JMIR MHEALTH AND UHEALTH Fridberg et &

Original Paper

Real-Time Mobile Monitoring of Drinking Episodes in Young Adult
Heavy Drinkers: Development and Comparative Survey Study

Daniel J Fridberg", PhD; James Farial, BA; Dingcai Cao?, PhD; Andrea C King', PhD

1Department of Psychiatry and Behavioral Neuroscience, The University of Chicago, Chicago, IL, United States
2Department of Ophthalmology, The University of Illinois at Chicago, Chicago, IL, United States

Corresponding Author:

Daniel J Fridberg, PhD

Department of Psychiatry and Behavioral Neuroscience
The University of Chicago

5841 S Maryland Ave

MC 3077

Chicago, IL, 60637

United States

Phone: 1 7738343598

Email: dfridberg@bsd.uchicago.edu

Abstract

Background: Binge drinking, defined as consuming five or more standard alcoholic drinks for men (four for women) within a
2-hour period, is common among young adults and is associated with significant alcohol-related morbidity and mortality. To
date, most research on this problem in young adults has relied upon retrospective questionnaires or costly laboratory-based
procedures. Smartphone-based ecological momentary assessment (EMA) may address these limitations by allowing researchers
to measure alcohol use and related consequencesin real time and in drinkers’ natural environments. To date, however, relatively
less research has systematically examined the utility of this approach in a sample of young adults targeting real-world heavy
drinking episodes specifically.

Objective: This study aimed to evaluate the feasibility, acceptability, and safety of a smartphone-based EMA method targeting
binge drinking and related outcomes in heavy drinking young adults during real-world drinking occasions.

Methods: Young adult binge drinkersin the smartphone group (N=83; mean 25.4 (SD 2.6) years, 58% (48/83) male; bingeing
on 23.2% (6.5/28) days in the past month) completed baseline measures of acohol use and drinking-related consequences,
followed by up to two smartphone-based EMA sessions of typical drinking behavior and related outcomes in their natural
environments. They also compl eted next-day and two-week follow-up surveysfurther ng alcohol use and related consequences
during the EMA sessions and two weeks after study participation, respectively. A separate demographic- and drinking-matched
safety comparison group (N=25) compl eted the baseline and two-week follow-up surveys but did not complete EMA of real-world
drinking behavior.

Results:. Most participants (71%, 59/83) in the smartphone group engaged in binge drinking during at least one 3-hour EMA
session, consuming 7.3 (SD 3.0) standard acoholic drinks. They completed 87.2% (507/581) system-initiated EMA prompts
during the real-world drinking episode, supporting the feasibility of this approach. The procedure was acceptable, as evidenced
by high participant ratings for overall satisfaction with the EMA software and study procedures and low ratings for intrusiveness
of the mobile surveys. Regarding safety, participants endorsed few drinking-related consequences during or after the real-world
drinking episode, with no adverse or serious adverse events reported. There were no differences between the groups in terms of
changes in drinking behavior or consequences from baseline to two-week follow-up.

Conclusions: This study provided preliminary support for the feasibility, acceptability, and safety of a smartphone-based EMA
of real-time alcohol use and related outcomes in young adult heavy drinkers. The results suggest that young adults can use
smartphones to safely monitor drinking even during very heavy drinking episodes. Smartphone-based EMA has strong potential
to inform future research on the epidemiology of and intervention for alcohol use disorder by providing researchers with an
efficient and inexpensive way to capture large amounts of data on real-world drinking behavior and consequences.
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Introduction

Background

Binge drinking, also known as heavy episodic drinking, is a
significant public health problem in the United States and
accountsfor more than half of the 88,000 alcohol-related deaths
in the United States each year [1,2]. Approximately 25% of
young adults aged 18 to 34 years report past-month binge
drinking, defined as consuming 5 or more standard alcoholic
drinksfor men (4 for women) within a2-hour period [3], which
is the highest prevalence rate across the life span [1]. These
individuals are at significant risk for developing acohol use
disorder (AUD) and morbidity and mortality related to excessive
alcohol consumption [4]. Thus, improving our knowledge of
thefactorsthat maintain binge drinking behavior in young adults
is critical to developing new interventions for AUD. To date,
most research on experiences of young adults during binge
drinking has either used retrospective surveys (eg, [5]) or
laboratory-based alcohol challenge paradigms (eg, [6-8]);
however, these approaches are limited by recall biasand unclear
ecological validity, respectively. One potential solution to these
limitations is the use of ecological momentary assessment
(EMA), which allows researchers to use technology such as
mobile phones to measure participants' real-world behaviors
inreal timeand in their natural environments[9]. In this study,
we report on the feasibility, acceptability, and safety of
smartphone-based EMA targeting binge drinking and related
outcomesin young adult heavy drinkers' natural environments.

Prior research has used EMA to measure real-world
light-to-moderate alcohol use (ie, 2-4 standard drinks consumed
on average) with good compliance across studies (ie, 78-90%
of survey prompts completed) [10-15]. EMA methodologiesin
drinkers have varied from random prompts of mood and
behaviors throughout the day to prompts specifically targeting
drinking episodes. Most of this work has been conducted in
general samples of young adult drinkers and not specifically in
hazardous drinkers during binge drinking episodes specifically,
although prior studies have captured EMA data on heavy
drinkers and binge episodes through recruitment of broader
samples of young adult drinkers generally (refer to the studies
by, eg, Kuntsche and Labhart, Piasecki et al, and Groefsema et
al [12,14,16]). Although EMA methods are acceptablein young
socia drinkers [13], with little [13] or no effect [11] on
subsequent drinking behavior (ie, reactivity to the assessment
method), it is unclear whether such acute monitoring of
real-world drinking will aso befeasible and safein young adult
chronic heavy drinkers who regularly drink to intoxication. To
advance the field and increase the clinical relevance of EMA
methods of monitoring drinking in hazardous users, additional
work is needed on the acceptability of the procedure and
reactivity to EMA in young adult heavy drinkers and others at
risk for AUD [17].

Given our current era of rapid advances in mobile technology
and changing user preferences, the modality of alcohol
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monitoring is important. Most prior EMA studies of drinking
have employed either palmtop computers[14] or older cellular
phone technology such as texting (eg, [12]). However, recent
advancements in smartphone technology and the popularity of
these devices (94% of young adults aged 18-29 years own a
smartphone; [18]) have rendered these older methods obsolete
and usheredin anew erafor user-friendly, real -time monitoring
of participants real-world experiences. To our knowledge,
however, no previous studies have focused specifically on the
ability of smartphone-based EMA to assess real-time drinking
behavior and related outcomes in young adult heavy drinkers
during binge drinking episodes. Although modern smartphones
have several advantages over prior EMA technology in terms
of ease of use and familiarity, they also offer numerous
distractions competing for users’ attention. Assuch, itispossible
that they may not be auseful platform for assessing alcohol use
and other outcomes during a heavy drinking episode.
Objectives

Therefore, the purpose of this study was to evaluate the
feasibility, acceptability, and safety of a red-time
smartphone-based EMA method to obtain self-reported al cohol
use and related outcomes (drinking context and subjective
alcohol responses) during real-world drinking events in young
adult heavy drinkers. We targeted the EMA procedure in this
study toward binge drinking episodes specifically because
previous work in this field has focused mainly on capturing
drinking behavior generally over aperiod, for example, several
days or weeks[14,16,19], rather than binge drinking outcomes
per se, and because more data are needed to establish the
acceptability, feasibility, and safety of EMA of binge drinking
episodes specifically. We hypothesized that the method would
be feasible, as evidenced by good compliance (ie, =80%
response rate of survey prompts), and acceptable, as evidenced
by high reported satisfaction with study participation and low
perceived intrusiveness of the mobile assessments. We also
evaluated the safety of the mobile method by examining
participants' drinking behaviorsand related consequences before
and several weeks after completing the assessments relative to
a comparison group who did not undergo monitoring of binge
drinking.

Methods

Design

The Mobile Alcohol Response Study was conducted between
April 2017 and June 2018 and employed awithin-subject design
with each participant undergoing 1 or 2 separate real-time
smartphone assessments of typical drinking episodes in their
natural environment. As stated above, a separate safety
comparison sample completed baseline and follow-up surveys
of drinking behavior and related outcomes but did not undergo
real-time mobile monitoring. As part of a larger study,
participants also completed a laboratory session with alcohol
administration to validate the smartphone-based EMA method;
those datawill bereported el sawhere. All study procedureswere
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approved by the University of Chicago Institutional Review
Board.

Participants

Candidates were recruited from Web-based advertisements and
word-of-mouth referrals. Inclusion criteria were age 21 to 29
years, generally healthy young adultswith weekly heavy a cohol
consumption (=5 drinks in 1-4 weekly occasions for men and
>4 drinks for women; [3]) for at least the past year, and
consumption of =14 drinks per week for men or =7 drinks per
week for women, similar to previous studies by our group
[6,20-22]. Candidates meeting the basic study criteria from
telephone screening wereinvited to anin-person visit to confirm
their eigibility for the study. They were instructed to abstain
from acohol and recreational drugs for 24 hours before
screening, and breath alcohol concentration (BrAC) and urine
drug  toxicology  tests  (cocaine, amphetamines,
methamphetamines, opioids, and benzodiazepines) corroborated
recent abstinence from these substances, with the exception of
1 candidate who tested positive for benzodiazepine use and was
excluded from further participation. Asapproximately one-third
of young adult binge drinkersreport using cannabis[23], current
cannabis use was not an exclusion criterion, as long as the
reported frequency did not exceed 3 times per week, the
candidate agreed to refrain from using it during the real-world
mobile drinking monitoring sessions, and they did not meset
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) criteriafor cannabis use disorder.

The screening visit included informed consent, an explanation
of study procedures, surveys, and interviews conducted by a
trained research assistant. The surveys included the Alcohol
Use Disorder Identification Test [24], the Beck Depression
Inventory [25] and Spielberger Trait Anxiety Inventory [26] to
assess current symptoms of depression and anxiety, and a
demographic and health history questionnaire. Interviews
included the Timeline Followback (TLFB) calendar [27] for
past-month alcohol drinking, the Alcohol Quantity-Frequency
Interview [28] for typical and maximum drinking over the past
6 months, and the Structured Clinical Interview for the DSM-5,
Research Version [29]. Candidates were excluded if they met
criteriafor severe AUD or amajor psychiatric disorder. Identical
recruitment methods were employed to enroll 25 participants
for the safety comparison group.

Of the 103 candidates screened, 93 (90%) were deemed eligible
to participate, and the majority of them (94%, 87/93) completed
at least one real-time assessment for 3 hours when drinking.

Procedure

After eligibility determination at study screening, the research
assistant installed the mobile EMA app (MetricWire, Inc) on
each participants' personal Android or iPhone operating system
smartphone. During study orientation, each participant was
trained on using the app, setting alert notifications for survey
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prompts, and employing methods to preserve confidentiality.
The purpose of the assessments was explained as assessing
one’s real-time drinking behavior, subjective responses, and
contextual factors (eg, location and presence of others.) for 1
or 2 drinking episodes. The participant was advised to engage
in the real-time mobile monitoring during a typical drinking
occasion and refrain from smoking or recreational drugs
(including cannabis) during that episode. He/shewas also trained
on properly classifying the types of beverages consumed during
mobile monitoring as“beer,” “wine,” or “liquor” usingthe EMA
app. The TLFB calendar was used as a guide for days of the
week each participant was most likely to engage in binge
drinking, and he or she was encouraged to complete the EMA
session(s) during those days. However, for safety and ethical
reasons, the participant was not instructed or encouraged to
consume a specific amount of alcohol during their future
drinking episode(s). He/she was also reminded not to drive or
operate machinery during or after the drinking episode and, as
a safety measure, was provided financial compensation for
taxi/rideshare at the end of the real -time assessment, if needed.

Figure 1 depicts the timeline for the smartphone assessments.
The participant was instructed to self-initiate the mobile
assessment procedure by completing a predrinking baseline
survey on his or her mobile device via the smartphone app 30
to 180 min before drinking acohol. The purpose of this survey
wasto capture predrinking subjective responses; these outcomes
will be the subject of a separate report. The participant then
self-initiated the first survey after finishing their first drink. All
subsequent surveys were delivered automatically to the
participant’s smartphone via the EMA app at 15, 30, 60, 90,
120, 150, and 180 min thereafter. Although some previous
studies have used longer EMA sessions to capture drinking
behavior in young adults (eg, [14]), we opted to limit EMA
session length to 3 hoursin this study for 2 main reasons. First,
the relatively short duration was intended to limit participant
burden related to completing multiple surveys over 2 drinking
episodes. Second, based on the typical pattern of alcohol
consumption reported by young adult heavy drinkers in our
previous studies[6,20], we expected that this assessment period
would be sufficiently long to capture drinking behavior and
subjective effects corresponding to ascending, peak, and early
descending blood alcohol concentration (BAC) for a large
proportion of participants. Of note, studies using EMA to track
real-world drinking behavior and related subjective outcomes
in young adults have varied in terms of the duration and
frequency of monitoring [13,14] and, to date, no empirical
studies have established best practice guidelines for EMA of
alcohol use and subjective responses in that population [17].
The mobile surveys administered during the smartphone-based
EMA sessions were designed to be brief (approximately 1 min
inlength) and user-friendly. As shown in Figure 2, participants
used simpletouch screen controls (eg, radio buttons and diders)
to enter and submit their responses to each item.
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Figure 1. Timeline of the real-time monitoring of a drinking episode.
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Predrink Post First-drink
Survey Survey
(participant-initated) (participant-initiated)
| | | | | | | |
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Previous consumption of food,
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Alcohol consumption (number, type, and serving size)

L

caffeine, or nicotine
+ Baseline subjective stimulation
and sedation

Subjective alcohol responses
Consumption of food, caffeine, nicotine, or other drugs

Figure 2. Screenshots of the smartphone interface and sample items from the real-time mobile assessments, including menu-based choices to record
contextual factors (eg, (A), drinking location; (B), alcohol quantity; (C), beverage type; and (D), slider-based input to record alcohol responses).

Where are you?

Select One

Answer
() Bar/restaurant
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What type(s) of
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After the final survey at 180 min, the participant received a
message Via the smartphone app thanking them for their time
and reminding them that they would be prompted to complete
anext-day survey the following day. This survey was prompted
automatically at 11:00 am the next day by the smartphone app.
After completing the next-day survey following thefirst mobile
drinking assessment, the participant was offered the option to
complete a second mobile assessment on a separate drinking
occasion for additional compensation. The second mabile
assessment was identical to the first assessment and was
completed at least 24 hours after the first drinking occasion.
Most participants (61/83, 73%) completed a second mobile
assessment, approximately 1 to 2 weeks after thefirst assessment
(mean 119, SD 114 days). All data from the mobile
assessments were uploaded wirelessly from participants
smartphones to a secure server for analysis.

Moreover, 2 weeks after the final EMA of a drinking episode,
study staff emailed the participant alink to afollow-up survey
assessing drinking behavior and related consequences for the
interval since completing the last real-time assessment (for
details, refer to the Measures section). The participant was then
compensated for his/her participation and debriefed.

M easures

Smartphone Drinking Episode Assessments

Thefirst item of the predrinking baseline survey asked whether
alcohol had been consumed that day. If the response was yes,
then the assessment did not proceed and the participant was
reminded that the baseline survey needed to completed before
drinking was initiated, and to try back again in =24 hours. If
the response was no, that is, no alcohol consumed yet, then the
1-min baseline survey proceeded to assess context (current
location; presence/absence of others; and consumption of food,
nonal coholic beverages, caffeine, nicotine, and other drugs up
to the time of the survey) and baseline subjective measures.

For the post first-drink survey and 7 subsequent follow-up
surveys, the participant was asked to select the alcohol type
(beer, wine, or liquor), number of drinks (ie, “0,” “1,” “2,” 3,
or “4 or more”) finished since the last survey, and the size of
drinks consumed. For beer, drink size options were “less than
12 0z.,” “12 oz. (bottle or can),” “16 oz. (pint/pounder),” “24
oz. (tal boy),” “32 0z.,” or “40 oz. or more”; for wine, drink
size options were “5 oz. (standard glass),” “10 oz.,” or “more
than 10 0z.”; and for liquor, drink size optionswere“1.5 oz. (1
shot),” “3 0z. (2 shots),” “4.5 oz. (3 shots),” “6 oz. (4 shots),”
or “morethan 6 0z.” Participantswere also asked about current
contextual variables as in the basgline survey (see prior
paragraph). They aso completed 10 adjective-based
alcohol-subjective effects items[30,31] that will be the subject
of a separate report and are not presented here.

Next-Day Survey

The EMA app issued a survey at 11:00 am following the
conclusion of each real-world drinking assessment to capture
additional information regarding that drinking episode. This
next day survey assessed the type/brand of acohol consumed,
duration of continued drinking after the 3-hour EMA period,
participants’ activities during the assessment (time spent
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working, socializing, standing, sitting, dancing or engaging in
other physical activity, and playing games; rated from 0="none’
to 8="a lot”), and consequences of drinking via a modified
24-item Brief Young Adult Alcohol Consequences
Questionnaire (BYAACQ; [32]) assessing drinking-related
consequences over the past 24 hours. Finally, an item asked the
participant to indicate if the prior days drinking episode
reflected atypical drinking occasion (answered “yes’ or “no”).

Follow-Up Survey

The follow-up survey included TLFB calendar and modified
BYAACQ assessing alcohol use and related conseguences
during the past 2 weeks, respectively, and 5 items assessing the
acceptability of the rea-time monitoring method. The
acceptability items were as follows: (1) “Overall, the mobile
app was easy to use”’; (2) “The mobile assessments (surveys)
were intrusive”; (3) “The mobile assessments (surveys) were
toolong”; (4) “1 would recommend the study to other potential
participants’; and (5) “Overall, | was satisfied with the study
experience.” Each acceptability itemwasratedonalto5scale,
with 1="strongly disagree” and 5="strongly agree.” Participants
inthe saf ety comparison group completed an identical follow-up
survey 2 weeks after their screening, excluding the acceptability
items related to the smartphone assessments.

Statistical Analyses

Feasibility was examined by (1) the percentage of
nonparti cipant-initiated prompts completed and (2) the estimated
number of standard drinks reported at each time point. The
number of estimated standard drinks consumed was used to
determine the percentage of episodes that included heavy
drinking. In addition, this information was used to estimate
BAC (estimated BAC, eBAC) levels throughout the drinking
episode according to the equation of Matthews and Miller [33]:
eBAC=[(c/2) x (CGI/W)]-(Beo X t), where ¢ is the number of
standard drinks consumed to that point in the drinking episode,
GCisagender constant (7.5 for men and 9.0 for women), wis
weight in pounds, B, is a constant representing the average
population alcohol metabolism rate (0.017 g/dl per hour), and
t is the time in hours since drinking began. We assumed that
participants consumed thefirst drink in the episode over 20 min
when calculating t, asin previous studies[10,14]. Thisequation
approximates actual BrAC and is most accurate at BAC <0.08
g/dL [34].

Acceptability was determined from responses to the satisfaction
itemsfrom the follow-up survey. Finally, safety of the procedure
was examined by comparing drinking behavior and alcohol
consequences at baseline versus the 2-week follow-up for the
experimental and control group with generalized estimating
equation (GEE) analyses examining group, time, and their
interaction. Skewed datawerelog-transformed before analysis,
as appropriate.
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Results

M aobile Assessment Compliance and Study

Demogr aphics

Examination of datafrom the mobile assessments reveal ed that
ahigh majority of participants correctly recorded their drinking
during the drinking episode (83/87, 95%). Despite training
participants during screening to indicate only the number of
drinks finished since the prior EMA prompt, 4 participants
incorrectly reported their cumulative number of drinks at each
prompt instead. Thus, their data could not be interpreted,
resulting in a fina study sample of 83 participants. eBAC
calculated for a small number of survey responses was =0.30

Fridberg et al

g/dl, alevel of intoxication associated with loss of consciousness
or death. We assumed that those time points reflected errorsin
reporting [ 14] and opted to treat reported alcohol consumption
and calculated eBAC for those specific responses as missing
when calculating mean number of standard drinks consumed
and eBAC per time point. This resulted in dropping reported
alcohol use and eBAC data from 16 survey responses (16/673,
2.4%) across al participants who completed at |east one survey
(n=83) and 25 responses (25/996, 2.5%) across all those who
completed both surveys (n=61). Demographic and drinking
information for the sample and the safety comparison group is
presented in Table 1. The groups did not differ on any
demographic or drinking-related variables.

Table 1. Demographic characteristics, baseline, next-day, and 2-week follow-up drinking and safety outcomes for the smartphone (n=83) and safety

comparison (n=25) groups.

Outcome Smartphone group Safety comparison group P value
Demographics
Age (years), mean (SD) 25.3(2.6) 24.7 (2.5) 262
Male, n (%) 48 (58) 15 (60) 85P
White, n (%) 54 (65) 20 (80) 16P
Education (years), mean (SD) 15.9(1.8) 15.6 (1.9) 402
Baseline drinking and consequences, mean (SD)
% Drinking days (past month) 47.4(18.9) 45.3 (16.7) 612
% Binge drinking days (past month) 23.1(10.3) 19.7 (7.7) 132
Drinks/drinking day (past month) 4.7 (1.5) 41(1.2) 112
BYAACQS (past 2 weeks) 29(26) 36(3.0) 4624
Alcohol Use Disorders Identification Test total 11.1 (4.3) 11.4(4.9) 742
Next-day survey (smartphone group only), mean (SD)
Duration of continued drinking after the 3-hour EMA® period (hours) 2.7(19) _f _
Additional standard drinks consumed following the 3-hour EMA period 29(1.9) — —
BYAACQ (past 24 hours) 2.1(2.1) — —
Two-week follow-up drinking and consequences, mean (SD)
% Drinking days (past 2 weeks) 42.8(17.8) 40.0 (12.0) 473
% Binge drinking days (past 2 weeks) 23.2 (11.5) 19.7 (11.7) 192
Drinks/drinking day (past 2 weeks) 4.6 (1.6) 3.9(15) 062
BYAACQ (past 2 weeks) 4.1(3.4) 3.4(2.8) 234
% test.
bChi-square test.

°BYAACQ: Brief Young Adult Alcohol Consequences Questionnaire.
dDatal og-transformed before analysis.
®EMA®: ecological momentary assessment.

fPartici pantsin the safety comparison group that did not complete the next-day survey.
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Feasibility

All participants completed the self-initiated baseline and post
first-drink survey promptsand 87.2% (507/581) of the remaining
7 system-initiated prompts over the ensuing 3 hours of the EMA
session (Figure 3). Most participants (64/83, 77%) started
drinking during the evening hours (ie, 5:00 pm-12:00 am) on a
Thursday, Friday, or Saturday (58/83, 70%). The magjority of
prompts were completed in the presence of others (556/657

Fridberg et al

prompts, 84.6%) in various locations (bar/restaurant: 33.7%
[221/656], one'sown home: 32.0% [221/656], or friend’s home:
24.2% [221/656]). Food consumption was hot common during
drinking, with participants reporting eating during only 12.2%
(70/574) of prompts. Cigarette smoking or recreational drug
use were also hot common as they were reported during only
3.1% (18/574) and 0.2% (1/574) of prompts, respectively. For
the latter, only 1 participant reported using drugs
(cocaine/stimulants) during only a single prompt (0.2%).

Figure 3. Mean (SE) of the mean standard acoholic drinks (Ieft y-axis) and estimated BAC (eBAC; right y-axis) at each survey time point (bottom
x-axis) during the real-world drinking episode. Time O represents the survey that participants completed immediately after finishing their first drink in
the drinking episode. The number of participants completing the survey prompt at each time point and corresponding percentage of the total study
sample (n=83) is presented for each time point on the top x-axis. Drinking and eBAC data for time points where eBAC was =0.30 g/dl were excluded
from cal culations of the means for those outcomes; see the Results section for details. BAC: blood al cohol concentration; eBAC: estimated blood al cohol

concentration.
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Real-World Drinking Behavior

Partici pants reported consuming any alcohol on 75.4% (445/590)
of 590 completed promptsfrom the self-initiated post first-drink
survey onward (ie, not including the predrinking baseline
survey). They consumed 7.3 (SD 3.0) standard drinks during
the 3-hour drinking assessment, with eBAC reaching 0.13 (SD
0.07) g/dL at the final time point (+180 min; Figure 3). Most
participants (71%, 59/83) engaged in heavy (binge) drinking
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during the first 2 hours of the assessment, consuming 7.4 (SD
2.8) standard drinks during that time (9.1 [SD 2.9] drinks over
the entire 3-hour drinking episode), with eBAC reaching 0.14
(SD 0.06) g/dL (eBAC 0.17 [SD 0.07] g/dL at the conclusion
of the EMA period). In contrast, participantswho did not binge
consumed 2.9 (SD 0.9) drinks during the first 2 hours of the
EMA period (4.5[SD 1.8] drinks over the entire 3-hour drinking
episode), with eBAC reaching 0.04 (SD 0.02) g/dL during that
time (eBAC 0.07[SD 0.03] g/dL at the conclusion of the 3-hour
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monitoring period). For al participants, beer was the most
common acohalic drink consumed at each prompt (48.1%,
214/445), followed by liquor (40.2%, 179/445) and wine (16.9%,
75/445; note that percentages sum to greater than 100% because
participants could report consuming multiple types of alcohol
at each time point). Participants averaged 1.1 (SD 1.0) standard
drinks reported at each of the 7 post baseline survey prompts.

Participants Completing Both Mobile Sessions

Background characteristics and alcohol consumption during
drinking episodes did not differ between participants who
completed 2 smartphone drinking assessments (73%, 61/83)
and those who completed 1 assessment (n=22), al Ps>.60.
Among participants who completed 2 drinking episode
assessments, most (>60%) had high response rates and
completed al the study prompts (9/9) with an average of 8.1
and 8.3 prompts completed in the first and second episodes,
respectively. There was more drinking aone during the second
episode (109/504, 21.6%) than thefirst (78/491, 15.8%; X*,=5.4;
P=.02). Participants reported location when completing the
prompts or consumption of food, nicotine, or other drugs did
not differ across assessment sessions, all Ps>.07.

Acceptability

Participants rated the smartphone survey software as easy to
use overall (mean 4.6, SD 0.7 out of 5 points) and endorsed
high satisfaction with study participation (mean 4.6, SD 0.6).
Similarly, participants did not consider the surveys to be time
consuming (mean 2.1, SD 1.0) or intrusive (mean 2.0, SD 0.9).
Overadll, participants agreed that they would recommend
participation in the study to others (mean 4.6, SD 0.6).
Intrusiveness ratings were slightly higher among participants
who completed only 1 smartphone assessment than among those
who completed 2 assessments (mean 2.5, SD 1.1 vsmean 1.9,
SD 0.9; P=.02), but other acceptability ratings did not differ
based upon the number of smartphone sessions completed
(Ps>.16).

Safety

Next-Day Survey

A total of 93% (77/83) of participantsin the smartphone group
completed the next-day survey after the real-world drinking
episode. Most participants (60%, 46/77) reported continued
drinking after thefinal survey prompt for the episode (see Table
1). Participants reported few drinking-related consequences
during or after the real-world drinking episode on the modified
past 24-hour BYAACQ (Table 1). The most frequently reported
consequences (endorsed by =10% of participants) were less
energy after drinking (61%, 47/77), hangover (40%, 31/77),
drinking larger amounts than anticipated (14%, 11/77), and
saying or doing something embarrassing as aresult of drinking
(13%, 10/77). None of the participants reported any serious
adverse events (eg, arrest or injury) related to their drinking
during the assessment period.

Two-Week Follow-Up Survey

GEE reveded that self-reported drinking frequency decreased
at follow-up for both the smartphone and control groups (time:
beta [SE]=—4.7 [1.8]; P=.008), but binge drinking frequency
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and drinks consumed per drinking day did not changefor either
group (Ps>.12). Therewasasignificant increasein self-reported
alcohol consequences from baselineto 2-week follow-up (time:
beta [SE]=0.4 [0.2]; P=.02 [data log-transformed]; see Table
1) but no main effect or interaction of group for that outcome
(Ps>.22).

Discussion

Principal Findings

Thisstudy demonstrated the feasibility, acceptability, and safety
of using smartphone-based EMA to measure real-time alcohol
use and related outcomes in young adult heavy drinkers, most
of whom (71%, 59/83) completed the EMA protocol in the
setting of a drinking binge. The smartphone-based approach
was feasible, as evidenced by a high response rate (87.2%,
507/581) to system-initiated study prompts during the 3-hour
assessment period, and acceptable, with participants reporting
high satisfaction study procedures and low ratings on
intrusiveness for the brief (1 min each) EMA surveys. Safety
was evidenced by few drinking-related consequences and no
increases in drinking quantity or frequency over the 2-week
follow-up. Theresults of thisstudy show that young adult heavy
drinkers can complete mobile assessments of their drinking
behavior and related outcomes even during very heavy drinking
episodes at BAC well over the threshold for intoxication. The
method described here is user-friendly and easy to administer
on participants’ own smartphones and could be customized to
facilitate future research on a variety of topics related to risky
drinking. Furthermore, it may be less susceptible than
retrospective or laboratory-based studies of binge drinking
outcomes to limitations posed by recall bias and unclear
ecological validity, respectively.

Relative to prior EMA studies in socia drinkers, our 87%
response rate to survey prompts is similar to, or higher than,
response rates reported in previous studies [10,12-15]. Nearly
three-quarters (71%, 59/83) of participants engaged in binge
drinking during the first 2 hours and averaged just over 7
standard acohalic drinks (eBAC 0.13g/dL) through 3 hours
(see Figure 2), which is considerably higher than the 2 to 4
drinksreported in prior EMA studies[10,11,14,35]. In contrast
to those studies, however, this study recruited heavy socia
drinkers specifically (ie, light drinkers and those with severe
AUD were excluded from participation) and limited
measurement of alcohol use and outcomes for up to 2
self-selected drinking events. Previous EMA studies have
recorded drinking behavior and outcomes over longer durations
(eg, 3 weeks [14]), which can provide data on heavier- and
lighter-drinking events. Of note, the drinking episode was not
an isolated event for the study participants, with the vast
majority (85%, 66/77 completing the next day survey) reporting
that it was indicative of their typical drinking.

Regarding feasibility and acceptability of the EMA approach,
participants reported good compliance with study directionsto
avoid alcohol or other drug use during the assessmentsand high
overall satisfaction with study procedures. The data from this
study suggest that heavy drinkers can comply with instructions
to avoid those substances even during binge episodes with high
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BAC and that this approach can produce data on drinking-rel ated
outcomes that are contaminated only minimally by other
substance use. The high acceptability ratings reported in this
study echo previous findings from EMA studies in general
young adult drinker samples[13,36]. The brief duration of the
mobile surveys (approximately 1 min each) may havefacilitated
the overall high acceptability of the mobile procedure despite
the repeated survey prompts throughout the 3-hour drinking
episode. Furthermore, the high rates of smartphone use among
young adults and participants high degree of familiarity with
these devices may have contributed to the high overall
satisfaction and usability ratings reported in this study.

Importantly, the results of this study suggest that EMA of a
real-world binge drinking episode in heavy drinkers is safe.
Participants reported few alcohol-related problems during the
drinking episode, and those that were reported tended to be
minor (eg, hangover and less energy after drinking). Both groups
reported asmall decreasein their frequency of a cohol usefrom
baselineto 2-week follow-up, with no changesin binge drinking
frequency. This finding is in line with the results of previous
studies indicating that EMA of alcohol use is associated with
minimal or no changesin reported drinking behavior [11,37-39].
However, studies of reactivity to multiple assessments of a cohol
use viaretrospective self-report or interview (eg, TLFB) spaced
several weeks/months apart have shown that, in genera,
self-reported alcohol use and consequences decrease over time
with those repeated assessments (for areview, refer to the study
by Schrimsher and Filtz [40]). In contrast, we observed asmall,
but significant, increase in self-reported alcohol consequences
over the 2-week follow-up period across al participants, but all
reported consequences tended to be mild, with no serious
adverse events reported. This effect appeared to be driven
mainly by the small (approximately 1 point) increase in mean
BYAACQ scores from baseline to 2-week follow-up among
the smartphone group (Table 1), although our GEE model did
not show a significant effect or interaction of group for that
outcome. We specul ate that completing the next-day assessments
of acohol-related consequences related to the real-world
drinking episodes increased awareness of those consequences
among the smartphone group, resulting in them reporting dightly
higher scores on the 2-week follow-up BYAACQ relative to
baseline. However, this study was not designed to test this
hypothesis directly, and to our knowledge, no previous studies
have examined the effect of monitoring drinking on perceptions
of alcohol-related consequences over time. Whether EMA of
alcohol use affects individuals' awareness of drinking-related
risks may be a promising area for future research.

Strengths and Limitations

This study featured several strengths, including a
well-characterized sample of young adult heavy drinkers,
application of existing mobile phone technology to support
EMA of real-world heavy drinking and related outcomes, and
inclusion of an independent heavy drinking sample as a safety
comparison group. However, there are also some limitations
worth noting. First, although we recruited current binge drinkers,
light drinkers and those meeting criteria for severe AUD were
excluded from participation. Thus, based on the current data,
we cannot infer the feasibility, acceptability, or safety of our
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smartphone-based EM A approach in those groups. Second, the
duration of our monitoring period (3 hours per drinking
occasion, over amaximum of 2 occasions) was brief and fixed,
in contrast to previous studies that have assessed alcohol use
outcomes over several weeks [11] and scaled the duration of
the EMA sessions according to participant-reported drinking
patterns [14]. Participants in this study reported continued
drinking for nearly 3 hours after the EMA period ended,
consuming approximately 3 additional drinksduring that period.
Additional research is needed to evaluate the feasibility,
acceptability, and safety of using this assessment method over
longer drinking episodes, including any potential effect of a
longer monitoring duration on compliance with the survey
prompts. Third, the protocol used in this study relied upon
participant self-report to estimate alcohol consumption and
BAC, and the equation we used to compute eBAC is less
accurate at BAC =0.08 g/dL [34]. Future research on EMA of
drinking behavior may benefit from incorporating recently
developed wearable alcohol biosensors, which can measure
consumption passively at the skin, to provide an objective
measure of alcohol use [41]. Fourth, for the purposes of this
study, “safety” was conceptualized in terms of scores on the
next-day BYAACQ (for the smartphone group) and changesin
drinking behavior or self-reported al cohol -rel ated consegquences
on the BYAACQ at 2-week follow-up, compared across the
smartphone and safety comparison groups. We did not examine
other safety-related outcomes, such as the potential for the
smartphone prompts to serve as a distraction while walking or
driving (although we note that participants were instructed not
to drive after consuming alcohol during the study), nor did we
collect next-day report data from members of the safety
comparison group, which prevented usfrom examining possible
group-related differences on consegquencesrel ated to real-world
drinking events. Future studies could implement a broader
definition of “safety” to evaluate the potential effects of EMA
of alcohol use on a wider range of safety-related outcomes.
Finally, this study does not speak to the reliability and validity
of using smartphones to measure alcohol use and related
outcomes during real-world (binge) drinking events. We will
present data on the reliability of the smartphone-based EMA
method across multiple real-world drinking sessions and validity
of the approach relative to the laboratory acohol challenge
Session in a separate report.

Conclusions
In sum, the results of this study provide preliminary support for
the feashility, acceptability, and safety of using

smartphone-based EMA to assess alcohol use and related
outcomes (eg, subjective responses and drinking context) in
young adult heavy drinkers. These data suggest that young
adults can use smartphonesto monitor their drinking even during
very heavy drinking episodes, with average consumption
approximately double (or more) that of previous work in this
field [10,11,14,35]. Future research could use this technology
to further study the dynamics of binge drinking behavior, refine
EMA-based treatment approaches targeting risky drinking
specifically [42,43], or develop “just-in-time” interventions to
reduce heavy drinking and associated risksin young adults[44].
In sum, smartphone-based EMA has great potential to provide
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a practical, inexpensive, and efficient way to capture a large consequences, which may inform future research on the
amount of data on real-world drinking behavior and associated  epidemiology of and intervention for AUD.

Acknowledgments
This research was supported by grant 1R21AA024901 to DJF and ACK.

Conflictsof I nterest
None declared.

References

1. Kanny D,Naimi TS, LiuY, LuH, Brewer RD. Annual total binge drinks consumed by US Adults, 2015. Am J Prev Med
2018 Apr;54(4):486-496 [ FREE Full text] [doi: 10.1016/j.amepre.2017.12.021] [Medline; 29555021]

2. Stahre M, Roeber J, Kanny D, Brewer RD, Zhang X. Contribution of excessive alcohol consumption to deaths and years
of potential lifelost in the United States. Prev Chronic Dis 2014 Jun 26;11:E109 [FREE Full text] [doi:
10.5888/pcd11.130293] [Medline: 24967831]

3. Rethinking Drinking: Alcohol and Your Health. 2016. URL : https://www.rethinkingdrinking.niaaa.nih.gov [accessed
2019-09-17]

4.  White A, Hingson R. The burden of alcohol use: excessive alcohol consumption and related consequences among college
students. Alcohol Res 2013;35(2):201-218 [FREE Full text] [Medline: 24881329]

5. Courtney KE, Palich J. Binge drinking in young adults: data, definitions, and determinants. Psychol Bull 2009
Jan; 135(1):142-156 [FREE Full text] [doi: 10.1037/a0014414] [Medline: 19210057]

6. KingAC, de Wit H, McNamaraPJ, Cao D. Rewarding, stimulant, and sedative al cohol responses and relationship to future
binge drinking. Arch Gen Psychiatry 2011 Apr;68(4):389-399 [ FREE Full text] [doi: 10.1001/archgenpsychiatry.2011.26]
[Medline: 21464363]

7.  Pedersen SL, McCarthy DM. An examination of subjective responseto a cohol in African Americans. J Stud Alcohol Drugs
2009 Mar;70(2):288-295 [FREE Full text] [doi: 10.15288/jsad.2009.70.288] [Medline: 19261241]

8.  Schuckit MA. Subjective responses to alcohol in sons of alcoholics and control subjects. Arch Gen Psychiatry 1984
Sep;41(9):879-884. [doi: 10.1001/archpsyc.1984.01790200061008] [Medline: 6466047]

9. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [doi:
10.1146/annurev.clinpsy.3.022806.091415] [Medline: 18509902]

10. Carpenter RW, Trela CJ, Lane SP, Wood PK, Piasecki TM, Trull TJ. Elevated rate of alcohol consumption in borderline
personality disorder patientsin daily life. Psychopharmacology (Berl) 2017 Nov;234(22):3395-3406 [ FREE Full text] [doi:
10.1007/s00213-017-4727-1] [Medline: 28884321]

11. Hufford MR, Shields AL, Shiffman S, Paty J, Balabanis M. Reactivity to ecological momentary assessment: an example
using undergraduate problem drinkers. Psychol Addict Behav 2002 Sep;16(3):205-211. [doi: 10.1037//0893-164x.16.3.205]
[Medline: 12236455]

12. Kuntsche E, Labhart F. Investigating the drinking patterns of young people over the course of the evening at weekends.
Drug Alcohol Depend 2012 Aug 1;124(3):319-324. [doi: 10.1016/].drugal cdep.2012.02.001] [Medline: 22377089]

13. Luczak SE, Rosen |G, Wall TL. Development of areal-time repeated-measures assessment protocol to capture change over
the course of adrinking episode. Alcohol Alcohol 2015 Mar;50(2):180-187 [FREE Full text] [doi: 10.1093/alcalc/agul00]
[Medline: 25568142]

14. Piasecki TM, Wood PK, Shiffman S, Sher KJ, Heath AC. Responses to alcohol and cigarette use during ecologically
assessed drinking episodes. Psychopharmacology (Berl) 2012 Oct;223(3):331-344 [FREE Full text] [doi:
10.1007/s00213-012-2721-1] [Medline: 22538731]

15. Smit K, Groefsema M, Luijten M, Engels R, Kuntsche E. Drinking motives moderate the effect of the social environment
on alcohol use: an event-level study among young adults. J Stud Alcohol Drugs 2015 Nov;76(6):971-980. [doi:
10.15288/jsad.2015.76.971] [Medline: 26562607]

16. GroefsemaM, Luijten M, Engels R, Kuntsche E. Young adults do not catch up missed drinks when starting later at night-an
ecological momentary assessment study. Exp Clin Psychopharmacol 2019 Apr;27(2):160-165. [doi: 10.1037/pha0000236]
[Medline: 30382729]

17. Piasecki TM. Assessment of alcohol usein the natural environment. Alcohol Clin Exp Res 2019 Apr;43(4):564-577. [doi:
10.1111/acer.13975] [Medline: 30748019]

18. Pew Research Center. 2018. Mobile Fact Sheet URL : http://www.pewinternet.org/fact-sheet/mobile/ [accessed 2018-09-24]

19. Dvorak RD, Pearson MR, Day AM. Ecological momentary assessment of acute alcohol use disorder symptoms: associations
with mood, motives, and use on planned drinking days. Exp Clin Psychopharmacol 2014 Aug;22(4):285-297 [FREE Full
text] [doi: 10.1037/a0037157] [Medline: 24932896]

https://mhealth.jmir.org/2019/11/€13765 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 | €13765 | p. 10
(page number not for citation purposes)

RenderX


http://europepmc.org/abstract/MED/29555021
http://dx.doi.org/10.1016/j.amepre.2017.12.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29555021&dopt=Abstract
https://www.cdc.gov/pcd/issues/2014/13_0293.htm
http://dx.doi.org/10.5888/pcd11.130293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24967831&dopt=Abstract
https://www.rethinkingdrinking.niaaa.nih.gov
http://europepmc.org/abstract/MED/24881329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24881329&dopt=Abstract
http://europepmc.org/abstract/MED/19210057
http://dx.doi.org/10.1037/a0014414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19210057&dopt=Abstract
http://europepmc.org/abstract/MED/21464363
http://dx.doi.org/10.1001/archgenpsychiatry.2011.26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21464363&dopt=Abstract
http://europepmc.org/abstract/MED/19261241
http://dx.doi.org/10.15288/jsad.2009.70.288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19261241&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1984.01790200061008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6466047&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://europepmc.org/abstract/MED/28884321
http://dx.doi.org/10.1007/s00213-017-4727-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28884321&dopt=Abstract
http://dx.doi.org/10.1037//0893-164x.16.3.205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12236455&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2012.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22377089&dopt=Abstract
http://europepmc.org/abstract/MED/25568142
http://dx.doi.org/10.1093/alcalc/agu100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25568142&dopt=Abstract
http://europepmc.org/abstract/MED/22538731
http://dx.doi.org/10.1007/s00213-012-2721-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22538731&dopt=Abstract
http://dx.doi.org/10.15288/jsad.2015.76.971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26562607&dopt=Abstract
http://dx.doi.org/10.1037/pha0000236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30382729&dopt=Abstract
http://dx.doi.org/10.1111/acer.13975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30748019&dopt=Abstract
http://www.pewinternet.org/fact-sheet/mobile/
http://europepmc.org/abstract/MED/24932896
http://europepmc.org/abstract/MED/24932896
http://dx.doi.org/10.1037/a0037157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24932896&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Fridberg et &

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Fridberg DJ, Cao D, King AC. Integrating alcohol response feedback in a brief intervention for young adult heavy drinkers
who smoke: a pilot study. Drug Alcohol Depend 2015 Oct 1;155:293-297 [FREE Full text] [doi:

10.1016/j.drugal cdep.2015.08.017] [Medline: 26341847]

King AC, Hasin D, O'Connor SJ, McNamara PJ, Cao D. A prospective 5-year re-examination of a cohol response in heavy
drinkers progressing in alcohol use disorder. Biol Psychiatry 2016 Mar 15;79(6):489-498 [FREE Full text] [doi:
10.1016/j.biopsych.2015.05.007] [Medline: 26117308]

King AC, McNamara PJ, Hasin DS, Cao D. Alcohol challenge responses predict future alcohol use disorder symptoms: a
6-year prospective study. Biol Psychiatry 2014 May 15;75(10):798-806 [ FREE Full text] [doi:
10.1016/j.biopsych.2013.08.001] [Medline: 24094754]

Substance Abuse and Mental Health Services Administration. 2018. 2017 National Survey on Drug Use and Health: Detailed
Tables URL : https://www.samhsa.gov/data/report/2017-nsduh-detail ed-tables [ accessed 2018-09-24]

Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. World Health Organization. 2002. The Alcohol Use Disorders
Identification Test: Guidelines for Usein Primary Care URL: https://apps.who.int/iris/bitstream/handle/10665/67205/
WHO_MSD MSB_01.6a.pdf ?sequence=1 [accessed 2019-09-17]

Beck AT, Ward CH, Mendelson M, Maock J, Erbaugh J. An inventory for measuring depression. Arch Gen Psychiatry 1961
Jun;4:561-571. [doi: 10.1001/archpsyc.1961.01710120031004] [Medline: 13688369]

Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. Manual for the State-Trait Anxiety Inventory. Palo Alto,
CA: Consulting Psychologists Press; 1983.

Sobell LC, Sobell MB. National Institute on Alcohol Abuse and Alcoholism. 1995. Alcohol Timeline Followback (TLFB)
URL: https://pubs.niaaa.nih.gov/publications/assessingal cohol/instrumentpdfs/13 tlfb.pdf [accessed 2019-09-17]
Cahalan D, Cisin IH, Crossley HM. American Drinking Practices: A National Study of Drinking Behavior Patterns. New
Brunswick, NJ: Rutgers Center of Alcohol Studies; 1969.

First MB, Williams JB, Benjamin LS, Spitzer RL. Structured Clinical Interview for DSM-5 (R) Personality Disorders
(SCID-5-PD). Arlington, VA: American Psychiatric Association; 2015.

Morean ME, de Wit H, King AC, Sofuoglu M, Rueger SY, O'Malley SS. The drug effects questionnaire: psychometric
support across three drug types. Psychopharmacology (Berl) 2013 May;227(1):177-192 [EREE Full text] [doi:
10.1007/s00213-012-2954-7] [Medline: 23271193]

Rueger SY, McNamara PJ, King AC. Expanding the utility of the biphasic alcohol effects scale (BAES) and initial
psychometric support for the brief-BAES (B-BAES). Alcohol Clin Exp Res 2009 May;33(5):916-924 [FREE Full text]
[doi: 10.1111/j.1530-0277.2009.00914.x] [Medline: 19320625]

Kahler CW, Strong DR, Read JP. Toward efficient and comprehensive measurement of the alcohol problems continuum
in college students: the brief young adult alcohol consequences questionnaire. Alcohol Clin Exp Res 2005
Jul;29(7):1180-1189. [doi: 10.1097/01.alc.0000171940.95813.a5] [Medline: 16046873]

Matthews DB, Miller WR. Estimating blood alcohol concentration: two computer programs and their applicationsin therapy
and research. Addict Behav 1979;4(1):55-60. [doi: 10.1016/0306-4603(79)90021-2] [Medline: 420046]

Hustad JT, Carey KB. Using cal cul ationsto estimate blood al cohol concentrationsfor naturally occurring drinking episodes:
avalidity study. J Stud Alcohol 2005 Jan;66(1):130-138. [doi: 10.15288/jsa.2005.66.130] [Medline: 15830913]

Ray LA, Miranda R, Tidey JW, McGeary JE, MacKillop J, Gwaltney CJ, et al. Polymorphisms of the mu-opioid receptor
and dopamine D4 receptor genes and subjective responses to alcohol in the natural environment. J Abnorm Psychol 2010
Feb;119(1):115-125 [FREE Full text] [doi: 10.1037/a0017550] [Medline: 20141248]

Kuntsche E, Labhart F. ICAT: development of an internet-based data collection method for ecological momentary assessment
using personal cell phones. Eur J Psychol Assess 2013;29(2):140-148 [FREE Full text] [doi: 10.1027/1015-5759/a000137]
[Medline: 24285917]

Collins RL, Morsheimer ET, Shiffman S, Paty JA, Gnys M, Papandonatos GD. Ecological momentary assessment in a
behavioral drinking moderation training program. Exp Clin Psychopharmacol 1998 Aug;6(3):306-315. [doi:
10.1037/1064-1297.6.3.306] [Medline: 9725114]

Litt MD, Cooney NL, Morse P. Ecological momentary assessment (EMA) with treated al coholics: methodological problems
and potential solutions. Health Psychol 1998 Jan;17(1):48-52. [doi: 10.1037//0278-6133.17.1.48] [Medline: 9459069]
Simpson TL, Kivlahan DR, Bush KR, McFall ME. Telephone self-monitoring among alcohol use disorder patientsin early
recovery: arandomized study of feasibility and measurement reactivity. Drug Alcohol Depend 2005 Aug 1;79(2):241-250.
[doi: 10.1016/j.drugal cdep.2005.02.001] [Medline: 16002033]

Schrimsher GW, Filtz K. Assessment reactivity: can assessment of alcohol use during research be an active treatment?
Alcohol Treat Q 2011 Apr 19;29(2):108-115. [doi: 10.1080/07347324.2011.557983]

Wang Y, Fridberg DJ, Leeman RF, Cook RL, Porges EC. Wrist-worn alcohol biosensors: strengths, limitations, and future
directions. Alcohol 2018 Sep 1:- (epub ahead of print)(forthcoming)(forthcoming). [doi: 10.1016/j.alcohol.2018.08.013]
[Medline: 30179709]

Suffoletto B, Chung T, Muench F, Monti B, Clark DB. A text message intervention with adaptive goal support to reduce
alcohol consumption among non-treatment-seeking young adults: non-randomized clinical trial with voluntary length of
enrollment. IMIR Mhealth Uhealth 2018 Feb 16;6(2):e35 [FREE Full text] [doi: 10.2196/mhealth.8530] [Medline: 29453191]

https://mhealth.jmir.org/2019/11/€13765 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 | €13765 | p. 11

(page number not for citation purposes)


http://europepmc.org/abstract/MED/26341847
http://dx.doi.org/10.1016/j.drugalcdep.2015.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26341847&dopt=Abstract
http://europepmc.org/abstract/MED/26117308
http://dx.doi.org/10.1016/j.biopsych.2015.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26117308&dopt=Abstract
http://europepmc.org/abstract/MED/24094754
http://dx.doi.org/10.1016/j.biopsych.2013.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24094754&dopt=Abstract
https://www.samhsa.gov/data/report/2017-nsduh-detailed-tables
https://apps.who.int/iris/bitstream/handle/10665/67205/WHO_MSD_MSB_01.6a.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/67205/WHO_MSD_MSB_01.6a.pdf?sequence=1
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13688369&dopt=Abstract
https://pubs.niaaa.nih.gov/publications/assessingalcohol/instrumentpdfs/13_tlfb.pdf
http://europepmc.org/abstract/MED/23271193
http://dx.doi.org/10.1007/s00213-012-2954-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23271193&dopt=Abstract
http://europepmc.org/abstract/MED/19320625
http://dx.doi.org/10.1111/j.1530-0277.2009.00914.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19320625&dopt=Abstract
http://dx.doi.org/10.1097/01.alc.0000171940.95813.a5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16046873&dopt=Abstract
http://dx.doi.org/10.1016/0306-4603(79)90021-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=420046&dopt=Abstract
http://dx.doi.org/10.15288/jsa.2005.66.130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15830913&dopt=Abstract
http://europepmc.org/abstract/MED/20141248
http://dx.doi.org/10.1037/a0017550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20141248&dopt=Abstract
http://europepmc.org/abstract/MED/24285917
http://dx.doi.org/10.1027/1015-5759/a000137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24285917&dopt=Abstract
http://dx.doi.org/10.1037/1064-1297.6.3.306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9725114&dopt=Abstract
http://dx.doi.org/10.1037//0278-6133.17.1.48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9459069&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2005.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16002033&dopt=Abstract
http://dx.doi.org/10.1080/07347324.2011.557983
http://dx.doi.org/10.1016/j.alcohol.2018.08.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30179709&dopt=Abstract
https://mhealth.jmir.org/2018/2/e35/
http://dx.doi.org/10.2196/mhealth.8530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29453191&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Fridberg et &

43.

Voogt C, Kuntsche E, Kleinjan M, Poelen E, Engels R. Using ecological momentary assessment to test the effectiveness
of aweb-based brief alcohol intervention over time among heavy-drinking students: randomized controlled trial. JMed
Internet Res 2014 Jan 8;16(1):e5 [FREE Full text] [doi: 10.2196/jmir.2817] [Medline: 24401555]

Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et a. Just-in-time adaptive interventions
(JTAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med
2018 May 18;52(6):446-462 [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Abbreviations

AUD: alcohol use disorder

BAC: blood acohol concentration

BrAC: breath alcohol concentration

BYAACQ: Brief Young Adult Alcohol Conseguences Questionnaire

DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
eBAC: estimated blood acohol concentration

EMA: ecological momentary assessment

GEE: generalized estimating equation

TLFB: Timeline Followback

Edited by G Eysenbach; submitted 20.02.19; peer-reviewed by T Piasecki, R O'Donnell; commentsto author 18.05.19; revised version
received 10.07.19; accepted 19.08.19; published 20.11.19

Please cite as:

Fridberg DJ, Faria J, Cao D, King AC

Real-Time Mobile Monitoring of Drinking Episodesin Young Adult Heavy Drinkers: Development and Comparative Survey Sudy
JMIR Mhealth Uhealth 2019;7(11):e13765

URL: https://mhealth.jmir.org/2019/11/e13765

doi: 10.2196/13765

PMID: 31746774

©Danid J Fridberg, James Faria, Dingcai Cao, Andrea C King. Originaly published in JMIR mHeath and uHealth
(http://mhealth.jmir.org), 20.11.2019. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mHealth and uHealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

https://mhealth.jmir.org/2019/11/€13765 JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 | €13765 | p. 12

RenderX

(page number not for citation purposes)


https://www.jmir.org/2014/1/e5/
http://dx.doi.org/10.2196/jmir.2817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24401555&dopt=Abstract
http://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://mhealth.jmir.org/2019/11/e13765
http://dx.doi.org/10.2196/13765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31746774&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

