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ABSTRACT

Background: Smartphone-based interventions are increasingly being used to facilitate positive
behavior change, including reducing alcohol consumption. However, less is known about the
effects of notifications to support this change, including intervention engagement and adherence.
The aim of this review was to assess the role of notifications in smartphone-based interventions
designed to support, manage, or reduce alcohol consumption. Methods: Five electronic databases
were searched to identify studies meeting inclusion criteria: (1) studies using a smartphone-based
alcohol intervention, (2) the intervention used notifications, and (3) published between 1st January
2007 and 30th April 2021 in English. PROSPERO was searched to identify any completed, ongoing,
or planned systematic reviews and meta-analyses of relevance. The reference lists of all included
studies were searched. Results: Overall, 14 papers were identified, reporting on 10 different interventions. The strength of the evidence regarding the role and utility of notifications in changing
behavior toward alcohol of the reviewed interventions was inconclusive. Only one study drew distinct conclusions about the relationships between notifications and app engagement, and notifications and behavior change. Conclusions: Although there are many smartphone-based interventions
to support alcohol reduction, this review highlights a lack of evidence to support the use of notifications (such as push notifications, alerts, prompts, and nudges) used within smartphone interventions for alcohol management aiming to promote positive behavior change. Included studies were
limited due to small sample sizes and insufficient follow-up. Evidence for the benefits of smartphone-based alcohol interventions remains promising, but the efficacy of using notifications, especially personalized notifications, within these interventions remain unproven.

Introduction
Alcohol misuse contributes to approximately three million
deaths worldwide each year and is one of the leading causes
of preventable mortality worldwide.1 Alcohol misuse is
defined as drinking in a way which is harmful, hazardous,
or being dependent on alcohol.2 In the UK, recommended
drinking guidelines are to consume no more than 14 UK
units (10 ml or 8 g of pure alcohol per unit) of alcohol per
week.2,3 The Adult Psychiatric Morbidity Survey in England
2014 reported around 1 in 5 (19.7%) adults drinking at hazardous, harmful or dependent levels, as defined by the
Alcohol Use Disorder Identification Test (AUDIT-10).4,5
Most of these were hazardous drinkers (16.6%), as indicated
by a score of 8–15 on the AUDIT-10.5
Regularly consuming high levels of alcohol has a significant effect on psychological and physical health. Several
effective intervention techniques are available to support,

Smartphone app;
intervention; alcohol;
notifications; review; brief
alcohol intervention

manage or reduce alcohol consumption, including brief
interventions, specialist treatments, and less intensive treatments that combine the two.6 For the UK general population, brief interventions are the most commonly used
intervention technique,7 often provided to individuals scoring 8–15 on the AUDIT-10. Brief alcohol interventions
(BAIs) involve an assessment of risk, and provide feedback,
advice, and support on reducing alcohol consumption. BAIs
can be delivered face-to-face in primary care settings but
can also be delivered digitally. They aim to help recognize
risky drinking and to promote positive changes in behavior.
For example, by reducing alcohol consumption to recommended low-risk levels, reducing harmful actions like binge
drinking, and developing coping strategies to control and
reduce drinking.6–8
Although there are effective alcohol interventions available, there are several barriers which impact on treatment
delivery, including a perceived stigma around seeking
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support, and problems relating to the accessibility and availability of treatment services.9,10 Over the last two decades
digital technologies, including smartphone-based interventions, have been developed to target mental health more
generally.11–13
There has also been a strong growth in the number of
digital interventions available to support, manage or reduce
alcohol consumption in the general population.14–16 The mode
of delivery for digital alcohol interventions has, in the last five
years, shifted to smartphone-based interventions, including
Drink Less15 and Drinkaware17 which aim to reduce alcohol
consumption and are recommended for use by the UK
National Health Service (NHS). For the purposes of this
review, a smartphone-based alcohol intervention was an intervention delivered via a smartphone which aimed to support
the management or reduction of alcohol consumption. These
have several potential advantages over face-to-face methods as
they help overcome some of the barriers for treatment delivery, including being more cost-effective and accessible.
Increasing the sense of anonymity might reduce the perceived
stigma associated with face-to-face help for problematic alcohol use.18 Smartphone-based interventions allow for the more
rapid advancement and development of alcohol treatment
options, at a speed which cannot be matched by traditional
methods. Some evidence suggests that digital interventions
may reduce alcohol consumption, with an average reduction
of up to three UK standard drink units (approximately 23 g of
pure alcohol) per week compared to a control group.16,19
Smartphone-based interventions often utilize notifications
to help increase user engagement. There is growing evidence
that short message service (SMS) text message based interventions can help individuals modify health behaviors.20,21
However, other notification types are becoming increasingly
popular, potentially because users may be more accepting of
notifications as they can better control notification settings.
Notifications (e.g., push notifications, alerts, nudges or
prompts) have displayed effectiveness at maintaining app
engagement.22 A push notification is an automated message
sent by an application which pops up on the user’s phone to
gain their attention.
Various authors have suggested that future mobile health
apps should implement regular push notifications to encourage active engagement by users.23,24 Personalized notifications are another form of notification being implemented in
smartphone-based alcohol interventions. For the purposes of
this review, personalized notifications were considered to be
any form of notification (i.e., push notification, alert,
prompt or nudge) tailored specifically to that user. For
instance, personalized notifications to use the drinks diary,
to suggest alternative behaviors, and to provide feedback on
goal progress.
Although it has been suggested that notifications help to
improve engagement, literature on the use of notifications in
smartphone-based interventions aiming to reduce alcohol
consumption remains very limited. There is some literature
exploring the effectiveness of using text messages in healthcare apps more generally,25,26 however, there is a lack of

research in relation to the role of notifications within smartphone-based alcohol interventions.
In this review, we advanced on previous literature by focusing on the role of notifications (excluding SMS text messaging)
on changing behaviors toward alcohol. The primary aim of
this review was to explore the use of notifications in smartphone-based interventions designed to support, manage, or
reduce alcohol consumption, and to describe development
approaches used to inform future intervention development.
The secondary aims were to explore the protocols in which
notifications are used, including time and frequency, and to
consider how personalized notifications impact on alcohol reduction.

Method
Design
This systematic review was conducted following Cochrane
methodology and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.27 The
review was registered with PROSPERO in August 2020
(CRD42020190425).
Search strategy
Literature was found by searching five electronic databases:
PubMed (including MEDLINE and PubMed Central), Web
of Science, Embase, Global Health and PsychINFO. The
databases were searched in April 2021 using a combination
of pre-defined terms which related to alcohol (i.e., alcoh),
mobile applications (i.e., mobile, mHealth, m-health, electronic health, ehealth, app, smartphone, android, iOS,
Apple, iPhone) and notifications (i.e., push notifi,
messag) using the Boolean operator “AND”. The asterisk
denotes truncation. Restrictions were placed on publication
dates from January 2007 to April 2021 to allow for coverage
of the advent of the first modern day smartphone. Searches
were restricted to English language. Reference lists from all
included studies were scanned for additional literature and
PROSPERO was searched to identify completed, ongoing or
planned systematic reviews and meta-analyses of relevance.
Eligibility criteria
Eligibility was determined using additional inclusion criteria:
 The paper included a smartphone-based
intervention.
 The intervention used notifications.

alcohol

Searches were not restricted by age group, population, or
occupation. As smartphone interventions are delivered through
mobile devices, there was no restriction as to the location
where the participant could interact with the intervention.
Systematic reviews, gray literature and conference abstracts
were excluded from the search. As this review sought to
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systematically evaluate a range of study designs, any comparators or controls were reported.
Study selection and data extraction
After the initial search, all identified studies were screened
for duplicates which were removed, using Endnote X9. Two
members of the review team (CW and KW) independently
reviewed the remaining titles, followed by abstracts. The full
research papers for studies identified as potentially relevant
were reviewed. The reviewers (CW and KW) independently
decided which studies met the eligibility criteria to be
included in the review. Any discrepancies were resolved
through discussion with a third reviewer (DL).
Data were extracted independently by CW on study characteristics (country, aim, design, methods, measures used),
participant characteristics (sample size, response rates, age
range, sex, population/occupation), details of intervention
(description, mode of delivery, duration, comparators/controls), notifications (frequency, personalization, mode of
delivery, content) and study findings (outcomes, conclusions, limitations). KW independently performed second
reviewer data extraction on a sample of studies. Due to the
small number of included studies, findings were summarized
in a narrative synthesis.
Quality assessment of included studies
The quality of each included study was assessed independently by two reviewers (CW and DL) using an adapted version of the Newcastle-Ottowa Scale (NOS).28 The assessment
judged each study on three broad perspectives; (1) the selection of study groups, (2) the reporting on the use of notifications, app engagement or usage, and (3) the appropriateness
of the follow-up period. Any discrepancies were resolved
through discussion.

Results
Overview of search results
The database search identified 3,165 articles, of which 1,181
were duplicates which were removed. In total, 1,984 titles and
153 abstracts were screened, identifying 28 for full text
screening. Of these, 14 were excluded because they did not
meet inclusion criteria. PRISMA flow diagram can be found
in Figure 1. Interrater reliability was calculated at each
screening stage. At the title screening stage, interrater reliability was strong at Cohen’s kappa (j) 0.88 (94.47% agreement).
Characteristics of included studies
A total of 14 publications, describing 10 interventions, were
identified as eligible for inclusion in the review. The earliest
study was published in 2012, with most studies published
between 2017 and 2021. Six papers (43%) were based on US
data,29–34 five (36%) on UK data17,35–38 and three (21%) on
Australian data.39–41 Gustafson and colleagues,30 and
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McTavish and colleagues31 reported on the same dataset, as
did both papers by Poulton and colleagues,39,40 but each
were included as they reported different outcome measures
of interest to the review.
In accordance with the inclusion criteria, all interventions
were delivered via smartphone. The interventions used were
Drinkaware,17 LBMI-A,29,33 Drink Less,37,38 A-CHESS,30,31
BRANCH,35 CASA-CHESS,32 CNLab-A,39,40 AlcoRisk,41 Step
Away,34 and one un-named app developed for research.36
Of the 14 included papers, two30,31 (reporting on one
intervention, A-CHESS) were randomized controlled trials
(RCTs) and the remainder were non-randomized studies,
where available comparator/control groups were reported.
Of the non-randomized studies, four involved qualitative
interviewing to collect at least some of the data.17,35,37,41
Measures of alcohol consumption varied across studies,
including AUDIT-C,34 AUDIT-1036–40 and clinician applied
Diagnostic and Statistical Manual for Mental Disorders,
Fifth Edition (DSM-5) criteria.30,31 Not all studies reported
on the duration of the study and, or, intervention.36,37
Across those that did, the majority measured short-term
outcomes (less than three months), one measured mediumterm outcomes (three to six months) and five measured
long-term outcomes (six months or longer). The shortest
was a two-week feasibility trial41 and the longest length of
follow-up was 12 months.30,31
A variety of different outcome measures were used to
assess changes in alcohol consumption. Two studies
reported their main outcome measures related to a reduction in alcohol consumption as measured by number of
units or drinks.17,33 Two studies monitored drinking behaviors post-discharge from residential treatment for alcohol
use disorder.30,31 Three studies explored prospective vs
retrospective reporting of alcohol behaviors.29,36,39 Three
reported on app development.37,40,41 Three reported on app
usage and engagement32,35,38 and how it related to changes
in alcohol consumption. The final study’s main outcome
related to the usability of the app, however, they also
reported on change in alcohol consumption.34 In accordance
with the inclusion criteria, all interventions used notifications to some degree. Full details are listed in Table 1 and
Supplementary Table 1.
Notifications
Populations studied
Approximately half of the studies reported a sample size of
fewer than 100 participants. The smallest sample size was 19
participants.41 The largest sample, reported by Attwood and
colleagues in the quantitative part of their study, was over
100,000 participants.17 All studies used mixed-gender samples, however, these were not always evenly distributed. In
total, six of included studies were conducted using samples
from the general population,17,36–41 seven used clinical populations29–34 for example participants that met DSM-5 criteria for alcohol use disorder, and one study did not report
on the population type.35
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Figure 1. PRISMA Flow diagram of search strategy.

Development
None of the included studies specifically reported on how
the notifications used in the interventions were developed.
Only three studies focused on app development.37,40,41
Poulton and colleagues concluded that the development of
CNLab-A followed an appropriate methodology for measuring alcohol consumption over time.40 Smith and colleagues
feasibility trial supported the efficacy of the AlcoRisk app’s
software development process and offered an evidence-based
approach to integrating relevant behavioral and technical
areas.41 Both studies used an iterative development process
with three stages: (1) requirements analysis, (2) feature and
interface design, and (3) app implementation. Garnett and
colleagues systematically developed the Drink Less app based
on scientific literature and theory.37 Their approach involved
two phases: (1) selection of intervention components, and (2)
design and translation into app. Given the small number of
included studies that report on the development process, it is
difficult to draw conclusions that may help to inform future
development of smartphone-based alcohol interventions.
Of the studies that reported on intervention development,
none explicitly reported using co-production. Co-production
involves the active participation of relevant stakeholders

during pre-development and development. It is important
that end-users are involved in the development process to
get a representation of how the app may be used in practice,
and the relevance and importance of particular outcomes for
service users.42,43 The three studies that reported on development did use a small group for usability testing.37,40,41 It
remains unclear whether these testing groups led to improvements in engagement. Drinkaware,17 CNLab-A39,40 and
AlcoRisk41 were developed for use on both iOS and Android
systems, including. Others were available on only Android
devices including CASA-CHESS,32 or only iOS devices
including Step Away34 and Drink Less.37,38
Implementation
The most common mode of delivery of notifications reported
in the included studies were reminders, prompts or alerts to
log drinking behaviors.29,34–41 For instance, as set by the app
developers, Drink Less users were sent daily push notifications
at 11am asking to, “Please complete your drink diaries”, to
encourage self-monitoring of drinking behavior.38 Another
common notification type was GPS initiated-alerts which were
activated when in a “high-risk” drinking location as specified
by the user.17,30,31,33 For example, the Drinkaware app sent

UK

UK

USA

Bell, 2020

Dulin,
2014

Location

Attwood,
2017

Lead
Author,
Year

Reference

Design

Aim

Sample Size,
Gender (%
female), Age

Pilot, cohort

Longitudinal,
observational

To visualize behavioral
engagement with
Drink Less, a
behavior change
app to help reduce
hazardous and
harmful alcohol
consumption in the
general adult
population of the
United Kingdom.
To assess early-stage
effectiveness and
usability of a
smartphone-based
intervention system
that provides a
stand-alone, selfadministered
intervention option,
the Location-Based
Monitoring and
Intervention for
Alcohol Use
Disorders (LBMI-A).

Population/
Occupation

6 weeks.

Personalization

Development

The Buddy Steps
GPS alert when in No mention of
Not reported.
included: (1)
high
personalization.
enhancement of
risk location.
motivation for
change by
providing
assessment
feedback; (2)
high-risk for
drinking locations
and strategies for
avoiding them; (3)
importance of
supportive people;
(4) managing
alcohol cravings;
(5) managing life

Data for this
study from
users who
downloaded
app between
May 2017 –
January 2019.
Minimum 84
days
use measured.

Drink Less
Smartphone
application.

Mode of
Delivery,
Frequency

Notifications

enable users to:
Supportive
No mention of
Not reported.
(1) calculate the
notifications.
personalization.
units and calories
GPS alerts in
Interviews
in drinks and to
high-risk
suggested needs
track alcohol
locations.
more
consumption over
personalized
time, (2) gain
content.
feedback on how
drinking impacts
health and to
understand trends
in drinking
patterns, (3) set
goals to reduce
drinking that are
relevant to their
lifestyle and to
receive supportive
notifications when
specific
achievements are
met, and (4)
define geographic
locations where
users may feel
that additional
support to
regulate alcohol
consumption
is needed.
To help its users
Daily notifications No mention of
Not reported.
reduce hazardous
sent at 11am.
personalization.
and harmful
alcohol
consumption.

Description/ Aim of
Intervention

Not reported –
To
data for this
study collected
over 13
months
(August 2014 –
September
2015).

Duration

Intervention

Drinkaware
Intervention
delivered via
smartphone
app.

Name, Mode
of Delivery

N = 28
Clinical population LBMI-A
46% female
– met criteria A smartphone
Age: 22–45 years
for alcohol use
system.
disorder (but
not
having
treatment).

General
N = 19,233
population.
50.4% female
Age: 18+
years (m = 44)

General
population.

Sample

Cohort,
To evaluate an existing Quantitative:
mixed-methods
publically available
119,713
app, designed by
downloaded
Drinkaware, a UKand entered
based alcohol
data on app.
awareness charity. Qualitative: 189
completed
survey, 40
interviewed.
Age:
18–65 years

Study

Table 1. Characteristics of included studies.

Outcomes

(continued)

After high risk
To assess the
locations were
effectiveness and
entered, the
usability of the
system utilized
smartphone-based
the GPS
system to reduce
capabilities of the
alcohol
smartphone to
consumption for
provide an
those with AUDs.
audible alert and
suggestions for
maintaining
control of
drinking when
they crossed a
boundary around
a specific high
risk location.

The app sends a
To explore the
local daily push
association
notification at 11
between the
AM that asks
delivery of the
users to “Please
notification and
complete your
subsequent neardrink diaries,” to
term engagement
encourage selfof opening
monitoring of
the app.
drinking behavior.

The app sends users To monitor
supportive
and reduce alcohol
messages when
consumption.
they reach their
“weak spot”
locations (e.g.
“You are near one
of your
designated weak
spots. Remember,
drinking less has
many feelgood benefits”).

Content

Outcomes
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USA

UK

USA

USA

Garnett,
2019

*Gustafson,
2014

Malte,
2021

Location

Dulin,
2017

Lead
Author,
Year

Reference

Study

Aim

Pilot, cohort

RCT

Sample

Drink Less
Smartphone
application.

General
population.

Not reported.

Name, Mode
of Delivery

Clinical population LBMI-A
– met DSM-5 A smartphone
system.
criteria for AUD
and be at least
minimally
motivated to
change
drinking
behavior.

Population/
Occupation

N = 25
48% female
Age: 22–65
years
(m = 33.6)

Sample Size,
Gender (%
female), Age

To evaluate the
N = 55
usability and
16% female
acceptability of
Age: 18–55
Step Away, a mobile
years
app designed to
(m = 37.5)
reduce alcohol-

Clinical population Step Away
– screened
Smartphone
positive for
application.
alcohol misuse.

To determine whether N = 349
Clinical population A-CHESS
patients leaving
39% female
– met the
Smartphone
residential treatment Age: 18+
criteria for
application.
for AUDs with a
years (m = 38)
DSM-IV alcohol
smartphone
dependence
application to
when entering
support recovery
residential
have fewer risky
treatment.
drinking days than
controlgroup patients.

To compare data
generated from a
smartphone-based,
daily alcohol
assessment
methodology with
results from the
TLFB amongst
participants who
met criteria for
DSM-5 criteria for
alcohol use disorder
who were utilizing a
smartphone
intervention app to
change their
drinking on
commonly utilized
alcohol
outcome variables.
App development, To describe the
qualitative
development of a
smartphone app to
help individuals who
drink excessively to
reduce their alcohol
consumption.

Design

Pilot, cohort

Table 1. Continued.

6 months.

Intervention: 8
months with
4-month
follow-up.
Control: 12
months
treatment
as usual.

Not reported.

6 weeks.

Duration

Intervention

Alert, prompts,
in-app
notifications.

No mention of
personalized
messages.

No mention of
personalized
messages.

Personalization

Not reported.

Not reported.

Development

Notifications

A-CHESS had both
GPS initiated
No mention of
Not reported.
static content (e.g.,
alerts when in
personalized
audio-guided
‘high risk’
messages.
relaxation) and
location.
interactive
features. For
example, if a
patient neared a
high-risk location
(a bar she used to
frequent), GPS
initiated an alert
asking the patient
if she wanted to
be there.
Step Away, the next Daily push
Users can
Not reported.
iteration of LBMInotifications –
personalize the
A, is an iOS-based
including
app through the
mobile app
prompting
use of reminders
designed to help
users to
about reasons
people selfcomplete
for changes,

Drink Less is an app
for the general
population of
adults seeking
digital support to
reduce excessive
alcohol
consumption.

problems through
problem solving
strategies; (6)
pleasurable nondrinking activities;
and 7) productive
communication
strategies that
emphasise
assertive
communication.
The LBMI-A provided Smartphone
a stepwise
prompts to
progression
remind to
through seven
log drinking.
treatment modules
designed to
enhance
motivation to
change, improve
social support for
sobriety, develop
awareness of
alcohol triggers,
and improve
coping methods.

Description/ Aim of
Intervention

Mode of
Delivery,
Frequency
Outcomes

Using push
To evaluate the
notifications, Step
usability and
Away prompts
acceptability of
users daily to
Step Away.
complete a brief
To explore preself-monitoring
post changes on

If a patient neared a
high-risk location,
GPS initiated an
alert asking the
patient if they
wanted to
be there.

develop the Drink
Less app through:
(1) selecting
intervention
components, and
(2) designing and
translating the
components into
an app.
To report on risky
drinking days in
the previous 30
days using surveys
taken 4, 8, and 12
months after
discharge from
residential
treatment.

Users were
To
reminded to
complete a log of
their drinking at
11:05 am each
morning, primarily
through an onscreen alert.

Each day at a pre-set To compare the
time, participants
consistency of
received a
alcohol
smartphone
consumption data
prompt to record
collected through
the number of
prospective and
standard drinks
retrospective
consumed during
methods.
the previous
24 hours.

Content

Outcomes
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USA

UK

*McTavish,
2012

Milward,
2018

Qualitative

RCT

Not reported.
To (1) understand
N = 20
80% female
why and how
Age: 18–30
participants
years (m = 24)
engaged with the
BRANCH app, (2)
explore facilitators
and barriers to
engagement with
app features, (3)
explore how the
BRANCH app
impacted drinking
behavior, (4) use
these data to
identify typologies
of users of the
BRANCH app in
terms of
engagement
behaviors, and (5)
identify future eSBI
app design
implications.

BRANCH
Web-based
application.

To report on the
N = 349
Clinical population A-CHESS
relative impact and 39.4% female
– alcohol
Smartphone
use of A-CHESS four Age:
dependence
application.
months after
m = 28.3 years
leaving
patients entered the
residential
study and discusses
treatment.
implications of the
results on treating
addiction and
chronic
diseases generally.

related risks, and
explored pre-post
changes on alcohol
use, psychological
distress, and quality
of life.

28 days

The comprehensive Tailored
(intervention)
notifications
version included a
and in app
Twitter or
reminders
Facebook style
(on
newsfeed enabling
smartphone).
interaction
between app
users, as well as
providing tailored
notifications,
motivational
messaging
(including positive
reinforcement and
praise), and in-app
reminders based
on goals.

Yes.

manage drinking
mood
high-risk times,
and alcoholquestionnaire,
and
related problems
drinking
scheduled
and thus is an
behaviors,
activities.
alternative for
alcohol
those who do not
cravings and
want or have
alcohol
access to
triggers.
traditional
treatment.
Intervention: AA-CHESS was
Panic button leads No mention of
CHESS plus
designed for
to automated
personalized
TAU.
people in recovery
reminders.
messages.
Intervention
being discharged
GPS
for 8 months,
from residential
initiated alerts.
but followed
care, and has
for 12 months.
digital voice
Control: TAU.
services, text
messaging, Web
access, GPS, voice
recognition, and
video capabilities.

Not reported.

Not reported.

alcohol use,
psychological
distress and
quality of life.

(continued)

Global positioning
To explore the impact
system (GPS)
of smartphone
technology tracks
based system (Awhen participants
CHESS) and
approach an area
implications for
where they
the treatment of
traditionally
alcohol
obtained or
dependency after
consumed alcohol
leaving
so they can
residential
receive “just-intreatment.
time” support to
work through
what might be a
high-risk situation
for relapse. To
activate,
individuals
voluntarily
register places
where they
regularly obtained
or consumed
alcohol in the
past and now
designate as a
high-risk locations
for relapse.
BRANCH was tailored; To explore distinct
when signing up
types of engagers,
for the app, users
complex
selected their
typologies were
motivations for
developed
cutting down
involving the
drinking.
interconnection
Personalized
between
feedback and
dimensions.
tailored
information were
delivered to users
based on their
selection
of motivators.

questionnaire on
current mood,
drinking
behaviors, and
alcohol cravings
and triggers for
alcohol use
during the
prior 24 hours.
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USA

Muroff,
2017

Design

Cohort, pilot

Cohort

**Poulton, Australia Cohort
2018

UK

Location

Monk,
2015

Lead
Author,
Year

Reference

Table 1. Continued.

Aim

N = 79
11% female
Age: 18+
years
(m = 41.1)

N = 69
41% female
Age: 18–36
years
(m = 21.47)

Population/
Occupation
Smartphone app
designed
specifically
for study.

Name, Mode
of Delivery

General
population –
healthy
individuals.

CNLab-A
Smartphone
application.

Clinical population CASA-CHESS
– SpanishAndroid
residential
smartphone
treatment
app.
program for
alcohol and
other drug
disorders/
mental
disorders.

General
population –
recruited on
university
campus.

Sample
Sample Size,
Gender (%
female), Age

To examine differences N = 671
between alcohol
70% female
consumption
Age: 16–56
information
years
captured using an
(m = 23.1)
app for 21 days with
data recorded via
traditional, wellvalidated
retrospective
measures – namely,
21-day TLFB and the
AUQ – in a large
healthy
sample.

To compare real-time
measurements of
alcohol consumption
with retrospective
accounts of alcohol
consumption to
examine possible
discrepancies
between, and
contextual influences
on, the
different accounts.
To examine the
feasibility and
acceptability of
delivering the
theory-informed
smartphone relapse
prevention system
CASA-CHESS to
Spanish-speaking
Latinos who
successfully
completed
residential treatment
and analyzes the
specific usage data
from this
recovery tool.

Study

21 days.

4 months.

Not reported.

Duration

Intervention
Mode of
Delivery,
Frequency

A smartphone
Hourly
application was
participation
designed
prompts.
specifically for this
research and it
enabled
participants to
respond to
questioning via
the use of their
own
mobile phone.
The smartphone
Sent automated
relapse prevention
medication
tool CASA-CHESS
adherence
was developed by
surveys daily.
adapting and
translating ACHESS to be
linguistically and
culturally relevant
to Spanishspeaking Latinos
in recovery. CASACHESS replicated
aspects of the
original design of
A-CHESS, providing
“digital voice
services, text
messaging, web
access, GPS, voice
recognition, and
video capabilities”.
To assess alcohol
Notification
intake behavior in
prompts,
real-time.
twice daily.

Description/ Aim of
Intervention

No mention of
personalized
messages.

No mention of
personalized
messages.

No mention of
personalized
messages.

Personalization

Not reported.

Not reported.

Not reported.

Development

Notifications

Outcomes

To assess the
feasibility and
acceptability of
alcohol recovery
app for Latinos
(with comorbid
drug and mental
health disorders) –
app usage over
4 months.

One notification is
To compare real time
pre-set to 8 am
versus
while the other
retrospective
can be set to suit
alcohol
the user. While
consumption.
participants are
directed at the
outset to record
alcohol
consumption as it
happens (or as
soon thereafter as
possible),
notifications serve
to prompt
individuals to
input information
twice daily in
case they neglect
to do so
when drinking.

Not reported.

It provided hourly
To compare real time
prompts that
versus
asked
retrospective
respondents to
alcohol
record what they
consumption.
were drinking.

Content

Outcomes
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General
population –
recruited
through
University
of Tasmania.

Smith,
2017

Notes. *Studies use the same data set. **Studies use the same data set.

Australia App development, The AlcoRisk app for
N = 19
mixed-methods
studying alcohol
42% female
consumption and
risk taking
tendencies is
presented alongside
a software
development
process that
integrates these
multidisciplinary
fields.

General
population.

**Poulton, Australia App development, To describe the
N = 671
2019
cohort
process used to
70% female
guide the
Age: 16–56
development of a
years
custom-built
(m = 23.1)
smartphone app
designed to capture
alcohol intake
behavior in the
healthy population.
21 days.

AlcoRisk App
2 weeks.
EMA smartphone
app.

CNLab-A
Smartphone
application.

The AlcoRisk app is Automated push
one such EMA
notifications
smartphone app
and prompts.
developed to
study alcohol
consumption and
associated risk
taking tendencies
at the time of
occurrence within
natural
environments.

To assess alcohol
Notification
intake behavior in
prompts,
real-time.
twice daily.

Not reported.

None. The AlcoRisk Not reported.
app's personal
utility was
reported as low
with no personal
feedback on
alcohol
consumption.

No mention of
personalized
messages.

One notification is
To describe the
pre-set to 8 am
process used to
while the other
guide the
can be set to suit
development of a
the user. While
custom-built
participants
smartphone app
are directed at
designed to
the outset to
capture alcohol
record alcohol
intake behavior in
consumption as it
the healthy
happens (or as
population for
soon thereafter as
research purposes.
possible),
To evaluate
notifications serve
methodological
to prompt
issues related to
individuals to
compliance with
input information
and reactivity to
twice daily in
study protocols as
case they neglect
a function of
to do so
hazard and nonwhen drinking.
hazard
drinker status.
Morning reports were To explore
compliance,
prompted at 10:00
reactivity and
am via a
usability of
smartphone device
the app.
notification to
enter alcoholic
beverages
consumed along
with their current
affective and
physical state.
A reminder
notification was
also issued when
research
participants had
unfinished drink
entries.
A reminder
notification was
issued when
research
participants closed
an
unfinished
assessment.
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alerts to users stating, “You are near one of your designated
weak spots. Remember, drinking less has many feelgood benefits”.17
Notification frequency varied, some studies limited the
number that could be sent, for example, the CNLab-A app
sent a maximum of 42 notifications across the 21-day intervention, asking users to record drinking information.39,40
However, not all interventions worked this way. Some interventions sent notifications any time GPS located the user in
a “weak spot” or “high-risk” location (e.g., A-CHESS30,31)
Only one study, reporting on the Drink Less app, discussed
participant engagement with notifications by reporting on
log-in sessions and frequency of log-in session, drinking
diary entry, and disengagement rates.38
Only two of the included studies reported on the use of
personalization. BRANCH app users received tailored notifications, personalized feedback, and tailored information.35
This included in-app reminders based on goals, motivational
messaging (including positive reinforcement and praise),
and tailored feedback and information based on their motivations to reduce drinking. Additionally, users of Step
Away, could personalize the app through reminders including high-risk times as specified by the user, reasons for
change and scheduled activities.34 However, it is unclear if
this included personalized notifications. All other included
studies either did not use41 or did not report on17,29–33,36–40
the use of personalized notifications. The AlcoRisk app was
reported as having low utility because it did not include personalized feedback relating to alcohol consumption.41
User response and engagement
Some studies drew conclusions regarding notification impact.
Drinkaware users highlighted in interviews a need for personalization and tailoring of content to promote long-term
app engagement.17 LMBI-A users reported that receiving
notifications in a high-risk location was a potentially useful
feature of the app, however, it was not considered to be useful in the study because location accuracy was unreliable.33
Only one study reported on the relationship between notifications and engagement. Bell and colleagues reported a strong
association between the delivery of a notification and the user
opening the Drink Less app within the following hour.38
During the first month following download, the likelihood of
using the app within an hour of receiving a notification was
around four times higher than the probability of using the
app the hour before the notification was sent.38 Bell and colleagues do not report the number of users who cleared the
notification without using the app, only that this action was
not recorded as use. Therefore, the proportion of users who
did not want to engage with notifications remains unknown.
Outcome
Some studies reported on behavior change outcomes. For
instance, Gustafson and colleagues concluded that the intervention group who received treatment as usual (TAU) plus
A-CHESS reported a lower number of drinking days and a
higher likelihood of continued abstinence, when compared

to the control group who received TAU only.30
Additionally, Dulin and colleagues pilot study reported significant reductions in the number of days of hazardous alcohol use while using LBMI-A; 56% of days at baseline vs 25%
of days while using the app.33 However, only one study
reported on the use of notifications and how they influenced
behavior change. Bell and colleagues reported that notifications encouraged users to record drink-free days more than
drinks consumed, and that the median time per session
reduced for the rest of the day following a notification.38
None of the other included studies reported on the role of
notifications in changing behavior toward alcohol.
Quality assessment
The overall mean NOS score was 5/8, and only two studies
met less than half of the assessed quality criteria. Due to
study design, some of the quality assessment measures were
not applicable to all studies and therefore led to an unclear
assessment of quality. The quality assessment for each study
is summarized in Table 2.

Discussion
The role of notifications in changing behavior toward alcohol
of the reviewed interventions was inconclusive. Many of the
included studies did not report on the specifics of notifications,
such as content, development, triggers, and personalization.
Overall, there is a lack of literature exploring the role of notifications used in smartphone-based interventions which aim to
change behaviors toward alcohol. This review found tentative
evidence regarding the benefits of using notifications in smartphone-based interventions for alcohol misuse.
The most common mode of delivery of notifications
reported in the included studies were reminders, prompts or
alerts to log drinking behaviors.29,34–41 Previous literature
highlights the promotion of self-monitoring of behavior in
brief interventions, within smartphone-based alcohol interventions for example, is associated with improved outcomes.44 Self-monitoring allows the user to monitor and
record their behavior. In an alcohol intervention, this
includes recording consumption in a drink’s diary. However,
smartphone-based alcohol interventions often have a high
rate of attrition and struggle to maintain engagement.45 For
example, on up to 95% of apps, the majority of users disengage after one month.46
In this review, only one study drew distinct conclusions
about the use of notifications and engagement, and the relationship between notifications and behavior change.38
Previous literature highlights that notifications are one of the
most useful features of smartphone-based alcohol interventions.47,48 For example, one qualitative analysis revealed that
participants ranked personalized features, including notifications, the most highly for promoting app engagement.49
The other 13 (of 14) studies did not draw distinct conclusions regarding notifications, with authors failing to report
why they did not assess the impact of notifications on the
outcome. One possible explanation is that permission is

7
7
6
6
4
4
4
5
7
3
4
5
7
3
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
1
1
1
0
1
0
0
1
1
0
1
1
1
1
0
0
0
1
0
0
1
0
0
0
Note. Adapted version of Newcastle-Ottowa Scale (NOS). Dashed line separates RCTs and non-randomized studies.

1
1
0
1
0
0
N/A
0
1
0
0
0
1
0
1
1
1
1
0
0
N/A
1
1
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
N/A
N/A
N/A
N/A
N/A
1
N/A
N/A
N/A
1
N/A
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Gustafson, 2014
McTavish, 2012
Attwood, 2017
Bell, 2020
Dulin, 2014
Dulin, 2017
Garnett, 2019
Malte, 2021
Milward, 2018
Monk, 2015
Muroff, 2017
Poulton, 2018
Poulton, 2019
Smith, 2017

Reference

Exposed cohort
representative of
target
population (0–1)

Table 2. Quality assessment scores.

Exposed and
non–exposed
groups drawn
from the same
cohort (0–1)

Report on the use of
notifications, app
engagement or
usage (0–1)

Controls for factors (0–1)
Sample size
either in selection of cohort
justified and
or adjusted/
satisfactory (0–1)
stratified analysis

Follow–up
3 months (0–1)

Follow–up complete,
or unlikely to introduce
bias (<20% lost or
attrition described and
accounted for in
analysis) (0–1)

Statistical test
reporting clear,
appropriate and
complete (0–1)

Total
score (0–8)
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required to send notifications to users. This is a potential
barrier as none of the studies reported on how many users
gave permission for notifications. Further, the primary aims
of many studies focused on the impacts of the app as a
whole and not specifically on the additional impact of notifications, particularly because this is a relatively novel field of
research. Future research should take the above into account
and consider reporting on different elements of smartphonebased interventions that may be used to promote engagement, including personalized notifications. Future research
should seek to isolate each intervention component to determine which features bring about behavior change.
In this review, several studies used a GPS location tool to
notify the user when in a high-risk drinking location, but
this was not reported as useful by participants.17,33 In some
instances participants recognized the potential usefulness of
receiving alerts but felt that the GPS system was unreliable
due to poor location accuracy.33 In another study, the concept of notifying an individual of a physical environment
trigger was also not viewed as useful and was poorly understood by participants.17 This aligns with previous literature
including one study that found lower user ratings for smartphone-based alcohol reduction apps using these types
of features.50
It is important to consider that although smartphonebased interventions are a useful way to deliver interventions,
there can be potential negative consequences, including
stress associated with technical difficulties. Although, as
none of the included studies reported any negative consequences, it is not clear whether they were not present or
just not reported. Additionally, digital technology is advancing at a faster pace than interventions are typically developed.51 Therefore, some interventions risk becoming
obsolete before the end of the development process.
Due to the aims of the review, our search criteria were
narrow leading to a small number of relevant papers being
included in the review. A broader review with wider search
criteria may have included a larger number of relevant
papers, such as that by Blonigen and colleagues,52 and
Giroux and colleagues.53
Limitations
This review provides a systematic, up-to-date overview of
the current evidence around smartphone-based alcohol
interventions which use notifications. We summarize the
available evidence by focusing on interventions described in
published, peer-reviewed papers. However, as outlined, the
included studies had some limitations which impacted on
the quality of the review. There were concerns about the
duration of interventions, inadequate follow-up periods and
the use of self-report measures. This review identified 14
published, peer-reviewed studies, reporting on 10 interventions which used notifications, therefore when interpreting
the results, it is important to take this low number into consideration. Further, the literature lacks RCTs assessing the
role of notifications in managing alcohol misuse. Potentially
this could be explained by the novelty of this research field.
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Additionally, to gather as much available evidence as possible, the included studies vary as to whether the study was
carried out in a general population or clinical sample, and
what sort of comparator/control groups were used, if any.
These variations limit the ability to make comparisons
between studies.

Implications
We would recommend that future research should seek to
more thoroughly explore the role of notifications in smartphone-based interventions aiming to support, manage or
reduce alcohol consumption. This should include exploring
whether notifications can be used to improve engagement
and adherence to digital interventions and remote measurement technology. New research should seek to report on the
relationship between the use of notifications in smartphonebased alcohol interventions and behavior change related to
alcohol consumption. Using notifications in smartphonebased alcohol interventions should report the protocols used
for implementing notifications, the engagement rates with
notifications, and the acceptability of using notifications (for
instance how many users provided permission for notifications and how many notifications failed to send). Research
should highlight whether notifications are generic or personalized, if they were clinician activated or automated, and
should report on notification development.
Due to the narrow aims of the review, we focused on
notifications as an isolated component of smartphone-based
alcohol interventions. Future research should consider
assessing whether notifications are an integral part of the
intervention that influence the reported outcomes of the app
as a whole. It is important to identify the effective components of smartphone-based alcohol interventions and which
combination of components is optimal. This will help
inform the future development of smartphone-based alcohol
interventions. New research should consider using a factorial
design to explicitly evaluate the role of notifications. The
development of an effective alcohol intervention would have
important implications for public health.
Additionally, this review finds some evidence regarding
the benefits of using smartphone-based interventions for
alcohol misuse. In the UK, the National Institute for Health
and Care Excellence (NICE) recognize that the evidence
base is growing but currently remains limited. The NICE
guidelines recommend mobile health interventions for alcohol misuse as an adjunct to existing services. Alongside
existing literature,16,18,19,54 this review supports the idea that
smartphone-based alcohol interventions may become a feasible, acceptable and useable treatment option. Future
research should seek to compare the efficacy of stand-alone
smartphone-based alcohol interventions vs using smartphone-based interventions alongside treatment as usual.
New studies should use adequately statistically powered samples and an adequate length of follow-up to ensure that
results of behavior change are meaningful.

Conclusions
Overall, evidence for the role of notifications in changing
behavior toward alcohol of the reviewed interventions was
disappointingly inconclusive. While several studies highlighted that smartphone-based alcohol interventions are an
important tool for monitoring alcohol consumption and that
many incorporate notifications, future research should focus
on providing stronger evaluations relating to the role of
notifications within smartphone-based interventions for
alcohol reduction.
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