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Abstract

Background: Drink Less is a behavior change app that aims to help users in the general adult population reduce hazardous and
harmful alcohol consumption. The app includes a daily push notification, delivered at 11 am, asking users to “Please complete
your mood and drinking diaries.” Previous analysis of Drink Less engagement data suggests the current notification strongly
influences how users engage with the app in the subsequent hour. To exploit a potential increase of vulnerability of excess drinking
and opportunity to engage with the app in the evenings, we changed the delivery time from 11 am to 8 pm. We now aim to further
optimise the content and sequence of notifications, testing 30 new evidence-informed notifications targeting the user’s perceived
usefulness of the app.

Objective: The primary objective is to assess whether sending a notification at 8 pm increases behavioral engagement (opening
the app) in the subsequent hour. Secondary objectives include comparing the effect of the new bank of messages with the standard
message and effect moderation over time. We also aim to more generally understand the role notifications have on the overall
duration, depth, and frequency of engagement with Drink Less over the first 30 days after download.

Methods: This is a protocol for a micro-randomized trial with two additional parallel arms. Inclusion criteria are Drink Less
users who (1) consent to participate in the trial; (2) self-report a baseline Alcohol Use Disorders Identification Test score of 8 or
above; (3) reside in the United Kingdom; (4) age ≥18 years and; (5) report interest in drinking less alcohol. In the micro-randomized
trial, participants will be randomized daily at 8 pm to receive no notification, a notification with text from the new message bank,
or the standard message. The primary outcome is the time-varying, binary outcome of “Did the user open the app in the hour
from 8 pm to 9 pm?”. The primary analysis will estimate the marginal relative risk for the notifications using an estimator
developed for micro-randomized trials with binary outcomes. Participants randomized to the parallel arms will receive no
notifications (Secondary Arm A), or the standard notification delivered daily at 11 am (Secondary Arm B) over 30 days, allowing
the comparison of overall engagement between different notification delivery strategies.

Results: Approval was granted by the University College of London’s Departmental Research Ethics Committee (CEHP/2016/556)
on October 11, 2019, and The London School of Hygiene and Tropical Medicine Interventions Research Ethics Committee
(17929) on November 27, 2019. Recruitment began on January 2, 2020, and is ongoing.

Conclusions: Understanding how push notifications may impact engagement with a behavior change app can lead to further
improvements in engagement, and ultimately help users reduce their alcohol consumption. This understanding may also be
generalizable to other apps that target a variety of behavior changes.
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Introduction

Excessive alcohol consumption inflicts an array of harms,
causing various mental and physical illnesses, loss of
productivity, and an increase in violence and traffic accidents
[1,2]. There remains a large gap in delivering interventions to
at-risk individuals despite the availability of screening and
effective interventions [3,4]. As many as four out of five heavy
drinkers who attend primary care do not receive screening and
brief interventions [5], and this is in part due to barriers to
large-scale implementation [6,7]. These barriers include time
pressures within general practice, as well as a lack of support
and training to successfully shift the consultation from treating
the main presenting condition to offering a screening opportunity
for hazardous drinking [8].

Behavior change apps promise to reduce this gap by providing
real-time data capture and interventions [9-11]. Such behavior
change apps, which aim to reduce excessive alcohol
consumption, build onto a large body of literature demonstrating
the effectiveness of text messages [12-15]. Similar to text
messages, behavior change apps can be delivered at a low
incremental cost per additional user (high scalability) and offer
support to users in real-time. In addition, behavior change apps
have the ability to gather data on users, thus enabling them to
learn and evolve to become personalized to each individual
user. However, a prime challenge for many behavior change
apps is poor levels of engagement, with the frequency (number
of sessions) and amount (time spent per session) sharply
declining over time for the majority of users [16-18].

Engagement with a behavior change app can be considered in
two dimensions, behavioral engagement, which can be measured
as the amount, frequency, duration, and depth of use, and
experiential engagement, characterized by attention, interest,
and affect [19]. The behavioral aspect of engagement can be
objectively measured through app use data. The effectiveness
of a behavior change app can be moderated by a user’s
engagement with the intervention’s active ingredients, and

engagement fluctuates within and across users over time [20,21].
A push notification is a message that pops up on the phone, and
may also vibrate, make a sound, or lock the screen to gain the
user’s attention. Push notifications can be sent as a feature to
enhance engagement and effectiveness by directing users to
engage with the intervention’s modules when users likely need
it the most [22]. The message can provide a connection between
the moments of “point of care” when a user seeks an assessment
and intervention, and “point of choice” when a user makes the
decision to drink or not to drink [10,23,24].

Drink Less is a behavior change app for the general population
of adults seeking to reduce hazardous and harmful alcohol
consumption. The research and development of Drink Less has
been described elsewhere [25-28]. Currently, users receive a
daily push notification at 11 am, asking them to “Please
complete your mood and drinks diary.” Following the SPIRIT
(Standard Protocol Items: Recommendations for Interventional
Trials) guidelines [29], the protocol reports our design for a
micro-randomized trial (MRT) that aims to improve behavioral
engagement (ie, frequency and amount of use) with Drink Less
through the push notification.

MRT as an Experimental Design for Optimizing
Behavior Change Apps
The MRT design is a useful trial design for optimizing the
timing, content, and sequencing for push notifications in a
behavior change app [30-34]. During an MRT, individuals are
repeatedly randomized to actionable notifications, or no
notification, at prespecified decision points (Textbox 1). Along
with longitudinally measuring a near-term outcome after each
decision point, covariate data provided by wearables, sensors,
or self-report may also be continuously gathered. Data evolves
as a collection of time-varying covariates, treatments, and
outcomes. A distinguishing feature of the MRT, compared to
a parallel-group randomized controlled trial (RCT), is the
repeated randomization over time. This repeated randomization
aids further causal inferences that cannot be made when
undertaking a parallel-group RCT.

Textbox 1. What does the repeated randomization of notifications in a micro-randomized trial (MRT) offer?

MRT is an experimental design that provides information for developing more optimized policies or decision rules for delivering notifications. The
repeated randomization within each individual in an MRT, which is absent in a parallel-group RCT, allows us to understand:

• If the notifications have a near-term effect on engagement, averaging over (i) the course of the study, (ii) all individuals, and (iii) the time-varying
contexts individuals experience during the study.

• If the near-term effect of the notifications changes over time or depends on other time-varying covariates of the individual.

• If the notifications have a long-term effect on engagement, in addition to the possible near-term effect.

By understanding the above, researchers can build a more effective and less burdensome policy for delivering notifications, in order to improve users’
engagement with a behavior change app [35].
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The Drink Less App
Drink Less is a stand-alone app to help people reduce hazardous
and harmful alcohol consumption [25-28]. The app was
developed in line with the Multiphase Optimisation Strategy
Framework [36] and the United Kingdom (UK) Medical
Research Council guidance on complex interventions [37].
Drink Less contains seven different modules based on behavior
change theory and evidence. These modules are (1) Normative
Feedback, which is personalized feedback on how an
individual’s drinking behavior compares to the recommended
drinking levels; (2) Goal Setting, which allows users to set
weekly “drinking reduction” goals, with brief advice on setting
achievable goals; (3) Cognitive bias retraining, delivered through
a game which targets users’ automatic biases by avoiding cues
of alcoholic drinks and approaching nonalcoholic drinks; (4)
Self-monitoring and Feedback, which users monitor and reflect
on their alcohol consumptions, along with their mood,
productivity, sleep and progress on goals; and (5) Action
Planning, in which users create plans for dealing with difficult
drinking situations. As of January 2, 2020, two new modules
were added: (1) Behavioral substitution, which promotes
substitution of drinking with a neutral behavior; and (2)
Information about Antecedents, which provides users with
information about social and environmental situations and
events, emotions and cognitions that reliably predict drinking.

Drink Less launched in 2016 and is freely available on iTunes.
At onboarding, users are asked to report their age, gender, type
of employment (nonmanual, manual, or other) and to complete
the Alcohol Use Disorders Identification Test (AUDIT) score
[38,39]. The AUDIT is a 10-item screening tool for assessing
alcohol consumption that helps identify people who would
benefit from reducing or ceasing drinking. Users are also asked
why they are using the app (“interested in drinking less alcohol”
or “just browsing”).

In the existing version of the app, a push notification is sent
daily at 11 am asking users to “Please complete your mood and
drinks diary.” Accessing the app through the notification opens
up the app and prompts users to complete their mood and drinks
diary.

User Engagement With Drink Less
An Ecological Momentary Assessment study with Drink Less
users found that establishing a daily routine is important for
maintaining engagement and that the daily notification supports
such routines [20]. This study also found that perceived
usefulness of the app (the belief that using the app will help the
user to achieve their goal(s) and an indicator of users’ reflective
motivation to engage) was associated with increased engagement
for some users. The push notification may hence be most
effective in improving engagement if it (1) supports the
establishment of a routine (being sent at a set time), and (2)
motivates to use particular intervention modules.

We visually explored patterns of engagement among a sample
of 19,233 existing users of Drink Less. Further details of these
results are available elsewhere (manuscript submitted). Data
analysis from this cohort showed four important findings: (1)
use over time decreased, with 50% of users disengaging (no use

for seven or more consecutive days) after 22 days since
download; (2) the existing daily notification, delivered at 11
am, is likely to have the strongest effect of near-term
engagement in the subsequent hour; (3) the breadth of
engagement is poor, with 85% of sessions occurring within the
“Self-monitoring and Feedback” module; and (4), outside the
11 am notification period, a natural maximum of both frequency
and length of sessions appeared in the evenings.

If and how to intervene at “peak-risk” moments is a key research
priority [9,10,40,41]. Evenings are a time of day when people
with a history of harmful alcohol consumption are the most
vulnerable to continued, harmful drinking [42]. Additionally,
the visual exploration of engagement patterns over time suggests
evenings are an acceptable and opportune moment to engage
with Drink Less. We decided to exploit the potential increase
in vulnerability, opportunity, and acceptability of users in the
evenings [43] and to test the marginal effect on near-term
engagement of a bank of 30 new push notifications (see
Multimedia Appendix 1) delivered at 8 pm. The new messages
aim to promote the benefit of using specific intervention
modules by targeting users’ reflective motivation to use the app.

We will undertake an MRT, with a single decision point of 8
pm, to assess the marginal effect of the new notifications on
near-term engagement—use of the app in the hour following
the notification—compared with both no notification and to a
notification using the existing wording “Please complete your
mood and drinking diaries.” Within the MRT, we aim to balance
the objectives of learning how to optimize the push notification
strategy, with the need to trial a good quality app that does not
annoy users. Generally, in an MRT, the risk of annoying users
with too many notifications over time could be mitigated with
lower randomization probabilities. However, there are two
reasons why we chose a single decision point to randomize
notifications (8 pm), and not test multiple decision points within
the day. Firstly, a single decision point allows users to establish
an important routine with Drink Less, and secondly, this avoids
asking users, through the design of the trial, to “Please complete
your mood and drinking diaries” more than once within the day.

In order to explore how notifications influence overall
engagement, the MRT will be complemented by two parallel
trial arms; users will receive the standard notification daily at
11 am in one arm and will receive no notification on any day
in the other. The two parallel arms provide us with (1) a
momentary assessment of how engagement with Drink Less
evolves over time when no notification is provided and (2) an
exchangeable sample to compare the current policy of delivering
a fixed notification daily at 11 am, to randomly varying the
content and sequence of notifications at 8 pm.

Aims and Objectives

Aim
This study aims to assess the push notification strategy and to
improve engagement with Drink Less during the first 30 days
following download.
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Primary Objective
The primary objective of the study is to estimate the marginal
effect of a notification (pooling both types of messages, the
standard wording and the new bank of messages) on near-term
engagement, defined as the use of the app in the hour following
the notification decision point (8 pm to 9 pm ).

Secondary Objectives
The secondary objectives are as follows:

1. Compare the marginal effect of the new bank of 30
messages to the standard wording of “Please complete your
mood and drinking diary” on near-term engagement, defined
as the use of the app in the hour following the notification
decision point (8 pm to 9 pm).

2. Explore whether the effect of a notification (pooling both
types of messages) on near-term engagement decreases
over time.

3. Estimate the lagged effect of prior notifications on near-term
engagement.

4. Understand how the notification effect is moderated by
time-varying covariates (use before 8 pm, use on the
previous day, weekend/weekday effect).

5. Investigate if the effect of the notifications depends on
baseline characteristics (gender, age, employment type,
AUDIT score).

6. Examine overall engagement during the 30 days following
download in users receiving no notifications, those who
receive the standard notification daily at 11 am, and those
who receive a mix of notifications at 8 pm.

Trial Design
This study is an MRT with two additional parallel arms.
Multimedia Appendix 2 illustrates the participant flow through
the trial. It also shows which outcomes will be obtained from
either the MRT or the two additional trial arms.

The MRT will test the effect of both delivering standard message
content and a bank of varied message content on near-term
engagement, compared to receiving no message.

Sixty percent of eligible users will be randomly assigned to
participate in the MRT. The remaining eligible users will be
randomized in equal numbers to the two parallel arms of either
receiving no notifications (Secondary Arm A) or daily
notification of the standard message of “Please complete your
mood and drinking diary” (Secondary Arm B).

Among users assigned to the MRT, every day at 8 pm (the
“decision point”), each user will be randomized to receive one
of three options: no notification, the standard message, or a
notification selected at random from the bank of new messages.
The randomization probabilities for the decision points each
day are 40% to receive no notification, 30% to receive the
standard message, and 30% to receive a randomly selected
message from the bank of new messages.

Methods

Participants, Interventions, and Outcomes

Study Setting
Drink Less is freely available on the iTunes Store. This trial
will recruit eligible new individuals who download the Drink
Less app during the trial recruitment period, from January 2,
2020, to April 1, 2020 (app version: 2.0.1).

We extended the informed consent process for this trial to
comply with ethics requirements. At onboarding, users will be
first asked to read the privacy notice and participant information
sheet, then provide informed consent (see Multimedia
Appendices 2 and 3), before proceeding. Users who do not
consent to take part in the research will be provided the standard
version of the app.

Eligibility Criteria
Users who download Drink Less during the recruitment period
will be eligible to participate if they: self-report a baseline
Alcohol Use Disorders Identification Test (AUDIT) score of 8
or above, indicating excessive alcohol consumption [39,44];
reside in the UK; are aged 18 years or over, and report
themselves to be interested in drinking less alcohol.

Intervention
A bank of 30 novel messages was developed with the aim of
increasing users’ reflective motivation to engage with the app
(see Multimedia Appendix 1). All messages contain the phrase
“(using a particular module in the app) can help you drink less.”
As perceived usefulness of the app has previously been found
to be associated with increased engagement, we hypothesized
that new messages which highlight the benefits of using the app
would increase users’ reflective motivation to use the app and
hence generate higher rates of engagement compared with the
standard, existing message.

Measures
Outcome measures for the MRT will be collected continuously
over the 30 days following the download of Drink Less. These
measures collected over time are: when users open the app,
when each module is used, the length of time (seconds) spent
on the app and drinking records, with the date of drinks
consumed and date and time of records made. Outcomes for the
wider comparison between the parallel trial arms are defined
over the whole 30-day follow-up period.

Outcomes

Primary Outcome (MRT)
The primary outcome measure in the MRT is a time-varying,
binary proximal (ie, near-term) measure of engagement (use of
the app). Specifically, the primary outcome for the MRT is
whether the user opens the app in the hour (8 pm to 9 pm)
following the randomization of receiving a notification at 8 pm.
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Secondary Outcomes Collected Daily Through the Trial
Period (MRT)
Within the MRT, the two secondary outcomes below will be
defined in the hour following the decision point (8 pm to 9 pm):

1. whether or not the user creates an entry in their drink
calendar (by either recording a drink record or recording a
drink-free day);

2. the time, in seconds, spent on the app;

Secondary Outcomes Over the Whole Trial Period (MRT
and Parallel Arms)
In the parallel trial arms, secondary outcomes that will be
explored are:

1. the number of days to complete disengagement, defined as
the first day of at least seven consecutive days of no use
from day of download;

2. the total number of sessions over the 30 days following
download;

3. the total time, in seconds, spent on the app over 30 days
since download, overall, and by intervention module.

Time-Varying Covariates
Measured covariates which vary over time within individuals
are the use of the modules (Action Planning; Cognitive Bias
Re-Training; Self-monitoring and Feedback; Behavioral
Substitution; Goal Setting; Normative Feedback; Information
About Antecedents); entry of drink (or alcohol-free) record in
each session; if the user opened the app before 8 pm that day;
and if the user opened the app the day before.

Time-Fixed Covariates
Measured time-fixed covariates are age, gender, type of
employment (manual, nonmanual, or other), day of the week
of download, and baseline AUDIT score.

Sample Size
We aim to randomly assign 1200 users to the MRT arm, 400
users to the standard daily notification arm (Secondary Arm A),
and 400 users to the no notification arm (Secondary Arm B),
resulting in a total of 2000 participants. The sample sizes were
calculated as follows:

To estimate the sample size required for the MRT arm, we used
a simulation-based approach to determine the sample size
required to attain a prespecified power level, because currently
there is no off-the-shelf software to calculate the sample size
for MRTs with binary outcomes. Our primary objective is to
understand the marginal effect of receiving a push notification
at 8 pm on engagement, with an important secondary objective
towards the tailoring of the notification policy is identifying
effect moderation over time. Plausible estimates of a treatment
effect and effect moderation were obtained by exploring patterns
of use with Drink Less. With 80% power and 5% type I error,
we have sized this trial to detect a marginal treatment effect of
2.16, which decays by a factor of 0.911 by day since download.
This is close to 100% power for our primary objective, the
marginal effect. See Multimedia Appendix 4 for more details.

The sample size of the two additional parallel arms was
determined based on the secondary outcome of time to
disengagement (no use for seven or more consecutive days).
Analysis of the current app shows that 55% of users have
disengaged by day 30. We powered this sample size based on
a minimal relevant change in disengagement of 10%, such that
we expect 65% of users to disengage by day 30 when no
notifications are delivered. With a 5% type I error and 80%
power to detect an increase in disengagement to 65% of users
by day 30, we would require 372 users per arm. To simplify the
allocation process, we rounded-up the sample size for the
parallel arms to 400 users per arm each, resulting in an overall
sample size of 2000 and an allocation ratio of 60% to the MRT
and 20% to each parallel arm.

Anticipated Recruitment Rate
The available recruitment window with the app was January 2,
2020, to April 1, 2020. All new app users who meet the
eligibility criteria, provide consent, and complete app
onboarding during this period will be recruited into the trial.
Previous analyses of cohort data of existing users suggest that
the average number of downloads by eligible users will be 33
per day, through the 59-day recruitment period. If the number
of participants exceeds the minimum required sample stated
above, we will continue to recruit until the end of the predefined
recruitment period.

Assignment of Interventions

Sequence Generation
At recruitment, 60% of participants will be randomized to the
MRT. The remaining participants will be randomly allocated
50:50 to receive no notifications or to receive standard
notifications daily at 11 am.

Among the participants randomized to the MRT, at 8 pm each
participant will be randomized daily to receive one of three
options: no notification, the standard notification wording, or
a message randomly selected from the new message bank. The
randomization probabilities for these three options will be 40%,
30%, and 30%, respectively.

The randomization probabilities are fixed across all individuals
and do not depend on individuals’ time-varying treatment,
outcomes, or covariates.

Allocation Concealment Mechanism
Users will be aware of whether or not they have received a push
notification each day. They will be informed in the consent
procedures that they are part of a research study testing how
different versions of the app affect use. However, they will not
receive explicit information that we are interested in the effect
of the notification, about which arm of the study they have been
allocated to, the full design of the study, or the planned schedule
of their notifications. The standard request for users to enable
notifications at the end of the onboarding process was disabled
for this trial.  Users were still able to turn off the notifications
through their phone settings.
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Implementation
Simple randomization was used, with no stratification or
blocking. The code to generate the randomization sequencing
was developed and coded into the app by an external app
developer. Members of the trial team verified the randomization
process.

Data Collection, Management, and Analysis
Descriptions of the trial participants, in terms of their available
baseline data, will be reported for all MRT participants and
participants in the two additional arms.

Primary Analysis (MRT)
Our primary analysis will estimate the marginal effect of the
notifications on the binary, time-varying outcome of whether
or not a user opens the app between 8 pm and 9 pm. The
marginal effect is averaged over all days and all participants in
the MRT arm.

The effect of notifications, quantified as a relative risk, with a
95% confidence interval, will be assessed using the estimator
for marginal excursion effect for MRTs with binary outcomes
[45]. The excursion effect is a causal effect concerning what
would happen if an individual followed the notification
scheduled used in the MRT up to day t–1 and then deviated
from the schedule to receive a notification at day t, versus
deviated from the schedule to receive no notification at day t.
The notification schedule used in the MRT is the delivery of
push notifications with 40%, 30%, 30% probability every
evening at 8 pm (see the last paragraph of the subsection Trial
Design). The marginal excursion effect we consider in the
primary analysis will marginalize (ie, average) overall days and
all individuals. Because the near-term outcome is binary, we
will estimate the marginal excursion effect on the log relative
risk scale.

For this analysis, both types of notification—the standard
wording and the messages drawn from the new bank of
messages—will be pooled; the comparison will be between any
notification versus no notification. P values less than .05 will
be considered statistically significant. Models used in the
primary and secondary analyses for the MRT arm will adjust
for age, gender, employment type, baseline AUDIT score, the
number of days since download, if the user opened the app
before 8 pm, and if the user opened the app the day before.

Secondary Analyses (MRT)
Our secondary analyses will assess the effect of sending a
notification from the bank of 30 new messages compared to the
standard message “Please complete your mood and drinking
diaries” on the primary outcome; that is, whether the user opened
the app between 8 pm and 9 pm. We will use the same analysis
method here as for the primary analyses, which is the estimator
for the marginal excursion effect. We will also assess the effect
notifications have on users creating an entry to their drinks
calendar.

We will investigate the effect moderation of the notification by
day in the study, quantified as an interaction, and expressed as
a relative risk. We will also examine the sensitivity of the result
when day-in-study is replaced by splines or its

log-transformation. Lagged notification effects will be similarly
quantified.

The continuously valued secondary outcome in the MRT relating
to time spent on the app (seconds) will be analyzed using a
centered and weighted least-squares estimation method [46]
with the effect quantified using the mean difference. All
secondary outcomes will be explored by comparing any
notification versus none and then separating the two types of
notifications.

Secondary Analyses (Parallel Arms)
Time to complete disengagement will be analyzed using the
Kaplan-Meier estimator. A Cox proportional hazards model
will be used to estimate the hazard ratio for disengagement
comparing the three parallel arms. The proportional hazards
assumption will be assessed graphically and using tests based
on Schoenfeld residuals. If nonproportionality is detected,
methods allowing for this will be applied and presented as
exploratory analyses alongside the previous Cox model analysis.

Linear regression models with robust standard errors will be
used to compare the time spent on the app, both overall and on
specific modules, between the three parallel trial arms. Similar
models will be used to compare the total number of days of app
use between arms.

No adjustment will be made for multiple testing. Outcomes and
analyses are categorized by the degree of importance (primary
and secondary), and results will be interpreted in the light of
that ordering.

Results

This study received funding from the MRC Network of Hubs
for Trials Methodology Research (MR/L004933/2- R18) in
January 2019. As of early March 2020, at the date of manuscript
submission, the trial is ongoing, with 452 users recruited.

Data Collection and Data Monitoring
Data collection began on January 2, 2020, and will end on May
1, 2020. Due to the rapid nature of this research, and relatively
very low risk of adverse events due to the intervention, there
will be no interim analysis or Data Monitoring during the trial.

Ethics and Dissemination
Ethical approval was granted by the London School of Hygiene
and Tropical Medicine Interventions Research Ethics Committee
(17929) and the University College London Departmental
Research Ethics Committee (CEHP/2016/556); an amendment
was granted by the Ethics Amendment Request to Work Package
One “The application of digital technologies to advance the
understanding, and improve the implementation of behavior
change.”

Confidentiality
No identifiable data will be collected during this study.
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Discussion

The study will determine whether sending a notification at 8
pm increases engagement in the subsequent hour with Drink
Less and whether the impact of the notification changes over
time. Previous research has found that the perceived usefulness
of the app is a predictor of both the amount and frequency of
engagement with Drink Less [20]. Building on these findings,
secondary analyses will systematically explore if messages
which aim to increase the perceived usefulness of the app by
encouraging users to try out various modules are more effective
at increasing engagement than the standard request to record
drinking and mood diary entries. We will also explore potential
effect moderation, lagged effects, and overall summaries of use
over 30 days since download. This study will provide evidence
of how notifications affect engagement, as well as considerations
towards further improvement of the push notification policy.

Our research is limited by the lack of outcomes to understand
a change in alcohol units consumed, meaning we could not
investigate whether receiving notifications had any effect on
hazardous and harmful alcohol consumption. Generally,
gathering valid and reliable health outcome measures over time,
solely through self-reports, is a prime challenge for the digital
health community [47,48]. Drink Less prompts users to complete
the AUDIT-C one month after downloading the app, but the
proportion of users to do so is low [49]. Our primary aim is to

improve engagement with the app, and future research can
investigate whether any effectiveness is mediated through
engagement. Importantly, research into effective strategies to
collect real-time outcomes on substance abuse through other
apps is emerging [50-52], including an MRT with an
“engagement-first” strategy to increase the rate of self-reported
data [53]. This research is a valuable step towards developing
more effective behavior change apps. Another limitation is that
we do not understand if users subsequently turned off their
notifications during the trial through their phone’s settings.

Methodologies for tailoring notification policies, either as a
stratified intervention based on time-varying or time-invariant
covariates (eg, day of the week, age, past moods, previous app
use or drinks reported), or strictly personalized policies, in which
user’s own responses to prior notifications inform the future
policy, are becoming increasingly more refined [54,55]. After
establishing whether there is a marginal effect of the push
notifications and gaining a better understanding of the push
notification’s role in the dynamic nature of engagement,
subsequent studies may address the more ambitious aims of
creating a sequence of decision rules. Such decision rules could
capitalize on dynamic states of opportunities within users’
current environment or adapt to a user’s history. This may be
achieved by better understanding how the between- and
within-person effects of the notification [56] change under
varying circumstances, as well as any lagged effects of
notifications.

Acknowledgments
LB is supported by a PhD studentship funded by the MRC Network of Hubs for Trials Methodology Research (MR/L004933/2-
R18).

CG is funded by the National Institute for Health Research (NIHR) School for Public Health Research and Cancer Research UK
(CRUK: C1417/A22962).

OP is funded by Cancer Research UK (CRUK: C1417/A22962).

TQ is supported by National Institute on Alcohol Abuse and Alcoholism of the National Institutes of Health under award number
R01AA23187, National Institute on Drug Abuse of the National Institutes of Health under award number P50DA039838, National
Institute of Biomedical Imaging and Bioengineering of the National Institutes of Health under award number U54EB020404,
and National Cancer Institute of the National Institutes of Health under award number U01CA229437. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

HWWP has received consultancy fees from Babylon Health.

EW is supported by Health Data Research UK, which is funded by the UK Medical Research Council, Engineering and Physical
Sciences Research Council, Economic and Social Research Council, Department of Health and Social Care (England), Chief
Scientist Office of the Scottish Government Health and Social Care Directorates, Health and Social Care Research and Development
Division (Welsh Government), Public Health Agency (Northern Ireland), British Heart Foundation and Wellcome.

Development of the Drink Less app was funded by the NIHR School for Public Health Research, Society for the Study of Addiction,
Cancer Research UK and the UK Centre for Tobacco and Alcohol Studies (UKCTAS). The NIHR School for Public Health
Research is a partnership between the Universities of Sheffield; Bristol; Cambridge; Imperial; and University College London;
The London School for Hygiene and Tropical Medicine; LiLaC—a collaboration between the Universities of Liverpool and
Lancaster; and Fuse—The Centre for Translational Research in Public Health collaboration between Newcastle, Durham,
Northumbria, Sunderland and Teesside Universities. The views expressed are those of the author(s) and not necessarily those of
the NIHR or the Department of Health and Social Care.” UKCTAS is part of UKCRC, a Public Health Research Centre of
Excellence. Funding from the Medical Research Council, British Heart Foundation, Cancer Research UK, Economic and Social
Research Council, and the National Institute for Health Research under the auspices of the UK Clinical Research Collaboration,
is gratefully acknowledged.

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e18690 | p. 7https://www.researchprotocols.org/2020/8/e18690
(page number not for citation purposes)

Bell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


We would like to thank Dr Dave Crane for his important role in the development and factorial screening trial of the Drink Less
app, and the National University of Singapore’s Institute of Mathematical Sciences, for funding LB and TQ’s visit to the program
on Statistical Methods for Developing Personalised Mobile Health Interventions. We also thank the University College London
Tobacco and Alcohol Research Group, Professor Susan Murphy, and Professor Niranjan Bidargaddi for their helpful feedback
on the conceptual development of the trial and draft of this paper.

Authors' Contributions
All authors conceptualized the research and designed the trial. LB acquired project funding and wrote the first draft. OP and CG
developed the content of the new notification bank. CG performed data extraction and management for past use of Drink Less.
LB derived estimates to inform the sample size calcuation. TQ performed sample size simulations. All authors reviewed and
edited the manuscript, revising it for intellectual content. All authors gave their final approval for publication and agreed to be
accountable for all aspects of the work.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Bank of 30 newly developed messages and their link to the relevant behavior change module.
[DOCX File , 14 KB-Multimedia Appendix 1]

Multimedia Appendix 2
User flow chart for the micro-randomized trial with two additional parallel arms.
[PNG File , 63 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Privacy notice.
[DOCX File , 14 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Information sheet.
[DOCX File , 14 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Sample size calculation.
[DOCX File , 295 KB-Multimedia Appendix 5]

References

1. Larkin C, Griffin E, Corcoran P, McAuliffe C, Perry IJ, Arensman E. Alcohol Involvement in Suicide and Self-Harm.
Crisis 2017 Sep;38(6):413-422. [doi: 10.1027/0227-5910/a000488]

2. Mahnke AH, Miranda RC, Homanics GE. Epigenetic mediators and consequences of excessive alcohol consumption.
Alcohol 2017 May;60:1-6. [doi: 10.1016/j.alcohol.2017.02.357]

3. Riper H, Hoogendoorn A, Cuijpers P, Karyotaki E, Boumparis N, Mira A, et al. Effectiveness and treatment moderators
of internet interventions for adult problem drinking: An individual patient data meta-analysis of 19 randomised controlled
trials. PLoS Med 2018 Dec 18;15(12):e1002714. [doi: 10.1371/journal.pmed.1002714]

4. McCambridge J, Rollnick S. Should brief interventions in primary care address alcohol problems more strongly? Addiction
2013 Nov 22;109(7):1054-1058. [doi: 10.1111/add.12388]

5. Anderson P, O’Donnell A, Kaner E. Managing Alcohol Use Disorder in Primary Health Care. Curr Psychiatry Rep 2017
Sep 14;19(11). [doi: 10.1007/s11920-017-0837-z]

6. O’Donnell A, Kaner E. Are Brief Alcohol Interventions Adequately Embedded in UK Primary Care? A Qualitative Study
Utilising Normalisation Process Theory. IJERPH 2017 Mar 28;14(4):350. [doi: 10.3390/ijerph14040350]

7. Brown J, West R, Angus C, Beard E, Brennan A, Drummond C, et al. Comparison of brief interventions in primary care
on smoking and excessive alcohol consumption: a population survey in England. Br J Gen Pract 2015 Dec 30;66(642):e1-e9.
[doi: 10.3399/bjgp16x683149]

8. Rapley T, May C, Frances Kaner E. Still a difficult business? Negotiating alcohol-related problems in general practice
consultations. Social Science & Medicine 2006 Nov;63(9):2418-2428. [doi: 10.1016/j.socscimed.2006.05.025]

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e18690 | p. 8https://www.researchprotocols.org/2020/8/e18690
(page number not for citation purposes)

Bell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app1.docx&filename=782cd0dcfde0be898af3069e8be767c5.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app1.docx&filename=782cd0dcfde0be898af3069e8be767c5.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app2.png&filename=3966c2b61f8c571454c7801d0b3e976a.png
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app2.png&filename=3966c2b61f8c571454c7801d0b3e976a.png
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app3.docx&filename=08e1bac8b39383f842132a6d5b63a487.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app3.docx&filename=08e1bac8b39383f842132a6d5b63a487.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app4.docx&filename=275fb95ce2efce2ad9d7db674cf2ac71.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app4.docx&filename=275fb95ce2efce2ad9d7db674cf2ac71.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app5.docx&filename=198634a7003c3db33e7fd8dac2abdc17.docx
https://jmir.org/api/download?alt_name=resprot_v9i8e18690_app5.docx&filename=198634a7003c3db33e7fd8dac2abdc17.docx
http://dx.doi.org/10.1027/0227-5910/a000488
http://dx.doi.org/10.1016/j.alcohol.2017.02.357
http://dx.doi.org/10.1371/journal.pmed.1002714
http://dx.doi.org/10.1111/add.12388
http://dx.doi.org/10.1007/s11920-017-0837-z
http://dx.doi.org/10.3390/ijerph14040350
http://dx.doi.org/10.3399/bjgp16x683149
http://dx.doi.org/10.1016/j.socscimed.2006.05.025
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Wray TB, Merrill JE, Monti PM. Using Ecological Momentary Assessment (EMA) to Assess Situation-Level Predictors
of Alcohol Use and Alcohol-Related Consequences. Alcohol Res 2014;36(1):19-27 [FREE Full text] [Medline: 26258997]

10. Beckjord E, Shiffman S. Background for Real-Time Monitoring and Intervention Related to Alcohol Use. Alcohol Res
2014;36(1):9-18 [FREE Full text] [Medline: 26258996]

11. Morgenstern J, Kuerbis A, Houser J, Muench FJ, Shao S, Treloar H. Within-person associations between daily motivation
and self-efficacy and drinking among problem drinkers in treatment. Psychology of Addictive Behaviors 2016
Sep;30(6):630-638. [doi: 10.1037/adb0000204]

12. Petry N, Meredith S, Alessi S. Smartphone applications to reduce alcohol consumption and help patients with alcohol use
disorder: a state-of-the-art review. AHCT 2015 Dec:47. [doi: 10.2147/ahct.s65791]

13. Berman AH, Gajecki M, Sinadinovic K, Andersson C. Mobile Interventions Targeting Risky Drinking Among University
Students: A Review. Curr Addict Rep 2016 Apr 5;3(2):166-174. [doi: 10.1007/s40429-016-0099-6]

14. Suffoletto B, Kristan J, Callaway C, Kim KH, Chung T, Monti PM, et al. A Text Message Alcohol Intervention for Young
Adult Emergency Department Patients: A Randomized Clinical Trial. Annals of Emergency Medicine 2014
Dec;64(6):664-672.e4. [doi: 10.1016/j.annemergmed.2014.06.010]

15. Riordan BC, Conner TS, Flett JAM, Scarf D. A Brief Orientation Week Ecological Momentary Intervention to Reduce
University Student Alcohol Consumption. J. Stud. Alcohol Drugs 2015 Jul;76(4):525-529. [doi: 10.15288/jsad.2015.76.525]

16. Ng MM, Firth J, Minen M, Torous J. User Engagement in Mental Health Apps: A Review of Measurement, Reporting,
and Validity. PS 2019 Jul;70(7):538-544. [doi: 10.1176/appi.ps.201800519]

17. Torous J, Nicholas J, Larsen ME, Firth J, Christensen H. Clinical review of user engagement with mental health smartphone
apps: evidence, theory and improvements. Evid Based Mental Health 2018 Jun 05;21(3):116-119. [doi:
10.1136/eb-2018-102891]

18. Forbes G, Newton S, Cantalapiedra Calvete C, Birch J, Dodds J, Steed L, et al. MEMPHIS: a smartphone app using
psychological approaches for women with chronic pelvic pain presenting to gynaecology clinics: a randomised feasibility
trial. BMJ Open 2020 Mar 12;10(3):e030164. [doi: 10.1136/bmjopen-2019-030164]

19. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Behav. Med. Pract. Policy Res 2016 Dec
13;7(2):254-267. [doi: 10.1007/s13142-016-0453-1]

20. Perski O, Naughton F, Garnett C, Blandford A, Beard E, West R, et al. Do Daily Fluctuations in Psychological and
App-Related Variables Predict Engagement With an Alcohol Reduction App? A Series of N-Of-1 Studies. JMIR Mhealth
Uhealth 2019 Oct 2;7(10):e14098. [doi: 10.2196/14098]

21. Bidargaddi N, Almirall D, Murphy S, Nahum-Shani I, Kovalcik M, Pituch T, et al. To Prompt or Not to Prompt? A
Microrandomized Trial of Time-Varying Push Notifications to Increase Proximal Engagement With a Mobile Health App.
JMIR Mhealth Uhealth 2018 Nov 29;6(11):e10123. [doi: 10.2196/10123]

22. Alkhaldi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The Effectiveness of Prompts to Promote Engagement
With Digital Interventions: A Systematic Review. J Med Internet Res 2016 Jan 08;18(1):e6. [doi: 10.2196/jmir.4790]

23. Gustafson DH, Shaw BR, Isham A, Baker T, Boyle MG, Levy M. Explicating an Evidence-Based, Theoretically Informed,
Mobile Technology-Based System to Improve Outcomes for People in Recovery for Alcohol Dependence. Substance Use
& Misuse 2010 Dec 29;46(1):96-111. [doi: 10.3109/10826084.2011.521413]

24. Heron K. E. and J. M. Smyth, Ecological momentary interventions: incorporating mobile technology into psychosocial and
health behaviour treatments. Br J Health Psychol 2010;15(Pt 1):1-39. [doi: 10.1348/135910709x466063]

25. Garnett C, Crane D, Michie S, West R, Brown J. Evaluating the effectiveness of a smartphone app to reduce excessive
alcohol consumption: protocol for a factorial randomised control trial. BMC Public Health 2016 Jul 8;16(1). [doi:
10.1186/s12889-016-3140-8]

26. Garnett C. The development of Drink Less: an alcohol reduction smartphone app for excessive drinkers. Transl Behav Med
2019;9(2):a-307. [doi: 10.1093/tbm/iby043]

27. Garnett C, Crane D, West R, Michie S, Brown J, Winstock A. User characteristics of a smartphone app to reduce alcohol
consumption. Behav. Med. Pract. Policy Res 2017 Mar 17;7(4):845-853. [doi: 10.1007/s13142-017-0477-1]

28. Garnett C, Perski O, Tombor I, West R, Michie S, Brown J. Predictors of Engagement, Response to Follow Up, and Extent
of Alcohol Reduction in Users of a Smartphone App (Drink Less): Secondary Analysis of a Factorial Randomized Controlled
Trial. JMIR Mhealth Uhealth 2018 Dec 14;6(12):e11175. [doi: 10.2196/11175]

29. Chan A, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BMJ 2013 Jan 09;346(jan08 15):e7586-e7586. [doi: 10.1136/bmj.e7586]

30. Walton A, Nahum-Shani I, Crosby L, Klasnja P, Murphy S. Optimizing Digital Integrated Care via Micro-Randomized
Trials. Clin. Pharmacol. Ther 2018 Apr 19;104(1):53-58. [doi: 10.1002/cpt.1079]

31. Klasnja P, Hekler EB, Shiffman S, Boruvka A, Almirall D, Tewari A, et al. Microrandomized trials: An experimental design
for developing just-in-time adaptive interventions. Health Psychology 2015 Dec;34(Suppl):1220-1228. [doi:
10.1037/hea0000305]

32. Law L, Wason J. Use of an embedded, micro-randomised trial to investigate non-compliance in telehealth trials. Trials
2015 Nov 16;16(S2). [doi: 10.1186/1745-6215-16-s2-p222]

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e18690 | p. 9https://www.researchprotocols.org/2020/8/e18690
(page number not for citation purposes)

Bell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/26258997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26258997&dopt=Abstract
http://europepmc.org/abstract/MED/26258996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26258996&dopt=Abstract
http://dx.doi.org/10.1037/adb0000204
http://dx.doi.org/10.2147/ahct.s65791
http://dx.doi.org/10.1007/s40429-016-0099-6
http://dx.doi.org/10.1016/j.annemergmed.2014.06.010
http://dx.doi.org/10.15288/jsad.2015.76.525
http://dx.doi.org/10.1176/appi.ps.201800519
http://dx.doi.org/10.1136/eb-2018-102891
http://dx.doi.org/10.1136/bmjopen-2019-030164
http://dx.doi.org/10.1007/s13142-016-0453-1
http://dx.doi.org/10.2196/14098
http://dx.doi.org/10.2196/10123
http://dx.doi.org/10.2196/jmir.4790
http://dx.doi.org/10.3109/10826084.2011.521413
http://dx.doi.org/10.1348/135910709x466063
http://dx.doi.org/10.1186/s12889-016-3140-8
http://dx.doi.org/10.1093/tbm/iby043
http://dx.doi.org/10.1007/s13142-017-0477-1
http://dx.doi.org/10.2196/11175
http://dx.doi.org/10.1136/bmj.e7586
http://dx.doi.org/10.1002/cpt.1079
http://dx.doi.org/10.1037/hea0000305
http://dx.doi.org/10.1186/1745-6215-16-s2-p222
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Klasnja, Smith S, Seewald NJ, Lee A, Hall K, Luers B, et al. Efficacy of Contextually Tailored Suggestions for Physical
Activity: A Micro-randomized Optimization Trial of HeartSteps. Ann Behav Med 2019 May 03;53(6):573-582 [FREE Full
text] [doi: 10.1093/abm/kay067] [Medline: 30192907]

34. Dempsey W, Liao P, Klasnja P, Nahum-Shani I, Murphy SA. Randomised trials for the Fitbit generation. Significance
2015 Dec 10;12(6):20-23. [doi: 10.1111/j.1740-9713.2015.00863.x]

35. Walton A, Collins L, Klasnja P, Nahum-Shani I, Rabbi M, Walton M, et al. The Micro-Randomized Trial for Developing
Digital Interventions: Experimental Design Considerations. - 2020 (forthcoming) [FREE Full text]

36. Collins LM, Murphy SA, Strecher V. The Multiphase Optimization Strategy (MOST) and the Sequential Multiple Assignment
Randomized Trial (SMART). American Journal of Preventive Medicine 2007 May;32(5):S112-S118. [doi:
10.1016/j.amepre.2007.01.022]

37. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the
new Medical Research Council guidance. BMJ 2008 Sep 29:a1655. [doi: 10.1136/bmj.a1655]

38. Bohn MJ, Babor TF, Kranzler HR. The Alcohol Use Disorders Identification Test (AUDIT): validation of a screening
instrument for use in medical settings. J. Stud. Alcohol 1995 Jul;56(4):423-432. [doi: 10.15288/jsa.1995.56.423]

39. 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
1993 Jun;88(6):791-804. [doi: 10.1111/j.1360-0443.1993.tb02093.x] [Medline: 8329970]

40. Cohn A. M.., Promoting behavior change from alcohol use through mobile technology: the future of ecological momentary
assessment. Alcohol Clin Exp Res 2011;35(12):2209-2215. [doi: 10.1111/j.1530-0277.2011.01571.x]

41. 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 2018 Jul 20;6(7):e149. [doi: 10.2196/mhealth.9324]

42. Day AM, Celio MA, Lisman SA, Spear LP. Gender, history of alcohol use and number of drinks consumed predict craving
among drinkers in a field setting. Addictive Behaviors 2014 Jan;39(1):354-357. [doi: 10.1016/j.addbeh.2013.10.014]

43. Nahum-Shani I, Hekler EB, Spruijt-Metz D. Building health behavior models to guide the development of just-in-time
adaptive interventions: A pragmatic framework. Health Psychology 2015 Dec;34(Suppl):1209-1219. [doi:
10.1037/hea0000306]

44. 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
1993 Jun 24;88(6):791-804. [doi: 10.1111/j.1360-0443.1993.tb02093.x] [Medline: 8329970]

45. Qian T. Estimating Time-Varying Causal Excursion Effect in Mobile Health with Binary Outcomes. - 2020 [FREE Full
text]

46. Boruvka A, Almirall D, Witkiewitz K, Murphy SA. Assessing Time-Varying Causal Effect Moderation in Mobile Health.
Journal of the American Statistical Association 2017 Mar 31;113(523):1112-1121. [doi: 10.1080/01621459.2017.1305274]

47. Torous J, Firth J. Bridging the dichotomy of actual versus aspirational digital health. World Psychiatry 2018 Jan
19;17(1):108-109. [doi: 10.1002/wps.20464]

48. Chan YY, Wang P, Rogers L, Tignor N, Zweig M, Hershman SG, et al. The Asthma Mobile Health Study, a large-scale
clinical observational study using ResearchKit. Nat Biotechnol 2017 Mar 13;35(4):354-362. [doi: 10.1038/nbt.3826]

49. Crane D, Garnett C, Michie S, West R, Brown J. A smartphone app to reduce excessive alcohol consumption: Identifying
the effectiveness of intervention components in a factorial randomised control trial. Sci Rep 2018 Mar 12;8(1). [doi:
10.1038/s41598-018-22420-8]

50. Monk RL, Heim D, Qureshi A, Price A. “I Have No Clue What I Drunk Last Night” Using Smartphone Technology to
Compare In-Vivo and Retrospective Self-Reports of Alcohol Consumption. PLoS ONE 2015 May 19;10(5):e0126209.
[doi: 10.1371/journal.pone.0126209]

51. Poulton A, Pan J, Bruns Jr LR, Sinnott RO, Hester R. A Smartphone App to Assess Alcohol Consumption Behavior:
Development, Compliance, and Reactivity. JMIR Mhealth Uhealth 2019 Mar 25;7(3):e11157. [doi: 10.2196/11157]

52. Smith A, de Salas K, Lewis I, Schüz B. Developing smartphone apps for behavioural studies: The AlcoRisk app case study.
Journal of Biomedical Informatics 2017 Aug;72:108-119. [doi: 10.1016/j.jbi.2017.07.007]

53. Rabbi M, Philyaw Kotov M, Cunningham R, Bonar EE, Nahum-Shani I, Klasnja P, et al. Toward Increasing Engagement
in Substance Use Data Collection: Development of the Substance Abuse Research Assistant App and Protocol for a
Microrandomized Trial Using Adolescents and Emerging Adults. JMIR Res Protoc 2018 Jul 18;7(7):e166. [doi:
10.2196/resprot.9850]

54. Hu X. Personalized Policy Learning using Longitudinal Mobile Health Data. Preprint available 2020 [FREE Full text] [doi:
10.1080/01621459.2020.1785476]

55. Greenewald K. Action Centered Contextual Bandits. Adv Neural Inf Process Syst 2017;30:5973-5981. [doi:
10.1017/9781108571401.024]

56. Qian T, Klasnja P, Murphy SA. Linear Mixed Models with Endogenous Covariates: Modeling Sequential Treatment Effects
with Application to a Mobile Health Study. Statistical Science (to appear). - 2020 (forthcoming).

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e18690 | p. 10https://www.researchprotocols.org/2020/8/e18690
(page number not for citation purposes)

Bell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/30192907
http://europepmc.org/abstract/MED/30192907
http://dx.doi.org/10.1093/abm/kay067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30192907&dopt=Abstract
http://dx.doi.org/10.1111/j.1740-9713.2015.00863.x
https://arxiv.org/ftp/arxiv/papers/2005/2005.05880.pdf
http://dx.doi.org/10.1016/j.amepre.2007.01.022
http://dx.doi.org/10.1136/bmj.a1655
http://dx.doi.org/10.15288/jsa.1995.56.423
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/10.1111/j.1530-0277.2011.01571.x
http://dx.doi.org/10.2196/mhealth.9324
http://dx.doi.org/10.1016/j.addbeh.2013.10.014
http://dx.doi.org/10.1037/hea0000306
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
https://arxiv.org/abs/1906.00528.pdf
https://arxiv.org/abs/1906.00528.pdf
http://dx.doi.org/10.1080/01621459.2017.1305274
http://dx.doi.org/10.1002/wps.20464
http://dx.doi.org/10.1038/nbt.3826
http://dx.doi.org/10.1038/s41598-018-22420-8
http://dx.doi.org/10.1371/journal.pone.0126209
http://dx.doi.org/10.2196/11157
http://dx.doi.org/10.1016/j.jbi.2017.07.007
http://dx.doi.org/10.2196/resprot.9850
https://arxiv.org/pdf/2001.03258.pdf
http://dx.doi.org/10.1080/01621459.2020.1785476
http://dx.doi.org/10.1017/9781108571401.024
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AUDIT: Alcohol Use Disorders Identification Test
MRT: micro-randomized trial
NIHR: National Institute for Health Research
RCT: randomized controlled trial
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials

Edited by G Eysenbach; submitted 12.03.20; peer-reviewed by B Chakraborty, P Wallace, D Leightley, J Kimmerle; comments to
author 09.04.20; revised version received 13.05.20; accepted 27.05.20; published 07.08.20

Please cite as:
Bell L, Garnett C, Qian T, Perski O, Potts HWW, Williamson E
Notifications to Improve Engagement With an Alcohol Reduction App: Protocol for a Micro-Randomized Trial
JMIR Res Protoc 2020;9(8):e18690
URL: https://www.researchprotocols.org/2020/8/e18690
doi: 10.2196/18690
PMID: 32763878

©Lauren Bell, Claire Garnett, Tianchen Qian, Olga Perski, Henry W W Potts, Elizabeth Williamson. Originally published in
JMIR Research Protocols (http://www.researchprotocols.org), 07.08.2020. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org,
as well as this copyright and license information must be included.

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e18690 | p. 11https://www.researchprotocols.org/2020/8/e18690
(page number not for citation purposes)

Bell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2020/8/e18690
http://dx.doi.org/10.2196/18690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763878&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

