completed an alcohol administration (data to be published elsewhere) and therefore 

were required to have consumed alcohol at least once in the past month (Mpast 30 day frequency 

= 5.75 days, SD = 1.41; Mpast 30 day quantity = 3.53 drinks, SD = 2.53) and to have consumed 

at least the equivalent amount of alcohol in the past six months as would be given during the 

laboratory alcohol administration (target BrAC of .08%). Additionally, participants were 

excluded if they were currently (or had ever) abstaining from alcohol due to fear of having a 
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problem, had ever received treatment for an alcohol or substance use disorder, had 

significant medical or mental illness (e.g., psychotic disorders), were pregnant or 

breastfeeding, weighed over 250 pounds, or were taking medication for which alcohol use is 

contraindicated. During enrollment, participants with and without childhood ADHD were 

matched on self-reported past 30 day drinking behavior to reduce differences in acute 

tolerance that could affect alcohol response. A similar matching strategy for alcohol use was 

used across Black and White drinkers.

2.2 Study Design

Study procedures were approved by the University of Pittsburgh’s Institutional Review 

Board. Following participation in a laboratory protocol that also included completion of 

questionnaires (e.g., trait impulsivity), the majority of our participants started the EMA 

protocol on the following Friday (n=14 had a delayed start date due to extenuating 

circumstances: e.g., travel schedule). Participants used their personal smartphone or a study 

smartphone. All participants were provided in-person instruction on how to complete the 

prompts (e.g., wait until done driving). Prompts were sent via text by an automated pre-

programmed computer system. The first assessment was sent via text 15 minutes after self-

reported expected wake time and the last assessment was sent to participants 15 minutes 

prior to reported expected bedtime. The rest of the day was then split into 4 equal segments 

spanning the 2 hrs after self-reported wake time to 2 hrs prior to self-reported bedtime. 

Within each of these segments prompts were randomly sent resulting in four additional 

assessments. Participants had 10 minutes to complete the prompt and received a reminder 

text five minutes after the first prompt was sent. They could earn up to $110.00 for 

completing at least 80% of the assessments. Participants who completed less than 80% of 

the EMA prompts received corresponding compensation (e.g., 60% completion received 

$66.00/60% of $110.00). On average participants completed 67% (~40 of the 60 total 

prompts sent) of the assessments across the 10-day period.

2.3 ADHD History

Childhood ADHD (ADHD = 1, nonADHD = 0).—Participants recruited from the 

community (n = 58 ADHD, n = 66 nonADHD) completed a phone screen of DSM-IV 

ADHD symptoms from childhood and a parallel informant report was obtained over the 

phone. For the ADHD group, participants and the informant each separately endorsed at 

least 6 out of 18 symptoms of ADHD occurring prior to age 12 (2 reported symptoms below 

this threshold but indicated a positive history of ADHD diagnosis in childhood). Community 

participants without ADHD were enrolled if both the participant and informant endorsed 

fewer than 6 ADHD symptoms. ADHD group participants recruited from the PALS were 

diagnosed in childhood. A nonADHD demographically similar comparision sample was 

later recuited into PALS (see (Molina et al., 2017) for additional details of PALS).

2.4 Measures obtained during the laboratory visit

Demographics.—Participants reported their sex (male = 1, female = 0), race, and age. 

These demographic variables were included as covariates in analyses.
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Trait Impulsivity.—Five impulsivity facets were assessed using the 59-item UPPS-P 

impulsive behavior scale (Cyders et al., 2007; Whiteside and Lynam, 2001): lack of planning 

(11 items: α = .90; e.g., “My thinking is usually careful and purposeful”), sensation seeking 

(12 items: α = .87; e.g., “I generally seek new and exciting experiences and sensations”), 

negative urgency (12 items: α = .92; e.g., “In the heat of an argument, I will often say things 

that I later regret”), positive urgency (14 items: α = .95; e.g., “When I am really excited, I 

tend not to think of the consequences of my actions”), and lack of perseverance (10 items: α 
=.85; e.g., “I generally like to see things through to the end”). Response options ranged from 

1 (agree strongly) to 4 (disagree strongly). Responses were coded so that higher numbers 

meant higher impulsivity.

Frequency of 5+ drinks per occasion.—Alcohol use in the past 12 months1 was 

assessed with the Substance Use Questionnaire (Molina and Pelham, 2003) which includes 

questions about alcohol use adapted from existing measures (Jessor et al., 1989; National 

Household Study on Drug Abuse, 1992). The outcome for the current study was frequency 

of drinking 5+ drinks per occasion. The scale of this item ranged from 0: not at all to 11: 

several times a day (range 0-11; M = 3.28, SD = 2.61; a response of “3” = 8-11 times).

Alcohol problems.—A modified version of the Young Adult Alcohol Problems Screening 

Test (YAAPST): (Hurlburt and Sher, 1992) was used to assess alcohol problems in 

adulthood. This 36-item questionnaire (response options: 0 = none or not in the past year to 

3 = more than 5 times) assesses how frequently problems occurred while drinking or as a 

result of drinking within the past year. The YAAPST has good reliability (e.g., (Hurlburt and 

Sher, 1992)). For the current study, the number of different problems reported in the past 

year1 (range 0-22; M = 4.31; SD = 4.45) was analyzed.

2.5 Measures obtained during EMA

State Impulsivity.—We adapted 19 items from the UPPS-P to assess lack of planning (3 

items; α = .87), sensation seeking (4 items; α = .81), negative urgency (4 items; α = .83), 

positive urgency (4 items; α = .91), and lack of perseverance (4 items; α = .81). Participants 

were asked to report on their experiences since the last EMA prompt (the morning report 

would include the time since the bedtime assessment). Response options ranged from 1 

(agree strongly) to 4 (disagree strongly). Responses were recoded so that higher numbers 

meant higher impulsivity. Items were selected for their adaptability to assessment of current 

state. Items that were global (e.g., I have a reserved and cautious attitude toward life) were 

excluded. Questions were also selected based on likelihood of occurrence or change in 2-3 

hour period and were then modified to assess “state” behavior and experiences. For example, 

the original “I have trouble controlling my impulses” was modified to “Since the last 

assessment I had trouble controlling my impulses.”

1As a result of a programming error 41 participants reported their frequency of 5+ drinks/occasion and number of alcohol problems in 
the past 6 months instead of the past 12 months like the majority of the sample. Analyses were conducted dropping these 41 
participants from analyses and the pattern of results remained the same.
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2.6 Analytic Plan

Analyses were conducted using generalized linear models in R 3.3.4 (Team, 2018) with the 

package MASS for negative binomial models (Venables and Ripley, 2002). The EMA 

protocol produced up to 60 data points across 10 days. To improve the reliability of the 

estimates of variability, we only included in analyses the data from participants who 

completed at least 10% of their prompts (i.e., one days’ worth). This resulted in excluding 

data for eight participants (5 from the ADHD group, 3 from the nonADHD group) from the 

analyses (final n = 203).

We first tested whether or not childhood ADHD was associated with increased variability in 

impulsivity. We computed a within-person standard deviation (SD) across all momentary 

assessments of each facet of impulsivity across the 10-day study period, and we regressed 

this variable for each facet of impulsivity on ADHD group. Cases with extreme variability 

(>.80, which was larger then the 95%ile for all SD) were Windsorized.

Because only a few studies have examined within-person variability in impulsivity, we chose 

to focus the current study on a straightforward measure of variability. We made this decision 

since no research has compared models of variability in momentary reports of impulsivity 

and because a recent meta-analysis on affective instability that demonstrated that more 

complex approaches (e.g., mean-squared successive difference) did not outperform a more 

straightforward standard deviation calculation when examining negative affect instability 

(Dejonckheere et al., 2019; Jahng et al., 2018; Tomko et al., 2014).

Our second aim was to test whether or not variability in impulsivity was associated with 

heavy alcohol use and problems and if this differed as a function of ADHD history. Because 

alcohol outcomes are typically not normally distributed, we tested a sequence of models to 

determine which distribution best fit each outcome. We chose a negative binomial 

distribution based on parsimony and model fit using multiple indicators (Akaike Information 

Criteria and Bayesian Information Criteria values, as well as the Vuong test for non-nested 

models).

We regressed heavy alcohol use and problems on ADHD group and variability in each facet 

of impulsivity and their associated interactions after accounting for sex, age, race, 

recruitment method (PALS or community), and global self-report of trait impulsivity. 

Separate models were run for each domain of impulsivity. We compared these results to 

models controlling for average levels of EMA-reported impulsivity facets across the 10 days 

(EMA average impulsivity); findings were nearly identical in magnitude, sign and 

significance. Because prior research has suggested that significance tests are unreliable 

indicators of the presence of an interaction when the outcome is nonlinear (such as in a 

logistic or count outcome) (Ai and Norton, 2003), we used −2 log-likelihood differences as 

an indicator to determine whether including an interaction term improved fit. We then 

probed models where an interaction term appeared to improve fit, and estimated predicted 

counts/probabilities of alcohol outcomes at the mean of the covariates across representative 

levels of both variables involved in the interaction (King et al., 2000). All predictors and 

covariates (save ADHD group) were centered prior to testing interactions.
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3. Results

3.1 Descriptive Results.

EMA reports of impulsivity averaged from 1.80 (for positive urgency) to 2.88 (sensation 

seeking), with a range of 1 – 4. ADHD group participants had higher average EMA reported 

negative urgency (t(198) = −3.54, p = 0.0005, 95% CI [−0.42, −0.12], MADHD = 1.65, 

MnonADHD = 1.38), positive urgency (t(195) = −3.43, p = 0.0007, 95% CI [−0.38, −0.10], 

MADHD = 1.53, MnonADHD = 1.29), and sensation seeking (t(201) = −3.59, p = 0.0004, 95% 

CI [−0.48, −0.14], MADHD = 1.89, MnonADHD = 1.58) compared to nonADHD group 

participants. Within-person SDs averaged .23 (positive urgency) to .36 (lack of planning). To 

illustrate, a typical participant reported an average of 1.8 for positive urgency across their 

EMA responses (roughly, Disagree), and 68% of their reports ranged from 1.56 to 2.04 

across assessments. A highly variable participant’s scores might range from 1 (Strongly 
Disagree) to 3 (Agree) across assessments. Variability in all facets of impulsivity were 

positively correlated with both global self-report of trait impulsivity and with EMA averages 

of impulsivity (see Table 1).

3.2 Association between ADHD and Variability in EMA-assessed Impulsivity

ADHD group participants had higher variability in negative urgency, positive urgency, and 

sensation seeking compared to nonADHD participants without accounting for covariates and 

trait impulsivity (see Table 2). While ADHD group significantly predicted variability in 

impulsivity facets controlling for demographic covariates (i.e., sex, age, race, recruitment 

method), these effects were not robust to the addition of global trait impulsivity to the 

models. ADHD only predicted variability in sensation seeking after controlling for global 

trait impulsivity (β = 0.14, p = 0.03). Sex was the only covariate associated with variability 

in sensation seeking (b = .18, p = 0.03); male participants reported more than female 

participants.

3.3 ADHD X Impulsivity Variability and Alcohol Use Behaviors

Our second aim was focused on examining how variability in impulsivity domains related to 

frequency of 5+ drinks and alcohol problems as a function of ADHD history. The interaction 

between variability in lack of planning and ADHD group was significant for both frequency 

of 5+ drinks/occasion and alcohol problems (see Table 3). Specifically, at the mean of the 

covariates, variability in lack of planning was associated with a higher frequency of 5+ 

drinks/occasion for participants with a history of ADHD, but not for those without (ADHD 

RR = 3.60, p < 0.001, nonADHD RR = 0.90, p = 0.81; See Figure 1). A similar pattern was 

found for the interaction between variability in lack of planning and ADHD history in 

relation to alcohol problems (ADHD RR = 4.87, p < 0.001, nonADHD RR = 0.58, p = 0.29; 

See Figure 2).

ADHD group also moderated the association between negative urgency and frequency of 5+ 

drinks/occasion and alcohol problems (see Table 4). For participants with an ADHD history, 

variability in negative urgency was associated with an increased number of drinking 5+ 

drinks/occasion, but not for those without (ADHD RR = 4.32, p = 0.01, nonADHD RR = 

0.49, p = 0.24; See Figure 3). There was a similar pattern of findings for the effects of 
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variability in negative urgency on alcohol problems for those with an ADHD history, while 

the opposite effect was found for those without (ADHD RR = 4.96, p = 0.01, nonADHD RR 

= 0.24, p = 0.04; See Figure 4).

Finally, ADHD group moderated the association between positive urgency and alcohol 

problems (not frequency of 5+ drinks; see Table 5). Individuals with an ADHD history 

exhibited stronger associations between variability in positive urgency and alcohol problems 

than those without (ADHD RR = 3.00, p = 0.03, nonADHD RR = 0.50, p = 0.25; See Figure 

5). There were no statistically significant interactions between ADHD group and variability 

in sensation seeking or lack of perseverance and the main effects between variability in these 

domains and alcohol behaviors were also not significant.

4. Discussion

These findings are the first to demonstrate the importance of examining fluctuation in 

multiple domains of impulsivity to understand ADHD-related alcohol risk. Our results 

showed that multiple domains of impulsivity (negative urgency, positive urgency, sensation 

seeking) vary more for individuals with a history of ADHD across a 10 day period compared 

to those without this history. Further, increased variability in lack of planning, negative 

urgency, and positive urgency were related to alcohol behaviors for the ADHD group but 

were not related (or related in the opposite direction) for the group without an ADHD 

history.

The ADHD group had more fluctuation in 3 of 5 domains of impulsivity prior to accounting 

for trait level impulsivity. However, only fluctuation in sensation seeking remained 

significantly higher for the ADHD group compared to those without an ADHD history after 

accounting for the corresponding impulsivity trait in analyses. Given the association 

between trait impulsivity and fluctuation in impulsivity it may be the case that higher trait 

impulsivity is driving the increased fluctuation in impulsivity facets for individuals with a 

history of ADHD. While the sensation seeking finding was unexpected, this may indicate 

that individuals with a history of ADHD are more influenced by environmental context in 

their engagement in thrill seeking behaviors than individuals without a history of ADHD. 

Prior research has provided tentative support for individuals with childhood ADHD being 

more influenced by peers (Belendiuk et al., 2016) than those without. Contextual factors, 

such as risk-taking peers, may result in increased behavioral risk-taking for those with 

ADHD histories. Conversely, being with friends who are engaged in calm, routine activities 

may dampen sensation seeking more for this population.

Variability in three impulsivity domains – lack of planning, negative urgency, and positive 

urgency -- were related to alcohol use behaviors for the ADHD group. Attentional control 

deficits that characterize individuals with ADHD may partly explain these findings. Weafer 

and colleagues (2011) found that poor attentional control was associated with increased 

quantity of alcohol consumed for adults with but not without ADHD. In conjunction with 

momentary shifts in lack of planning, attentional control deficits may overload the ability to 

restrain from engaging in behaviors that result in heavy episodic drinking and alcohol 

problems. Another possibility is that variability is an index of dysregulation that is a separate 
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risk factor. An individual who spends periods of time with reduced and then elevated 

impulsivity may not be aware that they are in a state of increased likelihood of drinking 

more alcohol or needing to use protective behavioral strategies to reduce the likelihood of 

experiencing alcohol problems.

Variability in negative urgency was related to frequency of heavy drinking and alcohol 

problems for the ADHD group over and above trait negative urgency. Variability in positive 

urgency was related to alcohol problems (not frequency of 5+ drinks) for the ADHD group 

only. These results directly extend recent laboratory findings that trait negative urgency was 

related to higher alcohol craving and higher breath alcohol content in negative (but not 

neutral) mood conditions (VanderVeen et al., 2016). Adults with a history of ADHD may 

experience more reactivity to events that increase/decrease mood which could strengthen the 

connection between variability in urgency and alcohol use behaviors.

While the current study had many strengths including measurement of traditional trait level, 

average EMA level, and EMA-assessed variability in multiple domains of impulsivity, there 

are several limitations. First, our assessment of impulsivity utilized self-report; variability in 

behavioral disinhibition task performance may yield different associations. Second, EMA-

measured heavy alcohol use/problems were infrequent during the 10-day protocol so we 

examined associations with alcohol use behaviors from the prior 12 months. Future research 

with a heavier drinking sample would allow for inclusion of EMA-measured heavy drinking 

and problems and can focus on disentangling in-the-moment temporal associations. Third, 

participants with and without a history of ADHD were matched on recent alcohol use so 

between group comparisons on alcohol problems and heavy drinking are not generalizabile. 

Fourth, while we observed some participant differences as a function of recruitment source 

(i.e., the community recruited sample was younger and had a higher percentage of female 

and Black/African American participants), and the community sample recruitment was not 

based on a full diagnostic interview, the sample heterogeneity increased its 

representativeness (including individuals with and without specialty clinic diagnosis and 

treatment). Although supplemental analyses (not presented) did not find recruitment source 

to be a statistically significant moderator of the associations presented, future replication 

with a complete diagnostic assessment battery would provide a helpful validation of these 

findings. It would also allow examination of potentially important comorbidities (e.g., 

depression, conduct disorder) alongside persistence of ADHD into adulthood. Persistent 

ADHD may coincide with more fluctuations in state impulsivity and examination of these 

factors may illuminate important subgroups within the heterogeneous population of 

individuals with ADHD histories. Lastly, although our sample included over 50 females, 

most participants were male which limits ability to examine possible sex differences.

5. Conclusions

Despite these limitations, the current study points to the possibility that fluctuations in 

negative urgency, lack of planning, and to a lesser extent positive urgency, are important 

when considering alcohol risk for individuals with a history of ADHD over and and above 

elevated impulsigenic “traits.” Treatments focused on reducing fluctuations in impulsive 
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behaviors or alerting people with histories of ADHD to a shift in impulsivity prior to 

drinking may decrease their risk for negative alcohol outcomes.
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Highlights:

• Fluctuation in impulsivity may increase risk for alcohol problems

• Adults with a history of ADHD experience more fluctuation in impulsivity

• Fluctuation in impulsivity relates to alcohol use and problems for those with 

ADHD
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Figure 1: 
Illustration of the interaction between childhood ADHD and variability in lack of planning 

in relation to the frequency of 5+ drinks/occasion. Effects of childhood ADHD and 

nonADHD are presented separately.
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Figure 2: 
Illustration of the interaction between childhood ADHD and variability in lack of planning 

in relation to the number of alcohol problems. Effects of childhood ADHD and nonADHD 

are presented separately.
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Figure 3: 
Illustration of the interaction between childhood ADHD and negative urgency in relation to 

the frequency of 5+ drinks/occasion. Effects of childhood ADHD and nonADHD are 

presented separately.
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Figure 4: 
Illustration of the interaction between childhood ADHD and negative urgency in relation to 

the number of alcohol problems. Effects of childhood ADHD and nonADHD are presented 

separately.
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Figure 5: 
Illustration of the interaction between childhood ADHD and positive urgency in relation to 

the number of alcohol problems. Effects of childhood ADHD and nonADHD are presented 

separately.

Pedersen et al. Page 18

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.

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

Pedersen et al. Page 19

Ta
b

le
 1

.

A
ss

oc
ia

tio
n 

be
tw

ee
n 

V
ar

ia
bi

lit
y 

an
d 

E
M

A
 A

ve
ra

ge
 a

nd
 S

el
f-

re
po

rt
ed

 T
ra

it 
of

 E
ac

h 
Im

pu
ls

iv
ity

 F
ac

et
.

E
M

A
 V

ar
ia

bi
lit

y

N
U

P
U

SS
L

P
L

P
er

E
M

A
 A

ve
ra

ge
 L

ev
el

0.
50

**
*

0.
53

**
*

0.
39

**
*

0.
44

**
*

0.
33

**
*

T
ra

it 
Se

lf
-r

ep
or

t
0.

47
**

*
0.

46
**

*
0.

33
**

*
0.

15
*

0.
21

*

N
ot

e:

* Pe
ar

so
n 

co
rr

el
at

io
ns

 s
ig

ni
fi

ca
nt

 a
t p

 <
 .0

5

**
* Si

gn
if

ic
an

t a
t p

 <
 .0

01
.

E
M

A
 V

ar
ia

bi
lit

y 
=

 M
ea

n 
of

 th
e 

st
an

da
rd

 d
ev

ia
tio

ns
 o

f 
ea

ch
 im

pu
ls

iv
ity

 d
om

ai
n 

ac
ro

ss
 th

e 
ec

ol
og

ic
al

 m
om

en
ta

ry
 a

ss
es

sm
en

t (
E

M
A

) 
pr

ot
oc

ol
. N

U
 =

 n
eg

at
iv

e 
ur

ge
nc

y,
 P

U
 =

 p
os

iti
ve

 u
rg

en
cy

, S
S 

=
 s

en
sa

tio
n 

se
ek

in
g,

 L
P 

=
 L

ac
k 

of
 P

la
nn

in
g,

 L
Pe

r 
=

 L
ac

k 
of

 P
er

se
ve

ra
nc

e.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pedersen et al. Page 20

Ta
b

le
 2

.

M
ea

n 
le

ve
l o

f 
E

M
A

 V
ar

ia
bi

lit
y 

in
 I

m
pu

ls
iv

ity
 F

ac
et

s 
fo

r 
A

du
lts

 w
ith

 a
nd

 w
ith

ou
t a

 h
is

to
ry

 o
f 

A
D

H
D

.

no
nA

D
H

D
A

D
H

D
t

df
p

N
eg

at
iv

e 
U

rg
en

cy
0.

25
6

0.
32

1
−3

.0
6

19
9

.0
03

Po
si

tiv
e 

U
rg

en
cy

0.
20

5
0.

27
9

−2
.7

9
19

6
.0

06

Se
ns

at
io

n 
Se

ek
in

g
0.

28
1

0.
34

5
−2

.6
3

19
7

.0
09

L
ac

k 
of

 P
la

nn
in

g
0.

36
1

0.
40

8
−

1.
74

20
1

.0
84

L
ac

k 
of

 P
er

se
ve

ra
nc

e
0.

33
0

0.
36

4
−

1.
61

19
7

.1
09

N
ot

e:
 A

ll 
si

gn
if

ic
an

t m
ea

n 
le

ve
l d

if
fe

re
nc

es
 a

t p
 <

 .0
5 

be
tw

ee
n 

A
D

H
D

 a
nd

 n
on

A
D

H
D

 a
re

 in
 b

ol
d.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pedersen et al. Page 21

Ta
b

le
 3

.

In
te

ra
ct

io
n 

be
tw

ee
n 

V
ar

ia
bi

lit
y 

in
 L

ac
k 

of
 P

la
nn

in
g 

an
d 

A
D

H
D

 in
 R

el
at

io
n 

to
 F

re
qu

en
cy

 o
f 

5+
 d

ri
nk

s/
oc

ca
si

on
 a

nd
 N

um
be

r 
of

 A
lc

oh
ol

 P
ro

bl
em

s

F
re

qu
en

cy
 o

f 
5+

 d
ri

nk
s

N
um

be
r 

of
 A

lc
oh

ol
 P

ro
bl

em
s

b
SE

p 
va

lu
e

R
R

95
%

 C
I

b
SE

p 
va

lu
e

R
R

95
%

 C
I

A
D

H
D

−0
.3

7
0.

12
0.

00
2

0.
69

[0
.5

4,
 0

.8
8]

−
0.

26
0.

15
0.

07
5

0.
77

[0
.5

7,
 1

.0
4]

R
ec

. S
ou

rc
e

−
0.

18
0.

15
0.

22
1

0.
84

[0
.6

3,
 1

.1
2]

−
0.

32
0.

18
0.

07
3

0.
73

[0
.5

0,
 1

.0
4]

Se
x

0.
38

0.
15

0.
01

2
1.

46
[1

.0
9,

 1
.9

6]
−

0.
13

0.
18

0.
46

0
0.

88
[0

.6
2,

 1
.2

5]

A
ge

−
0.

02
0.

02
0.

13
6

0.
98

[0
.9

5,
 1

.0
1]

−0
.0

6
0.

02
0.

00
2

0.
94

[0
.9

1,
 0

.9
8]

R
ac

e
0.

04
0.

13
0.

74
4

1.
04

[0
.8

0,
 1

.3
6]

0.
05

0.
16

0.
73

3
1.

06
[0

.7
7,

 1
.4

5]

T
ra

it 
L

P
0.

23
0.

11
0.

04
2

1.
26

[0
.9

9,
 1

.5
9]

0.
50

0.
14

0.
00

03
1.

64
[1

.2
4,

 2
.1

8]

SD
 L

P
−

0.
10

0.
43

0.
81

0
0.

90
[0

.3
9,

 2
.1

0]
−

0.
55

0.
52

0.
29

3
0.

58
[0

.2
0,

 1
.6

5]

SD
 L

P 
X

 A
D

H
D

1.
38

0.
60

0.
02

0
3.

99
[1

.2
0,

 1
3.

41
]

2.
13

0.
72

0.
00

3
8.

45
[1

.9
5,

 3
6.

77
]

N
ot

e:
 R

ec
. S

ou
rc

e=
 r

ec
ru

ite
d 

fr
om

 c
om

m
un

ity
 (

0)
 o

r 
PA

L
S 

(1
).

 S
D

 L
P=

 v
ar

ia
bi

lit
y 

in
 L

ac
k 

of
 P

la
nn

in
g.

 T
ra

it 
L

P 
=

 s
el

f-
re

po
rt

 o
f 

la
ck

 o
f 

pl
an

ni
ng

 a
ss

es
se

d 
w

ith
 th

e 
U

PP
S-

P.
 A

D
H

D
 =

 1
, n

on
A

D
H

D
 =

 0
. S

D
 

L
P 

m
ai

n 
ef

fe
ct

 r
es

ul
ts

 s
ho

ul
d 

be
 in

te
rp

re
te

d 
as

 th
e 

es
tim

at
e 

fo
r 

th
e 

no
nA

D
H

D
 g

ro
up

 a
s 

a 
fu

nc
tio

n 
of

 th
is

 g
ro

up
 b

ei
ng

 c
od

ed
 a

s 
0 

in
 a

na
ly

se
s.

 B
ol

d 
va

lu
es

 in
di

ca
te

 a
 s

ig
ni

fi
ca

nt
 e

ff
ec

t a
t p

 <
 .0

5.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pedersen et al. Page 22

Ta
b

le
 4

.

In
te

ra
ct

io
n 

be
tw

ee
n 

V
ar

ia
bi

lit
y 

in
 N

eg
at

iv
e 

U
rg

en
cy

 a
nd

 A
D

H
D

 in
 R

el
at

io
n 

to
 F

re
qu

en
cy

 o
f 

5+
 d

ri
nk

s/
oc

ca
si

on
 a

nd
 N

um
be

r 
of

 A
lc

oh
ol

 P
ro

bl
em

s

F
re

qu
en

cy
 o

f 
5+

 d
ri

nk
s

N
um

be
r 

of
 A

lc
oh

ol
 P

ro
bl

em
s

b
SE

p 
va

lu
e

R
R

95
%

 C
I

b
SE

p 
va

lu
e

R
R

95
%

 C
I

A
D

H
D

−0
.3

6
0.

12
0.

00
3

0.
70

[0
.5

5,
 0

.8
9]

−0
.3

2
0.

14
0.

02
4

0.
72

[0
.5

5,
 0

.9
6]

R
ec

. S
ou

rc
e

−
0.

10
0.

15
0.

50
3

0.
91

[0
.6

8,
 1

.2
1]

−
0.

09
0.

17
0.

59
1

0.
91

[0
.6

4,
 1

.3
0]

Se
x

0.
40

0.
15

0.
00

8
1.

49
[1

.1
1,

 2
.0

0]
−

0.
04

0.
17

0.
81

4
0.

96
[0

.6
8,

 1
.3

5]

A
ge

−
0.

02
0.

02
0.

11
1

0.
98

[0
.9

5,
 1

.0
1]

−0
.0

6
0.

02
0.

00
1

0.
94

[0
.9

1,
 0

.9
8]

R
ac

e
0.

04
0.

13
0.

76
7

1.
04

[0
.8

0,
 1

.3
6]

0.
10

0.
15

0.
50

8
1.

11
[0

.8
2,

 1
.5

0]

T
ra

it 
N

U
0.

17
0.

10
0.

10
0

1.
19

[0
.9

7,
 1

.4
5]

0.
60

0.
12

0.
00

01
1.

82
[1

.4
4,

 2
.3

1]

SD
 N

U
−

0.
71

0.
60

0.
23

6
0.

49
[0

.1
6,

 1
.5

4]
−1

.4
3

0.
71

0.
04

4
0.

24
[0

.0
6,

 0
.9

0]

SD
 N

U
 X

 A
D

H
D

2.
17

0.
76

0.
00

4
8.

76
[1

.9
7,

 3
9.

41
]

3.
03

0.
90

0.
00

07
20

.7
7

[3
.8

6,
 1

12
.1

4]

N
ot

e:
 R

ec
. S

ou
rc

e=
 r

ec
ru

ite
d 

fr
om

 c
om

m
un

ity
 (

0)
 o

r 
PA

L
S 

(1
).

 S
D

 N
U

 =
 v

ar
ia

bi
lit

y 
in

 n
eg

at
iv

e 
ur

ge
nc

y.
 T

ra
it 

N
U

 =
 s

el
f-

re
po

rt
 o

f 
ne

ga
tiv

e 
ur

ge
nc

y 
as

se
ss

ed
 w

ith
 th

e 
U

PP
S-

P.
 A

D
H

D
 =

 1
, n

on
A

D
H

D
 =

 0
. 

SD
 N

U
 m

ai
n 

ef
fe

ct
 r

es
ul

ts
 s

ho
ul

d 
be

 in
te

rp
re

te
d 

as
 a

 th
e 

es
tim

at
e 

fo
r 

th
e 

no
nA

D
H

D
 g

ro
up

 a
s 

a 
fu

nc
tio

n 
of

 th
is

 g
ro

up
 b

ei
ng

 c
od

ed
 a

s 
0 

in
 a

na
ly

se
s.

 B
ol

d 
va

lu
es

 in
di

ca
te

 a
 s

ig
ni

fi
ca

nt
 e

ff
ec

t a
t p

 <
 .0

5.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pedersen et al. Page 23

Ta
b

le
 5

.

In
te

ra
ct

io
n 

be
tw

ee
n 

V
ar

ia
bi

lit
y 

in
 P

os
iti

ve
 U

rg
en

cy
 a

nd
 A

D
H

D
 in

 R
el

at
io

n 
to

 F
re

qu
en

cy
 o

f 
5+

 d
ri

nk
s/

oc
ca

si
on

 a
nd

 N
um

be
r 

of
 A

lc
oh

ol
 P

ro
bl

em
s

F
re

qu
en

cy
 o

f 
5+

 d
ri

nk
s

N
um

be
r 

of
 A

lc
oh

ol
 P

ro
bl

em
s

b
SE

p 
va

lu
e

R
R

95
%

 C
I

b
SE

p 
va

lu
e

R
R

95
%

 C
I

A
D

H
D

−0
.3

4
0.

12
0.

00
5

0.
71

[0
.5

6,
 0

.9
1]

−
0.

19
0.

14
0.

19
4

0.
83

[0
.6

3,
 1

.1
0]

R
ec

. S
ou

rc
e

−
0.

13
0.

15
0.

36
5

0.
88

[0
.6

5,
 1

.1
7]

−
0.

24
0.

18
0.

17
2

0.
79

[0
.5

5,
 1

.1
2]

Se
x

0.
33

0.
15

0.
02

9
1.

39
[1

.0
4,

 1
.8

7]
−

0.
22

0.
17

0.
19

7
0.

80
[0

.5
6,

 1
.1

3]

A
ge

−
0.

02
0.

02
0.

17
9

0.
98

[0
.9

5,
 1

.0
1]

−0
.0

5
0.

02
0.

00
4

0.
95

[0
.9

2,
 0

.9
9]

R
ac

e
0.

03
0.

13
0.

83
3

1.
03

[0
.7

9,
 1

.3
4]

0.
02

0.
16

0.
91

2
1.

02
[0

.7
5,

 1
.3

9]

T
ra

it 
PU

0.
21

0.
10

0.
04

5
1.

23
[1

.0
0,

 1
.5

1]
0.

44
0.

12
0.

00
03

1.
55

[1
.2

2,
 1

.9
9]

SD
 P

U
−

0.
22

0.
49

0.
66

0
0.

81
[0

.3
1,

 2
.0

9]
−

.6
9

0.
60

0.
25

2
0.

50
[0

.1
5,

 1
.7

3]

SD
 P

U
 X

 A
D

H
D

0.
83

0.
62

0.
18

2
2.

28
[0

.6
7,

 7
.7

7]
1.

79
0.

75
0.

01
7

6.
00

[1
.3

5,
 2

6.
3]

N
ot

e:
 R

ec
. S

ou
rc

e=
 r

ec
ru

ite
d 

fr
om

 c
om

m
un

ity
 (

0)
 o

r 
PA

L
S 

(1
).

 S
D

 P
U

 =
 v

ar
ia

bi
lit

y 
in

 p
os

iti
ve

 u
rg

en
cy

. T
ra

it 
PU

 =
 s

el
f-

re
po

rt
 o

f 
po

si
tiv

e 
ur

ge
nc

y 
as

se
ss

ed
 w

ith
 th

e 
U

PP
S-

P.
 A

D
H

D
 =

 1
, n

on
A

D
H

D
 =

 0
. S

D
 

PU
 m

ai
n 

ef
fe

ct
 r

es
ul

ts
 s

ho
ul

d 
be

 in
te

rp
re

te
d 

as
 a

 th
e 

es
tim

at
e 

fo
r 

th
e 

no
nA

D
H

D
 g

ro
up

 a
s 

a 
fu

nc
tio

n 
of

 th
is

 g
ro

up
 b

ei
ng

 c
od

ed
 a

s 
0 

in
 a

na
ly

se
s.

 B
ol

d 
va

lu
es

 in
di

ca
te

 a
 s

ig
ni

fi
ca

nt
 e

ff
ec

t a
t p

 <
 .0

5.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 February 02.


	Abstract
	Introduction
	Trait Impulsivity, Alcohol Use, and ADHD
	State Impulsivity, Alcohol Use, and ADHD
	Current Study

	Material and methods
	Participants
	Study Design
	ADHD History
	Childhood ADHD (ADHD = 1, nonADHD = 0).

	Measures obtained during the laboratory visit
	Demographics.
	Trait Impulsivity.
	Frequency of 5+ drinks per occasion.
	Alcohol problems.

	Measures obtained during EMA
	State Impulsivity.

	Analytic Plan

	Results
	Descriptive Results.
	Association between ADHD and Variability in EMA-assessed Impulsivity
	ADHD X Impulsivity Variability and Alcohol Use Behaviors

	Discussion
	Conclusions
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

