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Smartphone-based alcohol interventions: A systematic review on the role of
notifications in changing behaviors toward alcohol

Charlotte Williamson, MSca , Katie White, BScb , Roberto J. Rona, PhDa , Amos Simms, MScc,d ,
Nicola T. Fear, DPhil (OXON)a,c , Laura Goodwin, PhDe , Dominic Murphy, PhDa,f , and
Daniel Leightley, PhDa
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London, London, UK; cAcademic Department of Military Mental Health, King’s College London, London, UK; dBritish Army, London, UK;
eSpectrum Centre for Mental Health Research, Lancaster University, Lancaster, UK; fCombat Stress, Tyrwhitt House, Leatherhead, UK

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 inter-
ventions. 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 dis-
tinct conclusions about the relationships between notifications and app engagement, and notifica-
tions 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 notifi-
cations (such as push notifications, alerts, prompts, and nudges) used within smartphone interven-
tions 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 smart-
phone-based alcohol interventions remains promising, but the efficacy of using notifications, espe-
cially personalized notifications, within these interventions remain unproven.

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

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 (10ml 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 haz-
ardous, 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 signifi-
cant effect on psychological and physical health. Several
effective intervention techniques are available to support,

manage or reduce alcohol consumption, including brief
interventions, specialist treatments, and less intensive treat-
ments that combine the two.6 For the UK general popula-
tion, brief interventions are the most commonly used
intervention technique,7 often provided to individuals scor-
ing 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 recom-
mended 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 avail-
able, 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 avail-
ability of treatment services.9,10 Over the last two decades
digital technologies, including smartphone-based interven-
tions, 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 inter-
vention 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 deliv-
ery, 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 alco-
hol 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 inter-
ventions 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 encour-
age active engagement by users.23,24 Personalized notifica-
tions 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 health-
care apps more generally,25,26 however, there is a lack of

research in relation to the role of notifications within smart-
phone-based alcohol interventions.

In this review, we advanced on previous literature by focus-
ing 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 smart-
phone-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 alco-
hol 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, elec-
tronic 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 alcohol
intervention.

� The intervention used notifications.

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 compara-
tors 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 char-
acteristics (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/con-
trols), notifications (frequency, personalization, mode of
delivery, content) and study findings (outcomes, conclu-
sions, 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 independ-
ently by two reviewers (CW and DL) using an adapted ver-
sion of the Newcastle-Ottowa Scale (NOS).28 The assessment
judged each study on three broad perspectives; (1) the selec-
tion of study groups, (2) the reporting on the use of notifica-
tions, 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 reliabil-
ity 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

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 medium-
term 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 12months.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 reduc-
tion in alcohol consumption as measured by number of
units or drinks.17,33 Two studies monitored drinking behav-
iors 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 notifica-
tions 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 sam-
ples, 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 pop-
ulations29–34 for example participants that met DSM-5 crite-
ria for alcohol use disorder, and one study did not report
on the population type.35
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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 measur-
ing 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 develop-
ment did use a small group for usability testing.37,40,41 It
remains unclear whether these testing groups led to improve-
ments 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

Figure 1. PRISMA Flow diagram of search strategy.
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alerts to users stating, “You are near one of your designated
weak spots. Remember, drinking less has many feel-
good 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 inter-
vention, asking users to record drinking information.39,40

However, not all interventions worked this way. Some inter-
ventions 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 notifi-
cations, 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 moti-
vations to reduce drinking. Additionally, users of Step
Away, could personalize the app through reminders includ-
ing 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 per-
sonalized 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 per-
sonalization 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 use-
ful in the study because location accuracy was unreliable.33

Only one study reported on the relationship between notifi-
cations 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 col-
leagues 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 inter-
vention 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 sig-
nificant reductions in the number of days of hazardous alco-
hol 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 notifica-
tions 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 notifi-
cations used in smartphone-based interventions which aim to
change behaviors toward alcohol. This review found tentative
evidence regarding the benefits of using notifications in smart-
phone-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 inter-
ventions for example, is associated with improved out-
comes.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 disen-
gage after one month.46

In this review, only one study drew distinct conclusions
about the use of notifications and engagement, and the rela-
tionship between notifications and behavior change.38

Previous literature highlights that notifications are one of the
most useful features of smartphone-based alcohol interven-
tions.47,48 For example, one qualitative analysis revealed that
participants ranked personalized features, including notifica-
tions, the most highly for promoting app engagement.49

The other 13 (of 14) studies did not draw distinct conclu-
sions 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
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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 notifi-
cations, 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 smartphone-
based interventions that may be used to promote engage-
ment, including personalized notifications. Future research
should seek to isolate each intervention component to deter-
mine 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 con-
cept of notifying an individual of a physical environment
trigger was also not viewed as useful and was poorly under-
stood by participants.17 This aligns with previous literature
including one study that found lower user ratings for smart-
phone-based alcohol reduction apps using these types
of features.50

It is important to consider that although smartphone-
based 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 conse-
quences, it is not clear whether they were not present or
just not reported. Additionally, digital technology is advanc-
ing at a faster pace than interventions are typically devel-
oped.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 interven-
tions which used notifications, therefore when interpreting
the results, it is important to take this low number into con-
sideration. 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.Ta
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Additionally, to gather as much available evidence as pos-
sible, 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 smart-
phone-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 measure-
ment technology. New research should seek to report on the
relationship between the use of notifications in smartphone-
based alcohol interventions and behavior change related to
alcohol consumption. Using notifications in smartphone-
based 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 notifica-
tions and how many notifications failed to send). Research
should highlight whether notifications are generic or person-
alized, 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 compo-
nents 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 alco-
hol 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 feas-
ible, acceptable and useable treatment option. Future
research should seek to compare the efficacy of stand-alone
smartphone-based alcohol interventions vs using smart-
phone-based interventions alongside treatment as usual.
New studies should use adequately statistically powered sam-
ples 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 high-
lighted 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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