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Abstract

Background: There is significant conflicting evidence as to how using cannabis while drinking alcohol (ie, simultaneous alcohol
and cannabis use) impacts alcohol volume consumed, patterns of drinking, and alcohol-related consequences. The impact of
simultaneous use on drinking outcomes may be influenced by several within-person (eg, contextual) and between-person (individual)
factors.

Objective: This study was designed to examine naturalistic patterns of alcohol and cannabis use to understand how simultaneous
use may impact drinking outcomes. The primary aims were to understand the following: (1) if simultaneous use is associated
with increased alcohol consumption and riskier patterns of drinking, (2) if simultaneous use leads to increased alcohol consequences,
and (3) how contextual circumstances moderate the impact of simultaneous use on consumption and consequences.

Methods: Data collection involves a 28-day ambulatory assessment protocol in which a sample of non–treatment-seeking young
adults who report simultaneous use of alcohol and cannabis complete ecological momentary assessments (random, event-contingent,
and time-contingent surveys) of alcohol and cannabis use, contexts, motives, and consequences on their personal smartphones
while continuously wearing an alcohol biosensor bracelet. Participants also complete a baseline assessment, brief internet-based
check-in on day 14, and a final session on day 28. Community-based recruitment strategies (eg, social media and flyers) were
used to enroll 95 participants to obtain a target sample of 80, accounting for attrition.

Results: Recruitment and data collection began in May 2021 and continued through June 2024. Initial results for primary aims
are expected in October 2024. As of March 2024, the project had recruited 118 eligible participants, of whom 94 (79.7%) completed
the study, exceeding initial projections for the study time frame. Remaining recruitment will provide the capacity to probe
cross-level interactions that were not initially statistically powered. Strengths of the project include rigorous data collection, good
retention and compliance rates, faster-than-expected enrollment procedures, use of a novel alcohol biosensor, and successful
adaptation of recruitment and data collection procedures during the COVID-19 pandemic.

Conclusions: This is the first investigation to assess the key momentary predictors and outcomes of simultaneous use as well
as self-reported and objective (via alcohol biosensor) measures of alcohol consumption and patterns. The results of this study
will inform prevention efforts and studies of individuals who use cannabis who are engaged in alcohol treatment.
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Introduction

Overview
Alcohol and cannabis use are among the most commonly used
substances in the United States. Rates of using both substances
are particularly high among young adults [1], who also report
the highest rates of simultaneous alcohol and cannabis use (ie,
using alcohol and cannabis at the same time so that the effects
overlap) [2]. Young adults (ie, aged 18-26 years) are the only
age group for whom rates of cannabis use increased following
the legalization of cannabis [3]. Co-use of alcohol and cannabis
(ie, use of both substances but not necessarily so that the effects
overlap), and particularly simultaneous use (ie, use of both
alcohol and cannabis so that the effects overlap [4]), are
associated with increased risky behaviors and negative
consequences, including driving under the influence,
alcohol-related injuries, and other legal, academic, interpersonal,
physical, and mental health problems relative to alcohol or
cannabis use only [1,5-9]. Despite the increased risks associated
with co-use, findings as to whether or not cannabis use leads to
momentary increases in alcohol consumption or consequences
remain mixed [10], and our understanding of how co-use confers
susceptibility to alcohol problems remains poorly understood.
It is critical to understand the impact of cannabis use on alcohol
use and its consequences, as alcohol use is the third-leading
cause of preventable death in the United States [11,12], and
alcohol misuse cost US $249 billion in 2010 [13] and
contributed to 5.1% of the global burden of disease and
injury [14]. Globally, alcohol misuse was the leading risk factor
for death and disability among those aged between 15 and 49
years in 2016 [15]. The present work was designed to use
ambulatory assessment (AA) methods to closely examine the
momentary impact of simultaneous use on alcohol consumption,
patterns, and consequences, as well as the social and contextual
factors that may moderate those effects.

Simultaneous Alcohol and Cannabis Use
Laboratory work examining the acute effects of simultaneous
use suggests that cannabis enhances the subjective effects of
alcohol [16-18], increases motivation to drink alcohol [19,20],
and leads to synergistic cognitive impairment [21-23] relative
to when alcohol is used alone. Although these studies provide
ideally controlled conditions for examining the acute effects of
combined cannabis and alcohol, they are less ideally suited to
examine complex contextual factors (eg, location, activity, and
social context) and naturalistic patterns of consumption.
Observational studies of simultaneous use in which participants
self-report their patterns of alcohol and cannabis use yield a
naturalistic observation of cannabis’ impact on alcohol
outcomes. In particular, the use of repeated measurement,
including the Timeline Followback (TLFB; calendar-assisted
method using anchoring dates to gather substance use estimates
at the day level) [24], and AA methods, including ecological

momentary assessment (EMA), are increasingly used to measure
fine-grained patterns and correlates of co-use at the event
level [25]. Initial research suggests simultaneous use is
associated with higher levels of alcohol and cannabis
consumption relative to when either substance is used
alone [26-29]. However, competing findings exist in an
observational study of primarily college students who provided
14 days of daily diary entries suggesting no increased risk of
consumption [30]. With regards to alcohol-related consequences,
there is a body of literature suggesting a higher risk of
consequences on simultaneous or co-use days relative to
alcohol-only days (refer to the review by Lee et al [31]). Despite
these significant findings, several studies found no significant
association between simultaneous use and consequences,
especially when alcohol or cannabis quantity is
controlled [27,32-34].

These conflicting results about the effects of simultaneous use
have given way to 2 competing theories, namely whether
cannabis acts as a substitute (ie, replacing the effects of alcohol,
resulting in decreased use) or a complement (ie, used to enhance
the effects of alcohol, resulting in increased use) [10,35,36].
The extant empirical literature provides compelling evidence
for both substitution and complementary effects, in addition to
nuanced findings based on population and mechanisms,
including patterns (eg, order of use in a day) and contexts (eg,
social settings) of use. These seemingly conflicting findings
highlight that simultaneous use is at times complementary and
at other times reflects substitution patterns (ie, within-person
effects). There is a need for additional research examining
fine-grained details of simultaneous use events, including
mechanisms and contexts of simultaneous use, to isolate the
conditions in which simultaneous use may lead to increased
consumption and consequences.

Proposed Mechanisms of the Impact of Simultaneous
Use on Alcohol Outcomes

Overview
Incentive-sensitization theory posits that addiction results from
the foundational characteristics of drug liking and drug
wanting [37]. Expansion of this theory suggests that incentive
sensitization, paired with loss of inhibitory control, (ie,
disinhibition) leads to increased motivation to use
substances [38,39]. We can test whether this theory applies to
how simultaneous use events confer risk for increased alcohol
consumption by examining whether simultaneous use indeed
leads to increased motivation or craving, subjective effects, and
reduced disinhibition, and, in turn, increased alcohol
consumption and consequences. Each of these proposed
mechanisms can be assessed with AA methods and are discussed
in more detail subsequently (refer to Figures 1 and 2 and the
Aim 1 section).
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Figure 1. Aim 1: proposed mechanisms of the association between simultaneous use and alcohol consumption. TAC: transdermal alcohol concentration.

Intoxication
There is mixed evidence regarding the impact of simultaneous
use on subjective intoxication in naturalistic settings, with some
studies suggesting increased subjective intoxication during
co-use occasions relative to alcohol-only occasions [4] and other
studies failing to find these effects [30]. While conflicting
findings exist among the limited AA studies, participants
consistently report increased intoxication during simultaneous
use occasions, often referred to as “cross-fading” [40,41], and
laboratory work under controlled conditions suggests synergistic
effects of a single low dose of alcohol with a low dose of
cannabis compared to an alcohol-only dose [16,42-44].
Individuals may engage in simultaneous use to enhance these

experiences of positive subjective intoxication through increased
alcohol consumption. Alternately, alcohol may alleviate negative
affect states or reduce feelings of anxiety or physiological
arousal experienced at higher levels of intoxication from delta-9
tetrahydrocannabinol (THC; the primary psychoactive
cannabinoid in cannabis) [45]. Importantly, increased
intoxication associated with higher rates of alcohol consumption
is a robust predictor of risk for experiencing alcohol
consequences [4,46-49], and may explain the link between
simultaneous use and alcohol consequences, such as drinking
more than intended, experiencing nausea or vomiting, or
neglecting responsibilities (refer to Figure 2 and the Aim 2
section).

Figure 2. Aim 2: proposed mechanisms of the association between simultaneous use and alcohol consequences.

Disinhibition
There is evidence that simultaneous use, compared to either
substance alone, increases disinhibition (the ability to suppress
an automatic behavioral or cognitive response), a core
component of executive functioning [50]. Laboratory studies
suggest that both cannabis [51-53] and alcohol [54-57] acutely
impair inhibitory control (one indicator of disinhibition). In line
with this, research and theory suggest that one’s ability to
moderate alcohol consumption is lower when inhibitory control
is impaired [58,59]; this alcohol-induced impairment in
inhibitory control increases ad libitum alcohol consumption [60].
Thus, simultaneous use could increase disinhibition, resulting
in increases in alcohol use compared to nonsimultaneous use

situations. This possibility has not been well studied in real
time.

Craving
Cannabis and alcohol use both activate the endocannabinoid
system [61] and, in turn, the approach motivation system [62],
thereby increasing the tendency to approach rewarding stimuli
(eg, alcohol) [63]. As alcohol and cannabis are commonly paired
and known to increase the pleasurable effects of both
drugs [16,64], simultaneous use may trigger an alcohol craving.
Craving increases after exposure to alcohol cues and
initiation [65-67], but only 1 laboratory study examined the
effects of simultaneous use, finding an increase in “drug
wanting” [67]. Active THC (vs placebo) alone has been shown
to lower alcohol craving in a laboratory study [68], but no
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studies have examined the effect of simultaneous use on alcohol
craving in the natural environment. AA methods are ideal for
examining the direct effects of simultaneous use on the proposed
mechanisms, as they can be assessed during the simultaneous
use events.

Social Context in Simultaneous Use
Another critical consideration for understanding how
simultaneous use affects alcohol outcomes is social contexts
(eg, the number of people present and the percent of people who
are drinking), which are consistent predictors of a higher level
of alcohol consumption [69-71]. Research on the context of
alcohol consumption suggests that individual differences in
motivation to drink predict drinking in certain contexts, but that
social context is a consistent motivator for heavy
drinking [72,73]. A recent EMA study of college students
revealed that a majority of cannabis use episodes involved being
with others and found a positive association between using
cannabis with others and the amount of time spent using it [74],
suggesting using in social contexts may lead to higher levels of
cannabis consumption as well. Recent work has also examined
social contexts of simultaneous use episodes, revealing that
among young adults, social events in private settings with a
high percentage of people who are intoxicated resulted in an
increased likelihood of simultaneous use [75], and among
adolescents in social contexts with a greater number of underage
individuals drinking was associated with an increased likelihood
of simultaneous use [46]. In daily or EMA data, social contexts
were significantly associated with simultaneous use occasions
(relative to alcohol or cannabis only) among college
students [76] and young adult populations [77]. In qualitative
work, young adults and adolescents suggest that they consider
physical, social, and situational contextual factors when
engaging in simultaneous use and that social characteristics are
associated with simultaneous use [78,79]. Despite the
converging evidence of the importance of social contexts for
simultaneous use, no studies to date have examined whether
context moderates the association between simultaneous use
and alcohol consumption or consequences (refer to Figures 1
and 2 and the Aim 3 section).

AA of Simultaneous Use
AA methods include passive data collection (eg, wearable
biosensors) and EMAs; they are ideal for studying substance
use behavior and consequences as they allow for the assessment
and control of contextual and social factors integral to substance
use behaviors [25], as well as timing and direct effects as they
naturally occur [80,81]. AA also allows for the assessment of
intoxication and impairment from self-administered doses of
alcohol and cannabis and with higher concentrations of THC
than cannabis available for laboratory research. Recent

advancements in AA also afford the opportunity to objectively
assess substance use impairment via behavioral and cognitive
tasks in the natural environment [82], expanding our ability to
test these mechanisms in real time as they occur.

Transdermal alcohol biosensors provide a minimally invasive,
objective, and passive method for continuously assessing alcohol
consumption in the natural environment via transdermal alcohol
concentration (TAC), a measurement derived from the small
fraction (approximately 1%) of consumed alcohol excreted
through the skin [83]. TAC sensors show robust correlations
with breath alcohol sensors in the laboratory [84-86] and provide
an objective, fine-grained indicator of alcohol use and specific
high-risk patterns (eg, rate of consumption) and are stable
indicators of within-person variability [87,88], allowing for the
examination of time-varying factors (eg, cannabis use or context)
on patterns of consumption. The 3 characteristics of drinking
events that can be derived from TAC data and are of particular
interest to our study aims are absorption rate (a function of
physiological absorption rate and behavioral factors, such as
drinking pace and stomach contents), peak TAC (a proxy for
maximum blood alcohol concentration or a marker of peak
intoxication), and area under the curve (including time and TAC
values as an approximation of volume of alcohol
consumed) [84,88]. TAC data mitigates the sole reliance on
subjective self-report while reducing participant burden and
circumventing issues with lower compliance with AA at higher
drinking rates [89]. Taken together, pairing EMA with alcohol
biosensors minimizes recall bias, maximizes external validity,
and enhances the ability to more precisely model the influence
of proximal factors linked with alcohol outcomes in the natural
environment [90].

Study Aims and Hypotheses
This protocol aims to examine mechanisms by which
simultaneous use leads to alcohol consumption and
consequences using naturalistic data collection. In addition to
traditional self-report EMA methods (eg, assessing self-report
craving and subjective impairment), the study will leverage
technological advances in AA to assess motor impairment (gait
and balance) and disinhibition (inhibitory control) with
app-based behavioral tasks in a participant’s natural
environment, as well as alcohol biosensors to passively and
objectively measure patterns of alcohol consumption. This is
the first study to directly examine the mechanisms by which
simultaneous use leads to increased alcohol consumption and
its consequences in the natural environment. Further, it is the
first study to use transdermal alcohol biosensors and behavioral
measures to assess objective impairment during simultaneous
use events in the natural environment. The specific aims and
hypotheses presented in Textbox 1 will be examined.
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Textbox 1. Study aims.

Aim 1

Prospectively examine whether simultaneous use (vs alcohol only) is associated with increased alcohol consumption at the event level, as measured
objectively and via self-report.

Aim 1a

Evaluate mechanisms by which simultaneous use may be associated with increased alcohol consumption. We hypothesize that simultaneous use will
be associated with (1) increased disinhibition, (2) increased subjective intoxication, and (3) increased alcohol craving, and in turn increased alcohol
consumption (self-report).

Aim 1b

Examine whether simultaneous use is associated with high-risk patterns of alcohol use (eg, increased rate of consumption), as measured objectively
(transdermal alcohol concentration [TAC]).

Aim 2

Prospectively examine whether simultaneous use is associated with increased alcohol consequences at the daily level.

Aim 2a

Evaluate mechanisms that may explain the association between simultaneous use and alcohol-related consequences. We hypothesize that simultaneous
use will result in increased alcohol intoxication, as measured by (1) motor impairment (gait and balance) and (2) subjective impairment, leading to a
greater number of alcohol consequences.

Aim 2b

Examine whether simultaneous use leads to increased alcohol consequences via increased alcohol consumption, as measured objectively (TAC).

Aim 3

Examine event-level contextual moderators of the association between simultaneous use and alcohol consumption and consequences. We hypothesize
that simultaneous use in social contexts (eg, locations where there are others drinking) relative to nonsocial contexts will result in (1) increased alcohol
consumption and (2) more alcohol-related consequences.

Methods

Design Overview
Young adult participants (aged 18-30 years) complete a baseline
session, 28 consecutive days of AA, including daily EMA and
continuous wear of the BACTrack Skyn transdermal alcohol
biosensor bracelet, and 2 internet-based videoconference
sessions during the AA period (a midpoint check-in at 14 days
and a final session at 28 days). Data collection assesses the
characteristics of alcohol and cannabis use events, in addition
to hypothesized mechanisms and moderators of the association
between simultaneous use events and alcohol outcomes
(consumption and consequences).

Ethical Considerations
The human participants ethics review was completed and
approved by the university institutional review board
(IRB#1911002571). All participants completed informed
consent, where all aspects of the study protocol were reviewed
by a research assistant and knowledge checks were completed
before a participant consented. All study data are deidentified.
Monetary compensation (described in the Compensation section)
was provided and deemed to be commensurate with time to
complete study procedures.

Participants
Up to 150 young adult participants will be recruited to achieve
a final sample of 115 participants (accounting for up to 20%
attrition) who complete the full study. Eligibility criteria include
the following: (1) aged 18 to 30 years; (2) ability to read and
speak English; (3) drink alcohol on average twice per week (or

16 times) and drink heavily (>5 drinks for men and >4 drinks
for women per occasion) on average once per week (or 8 times)
over the last 60 days; 4) and use cannabis on average of at least
once weekly (or 8 times) for the past 60 days; 5) report recent
(at least once in the past 30 days) simultaneous alcohol and
cannabis use (defined as using both alcohol and cannabis at the
same time so that their effects overlap); 6) no recent use (past
30 days) of substances other than alcohol, cannabis, or
tobacco; 7) not currently in or seeking treatment for cannabis
or alcohol use; 8) not experiencing suicidal ideation (ie, current
intent) or symptoms of psychosis or mania in the past 30 days; 9)
own a smartphone; 10) live within a 10-mile radius of study
location site or willing to drive within this radius to pick up
study materials; 11) not color-blind; and 12) not currently
working overnight (ie, third shift).

Procedures

Recruitment and Screening
Advertisements targeting individuals who use alcohol and
cannabis include print and web-based media, social media,
flyers, and handouts posted in the local community, as well as
“snowball” recruitment [91] (ie, participant referrals).
Participants who respond to advertisements complete a
web-based screener, followed by a telephone screener to assess
initial eligibility. Following initial remote screening, participants
are scheduled for an internet-based videoconference session in
which they complete informed consent, followed by the
Structured Clinical Interview for DSM-5 Research Version
(SCID 5-RV) [92] interview to rule out those with current
psychosis, mania, or suicidal intent and a TLFB [24] interview
to confirm eligibility on past 60-day alcohol, cannabis, and other
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substance use. Eligible participants complete a demographic
and substance use history questionnaire and are scheduled for

the baseline orientation session. Figure 3 depicts the study flow.

Figure 3. Study flow. EMA: ecological momentary assessment; RA: research assistant.

Baseline Orientation Session
The baseline orientation occurs in person or via videoconference.
The decision to conduct the session in person or via Zoom
videoconference (Zoom Video Communications, Inc) depends
on participant preference and the status of university policies
around the COVID-19 pandemic. If via Zoom, research staff
deliver the Skyn biosensor to the participant in advance of the
orientation session. Before the session (regardless of whether
it occurs in person or virtually), participants complete a
web-based assessment consisting of questionnaires to assess
various mental health, personality, and substance use constructs
(Multimedia Appendix 1 [93-109] shows a full list of non-EMA
self-report measures). During the orientation session,
participants train in the use of the survey app (TigerAware;
TigerAware LLC [110]), including how and when to initiate
surveys, answer different survey types, estimate standard drink
and cannabis quantity reporting, and when to reach out to staff
during data collection. They are trained on the use of the Skyn
biosensor for AA data collection, including when and how to
sync and charge the bracelet and when to remove it (eg, to avoid
water damage). They also receive study-related handouts
detailing reminders of the study protocol, Skyn biosensor
operating procedures, and personalized standard alcohol and
cannabis quantity estimates.

The AA

The EMAs

Immediately following the baseline orientation session,
participants begin the AA data collection phase, which consists
of using their personal smartphones to answer daily surveys
(EMA) and wearing the Skyn biosensor in daily life. The EMA
protocol (Multimedia Appendix 1 for full EMA survey details)
will instruct participants to self-initiate event-contingent surveys
when they begin drinking alcohol or using cannabis (this is
termed a start survey) and when they finish drinking or using
cannabis (a finish survey) during each day of the AA data
collection period. Participants are instructed to complete a finish
survey if they are done using cannabis or drinking but forgot
to initiate the start survey. Follow-up surveys at 30, 60, 90, and
120 minutes are pushed after the initiation of a start survey to
capture additional use, intoxication, affect, craving, and
contextual changes. Follow-up surveys assess hypothesized
mechanisms (disinhibition, subjective intoxication, and craving)
and social context moderators (refer to the Data Analysis section
for more details).

In addition to event-contingent surveys, participants receive
signal-contingent surveys (ie, random prompts) to capture
substance use periods that were not self-initiated and social
contexts during nonuse moments. Random prompts occur once
within each 3-hour block during the afternoon, evening, and
night (block 1: 3 PM-6 PM, block 2: 6 PM-9 PM, and block 3:
9 PM-12 AM). Prompts for these random surveys are not sent
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if they would occur during the follow-up period of a start survey.
When substance use is reported on a random survey, follow-up
surveys identical to those following the start surveys are
prompted.

Finally, a time-contingent morning survey is available to be
self-initiated every morning and prompted by 2 reminders (9
AM and 11 AM). Morning surveys assess the prior days’alcohol
and cannabis use, alcohol and cannabis-related consequences,
other substance use, reasons for nonuse, and intentions for use
in the present day. All surveys are designed to be short (<3
minutes), and participants may suspend prompts at any time to
avoid interrupting their sleep or tasks (eg, employment or
education activities).

Passive Alcohol Consumption Assessment

The Skyn biosensor is worn continuously on the nondominant
wrist of each participant to passively collect TAC during the
AA data collection period (Figure 4). The app used to transmit
data collected via Bluetooth from the Skyn biosensor is not
supported on Android (Google LLC) devices; therefore, study
iPhones (Apple Inc) are provided for syncing the Skyn biosensor
only (no data or cell service required) for participants who own

Android phones; study-provided phones are not used for EMA
data collection. Participants are instructed to open the Skyn app
and sync the app once a day, which they are compensated to
complete (Tables 1 and 2). Participants are also instructed to
wear the bracelet at all times but are told that it is not
waterproof, so to only remove it when charging, swimming,
showering, or doing any other activities where the bracelet may
be submerged in water. The charging protocol varies based on
the bracelet version. In September 2021, BACTrack Skyn
released a new bracelet, which has a prolonged battery life
(average of 13 days), relative to the previous version (48-72
hours). The protocol for charging instructions is adapted to these
versions. It is emphasized during orientation to wear the bracelet
while drinking and overnight, as drinking often occurs in the
evening hours, and removing the bracelet before full
metabolization of alcohol consumption would result in missing
data. Therefore, we suggest participants that they charge the
bracelet while bathing to reduce the number of removals.
Participants are instructed to avoid exposure to alcohol-based
products (eg, using hand sanitizer) when possible, as this can
cause a temporary elevation in TAC (this does not resemble a
consumed alcohol episode but is troublesome during data
cleaning and should be minimized).

Figure 4. BACTrack Skyn bracelet.

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 7https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Compliance schedule.

Compensation (US $)Reimbursement for sessions

30Orientation session

25Remote baseline assessment

15Check-in session

15Final session

50Completion bonus

Table 2. Weekly reimbursement for daily surveysa.

Week 4 compensation (US
$)

Week 3 compensation (US
$)

Week 2 compensation (US
$)

Week 1 compensation (US
$)

Reimbursement for daily surveys

5555<25% completion

1515101025%-49% completion

3030252550%-74% completion

4545353575%-89% completion

50504040>90% completion

Reimbursement for biosensor bracelet wearing

0-350-350-350-35Full compliance (US $5 per
day)

aTotal possible compliance is US $450.

Check-in and Final Sessions

Participants complete an internet-based check-in session via
Zoom videoconference after 2 weeks of AA data collection to
review compliance and allow for troubleshooting of any
technical aspects of the study. Finally, participants complete a
final session via Zoom after coordinating the bracelet return
with research staff. In the final session, research staff review
the final compensation earned and administer a brief interview
to receive feedback on the protocol. The interview requests
general feedback on the study protocol, comfort of wearing the
bracelet, the usability of the TigerAware app, and study
compensation.

Compensation
Participant compensation is outlined in Table 2. Compliance
will be maximized in the AA study phase by compensating
participants by increasing dollar amounts based on compliance
rates each week. Compliance is also incentivized for wearing
the Skyn biosensor bracelet with a maximum of US $35 per
week (US $5 per day for keeping the bracelet charged and
synced). Payments are made on reloadable debit cards. Payments
for orientation completion are given directly after those sessions,
while total payments are given at study completion or at the
time of withdrawal (prorated).

Measures

Remote Baseline Assessments
Before the orientation session, participants complete a battery
of self-report measures assessing various mental health,
personality, and substance use constructs using a web-based

Qualtrics survey (version May 2021; Qualtrics) at home
(Multimedia Appendix 1 for the full list of self-report measures).
This battery is expected to take approximately 1 hour to
complete.

Baseline Demographics and Substance Use History
This survey assesses demographic information (eg, sex at birth,
gender, race, and ethnicity) and substance use history
information (eg, age at first alcohol and cannabis use and history
of use of substances other than alcohol and cannabis). In
addition, a subset of items from the Daily Sessions, Frequency,
Age of Onset, and Quantity of Cannabis Use Inventory [111]
are included. The survey takes approximately 15 minutes to
complete during the recruitment and screening session and was
completed using a web-based Qualtrics survey by the participant.
Full scoring information is not described here, as a subset of
items were included in this study; however, this information is
provided in the original citation for the Daily Sessions,
Frequency, Age of Onset, and Quantity of Cannabis Use
Inventory [111].

The TLFB
The TLFB [24] is a calendar-assisted interview administered
by a research assistant to assess recent daily substance use. It
uses a calendar to assist participants in remembering substance
use, with cues for personal events and dates to enhance accurate
recall. The TLFB will be used to assess past 60-day alcohol
(number of drinks), cannabis, tobacco, and other substance use
to confirm eligibility and characterize substance use patterns.
It has been found to be reliable and valid in a variety of prior
studies with various substances and populations [112-115] and
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takes approximately 10 to 30 minutes to complete, depending
on the substance use patterns of the participant who is being
interviewed.

The SCID 5-RV
The SCID 5-RV [92] semistructured interview administered by
research staff includes a screening tool that is used to assess
current symptoms of psychosis and mania. The SCID 5-RV
screening tool for mania and psychosis takes approximately 10
minutes to complete and is scored based on Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition criteria
for each diagnosis. It has shown strong clinical validity and
intrarater and test-retest reliability [116].

Patient Health Questionnaire-9
The Patient Health Questionnaire-9 [117] is a self-report
measure administered by the participant of current depressive
symptoms, including suicidal ideation, and is used to screen for
current suicidal intent. The Patient Health Questionnaire-9 is
administered using a web-based Qualtrics survey and takes
approximately 5 minutes to complete. It has shown strong
reliability and validity as a self-report screening tool for major
depressive disorder [118].

EMA Survey Items
Key constructs are assessed in EMA through event-contingent
(begin- and end-use alcohol and cannabis surveys [ie, start and

finish], follow-ups, morning) and signal-contingent (random)
surveys using TigerAware [110] software. Each construct
assessed is included in Table 3, and exact items are included in
Multimedia Appendix 1. Measures were selected based on
hypothesized associations with the primary dependent variables
of alcohol consumption and consequences. Start and finish
surveys are always available and begin with an assessment of
whether the participant is reporting alcohol or cannabis use (or
both) and continue to additional constructs as relevant
(Multimedia Appendix 1). In addition, participants are instructed
to complete a “hand sanitizer/alcohol-based product” survey
anytime they encounter these products, which will simply ask
them to enter the time they come in contact with the product.
A modified version of the Stroop [119] task and a Gait and
Balance task developed by Apple ResearchKit (Apple, Inc)
[120] are included in the 30- and 60-minute Follow-up surveys
to assess disinhibition and motor impairment, respectively. The
Stroop task asks participants to select the first letter of the name
of the color that is presented (eg, b for blue), where the color
of the text is displayed in the opposing color for a proportion
of the trials. The Gait and Balance task instructs participants to
place their phones in their pockets and walk in a straight line
for 20 steps.
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Table 3. Ecological momentary assessment constructs assessed.

Example itemDeliveryConstruct

Have you had any alcohol since your last
report?

STa, EDb, FUc, RMd, and MReAlcohol use

What type of alcoholic drinks did you have?ED and MRAlcohol type

Confirm the time you started drinking.ST, RM, and MRAlcohol start time

What time did you finish drinking?ED and MRAlcohol end time

How many total standard drinks did you
have?

ST, ED, FU, RM, and MRAlcohol quantity

Rate how drunk/high you feel.ST, FU, ED, and RMSubjective intoxication

Are you using flower (i.e., plant, bud)?ST, FU, ED, and MRCannabis type

How much flower (i.e., plant, bud) are you
using?

ST, FU, ED, and MRCannabis quantity

Confirm the time you started using flower.ST, RM, and MRCannabis start time

What time did you finish using flower yes-
terday?

ED and MRCannabis end time

Please select the reason(s) you are using
cannabis.

ST and RMCannabis reasons

Which of the following modes did you use
with flower?

ED and MRCannabis mode

Where are you?ST, RM, and FUContext: location

What are you doing?ST, RM, and FUContext: activity

Are you by yourself or with others?ST, RM, and FUContext: social

Who are you with?ST, RM, and FUContext: social relationship

Are the people (person) you are with
drinking alcohol?

ST, RM, and FUContext: social use

Are you using any of the following nicotine
products?

ST and MRNicotine use

How strong is your urge to drink alcohol
right now?

ST, FU, RM, ED, and MRCraving

How much have you felt upset in the past
15 minutes?

ST and EDAffect

I did something without really thinking it
through.

STImpulsivity

Multimedia Appendix 1FUfDisinhibition (Stroop task)

Multimedia Appendix 1FUgMotor intoxication (gait task)

Did you experience any of the following
yesterday as a result of your alcohol use?

MRAlcohol or cannabis consequences

Do you plan to drink alcohol today?MRAlcohol or cannabis intentions

How high do you plan to get today?MRIntoxication intentions

Please select the reasons you did not use
cannabis yesterday.

MRNonuse reasons

Did you use substances other than alcohol
or cannabis yesterday?

MROther substance use

aST: event-contingent begin alcohol or cannabis use or start survey.
bED: event-contingent end alcohol or cannabis use or finish survey.
cFU: event-contingent follow-up survey.
dRM: signal-contingent random survey.
eMR: event-contingent morning report.
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fAdministered in the first follow-up only.
gAdministerd in the second follow-up only.

BACTrack Skyn Alcohol Biosensor
The Skyn biosensor uses fuel cell–based sensors to continuously
measure TAC, body temperature, and movement in 20-second
intervals. TAC data will be used to assess the daily peak TAC
and rate of consumption as reflected in the rate of absorption
(refer to the Analytic Plan section). Data are synced via
Bluetooth on the Skyn iOS–based app by the participant, and
a single CSV file is downloaded at the completion of
participation. Research staff also perform daily data tracking
on the BACTrack web-based portal to check for participant
compliance with the syncing and charging protocol and reach
out to participants if any missing data are observed.

Data Analysis Plan

Data Cleaning and Aggregation
An event-level data set will be created to examine aims 1 and
2, and a day-level data set will be created to test aim 3
hypotheses. Event rows will be derived from (1) initiation of
start surveys paired with corresponding Follow-up and finish
surveys, (2) random surveys and corresponding follow-up
surveys (when substance use is reported), and (3) “orphan”
finish surveys where participants complete a finish survey but
there is no corresponding start or random survey where
substance use is reported or there is another preceding finish
survey. Finish surveys will be paired with start or random
surveys with substance use if they are submitted 6 hours apart.
A social day (6 AM-6 AM) will be used to aggregate event-level
data and morning surveys for a day-level data set. Each row in
the day-level data set will encompass data from the morning
survey and an aggregate of relevant event-level variables.

Simultaneous use events will be defined by a self-report of
alcohol and cannabis use at any point in the initial survey (start
or random surveys) and associated follow-up or finish surveys.
Drinking events from the Skyn biosensor will be identified and
processed using the TASMAC 2.0 survey software [121].
Timestamps will be used to associate and merge TAC data with
drinking events. Events with no self-reported drinking or
cannabis-only use with unreported (ie, missing) drinking that
are indicted from TAC data will be flagged and removed from
analyses when self-reported data are necessary for analyses.
Social context will be defined as events where others are around
or being around others who are drinking alcohol (“Are the
people (person) you are with drinking alcohol?”).

All variables will be examined descriptively and checked for
assumptions of normality [122]; significantly skewed variables
will be transformed or modeled appropriately. Analyses will be
conducted to examine whether missing data, specifically on
dependent variables, are associated with baseline characteristics
(eg, demographics and alcohol use disorder). Sensitivity analyses
will determine if findings are consistent in cases with significant
missingness [123]. Full information maximum likelihood
(FIML) estimation [124] will be used for data missing at
random. FIML allows for the handling of missing data without
compromising the power of large, intensive longitudinal data.

After checking for missing data assumptions, FIML [125] or
sequential modeling will be used in multilevel models to impute
missing data using packages such as mdmb [126].

Aim 1: Examine the Impact of Simultaneous Use on
Alcohol Consumption
To determine if simultaneous use leads to increased alcohol
consumption, data from alcohol-only and simultaneous use
events (from both event- and signal-contingent surveys) will
be analyzed. In addition, 2-level linear mixed effects
(LMEs) [127] will be used and will include aggregated measures
of level 1 (L1) predictors (random intercepts for individuals) at
level 2 to control for the effect of individual-level predictors
(eg, simultaneous use), allowing for the interpretation of other
L1 predictors on outcomes as purely within-person associations
(eg, impact of simultaneous use on total alcohol consumption).
Aim 1 models will control for subject-level covariates at level
2 (sex, age, race, and ethnicity) and time-varying covariates at
L1 (time lag of cannabis use for simultaneous events, tobacco,
day of the week, and other substance use). Aim 1a will use
mediation to examine the effects of hypothesized mechanisms
(increased disinhibition, subjective intoxication, and craving
measured in follow-up surveys) between simultaneous use (vs
alcohol-only use) and alcohol consumption, measured via
self-report (total number of drinks consumed). Aim 1b will use
LME to test the association between simultaneous (vs
alcohol-only) events and drinking rate (measured via TAC
absorption rate). Peak TAC will be calculated as the highest
TAC recorded within an episode, area under the curve will be
calculated as the sum of the area of trapezoids under the TAC
curve, and absorption rate is calculated as peak TAC divided
by time from the last 0 reading to peak TAC [84,87,88].

Aim 2: Examine the Impact of Simultaneous Use on
Alcohol Consequences
To examine whether simultaneous use is associated with
increased alcohol consequences, LMEs will again be used with
day-level aggregate data where consequences are assessed in
the morning survey and simultaneous use is defined as the
incidence of simultaneous use in any event data from the prior
day. The same subject- and time-varying covariates will be
included as in aim 1 models. Mediation in LME will again be
used to test the effects of hypothesized mechanisms: motor
impairment (ie, gait or balance data) and subjective impairment
(self-report) measured from follow-up surveys (2a) and total
alcohol consumption measured via TAC (2b) between
simultaneous use and alcohol consequences.

Aim 3: Examine Contextual Moderators of the
Association Between Simultaneous Use and Alcohol
Consumption and Consequences
To test whether social context moderates the impact of
simultaneous use on increased consumption and consequences,
an interaction of social context (from self-report event and
signal-contingent surveys) and type of substance use episode
(simultaneous vs alcohol only) will be included as predictors
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on total alcohol consumption and consequence models, as
defined earlier.

Results

This protocol was funded in September 2019 and received
institutional review board approval in January 2020. A modified
protocol to accommodate COVID-19–related disruptions in
research, including a fully remote protocol, was approved in
April 2021, and the first participant was enrolled in May 2021.
Initial recruitment goals for the project [128] aimed to enroll
95 participants to obtain a target sample of 80, accounting for
attrition. However, at the time of this submission, 118 eligible
participants have been enrolled, of whom 94 (79.7%) have
completed the full protocol. Of the 20 who did not complete
the protocol, 12 (60%) withdrew before participating in the AA,
and 8 (40%) withdrew during participation. Given the successful
recruitment rate and remaining funding timeline, recruitment
is ongoing at the time of this submission and is intended to
continue until up to 115 total participants complete the protocol.
These additional participants will allow for the probing of
cross-level interactions that were underpowered based on the
initial budget and recruitment projections in the funding proposal
(eg, moderation of simultaneous use effects by frequency of
cannabis use [129]). Data collection is expected to end by June
2024, and initial results for primary aims are expected in October
2024.

Discussion

Overview
This paper describes a protocol aimed at understanding the
impact of simultaneous alcohol and cannabis use on alcohol
consumption and consequences among nontreatment-seeking
young adults in the natural environment. Given the high
prevalence of simultaneous use among young adults [1-3] and
its association with high-risk behaviors and alcohol-related
consequences among those who use both substances [5-9], this
investigation has a critical public health impact on young adults.
Furthermore, although simultaneous use has been linked to
alcohol-related risks, there is conflicting evidence as to the
momentary impact of cannabis use on drinking [10,35]. This
study is the first naturalistic observational study that will
comprehensively examine the mechanisms whereby
simultaneous alcohol and cannabis use may confer
alcohol-related risks in the moment and across contexts. With
the use of EMA and alcohol biosensors, this protocol will
objectively identify how self-reported cannabis impacts patterns
of drinking (eg, rate of consumption). Furthermore, the
assessment of alcohol and cannabis use behaviors in the
moment, while young adults are in their natural drinking
environment, will allow for the direct measurement of the
critical risk mechanisms under study, specifically craving,
subjective intoxication, motor impairment, disinhibition, and
contextual influence.

Study Implications
The comprehensive study of these substance use patterns, and
the identification of key hypothesized mechanisms are critical

to informing prevention and intervention efforts. In particular,
this work will inform the next wave of technology-assisted
treatment and intervention research, such as just-in-time adaptive
interventions [130-133] and digital interventions [134]. There
has been significant interest in this approach, specifically in the
use of mobile apps to reduce alcohol use [135] and several
effective trials; however, no work yet has tested interventions
for simultaneous use behaviors in young adults. To do this
important prevention and intervention work, it is critical to
understand the specific risk mechanisms of simultaneous use
on alcohol outcomes. This study will elucidate these mechanisms
and clarify the competing literature (ie, substitution vs
complementary theories) on the momentary impact of
simultaneous use on alcohol outcomes to inform these
intervention approaches.

This study will also pave the way for additional work aimed at
integrating alcohol biosensor assessment within intensive
longitudinal research protocols using EMA as well as for
preventive interventions. While this is not the first study to use
wrist-worn biosensors in naturalistic data collection [136,137],
this is the first to align the use of additional substances within
drinking events to understand how co-use may impact drinking
patterns, such as the rate of consumption. This work will not
only elucidate the impact of cannabis use on drinking
topography in naturalistic settings, thereby clarifying the role
of simultaneous use in risky alcohol consumption patterns, but
also establish the feasibility of complex polysubstance use
assessment methods across levels of data analysis. This research
has the potential to lead to important health policy
recommendations, such as regulations on the proximity of retail
cannabis and alcohol placement and the distribution of products
that include both alcohol and cannabis.

Limitations
Several limitations of the present protocol are worth identifying.
First, while it is critical to understand the etiology of
simultaneous use in nontreatment samples to inform prevention
and developmental models of addiction, the implications of this
study are limited to nontreatment-seeking young adults. Given
that treatment status has been identified as a potential critical
between-person moderator in the study of simultaneous use and
the impact on alcohol outcomes [10], future work will be
necessary to extend these findings to those with severe alcohol
use disorder or who are seeking treatment for alcohol use.
Second, recent use of substances other than nicotine or tobacco
is an exclusion criterion in this protocol. This exclusion criterion
was necessary due to the limited resources of this funding
mechanism that prohibits recruiting a sample large enough to
power for variability from additional substance use that may
greatly impact alcohol consumption patterns. Although it will
be controlled for in the current analyses, future work that
includes individuals who use a variety of additional substances
is needed to understand the full range of polysubstance use and
its impact on alcohol consumption and its consequences. Finally,
given that there is no validated objective method for assessing
cannabis use in naturalistic data collection, this study is limited
to the self-report of cannabis use in the context of an objective
assessment of alcohol consumption. The objective measurement
of both alcohol and cannabis use would further validate a
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rigorous approach to studying patterns of simultaneous use in
the natural environment.

Conclusions
This protocol describes the most comprehensive observational
study to date of the impact of simultaneous alcohol and cannabis
use on alcohol consumption and consequences in the natural
environment among young adults. Data collected at the moment
through self-report and passive alcohol sensing with a
transdermal alcohol biosensor will elucidate competing theories

as to how cannabis use while drinking impacts patterns of
alcohol consumption and associated consequences. The study
will also identify within- and between-person mechanisms and
moderators of these key associations, such as subjective and
objective measures of intoxication, via assessment during
substance use events. Results will inform key prevention and
intervention efforts to reduce the negative impact of
simultaneous use among young adults who use alcohol and
cannabis frequently and set the groundwork for future work
aiming to use these methods in expanded populations.

Acknowledgments
The authors also gratefully acknowledge Hannah Parent for their contribution to the project. Funding for this project was provided
by the National Institutes of Health (K08 AA027551; principal investigator: RLG). The content is solely the responsibility of the
authors and does not necessarily represent the official views or policies of the National Institutes of Health, the Department of
Veterans Affairs, or the US government.

Data Availability
All data, including acknowledgment of missing data, will be made available at study completion at the preregistration site [128].

Authors' Contributions
RLG contributed to conceptualization, data curation, funding acquisition, investigation, methodology, project administration,
and writing the original draft. JM, NPB, KMJ, SL-K, and RM Jr contributed to supervision, conceptualization, writing, reviewing,
and editing the manuscript. TJT contributed to supervision, conceptualization, writing, reviewing, and editing the manuscript,
and software. MEF contributed to data curation, methodology, project administration, writing, reviewing, and editing the manuscript.

Conflicts of Interest
TJT is a co-founder of TigerAware LLC which developed the software described in this study. He receives no compensation or
royalties for the use of the software.

Multimedia Appendix 1
This includes all measures administered at the remote assessment, as well as the full battery of ecological momentary assessment
survey items.
[DOCX File , 143 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Peer-review reports from AA-2 - Epidemiology, Prevention and Behavior Research Review Subcommittee - National Institute
on Alcohol Abuse and Alcoholism Initial Review Group (National Institutes of Health, USA).
[PDF File (Adobe PDF File), 163 KB-Multimedia Appendix 2]

References

1. Subbaraman MS, Kerr WC. Simultaneous versus concurrent use of alcohol and cannabis in the National Alcohol Survey.
Alcohol Clin Exp Res. May 2015;39(5):872-879. [FREE Full text] [doi: 10.1111/acer.12698] [Medline: 25872596]

2. Terry-McElrath YM, Patrick ME. Simultaneous alcohol and marijuana use among young adult drinkers: age-specific
changes in prevalence from 1977 to 2016. Alcohol Clin Exp Res. Nov 2018;42(11):2224-2233. [FREE Full text] [doi:
10.1111/acer.13879] [Medline: 30277588]

3. Key substance use and mental health indicators in the United States: results from the 2015 National Survey on Drug Use
and Health. Substance Abuse and Mental Health Services Administration. Sep 2016. URL: https://www.samhsa.gov/data/
sites/default/files/NSDUH-FFR1-2015/NSDUH-FFR1-2015/NSDUH-FFR1-2015.pdf [accessed 2017-11-02]

4. Sokolovsky AW, Gunn RL, Micalizzi L, White HR, Jackson KM. Alcohol and marijuana co-use: consequences, subjective
intoxication, and the operationalization of simultaneous use. Drug Alcohol Depend. Jul 01, 2020;212:107986. [FREE Full
text] [doi: 10.1016/j.drugalcdep.2020.107986] [Medline: 32417362]

5. Lee CM, Cadigan JM, Patrick ME. Differences in reporting of perceived acute effects of alcohol use, marijuana use, and
simultaneous alcohol and marijuana use. Drug Alcohol Depend. Nov 01, 2017;180:391-394. [FREE Full text] [doi:
10.1016/j.drugalcdep.2017.08.029] [Medline: 28972908]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 13https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v13i1e58685_app1.docx&filename=32813d633308b7d0f89efb946410e80a.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e58685_app1.docx&filename=32813d633308b7d0f89efb946410e80a.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e58685_app2.pdf&filename=69b285505991a4beb637ed8b5474045f.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e58685_app2.pdf&filename=69b285505991a4beb637ed8b5474045f.pdf
https://europepmc.org/abstract/MED/25872596
http://dx.doi.org/10.1111/acer.12698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25872596&dopt=Abstract
http://hdl.handle.net/2027.42/146298
http://dx.doi.org/10.1111/acer.13879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30277588&dopt=Abstract
https://www.samhsa.gov/data/sites/default/files/NSDUH-FFR1-2015/NSDUH-FFR1-2015/NSDUH-FFR1-2015.pdf
https://www.samhsa.gov/data/sites/default/files/NSDUH-FFR1-2015/NSDUH-FFR1-2015/NSDUH-FFR1-2015.pdf
https://europepmc.org/abstract/MED/32417362
https://europepmc.org/abstract/MED/32417362
http://dx.doi.org/10.1016/j.drugalcdep.2020.107986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32417362&dopt=Abstract
https://europepmc.org/abstract/MED/28972908
http://dx.doi.org/10.1016/j.drugalcdep.2017.08.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28972908&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Linden-Carmichael AN, Stamates AL, Lau-Barraco C. Simultaneous use of alcohol and marijuana: patterns and individual
differences. Subst Use Misuse. 2019;54(13):2156-2166. [FREE Full text] [doi: 10.1080/10826084.2019.1638407] [Medline:
31304834]

7. Yurasek AM, Merrill JE, Metrik J, Miller MB, Fernandez AC, Borsari B. Marijuana use in the context of alcohol interventions
for mandated college students. J Subst Abuse Treat. Aug 2017;79:53-60. [FREE Full text] [doi: 10.1016/j.jsat.2017.05.015]
[Medline: 28673527]

8. Brière FN, Fallu JS, Descheneaux A, Janosz M. Predictors and consequences of simultaneous alcohol and cannabis use in
adolescents. Addict Behav. Jul 2011;36(7):785-788. [FREE Full text] [doi: 10.1016/j.addbeh.2011.02.012] [Medline:
21429672]

9. Patrick ME, Veliz PT, Terry-McElrath YM. High-intensity and simultaneous alcohol and marijuana use among high school
seniors in the United States. Subst Abus. 2017;38(4):498-503. [FREE Full text] [doi: 10.1080/08897077.2017.1356421]
[Medline: 28726580]

10. Gunn RL, Aston ER, Metrik J. Patterns of cannabis and alcohol co-use: substitution versus complementary effects. Alcohol
Res. Feb 10, 2022;42(1):04. [FREE Full text] [doi: 10.35946/arcr.v42.1.04] [Medline: 35223338]

11. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the United States, 2000. JAMA. Mar 10,
2004;291(10):1238-1245. [doi: 10.1001/jama.291.10.1238] [Medline: 15010446]

12. Alcohol and public health: alcohol-related disease impact (ARDI). Centers for Disease Control and Prevention. URL: https:/
/nccd.cdc.gov/DPH_ARDI/default/default.aspx [accessed 2024-09-05]

13. Sacks JJ, Gonzales KR, Bouchery EE, Tomedi LE, Brewer RD. 2010 National and state costs of excessive alcohol
consumption. Am J Prev Med. Nov 2015;49(5):e73-e79. [doi: 10.1016/j.amepre.2015.05.031] [Medline: 26477807]

14. Global status report on alcohol and health 2018. World Health Organization. Sep 27, 2018. URL: https://www.who.int/
publications/i/item/9789241565639 [accessed 2024-06-30]

15. GBD 2016 Alcohol Collaborators. Alcohol use and burden for 195 countries and territories, 1990-2016: a systematic analysis
for the Global Burden of Disease Study 2016. Lancet. Sep 22, 2018;392(10152):1015-1035. [FREE Full text] [doi:
10.1016/S0140-6736(18)31310-2] [Medline: 30146330]

16. Lukas SE, Orozco S. Ethanol increases plasma Delta(9)-tetrahydrocannabinol (THC) levels and subjective effects after
marihuana smoking in human volunteers. Drug Alcohol Depend. Oct 01, 2001;64(2):143-149. [doi:
10.1016/s0376-8716(01)00118-1] [Medline: 11543984]

17. Chait LD, Perry JL. Acute and residual effects of alcohol and marijuana, alone and in combination, on mood and performance.
Psychopharmacology (Berl). Jul 1994;115(3):340-349. [doi: 10.1007/BF02245075] [Medline: 7871074]

18. Ronen A, Chassidim HS, Gershon P, Parmet Y, Rabinovich A, Bar-Hamburger R, et al. The effect of alcohol, THC and
their combination on perceived effects, willingness to drive and performance of driving and non-driving tasks. Accid Anal
Prev. Nov 2010;42(6):1855-1865. [doi: 10.1016/j.aap.2010.05.006] [Medline: 20728636]

19. Linsenbardt DN, Boehm SL2. Agonism of the endocannabinoid system modulates binge-like alcohol intake in male
C57BL/6J mice: involvement of the posterior ventral tegmental area. Neuroscience. Dec 01, 2009;164(2):424-434. [FREE
Full text] [doi: 10.1016/j.neuroscience.2009.08.007] [Medline: 19665522]

20. McMillan DE, Snodgrass SH. Effects of acute and chronic administration of delta 9-tetrahy-drocannabinol or cocaine on
ethanol intake in a rat model. Drug Alcohol Depend. May 1991;27(3):263-274. [doi: 10.1016/0376-8716(91)90009-n]
[Medline: 1653131]

21. Ramaekers JG, Robbe HW, O'Hanlon JF. Marijuana, alcohol and actual driving performance. Hum Psychopharmacol. Oct
2000;15(7):551-558. [doi: 10.1002/1099-1077(200010)15:7<551::AID-HUP236>3.0.CO;2-P] [Medline: 12404625]

22. Robbe H. Marijuana's impairing effects on driving are moderate when taken alone but severe when combined with alcohol.
Hum Psychopharmacol. Nov 1998;13(S2):S70-S78. [doi:
10.1002/(SICI)1099-1077(1998110)13:2+<S70::AID-HUP50>3.0.CO;2-R]

23. Hartman RL, Brown TL, Milavetz G, Spurgin A, Pierce RS, Gorelick DA, et al. Cannabis effects on driving longitudinal
control with and without alcohol. J Appl Toxicol. Nov 2016;36(11):1418-1429. [doi: 10.1002/jat.3295] [Medline: 26889769]

24. Sobell LC, Sobell MB. Timeline follow-back: a technique for assessing self-reported alcohol consumption. In: Litten RZ,
Allen JP, editors. Measuring Alcohol Consumption. Totowa, NJ. Humana Press; 1992.

25. Shiffman S. Ecological momentary assessment (EMA) in studies of substance use. Psychol Assess. Dec 2009;21(4):486-497.
[FREE Full text] [doi: 10.1037/a0017074] [Medline: 19947783]

26. Metrik J, Gunn RL, Jackson KM, Sokolovsky AW, Borsari B. Daily patterns of marijuana and alcohol co-use among
individuals with alcohol and cannabis use disorders. Alcohol Clin Exp Res. Jun 2018;42(6):1096-1104. [FREE Full text]
[doi: 10.1111/acer.13639] [Medline: 29656401]

27. Lee CM, Patrick ME, Fleming CB, Cadigan JM, Abdallah DA, Fairlie AM, et al. A daily study comparing alcohol-related
positive and negative consequences for days with only alcohol use versus days with simultaneous alcohol and marijuana
use in a community sample of young adults. Alcohol Clin Exp Res. Mar 2020;44(3):689-696. [FREE Full text] [doi:
10.1111/acer.14279] [Medline: 32022945]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 14https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/31304834
http://dx.doi.org/10.1080/10826084.2019.1638407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304834&dopt=Abstract
https://europepmc.org/abstract/MED/28673527
http://dx.doi.org/10.1016/j.jsat.2017.05.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28673527&dopt=Abstract
https://core.ac.uk/reader/55656473?utm_source=linkout
http://dx.doi.org/10.1016/j.addbeh.2011.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21429672&dopt=Abstract
https://europepmc.org/abstract/MED/28726580
http://dx.doi.org/10.1080/08897077.2017.1356421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28726580&dopt=Abstract
https://europepmc.org/abstract/MED/35223338
http://dx.doi.org/10.35946/arcr.v42.1.04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35223338&dopt=Abstract
http://dx.doi.org/10.1001/jama.291.10.1238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15010446&dopt=Abstract
https://nccd.cdc.gov/DPH_ARDI/default/default.aspx
https://nccd.cdc.gov/DPH_ARDI/default/default.aspx
http://dx.doi.org/10.1016/j.amepre.2015.05.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477807&dopt=Abstract
https://www.who.int/publications/i/item/9789241565639
https://www.who.int/publications/i/item/9789241565639
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)31310-2
http://dx.doi.org/10.1016/S0140-6736(18)31310-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30146330&dopt=Abstract
http://dx.doi.org/10.1016/s0376-8716(01)00118-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11543984&dopt=Abstract
http://dx.doi.org/10.1007/BF02245075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7871074&dopt=Abstract
http://dx.doi.org/10.1016/j.aap.2010.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20728636&dopt=Abstract
https://europepmc.org/abstract/MED/19665522
https://europepmc.org/abstract/MED/19665522
http://dx.doi.org/10.1016/j.neuroscience.2009.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19665522&dopt=Abstract
http://dx.doi.org/10.1016/0376-8716(91)90009-n
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1653131&dopt=Abstract
http://dx.doi.org/10.1002/1099-1077(200010)15:7<551::AID-HUP236>3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12404625&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1099-1077(1998110)13:2+<S70::AID-HUP50>3.0.CO;2-R
http://dx.doi.org/10.1002/jat.3295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26889769&dopt=Abstract
https://europepmc.org/abstract/MED/19947783
http://dx.doi.org/10.1037/a0017074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19947783&dopt=Abstract
https://europepmc.org/abstract/MED/29656401
http://dx.doi.org/10.1111/acer.13639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29656401&dopt=Abstract
https://europepmc.org/abstract/MED/32022945
http://dx.doi.org/10.1111/acer.14279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32022945&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Gunn RL, Norris AL, Sokolovsky A, Micalizzi L, Merrill JE, Barnett NP. Marijuana use is associated with alcohol use and
consequences across the first 2 years of college. Psychol Addict Behav. Dec 2018;32(8):885-894. [FREE Full text] [doi:
10.1037/adb0000416] [Medline: 30359046]

29. Ito TA, Cordova KA, Skrzynski CJ, Bryan A. Complementarity in daily marijuana and alcohol among emerging adults.
Psychol Addict Behav. Sep 2021;35(6):723-736. [FREE Full text] [doi: 10.1037/adb0000771] [Medline: 34291956]

30. Linden-Carmichael AN, Van Doren N, Masters LD, Lanza ST. Simultaneous alcohol and marijuana use in daily life:
implications for level of use, subjective intoxication, and positive and negative consequences. Psychol Addict Behav. May
2020;34(3):447-453. [FREE Full text] [doi: 10.1037/adb0000556] [Medline: 31971426]

31. Lee CM, Calhoun BH, Abdallah DA, Blayney JA, Schultz NR, Brunner M, et al. Simultaneous alcohol and marijuana use
among young adults: a scoping review of prevalence, patterns, psychosocial correlates, and consequences. Alcohol Res.
Apr 28, 2022;42(1):08. [FREE Full text] [doi: 10.35946/arcr.v42.1.08] [Medline: 35548267]

32. Fairlie AM, Graupensperger S, Duckworth JC, Patrick ME, Lee CM. Unplanned versus planned simultaneous alcohol and
marijuana use in relation to substance use and consequences: results from a longitudinal daily study. Psychol Addict Behav.
Sep 2021;35(6):712-722. [FREE Full text] [doi: 10.1037/adb0000738] [Medline: 34591512]

33. Merrill JE, Boyle HK, Jackson KM, Carey KB. Event-level correlates of drinking events characterized by alcohol-induced
blackouts. Alcohol Clin Exp Res. Dec 2019;43(12):2599-2606. [FREE Full text] [doi: 10.1111/acer.14204] [Medline:
31557348]

34. Brown WC, Wang W, Testa M. Alcohol and marijuana use in undergraduate males: between- and within-person associations
with interpersonal conflict. Cannabis. 2018;1(2):48-59. [FREE Full text] [doi: 10.26828/cannabis.2018.02.005] [Medline:
30298142]

35. Subbaraman MS. Substitution and complementarity of alcohol and cannabis: a review of the literature. Subst Use Misuse.
Sep 18, 2016;51(11):1399-1414. [FREE Full text] [doi: 10.3109/10826084.2016.1170145] [Medline: 27249324]

36. Risso C, Boniface S, Subbaraman MS, Englund A. Does cannabis complement or substitute alcohol consumption? A
systematic review of human and animal studies. J Psychopharmacol. Sep 2020;34(9):938-954. [doi:
10.1177/0269881120919970] [Medline: 32648806]

37. Robinson TE, Berridge KC. The neural basis of drug craving: an incentive-sensitization theory of addiction. Brain Res
Brain Res Rev. 1993;18(3):247-291. [FREE Full text] [doi: 10.1016/0165-0173(93)90013-p] [Medline: 8401595]

38. Robinson TE, Berridge KC. Review. The incentive sensitization theory of addiction: some current issues. Philos Trans R
Soc Lond B Biol Sci. Oct 12, 2008;363(1507):3137-3146. [FREE Full text] [doi: 10.1098/rstb.2008.0093] [Medline:
18640920]

39. Robinson TE, Berridge KC. Addiction. Annu Rev Psychol. 2003;54:25-53. [doi: 10.1146/annurev.psych.54.101601.145237]
[Medline: 12185211]

40. Patrick ME, Lee CM. Cross-faded: young adults' language of being simultaneously drunk and high. Cannabis.
2018;1(2):60-65. [FREE Full text] [doi: 10.26828/cannabis.2018.02.006] [Medline: 30643908]

41. Patrick ME, Fleming CB, Fairlie AM, Lee CM. Cross-fading motives for simultaneous alcohol and marijuana use: associations
with young adults' use and consequences across days. Drug Alcohol Depend. Aug 01, 2020;213:108077. [FREE Full text]
[doi: 10.1016/j.drugalcdep.2020.108077] [Medline: 32492600]

42. Downey LA, King R, Papafotiou K, Swann P, Ogden E, Boorman M, et al. The effects of cannabis and alcohol on simulated
driving: influences of dose and experience. Accid Anal Prev. Jan 2013;50:879-886. [doi: 10.1016/j.aap.2012.07.016]
[Medline: 22871272]

43. Hartman RL, Brown TL, Milavetz G, Spurgin A, Gorelick DA, Gaffney G, et al. Controlled vaporized cannabis, with and
without alcohol: subjective effects and oral fluid-blood cannabinoid relationships. Drug Test Anal. Jul 2016;8(7):690-701.
[FREE Full text] [doi: 10.1002/dta.1839] [Medline: 26257143]

44. Hartman RL, Brown TL, Milavetz G, Spurgin A, Gorelick DA, Gaffney G, et al. Controlled cannabis vaporizer administration:
blood and plasma cannabinoids with and without alcohol. Clin Chem. Jun 2015;61(6):850-869. [doi:
10.1373/clinchem.2015.238287] [Medline: 26019183]

45. D'Souza DC, Ranganathan M, Braley G, Gueorguieva R, Zimolo Z, Cooper T, et al. Blunted psychotomimetic and amnestic
effects of delta-9-tetrahydrocannabinol in frequent users of cannabis. Neuropsychopharmacology. Sep 2008;33(10):2505-2516.
[FREE Full text] [doi: 10.1038/sj.npp.1301643] [Medline: 18185500]

46. Lipperman-Kreda S, Gruenewald PJ, Grube JW, Bersamin M. Adolescents, alcohol, and marijuana: context characteristics
and problems associated with simultaneous use. Drug Alcohol Depend. Oct 01, 2017;179:55-60. [FREE Full text] [doi:
10.1016/j.drugalcdep.2017.06.023] [Medline: 28755540]

47. Mallett KA, Turrisi R, Trager BM, Sell N, Linden-Carmichael AN. An examination of consequences among college student
drinkers on occasions involving alcohol-only, marijuana-only, or combined alcohol and marijuana use. Psychol Addict
Behav. May 2019;33(3):331-336. [FREE Full text] [doi: 10.1037/adb0000458] [Medline: 30869919]

48. Mallett KA, Turrisi R, Hultgren BA, Sell N, Reavy R, Cleveland M. When alcohol is only part of the problem: an event-level
analysis of negative consequences related to alcohol and other substance use. Psychol Addict Behav. May 2017;31(3):307-314.
[FREE Full text] [doi: 10.1037/adb0000260] [Medline: 28182448]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 15https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/30359046
http://dx.doi.org/10.1037/adb0000416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30359046&dopt=Abstract
https://europepmc.org/abstract/MED/34291956
http://dx.doi.org/10.1037/adb0000771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34291956&dopt=Abstract
https://europepmc.org/abstract/MED/31971426
http://dx.doi.org/10.1037/adb0000556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31971426&dopt=Abstract
https://europepmc.org/abstract/MED/35548267
http://dx.doi.org/10.35946/arcr.v42.1.08
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35548267&dopt=Abstract
https://europepmc.org/abstract/MED/34591512
http://dx.doi.org/10.1037/adb0000738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34591512&dopt=Abstract
https://europepmc.org/abstract/MED/31557348
http://dx.doi.org/10.1111/acer.14204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31557348&dopt=Abstract
https://europepmc.org/abstract/MED/30298142
http://dx.doi.org/10.26828/cannabis.2018.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30298142&dopt=Abstract
https://europepmc.org/abstract/MED/27249324
http://dx.doi.org/10.3109/10826084.2016.1170145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27249324&dopt=Abstract
http://dx.doi.org/10.1177/0269881120919970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32648806&dopt=Abstract
http://hdl.handle.net/2027.42/30601
http://dx.doi.org/10.1016/0165-0173(93)90013-p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8401595&dopt=Abstract
https://europepmc.org/abstract/MED/18640920
http://dx.doi.org/10.1098/rstb.2008.0093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18640920&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.54.101601.145237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12185211&dopt=Abstract
https://europepmc.org/abstract/MED/30643908
http://dx.doi.org/10.26828/cannabis.2018.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30643908&dopt=Abstract
https://europepmc.org/abstract/MED/32492600
http://dx.doi.org/10.1016/j.drugalcdep.2020.108077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32492600&dopt=Abstract
http://dx.doi.org/10.1016/j.aap.2012.07.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22871272&dopt=Abstract
https://europepmc.org/abstract/MED/26257143
http://dx.doi.org/10.1002/dta.1839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26257143&dopt=Abstract
http://dx.doi.org/10.1373/clinchem.2015.238287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26019183&dopt=Abstract
https://europepmc.org/abstract/MED/18185500
http://dx.doi.org/10.1038/sj.npp.1301643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18185500&dopt=Abstract
https://europepmc.org/abstract/MED/28755540
http://dx.doi.org/10.1016/j.drugalcdep.2017.06.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755540&dopt=Abstract
https://europepmc.org/abstract/MED/30869919
http://dx.doi.org/10.1037/adb0000458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30869919&dopt=Abstract
https://europepmc.org/abstract/MED/28182448
http://dx.doi.org/10.1037/adb0000260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28182448&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


49. Metrik J, Caswell AJ, Magill M, Monti PM, Kahler CW. Sexual risk behavior and heavy drinking among weekly marijuana
users. J Stud Alcohol Drugs. Jan 2016;77(1):104-112. [doi: 10.15288/jsad.2016.77.104] [Medline: 26751360]

50. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of executive functions
and their contributions to complex “frontal lobe” tasks: a latent variable analysis. Cognit Psychol. Aug 2000;41(1):49-100.
[doi: 10.1006/cogp.1999.0734]

51. Metrik J, Rohsenow DJ, Monti PM, McGeary J, Cook TA, de Wit H, et al. Effectiveness of a marijuana expectancy
manipulation: piloting the balanced-placebo design for marijuana. Exp Clin Psychopharmacol. Aug 2009;17(4):217-225.
[FREE Full text] [doi: 10.1037/a0016502] [Medline: 19653787]

52. Ramaekers JG, Kauert G, van Ruitenbeek P, Theunissen EL, Schneider E, Moeller MR. High-potency marijuana impairs
executive function and inhibitory motor control. Neuropsychopharmacology. Oct 2006;31(10):2296-2303. [doi:
10.1038/sj.npp.1301068] [Medline: 16572123]

53. Ramaekers JG, Kauert G, Theunissen EL, Toennes SW, Moeller MR. Neurocognitive performance during acute THC
intoxication in heavy and occasional cannabis users. J Psychopharmacol. May 2009;23(3):266-277. [doi:
10.1177/0269881108092393] [Medline: 18719045]

54. Marczinski CA, Abroms BD, Van Selst M, Fillmore MT. Alcohol-induced impairment of behavioral control: differential
effects on engaging vs. disengaging responses. Psychopharmacology (Berl). Nov 2, 2005;182(3):452-459. [doi:
10.1007/s00213-005-0116-2] [Medline: 16075287]

55. de Wit H, Crean J, Richards JB. Effects of d-amphetamine and ethanol on a measure of behavioral inhibition in humans.
Behav Neurosci. Aug 2000;114(4):830-837. [doi: 10.1037//0735-7044.114.4.830] [Medline: 10959541]

56. Abroms BD, Fillmore MT. Alcohol-induced impairment of inhibitory mechanisms involved in visual search. Exp Clin
Psychopharmacol. Nov 2004;12(4):243-250. [doi: 10.1037/1064-1297.12.4.243] [Medline: 15571441]

57. Abroms BD, Gottlob LR, Fillmore MT. Alcohol effects on inhibitory control of attention: distinguishing between intentional
and automatic mechanisms. Psychopharmacology (Berl). Oct 5, 2006;188(3):324-334. [doi: 10.1007/s00213-006-0524-y]
[Medline: 16953382]

58. Houben K, Wiers RW. Response inhibition moderates the relationship between implicit associations and drinking behavior.
Alcohol Clin Exp Res. Apr 2009;33(4):626-633. [doi: 10.1111/j.1530-0277.2008.00877.x] [Medline: 19183132]

59. Leeman RF, Patock-Peckham JA, Potenza MN. Impaired control over alcohol use: an under-addressed risk factor for
problem drinking in young adults? Exp Clin Psychopharmacol. Apr 2012;20(2):92-106. [FREE Full text] [doi:
10.1037/a0026463] [Medline: 22182417]

60. Weafer J, Fillmore MT. Individual differences in acute alcohol impairment of inhibitory control predict ad libitum alcohol
consumption. Psychopharmacology (Berl). Dec 2008;201(3):315-324. [FREE Full text] [doi: 10.1007/s00213-008-1284-7]
[Medline: 18758758]

61. Pava MJ, Woodward JJ. A review of the interactions between alcohol and the endocannabinoid system: implications for
alcohol dependence and future directions for research. Alcohol. May 2012;46(3):185-204. [FREE Full text] [doi:
10.1016/j.alcohol.2012.01.002] [Medline: 22459871]

62. Koob GF, Le Moal M. Addiction and the brain antireward system. Annu Rev Psychol. Jan 01, 2008;59(1):29-53. [doi:
10.1146/annurev.psych.59.103006.093548] [Medline: 18154498]

63. Hutchison KE, Haughey H, Niculescu M, Schacht J, Kaiser A, Stitzel J, et al. The incentive salience of alcohol: translating
the effects of genetic variant in CNR1. Arch Gen Psychiatry. Jul 07, 2008;65(7):841-850. [FREE Full text] [doi:
10.1001/archpsyc.65.7.841] [Medline: 18606956]

64. Lukas SE, Benedikt R, Mendelson JH, Kouri E, Sholar M, Amass L. Marihuana attenuates the rise in plasma ethanol levels
in human subjects. Neuropsychopharmacology. Aug 1992;7(1):77-81. [Medline: 1326277]

65. Monti PM, Binkoff JA, Abrams DB, Zwick WR, Nirenberg TD, Liepman MR. Reactivity of alcoholics and nonalcoholics
to drinking cues. J Abnorm Psychol. May 1987;96(2):122-126. [doi: 10.1037//0021-843x.96.2.122] [Medline: 3584660]

66. Bujarski S, Ray LA. Subjective response to alcohol and associated craving in heavy drinkers vs. alcohol dependents: an
examination of Koob's allostatic model in humans. Drug Alcohol Depend. Jul 01, 2014;140:161-167. [FREE Full text]
[doi: 10.1016/j.drugalcdep.2014.04.015] [Medline: 24837580]

67. Ballard ME, de Wit H. Combined effects of acute, very-low-dose ethanol and delta(9)-tetrahydrocannabinol in healthy
human volunteers. Pharmacol Biochem Behav. Feb 2011;97(4):627-631. [FREE Full text] [doi: 10.1016/j.pbb.2010.11.013]
[Medline: 21110996]

68. Metrik J, Aston ER, Gunn RL, MacKillop J, Swift R, Kahler C. Marijuana's effects on alcohol craving and consumption
in a laboratory study. In: Proceedings of the 42nd Annual Scientific Meeting of the Research Society on Alcoholism
Conference. 2019. Presented at: RSA 2019; June 22-26, 2019; Minneapolis, MN.

69. Clapp JD, Shillington AM, Segars LB. Deconstructing contexts of binge drinking among college students. Am J Drug
Alcohol Abuse. Feb 2000;26(1):139-154. [doi: 10.1081/ada-100100596] [Medline: 10718169]

70. Marzell M, Bavarian N, Paschall MJ, Mair C, Saltz RF. Party characteristics, drinking settings, and college students' risk
of intoxication: a multi-campus study. J Prim Prev. Aug 2015;36(4):247-258. [FREE Full text] [doi:
10.1007/s10935-015-0393-4] [Medline: 25976418]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 16https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.15288/jsad.2016.77.104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26751360&dopt=Abstract
http://dx.doi.org/10.1006/cogp.1999.0734
https://europepmc.org/abstract/MED/19653787
http://dx.doi.org/10.1037/a0016502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19653787&dopt=Abstract
http://dx.doi.org/10.1038/sj.npp.1301068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16572123&dopt=Abstract
http://dx.doi.org/10.1177/0269881108092393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18719045&dopt=Abstract
http://dx.doi.org/10.1007/s00213-005-0116-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16075287&dopt=Abstract
http://dx.doi.org/10.1037//0735-7044.114.4.830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10959541&dopt=Abstract
http://dx.doi.org/10.1037/1064-1297.12.4.243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15571441&dopt=Abstract
http://dx.doi.org/10.1007/s00213-006-0524-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16953382&dopt=Abstract
http://dx.doi.org/10.1111/j.1530-0277.2008.00877.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19183132&dopt=Abstract
https://europepmc.org/abstract/MED/22182417
http://dx.doi.org/10.1037/a0026463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22182417&dopt=Abstract
https://europepmc.org/abstract/MED/18758758
http://dx.doi.org/10.1007/s00213-008-1284-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18758758&dopt=Abstract
https://europepmc.org/abstract/MED/22459871
http://dx.doi.org/10.1016/j.alcohol.2012.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22459871&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.59.103006.093548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18154498&dopt=Abstract
https://europepmc.org/abstract/MED/18606956
http://dx.doi.org/10.1001/archpsyc.65.7.841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18606956&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1326277&dopt=Abstract
http://dx.doi.org/10.1037//0021-843x.96.2.122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3584660&dopt=Abstract
https://europepmc.org/abstract/MED/24837580
http://dx.doi.org/10.1016/j.drugalcdep.2014.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24837580&dopt=Abstract
https://europepmc.org/abstract/MED/21110996
http://dx.doi.org/10.1016/j.pbb.2010.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21110996&dopt=Abstract
http://dx.doi.org/10.1081/ada-100100596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10718169&dopt=Abstract
https://europepmc.org/abstract/MED/25976418
http://dx.doi.org/10.1007/s10935-015-0393-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25976418&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


71. Paschall MJ, Saltz RF. Relationships between college settings and student alcohol use before, during and after events: a
multi-level study. Drug Alcohol Rev. Nov 29, 2007;26(6):635-644. [doi: 10.1080/09595230701613601] [Medline: 17943524]

72. Cooper ML. Motivations for alcohol use among adolescents: development and validation of a four-factor model. Psychol
Assess. 1994;6(2):117-128. [doi: 10.1037//1040-3590.6.2.117]

73. Mohr CD, Armeli S, Tennen H, Temple M, Todd M, Clark J, et al. Moving beyond the keg party: a daily process study of
college student drinking motivations. Psychol Addict Behav. Dec 2005;19(4):392-403. [doi: 10.1037/0893-164X.19.4.392]
[Medline: 16366811]

74. Phillips KT, Phillips MM, Lalonde TL, Prince MA. Does social context matter? An ecological momentary assessment
study of marijuana use among college students. Addict Behav. Aug 2018;83:154-159. [doi: 10.1016/j.addbeh.2018.01.004]
[Medline: 29329753]

75. Lipperman-Kreda S, Paschall MJ, Saltz R, Morrison CN. Places and social contexts associated with simultaneous use of
alcohol, tobacco and marijuana among young adults. Drug Alcohol Rev. Feb 19, 2018;37(2):188-195. [FREE Full text]
[doi: 10.1111/dar.12537] [Medline: 28422352]

76. Gunn RL, Sokolovsky A, Stevens AK, Hayes K, Fitzpatrick S, White HR, et al. Contextual influences on simultaneous
alcohol and cannabis use in a predominately white sample of college students. Psychol Addict Behav. Sep 2021;35(6):691-697.
[FREE Full text] [doi: 10.1037/adb0000739] [Medline: 34014687]

77. Linden-Carmichael AN, Allen HK, Lanza ST. The socio-environmental context of simultaneous alcohol and marijuana
use among young adults: examining day-level associations. Drug Alcohol Rev. May 13, 2021;40(4):647-657. [FREE Full
text] [doi: 10.1111/dar.13213] [Medline: 33188538]

78. Boyle HK, Singh S, López G, Jackson KM, Carey KB, Merrill JE. Insights into the context of simultaneous alcohol and
cannabis use among young adults. Exp Clin Psychopharmacol. Jun 2023;31(3):662-673. [FREE Full text] [doi:
10.1037/pha0000607] [Medline: 36174141]

79. Wolf JP, Lipperman-Kreda S, Bersamin M. "It just depends on the environment": patterns and decisions of substance use
and co-use by adolescents. J Child Adolesc Subst Abuse. 2019;28(3):143-149. [FREE Full text] [doi:
10.1080/1067828x.2019.1637316] [Medline: 32313414]

80. Trull TJ, Ebner-Priemer U. Ambulatory assessment. Annu Rev Clin Psychol. 2013;9:151-176. [FREE Full text] [doi:
10.1146/annurev-clinpsy-050212-185510] [Medline: 23157450]

81. Murray A, Ushakova A, Zhu X, Yang Y, Xiao Z, Brown R, et al. Predicting participation willingness in ecological momentary
assessment of general population health and behavior: machine learning study. J Med Internet Res. Aug 02, 2023;25:e41412.
[FREE Full text] [doi: 10.2196/41412] [Medline: 37531181]

82. Zech HG, Reichert M, Ebner-Priemer UW, Tost H, Rapp MA, Heinz A, et al. Mobile data collection of cognitive-behavioral
tasks in substance use disorders: where are we now? Neuropsychobiology. Mar 29, 2022;81(5):438-450. [FREE Full text]
[doi: 10.1159/000523697] [Medline: 35350031]

83. Swift R. Direct measurement of alcohol and its metabolites. Addiction. Dec 30, 2003;98 Suppl 2(s2):73-80. [doi:
10.1046/j.1359-6357.2003.00605.x] [Medline: 14984244]

84. Dougherty DM, Charles NE, Acheson A, John S, Furr RM, Hill-Kapturczak N. Comparing the detection of transdermal
and breath alcohol concentrations during periods of alcohol consumption ranging from moderate drinking to binge drinking.
Exp Clin Psychopharmacol. Oct 2012;20(5):373-381. [FREE Full text] [doi: 10.1037/a0029021] [Medline: 22708608]

85. Sakai JT, Mikulich-Gilbertson SK, Long RJ, Crowley TJ. Validity of transdermal alcohol monitoring: fixed and self-regulated
dosing. Alcohol Clin Exp Res. Jan 06, 2006;30(1):26-33. [doi: 10.1111/j.1530-0277.2006.00004.x] [Medline: 16433729]

86. Simons JS, Wills TA, Emery NN, Marks RM. Quantifying alcohol consumption: self-report, transdermal assessment, and
prediction of dependence symptoms. Addict Behav. Nov 2015;50:205-212. [FREE Full text] [doi:
10.1016/j.addbeh.2015.06.042] [Medline: 26160523]

87. Barnett NP, Meade EB, Glynn TR. Predictors of detection of alcohol use episodes using a transdermal alcohol sensor. Exp
Clin Psychopharmacol. Feb 2014;22(1):86-96. [FREE Full text] [doi: 10.1037/a0034821] [Medline: 24490713]

88. Leffingwell TR, Cooney NJ, Murphy JG, Luczak S, Rosen G, Dougherty DM, et al. Continuous objective monitoring of
alcohol use: twenty-first century measurement using transdermal sensors. Alcohol Clin Exp Res. Jan 2013;37(1):16-22.
[FREE Full text] [doi: 10.1111/j.1530-0277.2012.01869.x] [Medline: 22823467]

89. Litt MD, Cooney NL, Morse P. Ecological momentary assessment (EMA) with treated alcoholics: methodological problems
and potential solutions. Health Psychol. Jan 1998;17(1):48-52. [doi: 10.1037//0278-6133.17.1.48] [Medline: 9459069]

90. 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]

91. Patrick JH, Pruchno RA, Rose MS. Recruiting research participants: a comparison of the costs and effectiveness of five
recruitment strategies. Gerontologist. Jun 1998;38(3):295-302. [doi: 10.1093/geront/38.3.295] [Medline: 9640849]

92. First MB, Williams JB, Karg RS, Spitzer RL. Structured Clinical Interview for DSM-5—Research Version (SCID-5 for
DSM-5, Research Version; SCID-5-RV). Arlington, VA. American Psychiatric Association; 2015.

93. Kolp H, Horvath S, Fite PJ, Metrik J, Stuart GL, Lisdahl KM, et al. Development of the Alcohol and Cannabis Simultaneous
Use Scale (ACSUS) in college students. J Subst Use. Feb 26, 2023;29(4):509-516. [doi: 10.1080/14659891.2023.2183149]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 17https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1080/09595230701613601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17943524&dopt=Abstract
http://dx.doi.org/10.1037//1040-3590.6.2.117
http://dx.doi.org/10.1037/0893-164X.19.4.392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16366811&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2018.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29329753&dopt=Abstract
https://europepmc.org/abstract/MED/28422352
http://dx.doi.org/10.1111/dar.12537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28422352&dopt=Abstract
https://europepmc.org/abstract/MED/34014687
http://dx.doi.org/10.1037/adb0000739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34014687&dopt=Abstract
https://europepmc.org/abstract/MED/33188538
https://europepmc.org/abstract/MED/33188538
http://dx.doi.org/10.1111/dar.13213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33188538&dopt=Abstract
https://europepmc.org/abstract/MED/36174141
http://dx.doi.org/10.1037/pha0000607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36174141&dopt=Abstract
https://europepmc.org/abstract/MED/32313414
http://dx.doi.org/10.1080/1067828x.2019.1637316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32313414&dopt=Abstract
https://europepmc.org/abstract/MED/23157450
http://dx.doi.org/10.1146/annurev-clinpsy-050212-185510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23157450&dopt=Abstract
https://www.jmir.org/2023//e41412/
http://dx.doi.org/10.2196/41412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37531181&dopt=Abstract
https://doi.org/10.1159/000523697
http://dx.doi.org/10.1159/000523697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35350031&dopt=Abstract
http://dx.doi.org/10.1046/j.1359-6357.2003.00605.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14984244&dopt=Abstract
https://europepmc.org/abstract/MED/22708608
http://dx.doi.org/10.1037/a0029021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22708608&dopt=Abstract
http://dx.doi.org/10.1111/j.1530-0277.2006.00004.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16433729&dopt=Abstract
https://europepmc.org/abstract/MED/26160523
http://dx.doi.org/10.1016/j.addbeh.2015.06.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26160523&dopt=Abstract
https://europepmc.org/abstract/MED/24490713
http://dx.doi.org/10.1037/a0034821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24490713&dopt=Abstract
https://europepmc.org/abstract/MED/22823467
http://dx.doi.org/10.1111/j.1530-0277.2012.01869.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22823467&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/10.1146/annurev.clinpsy.3.022806.091415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://dx.doi.org/10.1093/geront/38.3.295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9640849&dopt=Abstract
http://dx.doi.org/10.1080/14659891.2023.2183149
http://www.w3.org/Style/XSL
http://www.renderx.com/


94. Stein LA, Katz B, Colby SM, Barnett NP, Golembeske C, Lebeau-Craven R, et al. Validity and reliability of the alcohol
expectancy questionnaire-adolescent, brief. J Child Adolesc Subst Abuse. Mar 06, 2007;16(2):115-127. [doi:
10.1300/j029v16n02_06]

95. Murphy JG, MacKillop J. Relative reinforcing efficacy of alcohol among college student drinkers. Exp Clin Psychopharmacol.
May 2006;14(2):219-227. [doi: 10.1037/1064-1297.14.2.219] [Medline: 16756426]

96. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the alcohol use disorders identification
test (AUDIT): WHO collaborative project on early detection of persons with harmful alcohol consumption--II. Addiction.
Jun 24, 1993;88(6):791-804. [doi: 10.1111/j.1360-0443.1993.tb02093.x] [Medline: 8329970]

97. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J Consult
Clin Psychol. 1988;56(6):893-897. [doi: 10.1037/0022-006X.56.6.893]

98. Simons JS, Dvorak RD, Merrill JE, Read JP. Dimensions and severity of marijuana consequences: development and
validation of the Marijuana Consequences Questionnaire (MACQ). Addict Behav. May 2012;37(5):613-621. [FREE Full
text] [doi: 10.1016/j.addbeh.2012.01.008] [Medline: 22305645]

99. 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. May 03,
2006;29(7):1180-1189. [doi: 10.1097/01.ALC.0000171940.95813.A5]

100. Adamson SJ, Kay-Lambkin FJ, Baker AL, Lewin TJ, Thornton L, Kelly BJ, et al. An improved brief measure of cannabis
misuse: the Cannabis Use Disorders Identification Test-Revised (CUDIT-R). Drug Alcohol Depend. Jul 01,
2010;110(1-2):137-143. [doi: 10.1016/j.drugalcdep.2010.02.017] [Medline: 20347232]

101. Lee CM, Neighbors C, Hendershot CS, Grossbard JR. Development and preliminary validation of a comprehensive marijuana
motives questionnaire. J Stud Alcohol Drugs. Mar 2009;70(2):279-287. [FREE Full text] [doi: 10.15288/jsad.2009.70.279]
[Medline: 19261240]

102. Merikangas K, Milham M, Stringaris A, Bromet E, Colcombe S, Zipunnikov V. The coronavirus health impact survey
(CRISIS). Child Mink Institute. URL: http://www.crisissurvey.org/ [accessed 2024-08-24]

103. Simons JS, Gaher RM. The distress tolerance scale: development and validation of a self-report measure. Motiv Emot. Jun
2005;29(2):83-102. [doi: 10.1007/s11031-005-7955-3]

104. Sternthal MJ, Slopen N, Williams DR. Racial disparities in health: how much does stress really matter? Du Bois Rev. Apr
15, 2011;8(1):95-113. [doi: 10.1017/s1742058x11000087]

105. Torrealday O, Stein LA, Barnett N, Golembeske C, Lebeau R, Colby SM, et al. Validation of the marijuana effect expectancy
questionnaire-brief. J Child Adolesc Subst Abuse. Oct 11, 2008;17(4):1-17. [FREE Full text] [doi:
10.1080/15470650802231861] [Medline: 22058648]

106. Aston ER, Metrik J, MacKillop J. Further validation of a marijuana purchase task. Drug Alcohol Depend. Jul 01,
2015;152:32-38. [FREE Full text] [doi: 10.1016/j.drugalcdep.2015.04.025] [Medline: 26002377]

107. Schuckit MA, Smith TL, Tipp JE. The Self‐Rating of the Effects of Alcohol (SRE) form as a retrospective measure of
the risk for alcoholism. Addiction. Jan 24, 2006;92(8):979-988. [doi: 10.1111/j.1360-0443.1997.tb02977.x]

108. Patrick ME, Fairlie AM, Lee CM. Motives for simultaneous alcohol and marijuana use among young adults. Addict Behav.
Jan 2018;76:363-369. [FREE Full text] [doi: 10.1016/j.addbeh.2017.08.027] [Medline: 28915500]

109. Cyders MA, Littlefield AK, Coffey S, Karyadi KA. Examination of a short English version of the UPPS-P Impulsive
Behavior Scale. Addict Behav. Sep 2014;39(9):1372-1376. [FREE Full text] [doi: 10.1016/j.addbeh.2014.02.013] [Medline:
24636739]

110. Morrison W, Guerdan L, Kanugo J, Shang Y, Trull T. TigerAware: an innovative mobile survey and sensor data collection
and analytics system. In: Proceedings of the IEEE Third International Conference on Data Science in Cyberspace. 2018.
Presented at: DSC 2018; June 18-21, 2018; Guangzhou, China. [doi: 10.1109/dsc.2018.00025]

111. Cuttler C, Spradlin A. Measuring cannabis consumption: psychometric properties of the daily sessions, frequency, age of
onset, and quantity of cannabis use inventory (DFAQ-CU). PLoS One. May 26, 2017;12(5):e0178194. [FREE Full text]
[doi: 10.1371/journal.pone.0178194] [Medline: 28552942]

112. Agrawal S, Sobell MB, Sobell LC. The timeline followback: a scientifically and clinically useful tool for assessing substance
use. In: Calendar and Time Diary. Thousand Oaks, CA. SAGE Publications; 2009.

113. Hjorthøj CR, Hjorthøj AR, Nordentoft M. Validity of timeline follow-back for self-reported use of cannabis and other illicit
substances--systematic review and meta-analysis. Addict Behav. Mar 2012;37(3):225-233. [doi:
10.1016/j.addbeh.2011.11.025] [Medline: 22143002]

114. Fals-Stewart W, O'Farrell TJ, Freitas TT, McFarlin SK, Rutigliano P. The timeline followback reports of psychoactive
substance use by drug-abusing patients: psychometric properties. J Consult Clin Psychol. Feb 2000;68(1):134-144. [doi:
10.1037//0022-006x.68.1.134] [Medline: 10710848]

115. Dennis ML, Funk R, Godley SH, Godley MD, Waldron H. Cross-validation of the alcohol and cannabis use measures in
the Global Appraisal of Individual Needs (GAIN) and Timeline Followback (TLFB; Form 90) among adolescents in
substance abuse treatment. Addiction. Nov 2004;99 Suppl 2:120-128. [doi: 10.1111/j.1360-0443.2004.00859.x] [Medline:
15488110]

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 18https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1300/j029v16n02_06
http://dx.doi.org/10.1037/1064-1297.14.2.219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16756426&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.1993.tb02093.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8329970&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.56.6.893
https://europepmc.org/abstract/MED/22305645
https://europepmc.org/abstract/MED/22305645
http://dx.doi.org/10.1016/j.addbeh.2012.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22305645&dopt=Abstract
http://dx.doi.org/10.1097/01.ALC.0000171940.95813.A5
http://dx.doi.org/10.1016/j.drugalcdep.2010.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20347232&dopt=Abstract
https://europepmc.org/abstract/MED/19261240
http://dx.doi.org/10.15288/jsad.2009.70.279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19261240&dopt=Abstract
http://www.crisissurvey.org/
http://dx.doi.org/10.1007/s11031-005-7955-3
http://dx.doi.org/10.1017/s1742058x11000087
https://europepmc.org/abstract/MED/22058648
http://dx.doi.org/10.1080/15470650802231861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22058648&dopt=Abstract
https://europepmc.org/abstract/MED/26002377
http://dx.doi.org/10.1016/j.drugalcdep.2015.04.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26002377&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.1997.tb02977.x
https://europepmc.org/abstract/MED/28915500
http://dx.doi.org/10.1016/j.addbeh.2017.08.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915500&dopt=Abstract
https://europepmc.org/abstract/MED/24636739
http://dx.doi.org/10.1016/j.addbeh.2014.02.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24636739&dopt=Abstract
http://dx.doi.org/10.1109/dsc.2018.00025
https://dx.plos.org/10.1371/journal.pone.0178194
http://dx.doi.org/10.1371/journal.pone.0178194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28552942&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2011.11.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22143002&dopt=Abstract
http://dx.doi.org/10.1037//0022-006x.68.1.134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10710848&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2004.00859.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15488110&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


116. Osório FL, Loureiro SR, Hallak JE, Machado-de-Sousa JP, Ushirohira JM, Baes CV, et al. Clinical validity and intrarater
and test-retest reliability of the structured clinical interview for DSM-5 - clinician version (SCID-5-CV). Psychiatry Clin
Neurosci. Dec 2019;73(12):754-760. [FREE Full text] [doi: 10.1111/pcn.12931] [Medline: 31490607]

117. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the PHQ primary care
study. Primary care evaluation of mental disorders. Patient health questionnaire. JAMA. Nov 10, 1999;282(18):1737-1744.
[doi: 10.1001/jama.282.18.1737] [Medline: 10568646]

118. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. Sep
2001;16(9):606-613. [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

119. Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol. 1935;18(6):643-662. [doi: 10.1037/h0054651]
120. Active tasks. ResearchKit. URL: https://researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html#stroop [accessed

2018-02-15]
121. Barnett NP, Souza T, Gunn RL, Merrill JE. Transdermal alcohol sensor data macro (version 2.0). Brown University. 2023.

URL: https://sites.brown.edu/tasmac/ [accessed 2024-08-24]
122. Little RJ. Missing data assumptions. Annu Rev Stat Appl. Mar 2021;8:89-107. [doi:

10.1146/annurev-statistics-040720-031104]
123. Little RJ. Modeling the drop-out mechanism in repeated-measures studies. J Am Stat Assoc. Sep 1995;90(431):1112-1121.

[doi: 10.1080/01621459.1995.10476615]
124. Schminkey DL, von Oertzen T, Bullock L. Handling missing data with multilevel structural equation modeling and full

information maximum likelihood techniques. Res Nurs Health. Aug 13, 2016;39(4):286-297. [doi: 10.1002/nur.21724]
[Medline: 27176912]

125. Enders CK. Applied Missing Data Analysis. New York, NY. Guilford Publications; 2022.
126. Grund S, Lüdtke O, Robitzsch A. Multiple imputation of missing data in multilevel models with the R package mdmb: a

flexible sequential modeling approach. Behav Res Methods. Dec 23, 2021;53(6):2631-2649. [FREE Full text] [doi:
10.3758/s13428-020-01530-0] [Medline: 34027594]

127. Hedeker D. Generalized linear mixed models. In: Everitt B, Howell D, editors. Encyclopedia of Statistics in Behavioral
Science. Hoboken, NJ. John Wiley & Sons; 2005.

128. Gunn R. Ambulatory assessment of simultaneous alcohol and marijuana use: impact on alcohol use and consequences.
OSF Registries. May 2022. URL: https://osf.io/s4byz [accessed 2024-09-05]

129. Subbaraman MS, Barnett SB, Karriker-Jaffe KJ. Risks associated with mid level cannabis use among people treated for
alcohol use disorder. Alcohol Clin Exp Res. Apr 04, 2019;43(4):690-694. [FREE Full text] [doi: 10.1111/acer.13973]
[Medline: 30830686]

130. Cohn AM, Hunter-Reel D, Hagman BT, Mitchell J. Promoting behavior change from alcohol use through mobile technology:
the future of ecological momentary assessment. Alcohol Clin Exp Res. Dec 2011;35(12):2209-2215. [FREE Full text] [doi:
10.1111/j.1530-0277.2011.01571.x] [Medline: 21689119]

131. Dao KP, De Cocker K, Tong HL, Kocaballi AB, Chow C, Laranjo L. Smartphone-delivered ecological momentary
interventions based on ecological momentary assessments to promote health behaviors: systematic review and adapted
checklist for reporting ecological momentary assessment and intervention studies. JMIR Mhealth Uhealth. Nov 19,
2021;9(11):e22890. [FREE Full text] [doi: 10.2196/22890] [Medline: 34806995]

132. Wright C, Dietze PM, Agius PA, Kuntsche E, Livingston M, Black OC, et al. Mobile phone-based ecological momentary
intervention to reduce young adults' alcohol use in the event: a three-armed randomized controlled trial. JMIR Mhealth
Uhealth. Jul 20, 2018;6(7):e149. [FREE Full text] [doi: 10.2196/mhealth.9324] [Medline: 30030211]

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

134. Côté J, Chicoine G, Vinette B, Auger P, Rouleau G, Fontaine G, et al. Digital interventions for recreational cannabis use
among young adults: systematic review, meta-analysis, and behavior change technique analysis of randomized controlled
studies. J Med Internet Res. Apr 17, 2024;26:e55031. [FREE Full text] [doi: 10.2196/55031] [Medline: 38630515]

135. Sawares AS, Shen N, Xue Y, Abi-Jaoude A, Wiljer D. The impact of mobile apps on alcohol use disorder: a systematic
review protocol. JMIR Res Protoc. Apr 04, 2017;6(4):e49. [FREE Full text] [doi: 10.2196/resprot.6975] [Medline: 28377366]

136. Richards VL, Barnett NP, Cook RL, Leeman RF, Souza T, Case S, et al. Correspondence between alcohol use measured
by a wrist-worn alcohol biosensor and self-report via ecological momentary assessment over a 2-week period. Alcohol Clin
Exp Res (Hoboken). Feb 21, 2023;47(2):308-318. [FREE Full text] [doi: 10.1111/acer.14995] [Medline: 36507857]

137. Didier NA, King AC, Polley EC, Fridberg DJ. Signal processing and machine learning with transdermal alcohol concentration
to predict natural environment alcohol consumption. Exp Clin Psychopharmacol. Apr 12, 2024;32(2):245-254. [doi:
10.1037/pha0000683] [Medline: 37824232]

Abbreviations
AA: ambulatory assessment

JMIR Res Protoc 2024 | vol. 13 | e58685 | p. 19https://www.researchprotocols.org/2024/1/e58685
(page number not for citation purposes)

Gunn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://onlinelibrary.wiley.com/doi/10.1111/pcn.12931
http://dx.doi.org/10.1111/pcn.12931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31490607&dopt=Abstract
http://dx.doi.org/10.1001/jama.282.18.1737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10568646&dopt=Abstract
https://europepmc.org/abstract/MED/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1037/h0054651
https://researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html#stroop
https://sites.brown.edu/tasmac/
http://dx.doi.org/10.1146/annurev-statistics-040720-031104
http://dx.doi.org/10.1080/01621459.1995.10476615
http://dx.doi.org/10.1002/nur.21724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27176912&dopt=Abstract
https://europepmc.org/abstract/MED/34027594
http://dx.doi.org/10.3758/s13428-020-01530-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34027594&dopt=Abstract
https://osf.io/s4byz
https://europepmc.org/abstract/MED/30830686
http://dx.doi.org/10.1111/acer.13973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30830686&dopt=Abstract
https://europepmc.org/abstract/MED/21689119
http://dx.doi.org/10.1111/j.1530-0277.2011.01571.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21689119&dopt=Abstract
https://mhealth.jmir.org/2021/11/e22890/
http://dx.doi.org/10.2196/22890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34806995&dopt=Abstract
https://mhealth.jmir.org/2018/7/e149/
http://dx.doi.org/10.2196/mhealth.9324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030211&dopt=Abstract
https://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://www.jmir.org/2024//e55031/
http://dx.doi.org/10.2196/55031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38630515&dopt=Abstract
https://www.researchprotocols.org/2017/4/e49/
http://dx.doi.org/10.2196/resprot.6975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28377366&dopt=Abstract
https://europepmc.org/abstract/MED/36507857
http://dx.doi.org/10.1111/acer.14995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507857&dopt=Abstract
http://dx.doi.org/10.1037/pha0000683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37824232&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


EMA: ecological momentary assessment
FIML: full information maximum likelihood
L1: level 1
LME: linear mixed effect
SCID 5-RV: Structured Clinical Interview for DSM-5 Research Version
TAC: transdermal alcohol concentration
THC: delta-9 tetrahydrocannabinol
TLFB: Timeline Followback
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