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Abstract

Objective: Innovative strategies are needed to reduce young adult drinking. Real-time feedback
via mobile health (mHealth) technology (e.g., smartphone devices/apps) may facilitate moderate
drinking, yet requires evidence of feasibility, acceptability and usability.

Method: Young adults reporting frequent heavy drinking (AV=99, Mg.=23, 51% male)
participated in a manualized, brief, motivational interview on recent typical and peak blood
alcohol concentration (BAC), then were randomized to use 1 of 3 forms of technology: 1)
smartphone breathalyzer device/app; 2) app that estimates BAC based on factors including sex,
weight, number/types of drinks over time; or 3) self-text messaging after each drink. Technologies
were tested initially in small-group laboratory alcohol self-administration sessions. Participants
then completed a 2-week field test wherein they had free access to all 3 technologies. Participants
reported on usability and acceptability.

Results: Laboratory alcohol self-administration did not differ significantly by technology
condition. The smartphone breathalyzer and BAC estimator app had favorable acceptability and
usability. Participants used at least 1 form of technology on 67% of drinking days in the field
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period. In exploratory analyses, alcohol use during the field period was significantly lower than
baseline including a decrease of nearly 1 drink per drinking day.

Conclusions: These findings support the feasibility of research combining lab and field methods
to test moderate drinking technologies in young adults. Findings further support the acceptability
and usability of these technologies, along with young adults’ openness to using them. Exploratory
results suggest potential efficacy of combined mobile technology intervention to be tested in
subsequent controlled studies.

Keywords
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Introduction

Alcohol use disorder is common among young adults, with a prevalence of 23% compared
to 14% or less among older adults (Grant et al., 2017). About 35% of young adults report
past-month heavy drinking (SAMHSA, 2018), which relates to consequences like traffic
accidents and sexual assault (Hingson et al., 2017; Wilhite et al., 2018). Further, heavy
drinking in this vulnerable period can have negative effects on the still developing brain
(Bava & Tapert, 2010). Aspects of young adults’ lives (e.g., fewer responsibilities; Arnett,
2019) support alcohol misuse and relatedly, young adults typically have limited motivation
to reduce drinking (Marino & Fromme, 2018) making intervention challenging. As a result,
young adult alcohol misuse is a public health crisis and this population needs targeted
interventions.

Although there is evidence to support the efficacy of motivational interviewing (M.1.)-based
interventions for young adults (Tanner-Smith & Lipsey, 2015), effect sizes are modest (Huh
et al., 2015). Personalized feedback is an efficacious component of M.l.-based interventions
(Carey et al., 2012). Typically, these interventions give feedback based on aggregate self-
reports over a period of time (e.g., past month) to motivate behavior change, but do not give
feedback on drinking and related impairment in the moment (during, immediately before, or
after drinking).

While feedback based on behavior in the aggregate has value, theory and evidence support
a need for in-the-moment intervention. Behavioral economic theory highlights alcohol as
immediately available and rewarding (Bickel et al., 2014; Vuchinich & Tucker, 1988).
Young adults tend to be more impulsive and sensitive to reward than older adults as their
frontal cortical development is outpaced by reward regions of their brain (Rutherford et al.,
2010). Self-regulation theory posits that motivation can offset difficulty in resisting rewards
(Muraven & Baumeister, 2000). However, young adults not seeking treatment may not have
sufficient motivation to control drinking on their own (Epler et al., 2009; Weaver et al.,
2013). Accordingly, evidence shows slowing pace of drinking is difficult. For instance,
young adults report using moderate drinking strategies (e.g., counting drinks) less often
than ancillary strategies (e.g., designated drivers) (DeMartini et al., 2013). Relatedly, a very
brief, web-based intervention was efficacious when it included ancillary strategies, but not
when it focused on direct strategies to slow drinking (Leeman et al., 2016). These collective
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findings suggest young adults need more help, preferably while drinking, to slow their pace
of drinking and improve their decisions about whether to continue drinking. Efficacious,
in-the-moment interventions could complement traditional interventions that occur outside
the drinking context.

Technology, particularly smartphone applications (apps), are promising and could target
drinking in the moment. Fortunately, young adults are open to technology to moderate
drinking (Kazemi et al., 2013; Weaver et al., 2013) and over 90% of young adults in

the United States own a smartphone (Pew, 2019). Although there are hundreds of apps

for changing drinking (e.g., education, social support), little research has evaluated their
efficacy (Kazemi et al., 2017). The only app with substantial efficacy data is designed to
support recovery/abstinence (Gustafson et al., 2014; McTavish et al., 2012): a very different
indication than facilitating moderate drinking in young adults who drink heavily. To our
knowledge, the only published evidence of an app offering an advantage over a control
condition in reducing young adult alcohol use was a small pilot trial (7=40) of an app
providing self-monitoring, personalized feedback and behavioral strategies, as an adjunct to
motivational interviewing in homeless young adults. The app did not provide in-the-moment
feedback on impairment (Thompson Jr et al., 2020).

In considering in-the-moment interventions, reducing blood alcohol content (BAC) is a
critical target, especially for young adults, who have the highest incidence of driving under
the influence (Hingson et al., 2017; Lipari et al., 2016). Some individual interventions for
young adults have reduced peak estimated BAC (eBAC), but effect sizes tend to be small
(Carey et al., 2007). Most people have difficulty estimating BAC, particularly at higher
drinking levels (Carey & Hustad, 2002; Grant et al., 2012). These findings highlight a need
for concrete tools to provide accurate, in-the-moment BAC feedback targeted at young adult
drinkers.

Fortunately, available smartphone technologies provide objective BAC feedback in the
moment, including an app that produces estimates based on sex, weight, number of drinks,
time elapsed, reported stomach fullness and recent drinking history (see Luczak et al., 2018).
Estimates are potentially useful, but do not account for individual differences in alcohol
metabolism (Turner et al., 2004). Intervention studies to date using BAC estimator apps have
had mixed results including findings of increased drinking (Berman et al., 2019; Gajecki

et al., 2014). However, these studies did not include an M.l.-based intervention to increase
motivation to use the technology to reduce drinking. Apps that measure rather than estimate
BAC will address limitations with BAC estimator apps and may have even greater harm
reduction potential, particularly when coupled with an M.l.-based intervention.

Accordingly, breathalyzer apps have recently been developed to produce accurate readings
in concert with a small, linked device (Brains, 2019). A small group of studies have used
breath alcohol devices/apps to document abstinence in contingency management (Alessi &
Petry, 2013; Koffarnus et al., 2018; Oluwoye et al., 2000). In addition, a recent small study
reported formative research on a smartphone device/app-based-intervention, but without
efficacy data (Min et al., 2020). Thus, while BAC-related smartphone technologies have
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promise, research has not sufficiently evaluated young adult use of these technologies to
reduce drinking.

Research on BAC-related smartphone technologies will also need to address whether there
are sex differences in efficacy, acceptability and usability. Women tend to reach higher BACs
than men at a given number of drinks because they weigh less on average, have less total
body water at a given weight (Ely et al., 1999) and less alcohol dehydrogenase to break
alcohol down (Baraona et al., 2001). However, women also tend to have greater success with
brief interventions (Carey et al., 2007) and use moderate drinking strategies more frequently
(Prince et al., 2013). Thus, the value of these BAC-based smartphone interventions for
women and men is an open question.

To address these gaps, after brief, M.l.-based counseling on BAC, this study evaluated
feasibility, usability, acceptability, and efficacy of BAC-related, moderate drinking
technologies during a laboratory alcohol self-administration session (Table 1; Leeman et
al., 2013; 2018), followed by a 2-week field test in real world situations. To our knowledge,
this is the first study to test multiple types of BAC apps as moderate drinking tools. We
hypothesized the breathalyzer and BAC estimator would be associated with less laboratory
alcohol self-administration than self-texting (i.e., lower eBAC, fewer drinks). For usability/
ease, we predicted self-text would score higher than either of the other technologies.

For acceptability, we predicted the BAC estimator and self-text would be equivalent in
self-consciousness when using while the breathalyzer would score higher than self-text.
However, we predicted the breathalyzer would score higher than self-text on perceived
value. We also predicted participants would use the breathalyzer and BAC estimator more
frequently in the lab than self-text. We planned to test for sex differences and based on the
field period, compare frequency of use, alcohol drinking, acceptability and usability across
the three technologies.

Methods

Participants

We recruited young adults ages 21-25 to an alcohol technology study using social media,
other web ads and flyer postings. Inclusion criteria were self-report of 4 or more heavy
drinking days (4 or more drinks for women, 5 or more for men), 1 or more days

with an eBAC of 0.10% or higher, and 10 or more days with 1 or more alcoholic

drinks in the past 30 days. Exclusion criteria were treatment-seeking or past-12-month
substance misuse treatment; urine positive for illegal drugs except THC; current DSM-1V
substance dependence except alcohol; history of medically-assisted detoxification or current
withdrawal; 2 breath alcohol (BrAC) readings >0.00% at the outset of appointments; a
medical issue contraindicating alcohol use; body mass index <18.5 or >35; pregnancy,
lactation or birth control refusal in women; a recent prescription for or current psychotropic
drug use; psychosis/severe psychiatric conditions; disliking beer; or past-12-month moderate
drinking app use. The study was approved by the institutional review board. Data collection
occurred between February 2017-April 2020.
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The sample was divided about evenly between men and women. Regarding race and
ethnicity, the sample was 63.6% white, non-Hispanic/Latino/a, 20.2% Hispanic/Latino/a,
8.1% Asian, 3% Black/African-American, 2% other or mixed race and 3% did not report.
A slight majority (51.5%) were not currently students. On average, participants drank on
more than half of the days in the month, reported heavy drinking about 1 out of every 3
days, nearly 6 drinks per drinking day, a mean eBAC almost twice the legal limit and peak
eBAC almost 4 times the legal limit. There were no differences in demographics or baseline
drinking across study technology conditions (Table 2).

Procedures (Figure 1)

Screening.—After pre-screening by web or phone, participants were scheduled for an in-
person screen including informed consent; BrAC (must=0.00%); urine drug and pregnancy
tests; Timeline Followback (TLFB; Sobell & Sobell, 2003) for past 30-day alcohol and
cigarette use; medical history; diagnostic interview for substance use disorder; Clinical
Institute Withdrawal Assessment (Sullivan et al., 1999); cognitive/psychomotor tests; and
self-reports. Eligible participants unlikely to know each other were scheduled in groups of 3
for a drinking session.

BAC-focused counseling.—Before learning their technology condition, participants
took part in 20-30 minutes of manualized, individual counseling on BAC, developed for
this study (Leeman, Fucito, & Martens, 2017). The counseling was based on M.I. principles
(Miller et al., 1992). Master’s or doctoral-level interventionists with M.I. experience read
the manual and completed a 20-hour training based on a M.l.-based brief intervention trial
(Martens et al., 2013). They completed at least three audio-recorded practice sessions and
got written and verbal feedback on each from the supervising clinical psychologist, who
determined when each interventionist delivered the intervention at a sufficient proficiency
level based on these practice sessions. At that point, the interventionist was able to deliver
the intervention to actual study participants. Participants received personalized feedback on
typical quantity/frequency of alcohol use, and recent typical and peak eBAC. Interventionists
provided BAC-related psychoeducation covering the ascending and descending limbs of the
BAC curve and ways to drink to a safer BAC while seeking positive effects of drinking (e.g.,
during social events). Interventionists were blind to study technology condition.

M.1. competence and fidelity to the manual were assessed with a protocol similar to

Martens and colleagues’ (2013) trial. Three external master’s or doctoral-level psychologists
were trained to rate recordings for competence and adherence to 17 components including
whether the interventionist introduced the goals of the session and offered opportunity for
questions, if key aspects of the personalized feedback and information about BAC were
presented, if the interventionist asked for participants’ reactions and how they might use the
information at the conclusion, and M,I.-specific competencies (e.g., developing discrepancy,
reflective listening, eliciting change talk). Raters gave each component a competence/
adherence score of 1 (not done or done below expectations), 2 (met expectations) or 3
(above expectations). Recordings were selected randomly. Raters first reviewed the same 4
recordings for training. After evaluation of initial ratings and discussion, the raters evaluated
9 more recordings, 4 of which overlapped among raters. After evaluation of consistency in
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ratings across the overlapping recordings to ensure continued adherence, raters evaluated
5 more non-overlapping recordings. The second set of 4 overlapping ratings, occurring
after training was completed, was used to evaluate agreement among raters. The 30 non-
overlapping sessions, evaluated by a single rater, were used to evaluate fidelity to the
M.l.-based counseling and psychoeducation intervention.

Percent agreement among the 3 raters was calculated for each of the 17 categories rated for
the second set of 4 overlapping counseling recordings. There was agreement on 75.2% of
ratings. Across the 30 non-overlapping recordings, the mean fidelity score was 1.91 on the
1-3 range (SD=0.15).

Moderate drinking technologies.—Participants were then randomized to 1 of 3 forms
of technology for use during a laboratory alcohol drinking session. The 3 technologies were
1) the BACTrack Mobile Pro breath alcohol device/app (2.5.6 was the latest version of the
app used in the study), 2) the Intellidrink BAC estimator app (see Luczak et al., 2018),

and 3) a self-texting control procedure where participants sent themselves a text with their
beverage (e.g., “beer”) after each alcoholic drink and counted the number of texts before
subsequent drinking decisions. Each participant in a drinking session was randomized to a
different technology. Moderate drinking technology use by young adults is rare, thus we
attempted to capture in the lab the most likely “real world” scenario of one young adult in a
social/drinking group using a particular moderate drinking technology.

The breath alcohol device works with an app, connected by Bluetooth. BrAC is registered
on the app and tracked over time with a graph. The device uses fuel cell technology similar
to police breathalyzers. Via written and oral instructions, participants were advised to wait
15 min. after the end of each drink before taking a reading to enhance accuracy. Although
the app did not have a built-in timer, staff suggested use of smartphone alarms. To provide a
reading, they were instructed to press a button in the app, take a deep breath, then blow into
a disposable tube attached to the device for 5-7 sec. After the device analyzed BrAC, the
reading appeared in the app on the center of the screen. Participants were advised to use the
device before ordering a second drink and each thereafter during the laboratory session and
field-use period.

The BAC estimator app gives eBAC readings using proprietary formulas and algorithms
based on the Widmark equation (Matthews & Miller, 1979) that take into account sex,
weight, number of drinks, time elapsed, reported stomach fullness (low, medium, high) and
recent drinking history (rare, occasional, and frequent). We created all participants’ profiles
with the “occasional” drinker option and asked them to maintain that setting out of a concern
that some might object to being labeled a “frequent” drinker. We set the app to the low
stomach fullness setting initially due to the request that they fast before the lab session,

but also asked participants to maintain that setting during the field period for continuity

and due to uncertainty regarding whether they would report stomach fullness accurately
and remember to adjust across drinking situations. We also expected that erring on the side
of higher eBAC would be preferable for encouraging drinking reduction. This condition
was included to compare acceptability and usability with the breathalyzer and to assess
whether BAC estimator use is associated with moderate drinking. We considered 10 options
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and chose IntelliDrink for ease of use; positive user ratings; ability to enter drinks 1-by-1;
tracking with a graph like the breathalyzer app; and its basis in the Widmark equation. Users
enter the time they began, then make entries when they finish each drink or afterward, along
with the time they completed the drink. Participants were instructed to make an entry and
note eBAC before ordering each drink after their first.

For the self-texting, drink counting procedure, participants were instructed to send a text
message to themselves after each drink and take note of the number of texts before opting
to have subsequent drinks. This procedure was intended as a control condition in that it
involves use of technology but does not provide BAC-related information.

Session procedures.—To help ensure participants did not know each other prior to

the drinking session, staff scheduled participants who were not in the same academic
department (if students), did not live at the same location (e.g., apartment complex), and

did not have the same employer. Including friends/acquaintances within sessions would have
forced accounting for closeness of these relationships within and across sessions, which
would have added complexity that could not be addressed adequately in a study of this size.
Sayette and colleagues (2012) similarly conducted small group drinking sessions involving
young adults who did not know each other in their research on relationships between alcohol
use and social/emotional bonding.

On the day of the drinking session, participants were instructed to not consume alcohol and
to eat lunch but not after 1pm. Participants met with study staff on the day of the session for
BrAC, urine tests to receive instructions and practice their assigned technology. They were
provided written instructions including how to use their technology, and that technology use
may help them to achieve and maintain optimal BAC and avoid disincentives associated with
excessive drinking built into the drinking paradigm for the session (see below). Possible
barriers to technology use and solutions were discussed. Participants were reminded of the
study goal to get their opinions on the technology and thus they were encouraged but not
required to use their assigned technology. Staff then walked through use of the technology
with participants and they practiced its use. In some cases, for participant convenience, this
appointment was scheduled immediately before the start of the session (Table 1).

Participants were provided transportation by the study. At arrival, BrAC was again tested.
Participants forfeited their phone and used the assigned technology on a study phone instead.
Study staff reviewed general instructions and session rules, followed by baseline measures.
Staff and participants then reviewed instructions for the assigned technology and practiced
again.

Alcohol self-administration was conducted per NIAAA guidelines (National Advisory
Council on Alcohol Abuse and Alcoholism, 2005) by 3 staff (supervisor, server, assistant)
in a simulated bar lab. At 5pm, participants could consume beer and non-alcoholic drinks
ad libitumfor 3 hours. Participants were again encouraged to use their assigned technology
and asked not to share their technology or resulting readings with others. Staff asked
participants if they wanted an initial drink but all subsequent ordering was initiated by
participants only. Participants could switch between drink options but had to complete each
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drink (alcoholic or non-alcoholic) before ordering their next. Beer options were of uniform
caloric (128-140 calories) and alcohol content (4.4—-4.6%). Drink ordering and consumption
was monitored and recorded for data and safety by the server and assistant. Data were
transmitted to the supervisor in the next room for tracking using individualized charts for
each participant. These charts contained eBACs for all possible beer quantities in 5-minute
increments calculated with a standard formula based on the Widmark equation: (((number of
beers/2) * (constant of 9 for females and 7.5 for males/weight)) — (number of hours x .016)).
Participants were not permitted to order a beer that would lead to eBAC =0.10%.

All participants took part in a laboratory alcohol drinking session conducted according to the
impaired control laboratory paradigm (Leeman et al., 2013; 2018). This paradigm involves
probabilistic disincentives for excessive alcohol use that disregards a moderate drinking
guideline (3 drinks or less for men, 2 or less for women). The guideline models the type of
pre-determined limit on alcohol use to which people with impaired control have difficulty
adhering (Heather et al., 1993). The probabilistic disincentives are partial losses of pay after
the session that are tied to performance on 4 cognitive and psychomotor tasks sensitive

to alcohol (Brandt, 1991; Brumback et al., 2007; Chait & Perry, 1994; Wechsler, 1981).
Inclusion of the drinking guideline and probabilistic disincentives increase variability in
alcohol self-administration compared to a control condition without these aspects (Leeman
et al., 2013). Participant task performance results are outside the scope of this paper and not
reported here.

For each task failed (i.e., performed worse than screening beyond a small grace range),
participants drew from a hat at the follow-up appointment for a reduction of $0, $5, or

$10 (i.e., 1 hour of subject pay) from a bonus payment beyond their base payment. The

goal is to model negative consequences of alcohol use. The probabilistic nature of the
monetary loss models the uncertainty of consequences, while having pay losses occur in the
future models the often distal nature of consequences. While experience of consequences

is not part of impaired control per se, in young adults, impaired control has been linked to
negative consequences (Leeman et al., 2009). These elements (controlled drinking guideline;
probabilistic, distal consequences; group sessions to model social drinking; naturalistic
setting) enhance ecological validity.

Alcohol self-administration ended at 8pm at which time participants provided a breath
alcohol sample, and repeated the cognitive/psychomotor tasks and self-reports (Table 1).
Staff then took the study phones from participants to download their data. Participants’ own
phones were returned. After these activities, participants were given food. Cigarette smoking
and vaping were allowed off-site. BrAC and self-reports were repeated hourly. At 11pm,
participants rated the acceptability and usability of their assigned technology. Participants
then put the breath alcohol and BAC estimator apps on their own phones. Participants with
a non-compatible phone or who preferred not to use their own phone for these purposes
were given a study smartphone to use for the two-week field-testing period. They were
then instructed on how to use the other technologies that were not assigned to them for the
session and practiced their use with study staff. Participants practiced until they used each
technology correctly, which was verified by study staff. Beginning at 12am, participants
were dismissed and provided transportation home once their BrAC reached .02% or less.
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Post-session field testing period.—Post-session, participants had 2 weeks to use all

3 forms of moderate drinking technology outside the lab. Participants earned $10 per day
and $20 for using each of the 3 technologies at least once during the field period. No other
compensation was tied to technology use. At the end of the field-testing period, participants
completed another TLFB, ratings of acceptability and usability for all 3 technologies, rank
ordered their preference, and a semi-structured interview to convey their experiences in the
study and input on the technologies.

Alcohol and cigarette use.—The TLFB (Sobell & Sobell, 2003) uses a calendar with
memory prompts to facilitate recall of substance use each day in a specified period (30 days
in this study). Reliability and validity of estimates over 30 days have been verified (Carey,
1997).

Alcohol abuse/dependence.—The Structured Clinical Interview for DSM-IV (SCID;
First et al., 2002) was used to diagnose lifetime and current alcohol and drug abuse and
dependence.

Acceptability and usability.—Participants rated technology with a version of the System
Usability Scale (Brooke, 2016) modified to fit mobile, alcohol-related technology. The
version in this study included 16 items rated on 7-point scales, anchored with 1 = “strongly
disagree” and 7 = “strongly agree.” We opted a priori to consider individually 3 acceptability
items (“I think I would like to use this mobile technology frequently”; “I felt self-conscious
while using this mobile technology” and “This mobile technology has value in helping
people to moderate their drinking”) and 1 usability item (“I thought the mobile technology
was easy to use”).

Data analysis

Probability plots were reviewed to assess normality and need for transformations. Analyses
were conducted using SPSS, version 27. Determining feasibility was one of the goals of this
study, including whether participants would use the moderate drinking technologies in the
lab session and field period, and if so, how often. For simplicity, we counted use of one of
the technologies 1 or more times in a drinking day as an instance of smartphone technology
use (e.g., self-texting 7 times in a night would be counted as 1 instance of self-texting)
during the field period. The number of overall drinking days consisted of drinking days
reported on the TLFB plus dates when technology use occurred without an accompanying
report on the TLFB.

The primary analytic method was multiple regression (linear for continuous, Poisson or
negative binomial—whichever best fit the data—for count outcomes) with study technology
condition and sex as the main predictor variables. Study condition was dummy coded as
smartphone breathalyzer versus other and BAC estimator versus other with self-texting as
the reference condition. Primary Outcome 1 was peak eBAC during laboratory alcohol
self-administration. Peak eBAC was sensitive to differences between the control condition
and experimental impaired control paradigm in the original proof of concept study (Leeman
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et al., 2013). Results were confirmed using linear or generalized linear mixed models with
group (participants completing a drinking session together) as a random effect and the same
predictors as the regressions as fixed effects. Mixed models can account for nested structure
of data in groups. A similar strategy was used for Primary Outcome 2 (number of beers
self-administered in the lab), Secondary Outcomes (acceptability and usability ratings at
session end) and frequency of use during drinking sessions. For Exploratory Aim 1, sex

by condition interactions were tested in addition to the variables in the primary analyses.
For Exploratory Aim 2, rank orders of preference for the 3 technologies based on the
2-week field period were compared non-parametrically. Mixed models with random effects
of subject and fixed effect of study technology condition were planned to assess differences
across moderate drinking technologies on ratings of acceptability, frequency of technology
use and alcohol drinking reported when using each form of technology during the 2-week
field period.

Estimating effect size was challenging due to lack of relevant prior studies. Our goal was
to power the study for comparisons between each BAC app and the control condition, not
for comparisons between BAC apps. Mean peak eBAC in the impaired control paradigm
in the initial study was 0.063% (Leeman et al., 2013). We expected the self-text control
condition in this study to drink to a similar level. In a recent study (Leeman et al., 2018),
most participants were already able to track their number of beers even without technology,
thus we did not anticipate that self-texting would affect alcohol self-administration. For a
160Ib male, 1 less drink over the same period in a BAC app condition equates to a mean
peak eBAC of about 0.040%. Allowing 20% larger SD than the control group to account
for individual differences in BAC app efficacy yielded Cohen’s ¢=0.78. An nof 33 per
condition would enable detection of an effect of this size at a=.025 (to account for 2
comparisons) with 80% power and 2-sided test.

n laboratory ad libitum drinking by technology condition

There were no statistically significant differences by study technology condition in peak
eBAC (Figure 2) during the alcohol drinking session (smartphone breathalyzer: p=-.02, p
=.852; BAC estimator: p= -.06, p=.625). The sample reached a mean peak eBAC of .062%
(SD=.026%, range: .002%-.10%). There was no statistically significant sex difference (men
coded 1, women coded 2; B= .17, p=.105), nor was there a significant study technology
condition-by-sex interaction.

There was also no significant difference in number of beers self-administered ad
libitum (smartphone breathalyzer: p=-.05, p = .683; BAC estimator: p= -.04, p=.700)
(Supplemental figure 1). The sample self-administered a mean of 4.01 beers (SD=1.55,
range: 1-7.74 beers). There was a significant sex difference (men: M=4.60, SD=1.67,
women: M=3.41, SD=1.14) (B= —-.39, p<.001). There was not a significant study
technology condition-by-sex interaction. Mixed effects models including session group
yielded similar results for eBAC and number of beers.
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Overall, 25 of the 99 participants were cut off from further alcohol self-administration at
some point during their session. There was not a statistically significant difference in being
cut off across study technology condition, X2(2, A=99)= 0.75, p=.688).

Technology use in laboratory and in the field

During the lab session, participants used their assigned technology 3.37 times (SD=2.12,
range: 0-11) on average. Based on negative binomial regression, there were no significant
differences in technology use by condition (breathalyzer: = —.08, p=.616; BAC estimator:
B= .11 p=.458). There was also no significant sex difference (B=-.17, p=.175) or condition-
by-sex interaction. A generalized linear mixed model with negative binomial distribution
and log link function including session group as a random effect yielded similar results.
Thirteen participants did not use technology (8 breathalyzer, 1 BAC estimator, 4 self-text).
Based on a post-hoc logistic regression, there were no significant differences by condition or
sex in odds of non-use.

Regarding feasibility, 97 of 99 (97.8%) participants completing a lab session finished the
entire field period. Participants had 8.66 instances of technology use on average (SD=5.33)
in the field period. Participants used at least one technology on 66.5% of drinking days
(542/815).

A generalized linear mixed model with Poisson distribution and log link function (ICC=.45)
was a good fit to the technology field use data, A2, 266)=2.24, p=.05. There was a
significant difference in technology use across technology type (Figure 3) but no significant
differences by study technology condition from the lab session, sex or sex-by-condition
interaction. The BAC estimator was used significantly more frequently than self-texting

(B= .26, p=.002). The breathalyzer did not differ significantly from the BAC estimator or
self-texting in number of field period uses.

Acceptability and usability of technology

Based on the lab session, participants randomized to the breathalyzer (= .43, p<.001)

and BAC estimator (B= .29, p=.012) gave higher scores than those randomized to self-

text on like to use frequently. For perceived value, the BAC estimator rated significantly
higher than self-text (B= .29, p=.013). There was a non-significant trend where the
smartphone breathalyzer had higher perceived value than self-text (8= .22, p=.059). For self-
consciousness, the breathalyzer rated significantly higher than self-text (B= .28, p=.017).
These ratings did not differ significantly between the BAC estimator and self-text (= -.13,
~=.228). Regarding usability/ease, the BAC estimator did not rate as highly as self-text (B=
-.29, p=.013). The breathalyzer did not differ significantly from self-text (Figure 4). There
were no significant sex differences or sex-by-study technology condition interactions and
mixed effects models including session group yielded similar results.

For acceptability and usability based on the field period, we compared ratings within-
subjects only among those who used all 3 forms of technology (/7=76). This led us to
eliminate from these analyses, those who did not complete the field period (7=2), who
chose not to use all 3 (/7=8), and who could not use the BAC estimator during a period
of technical difficulty when access to the app was limited (/7=13). Planned mixed effects
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models did not converge for like to use frequently and ease of use. The intraclass correlation
was low for perceived value (ICC=.08). Though a mixed effects model appeared to be
appropriate for self-consciousness (ICC=.24), repeated measures ANOVAs were substituted
for all acceptability and usability variables for consistency. For like to use frequently,

the breathalyzer and BAC estimator rated significantly higher than self-text, A2, 144) =
21.58, p< .001, n2p=.23. There were also sex differences, A2, 144) = 8.78, p< .001,
n2p=.11. Women had higher scores than men for the breathalyzer and self-text but men
had higher scores for the BAC estimator (Supplemental Table 1). For perceived value, the
breathalyzer and BAC estimator both rated significantly higher than self-text, A2, 142)

= 27.05, p< .001, n?p=.28. There were also sex differences, A2, 142) = 5.23, p=".006,

n2p= .07, due to women having higher scores than men for self-text whereas there were
non-significant differences for the breathalyzer and BAC estimator. For self-consciousness,
the BAC estimator did not differ significantly from self-text whereas the breathalyzer rated
significantly higher than self-text, A2, 129) = 27.14, p< .001, n2p=.27. There were no
significant sex differences. Regarding ease, the smartphone breathalyzer did not differ
significantly from self-text, but the BAC estimator rated significantly lower than self-text,
A2, 117) = 35.65, p< .001, n%p=.33, though the mean score was about a 5 out of 7
indicating participants still found the BAC estimator relatively easy to use (Figure 5). There
were also sex differences, A2, 117) = 9.98, p< .001, n2p=.12. Women had higher ease

of use scores than men for self-text whereas men had higher scores for the BAC estimator
with no significant difference for the breathalyzer (Supplemental Table 1). There were no
statistically significant differences by study technology condition from the lab session, or
significant sex-by-study technology condition interactions.

When asked to rank order their preference, the breathalyzer was the first choice of 60.5%
who used all 3: a significant departure from chance, based on the binomial distribution (p
<.001). The BAC estimator was next, favored by 28.9%, which did not differ from chance.
Only 10.5% preferred the self-text procedure, also a significant departure from chance (p <
.001).

Exploratory comparisons of alcohol use in the field versus baseline

During the field period, participants used more than 1 form of technology on 40.2% of

the drinking days when they used technology and on 26.7% of drinking days overall,
making it difficult to compare alcohol use associated with individual technology use per

our planned exploratory aim. Instead, we compared alcohol use reported on the TLFB
between the baseline and field period within-subject collectively using repeated measures
ANOVA including technology condition during the lab session and sex. Participants
reported significantly less alcohol use in the field period compared to baseline on

all variables examined: drinks per week (baseline: M=21.73[ SD=12.36], field period:
M=17.22[SD=12.68], A1, 93] = 25.92, p< .001, n2p=.22), drinks per drinking day (A1, 93]
=18.75, p< .001, n?p=.17) (Figure 6), mean eBAC on drinking days (baseline: //=0.14%
[SD=0.05%], field period: M=0.12% [SD=0.05%], A1, 93] = 20.12, p< .001, n2p=.18) and
peak eBAC (baseline: M=0.33% [SD=0.12%)], field period: M=0.24%[SD=0.11%], A1, 93]
= 40.94, p< .001, n?p=.31). Reductions in drinking applied to both sexes, but there were
significant main effects due to men reporting more drinks per week (A1, 93] = 6.46, o=
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.013, n2p=.07) and per drinking day (A1, 93] = 13.92, p< .001, n2p=.13) but no significant
differences in mean or peak eBAC. There were no differences by study technology condition
from the lab session.

Discussion

There were no significant effects of technology assignment on ad /ibitum drinking in the
laboratory drinking sessions. During the 2-week field period, the BAC estimator app was
used the most frequently. Although the smartphone breath alcohol device and app had
favorable acceptability and usability ratings, participants did not use it more frequently
than self-text. Participants used the 3 technologies frequently in the field and reported
significantly less drinking during the field period than at baseline according to exploratory
analyses.

These findings advance the literature on mobile and in-the-moment interventions for young
adult drinkers, which lacks established, empirically supported options. Specifically, these
findings advance understanding of smartphone breathalyzer devices/apps and BAC estimator
apps as moderate drinking technologies. Although smartphone breathalyzers have been used
as assessment tools in contingency management studies (Alessi & Petry, 2013; Koffarnus

et al., 2018; Oluwoye et al., 2000) and have been the subject of formative research (Min

et al., 2020), data on smartphone breathalyzers as intervention components are lacking.

The present findings indicate that smartphone breathalyzers are acceptable and usable in

an at-risk population. Though published findings support the validity of eBAC produced by
Intellidrink (see Luczak et al., 2018), intervention findings with other BAC estimator apps
have been mixed including some iatrogenic findings (Berman et al., 2019; Gajecki et al.,
2014). Intellidrink also received favorable acceptability and usability ratings and was the
most frequently used app during the field period. Acceptability and usability are crucial to
technology-based interventions (Kazemi et al., 2017). If people do not like using technology,
do not value it and/or do not find it easy to use, there will be no widespread dissemination
and implementation, regardless of efficacy.

Despite favorable acceptability and usability, the breathalyzer did not stand out regarding
frequency of use. Self-consciousness may be part of the reason. The breathalyzer rated
higher than self-text, though the rating was not high overall (just under 3 on a 1-7 scale).
Participant interview comments offered clarification. Given the breathalyzer’s monetary
value, some participants expressed concern about losing it or having it stolen, particularly
when they drank in unfamiliar or “sketchier” contexts (e.g., “dive” bars). Several participants
who expressed concern about self-consciousness or loss/theft stated that they preferred the
more discreet BAC estimator or self-texting in these contexts.

Though acceptability and usability ratings were strong overall, there were small-to-medium
effect sex differences. Based on concerns raised in the post-field period interview about
having to carry the smartphone breathalyzer (despite its small size), women’s more
favorable attitudes may have been due to convenience since more women carry purses and
other bags. These differences were not large enough to raise concerns, but sex differences in
acceptability and usability of moderate drinking technology should continue to be examined.
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In addition to participants’ favorable attitudes toward the technologies, there was no
evidence of iatrogenic effects in this study. Further, the field period results indicate that
after a brief M.1. session, a smartphone breathalyzer and BAC estimator app may be parts of
a multi-component, mobile intervention with capability to reduce young adult drinking.

These promising findings further support the strong potential of technology-based
interventions for young adults (Epler et al., 2009; Weaver et al., 2013). Although cost is

a consideration, young adults regularly pay for technology. The average young adult in the
United States spends $161 per month on cellphone charges (Fottrell, 2017) and about 60%
of students reported monthly electronics spending (Nielsen, 2012). Though the breathalyzer
in this study retails for about $100, other models cost $40 or less and the price of technology
tends to decrease over time. While the Intellidrink BAC estimator app was widely available
in the Apple app store for a nominal fee at the start of this study, it is no longer readily
available to consumers though can be obtained from the developer for research purposes.

If anything, the potential importance of these technology-based interventions has increased
due to the COVID-19 pandemic. Technology-based interventions have added benefit
because they can be delivered without in-person contact. Since COVID-19 has forced many
mental health services to be conducted remotely, technology-based interventions like these
are likely to become normative. Emerging evidence shows an overall increase in alcohol use
(Rodriguez, Litt, & Stewart, 2020; McPhee, Keough, Rundle, Wardell, & Hendershot, 2020)
and among young adults, an increase in drinking days since COVID-19 (Graupensperger,
Fleming, Jaffe, Rhew, Patrick, & Lee, 2021). These findings emphasize the importance

of efficacious mobile interventions to provide in-the-moment assistance to young adult
drinkers.

The present findings suggest several future research directions. Participant comfort in using
moderate drinking technologies, particularly smartphone breathalyzers, could be enhanced.
As part of instructions, study staff suggested ways to use the breathalyzer discreetly (e.g.,

in the bathroom). In future studies, these tips could be reinforced further by providing

them in the moment, perhaps via text message, but this advice does not address other
concerns such as losing the device. As such, it may be inevitable that young adults will

use smartphone breathalyzer devices during fewer drinking events than other technologies.
Thus, a future research goal may be to focus on the best ways to help young adults to

learn as much as possible from these limited experiences through enhanced adjunctive brief
counseling interventions and psychoeducation. Future research could develop a combined
intervention made up of enhanced, brief BAC-focused M.I. coupled with these and perhaps
other moderate drinking technologies. With a combined intervention, such as a new
smartphone app that facilitates multiple technology use, the app could suggest an alternative
in a situation where breathalyzer use may be awkward. Participants also cited forgetting

as a barrier to use. Other than advising participants that they could set alarms on their
smartphone, we did not assist participants in remembering to use the technology. Future
research could make use of push notifications on the phone and other techniques as memory
prompts.
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Scenarios raised by participants in the post-field period interviews highlight the importance
of context, which must be accounted for if interventions are to be successful. Ecological
momentary assessment would enable us to learn more about the importance of context (e.g.,
bar, party, private residence, number of people with the participant) in relation to moderate
drinking technology use and alcohol use. Adding a daily morning questionnaire to alcohol
reduction technology use in the field would enable comparisons of technology plus daily
monitoring to monitoring alone. However, monitoring is an inherent part of breathalyzer

or BAC estimator use. Future studies may also provide brief M.I. to only a portion of

the sample to isolate effects of this component from the technology components. In future
field use studies, technology access could be provided for only half of this period, enabling
proximal, within-subject comparisons with versus without technology access.

While other findings in this study were suggestive, the lack of significant differences

in ad /libitum drinking across technology conditions ran counter to hypotheses. As in

prior studies using the impaired control laboratory paradigm (Leeman et al., 2013; 2018),
mean self-administration during the laboratory session was at about the mid-point of the
possible range of response and there was substantial variability among participants (McKee,
2009). These findings indicate that the lab paradigm was implemented successfully. Two
potential explanations for the null lab session findings are that the technologies tested

do not have efficacy in moderating drinking, or that the technologies have efficacy but

were not ideally suited for testing in a lab paradigm. Regarding the first possibility,
significant reductions in alcohol use during the field period compared to baseline offer
suggestive evidence of efficacy though the possibility of assessment reactivity effects must
be considered. Regarding the latter possibility, to be suited to lab testing, an intervention
has to offer potential for immediate behavior change. The field period provided participants
with multiple opportunities to use the technologies. Accordingly, participants used each
technology an average of about 3 times each for a total of just under 9 times overall in the
field. The more favorable exploratory results in the field period than in the lab suggest these
technologies may take some time to result in drinking reduction and thus may not be ideally
suited to efficacy testing in a lab paradigm.

The study had other limitations. Moderate drinking technologies, especially those that
relate to BAC, may be more of a necessity with mixed drinks, beverages with unknown
alcohol content, and/or during drinking events involving a variety of beverages, rather than
consumption of only beer as in our lab sessions. Drinkers may be better able to approximate
their amount of consumption and impairment for standard drinks of beer than for other
beverages. Regarding our BAC-focused motivational interview and psychoeducation, coder
agreement on fidelity ratings was slightly over 75%, which was lower than anticipated. This
calculation was based on a small batch of shared ratings, which we viewed as appropriate
given the size of the study. In future studies, additional concrete coding examples will be
provided to further ground the meaning of each level in the 3-level rating system. The

mean rating of just under 2 indicated that interventionists tended to deliver aspects of the
counseling intervention with acceptable fidelity. While our field period had advantages of
ecological validity, lack of assessment/researcher control brought limitations. For instance, it
was impossible to determine the extent to which participants used the technology correctly
(e.g., waiting 15 minutes after completing drinking before breath alcohol readings). In
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addition, our inclusion of an active control condition (i.e., self-texting) in the lab alcohol
drinking sessions precluded comparisons between technology use and non-use. However,
we have found in prior research using the same lab paradigm (Leeman et al., 2018) that
participants are typically able to recollect number of drinks consumed on their own, thus
self-texting likely provided minimal assistance in moderating drinking. Nonetheless, future
studies may opt to include a no technology condition for comparison purposes.

In summary, our findings, including a very high rate of completion; enroliment of a frequent
heavy-drinking sample over 1/3 of whom were members of ethnic/racial minority groups,
with a slight majority of non-students all speak to the feasibility of moderate drinking
technology research in young adults. Our finding of almost 9 instances of technology use
when participants were compensated for only 3 is promising and speaks to, at minimum,
openness and curiosity about these technologies and potentially, a degree of motivation to
reduce drinking. The next step is a controlled study to test a multi-component intervention
made up of enhanced M.l.-based counseling followed by use of these technologies in a
manner that emphasizes concurrent use; that takes social context into account; and gives
tailored, in-the-moment memory prompts. As more mental health services are offered
remotely, post-COVID, mobile interventions like these have the potential to be especially
helpful to young adults given their willingness to use apps and the possibility that in-the-
moment interventions can motivate behavior change.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Health Significance

Young adult alcohol misuse is a public health crisis requiring novel interventions. In-the-
moment interventions utilizing mobile technology are promising approaches for young
adults. This study supports the feasibility of research on these technologies and provides
evidence for their perceived value and ease of use.
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Table 1

Summary of Procedures Involved in Alcohol Drinking Sessions

Time

Procedures

Appointment earlier
in day

BrAC reading, urine test, pregnancy test for women. Technology randomization, instruction and practice technology
use with staff.

1pm Participants asked to eat lunch but stop eating at this time

3:30-3:45p Participants transported to simulated bar laboratory for the session.

4pm Participants arrive at simulated bar lab, then BrAC. Instructions/rules for the session reviewed, self-reports and
cognitive/psychomotor tasks. Instructions and practice technology use again. Participants relinquished their personal
phones

5pm Alcoholic and non-alcoholic self-administration begins, ad /ibitum. Participants’ eBAC tracked, not permitted to reach
eBAC = .10. Participants encouraged to use assigned technology but not to share results with others

8pm Alcohol self-administration ends. Small glass of water to remove mouth alcohol, self-reports, BrAC for all
participants, then cognitive/psychomotor tasks. Participants’ personal phones returned.

9pm/hourly Self-reports, then BrAC for all participants

11pm Self-reports and BrAC. Technology acceptability and usability ratings. Instruction in and practice use of other two
technologies not assigned for the session. Technology provided and apps put on participants’ own phones

12am Self-reports, BrAC. Released when BrAC <0.02%, ride home paid for by study

Notes. BrAC = breath alcohol concentration, eBAC = estimated blood alcohol concentration
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Table 2
Sample Characteristics by Study Technology Condition and Overall
Variable Smartphone Breathalyzer BAC Estimator Self-Texting Overall (N=99)
Cond. (n=33) Condition Condition
(n=33) (n=33)
Percent male 45.5% 60.6% 48.5% 50.5%
Age 22.67(1.29) 23.03(1.02) 22.79(1.39) 22.83(1.24)
Race/ethnicity

White non-Hispanic/Latino/a 63.6% 66.7% 60.6% 63.6%

Black/A-A, non-Hispanic/ 6.1% 0% 3% 3%
Latino/a

Hispanic/Latino/a 18.2% 21.2% 21.2% 20.2%

Asian 6.1% 9.1% 9.1% 8.1%

Other 3% 3% 0% 2%

Did not report 3% 0% 6.1% 3%
Non-student status 51.5% 54.5% 48.5% 51.5%
Current at least weekly smoker 15.2% 15.2% 15.2% 15.2%
Family history of alcohol 21.2% 48.5% 33.3% 34.3%
problems
Alcohol abuse (lifetime/current) 51.5/30.3% 36.4/21.2% 45.5/24.2% 44.4/25.3%
Alc. dependence (LT/current) 42.4/21.2% 39.4/21.2% 42.4124.2% 41.4/22.2%
Past 30-day alcohol frequency/quantity reported at screening: mean (SD), range of responses

Frequency of any use 16.55(4.32) 16.97(6.41) 15.42(5.15) 16.31(5.35)

10-26 10-30 10-29 10-30

Drinks per week 21.76(11.02) 22.51(13.36) 20.72(12.54) 21.66(12.24)

9.57 - 56.93 8.40-61.83 7-66.27 7-66.27

Drinks per drinking day 5.71(2.78) 5.60(2.01) 5.57(2.05) 5.63(2.29)

2.62-15.6 2.32-12.05 2.73-1291 2.32-15.6

Frequency of heavy drinking 9.45(4.84) 10.30(5.63) 8.55(3.71) 9.43(4.80)
days

4-23 4-23 4-18 4-23
Mean eBAC .15% (.05%) .14% (.04%) .14% (.05%) .14% (.05%)
.07%-.31% .06%-.26% .08%-.27% .06%-.31%
Peak eBAC .35% (.12%) .30% (.12%) .34% (.11%) .33% (.12%)

Peak drinking (number of drinks)

0.20%-.83%

13.55 (5.62)
6-30

0.17%-0.70%

11.97 (5.15)
6-25

.17%-.58%

13.36 (5.66)
6-26

17%-.83%

12.96 (5.47)
6-30

Notes. A-A= African-American, eBAC = estimated blood alcohol concentration, heavy drinking day = 5 or more for men, 4 or more for women.
There were no statistically significant differences across study technology condition for any of these variables.
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