UvA-DARE (Digital Academic Repository)

Cue-Reminders to Prevent Health-Risk Behaviors: A Systematic Review
van Leeuwen, L.; Onrust, S.; van den Putte, B.; Kleinjan, M.; Lemmers, L.; Engels, R.C.M.E.;
Hermans, R.C.J.
DOI
10.3389/fpubh.2019.00097
Publication date
2019
Document Version
Final published version
Published in
Frontiers in Public Health
License
CC BY
Link to publication
Citation for published version (APA):
van Leeuwen, L., Onrust, S., van den Putte, B., Kleinjan, M., Lemmers, L., Engels, R. C. M.
E., & Hermans, R. C. J. (2019). Cue-Reminders to Prevent Health-Risk Behaviors: A
Systematic Review. Frontiers in Public Health, 7, [97].
https://doi.org/10.3389/fpubh.2019.00097

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).
Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:02 Jul 2022

SYSTEMATIC REVIEW
published: 30 April 2019
doi: 10.3389/fpubh.2019.00097

Cue-Reminders to Prevent
Health-Risk Behaviors: A Systematic
Review
Lonneke van Leeuwen 1 , Simone Onrust 1 , Bas van den Putte 1,2 , Marloes Kleinjan 1,3*,
Lex Lemmers 1 , Rutger C. M. E. Engels 4 and Roel C. J. Hermans 5,6
1

Trimbos Institute, Netherlands Institute of Mental Health and Addiction, Utrecht, Netherlands, 2 Amsterdam School of
Communication Research, University of Amsterdam, Amsterdam, Netherlands, 3 Department of Interdisciplinary Social
Sciences, Utrecht University, Utrecht, Netherlands, 4 Erasmus School of Social and Behavioural Sciences, Erasmus
University, Rotterdam, Netherlands, 5 Behavioural Science Institute, Radboud University, Nijmegen, Netherlands,
6
Department of Health Promotion, NUTRIM School of Nutrition and Translational Research in Metabolism, Maastricht
University, Maastricht, Netherlands

Edited by:
Allen C. Meadors,
Independent Researcher, West End,
NC, United States
Reviewed by:
Warren G. McDonald,
Methodist University, United States
Timothy Lynn Taylor,
Independent Researcher, Wellton, AZ,
United States
*Correspondence:
Marloes Kleinjan
m.kleinjan1@uu.nl
Specialty section:
This article was submitted to
Public Health Education and
Promotion,
a section of the journal
Frontiers in Public Health
Received: 15 February 2019
Accepted: 05 April 2019
Published: 30 April 2019
Citation:
van Leeuwen L, Onrust S, van den
Putte B, Kleinjan M, Lemmers L,
Engels RCME and Hermans RCJ
(2019) Cue-Reminders to Prevent
Health-Risk Behaviors: A Systematic
Review. Front. Public Health 7:97.
doi: 10.3389/fpubh.2019.00097

Introduction: It has been proposed that the use of cue-reminders may increase the
effectiveness of interventions that aim to prevent health-risk behaviors (i.e., having unsafe
sex, unhealthy dietary intake, lack of physical activity, and substance use). The aim of this
systematic review was to explore whether there is evidence supporting this proposition,
and to explore how cue-reminders are applied in health-risk behavior interventions
to date.
Method: We systemically reviewed (non-) randomized trials that examine differences
in health-risk behaviors between an experimental group receiving an intervention with
exposure to a cue-reminder and a control group receiving the intervention without
such cue.
Results: Six studies were eligible for inclusion. The studies differed in sample and
research design, and how the cue-reminder was applied. One study demonstrated
a positive and small effect, and one study found a negative medium effect of the
cue-reminder. In the remaining studies, the effect sizes were positive but non-significant.
Discussion: It is unclear whether complementing health-risk behavior interventions with
cue-reminders increases the effectiveness of these interventions. Further investigation
and experimentation into the efficiency and effectiveness of cue-reminders is needed
before health-risk behavior interventions are complemented with cue-reminders.
Keywords: cue-reminder, reminder cue, health promotion, health-risk behaviors, intervention programs

In Western society, the most prominent contributors to mortality and morbidity can be linked
to health-risk behaviors, such as having unsafe sex, unhealthy dietary intake, lack of physical
activity, and substance use (1). Consequently, many health-promoting organizations develop
and implement interventions to prevent or reduce these health-risk behaviors. Despite the aim
of these interventions to help people maintain and improve their health, evidence indicates
that post-intervention changes are difficult to sustain (2). Merely through the passing of time,
intervention recipients tend to forget what was learned during interventions (3) and easily return
to their initial behavior(s) once they face the tempting daily life situations in which they used to
enact these health-risk behaviors (2).
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Selection of Studies

To increase the effectiveness of health-risk behavior
interventions (hereafter: interventions), it is proposed that
offering intervention recipients a cue-reminder may be an
effective strategy (2, 4). Cue-reminders are grouped in the
“associations” category of the Behavior Change Taxonomy
(5). A cue-reminder is an object that is aimed to increase
the salience of an intervention message at the time and place
where normally the health-risk behavior would occur. The
cue-reminder is introduced during a learning situation (the
intervention), thereby aiming to create an association between
the cue-reminder and the learning situation (3). Observing this
cue-reminder in potentially risk behavior-inducing contexts may
facilitate the reactivation and retrieval of relevant memories
associated with intervention (3), such as the experience of having
received the intervention or the specific health information
received during the intervention. Further, cue-reminders
may serve as a reminder of intentions, thereby supporting
intervention recipients in turning their intentions into behaviors
(6). Lastly, cue-reminders may help to inhibit social reactive
processes that could negatively influence recipients’ behaviors,
such as conforming to pro-alcohol social norms (7, 8). It has
been found that inhibitory cues, when made salient, impede
impulsive behaviors, and counteract seducing or appealing cues
or pressures present in that specific situation (4, 9). Thus, to
summarize, cue-reminders may help to increase the salience of
a risk-behavior inducing situation and reinforce actions needed
to avoid this situation and adapt one’s behavior accordingly to
the intervention goal. An example of a cue-reminder in a healthrisk behavior intervention is a bracelet worn by intervention
recipients, as a reminder of the dangers of unsafe sex and to
encourage condom use during intercourse (4).
Although complementing interventions with cue-reminders
may be intuitively appealing, little is known about the
effectiveness of cue-reminders in the context of health-risk
behaviors (i.e., having unsafe sex, unhealthy dietary intake,
lack of physical activity, and substance use), and how cuereminders are best be applied. Therefore, the first objective of
this systematic review is to explore whether there is evidence
supporting the proposition that complementing health-risk
behavior interventions with cue-reminders increases the
effectiveness of such interventions. The second objective is to
explore how cue-reminders are applied, because this may inform
risk-behavior preventing organizations who are planning to
complement their interventions with cue-reminders. To reach
these objectives, we systematically review (non-) randomized
trials that examine differences in health-risk behaviors
between an experimental group receiving an intervention with
exposure to a cue-reminder and a control group receiving the
intervention without such cue.

Eligibility Criteria
There were six inclusion criteria. First, eligible studies should
be randomized controlled trials or non-randomized controlled
trials. Second, the experimental condition should involve
exposure to an intervention followed by exposure to a cuereminder. The control/comparison condition should consist of
exposure to the same intervention but without exposure to
the cue-reminder. We conceptualized cue-reminders as objects
that provide reminder cues or subtle stimuli to intervention
recipients with the aim to activate and retrieve interventionrelated memories. Therefore, studies that did not involve an
object as a reminder were to be excluded. Third, eligible studies
should assess the impact of interventions on behavioral outcomes
related to one or more of the following health-risk behaviors:
having unsafe sex, unhealthy dietary intake, lack of physical
activity, and substance use (i.e., tobacco, alcohol, illicit drugs).
Fourth, eligible studies should report results about the added
effect of a cue-reminder on behavioral outcomes or data from
which this added effect can be calculated. Fifth, eligible studies
should be written in English. Sixth, study subjects should
be human.

Search Strategy
Four electronic databases (PsycInfo, PubMed, CINAHL, and
EMBASE) were searched for eligible studies (search date: July
10th 2017). The search strategy is described in Table 1. No
restrictions were imposed on studies’ publishing dates or sample
characteristics. Studies listed in these databases were retrieved
by using combinations of thesaurus terms, key words, and text
words in titles and abstracts. These terms and words refer to
health-risk behaviors, cue-reminders, and interventions. In total
2,101 records were retrieved: 389 records were retrieved by the
search in PsycInfo, 579 by PubMed, 197 by CINAHL, and 936
by EMBASE. All records were combined in Reference Manager
Version 12 (Thomson Reuters, Philadelphia, PA, USA). Removal
of duplicates resulted in 1,397 unique records. In addition,
the reference lists of eligible studies were hand searched to
identify additional eligible studies, as well as the studies that cited
eligible studies. This resulted in the identification of 17 additional
potential eligible studies.
Potential eligible but unpublished studies were searched by
a variety of strategies. First, the authors shared an online
request for unpublished studies through email and (professional)
networking accounts amongst peer researchers and health
promoters. Second, authors from eligible studies as well as
authors who cited eligible studies were contacted by email with
this request. Third, a request for unpublished studies was posted
on the forum of the Society for Personality and Social Psychology.
Nine researchers responded with suggestions for unpublished
and potentially eligible studies, resulting in the identification
of six additional potentially eligible studies. In total, the search
strategy for this systematic review yielded 1,420 potentially
eligible records.
The titles and/or abstracts of the 1,420 identified records were
then screened by two researchers (by LL/RCJH and LvL) to
assess whether the studies met the inclusion criteria. In cases of

METHODS
This systematic review was prepared in accordance with the
PRISMA statement for the reporting of systematic reviews (10). A
review protocol was established in preparation of this systematic
review (not registered).
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TABLE 1 | Applied search strategy.
Database

Strategy

Search terms

PsycInfo

Thesaurus terms referring to health-risk
behaviors and their healthy counterparts

Safe sex, AIDS prevention, active living, diets, exercise, physical activity, weight control, condoms,
overweight, obesity, food intake, eating behavior, smoking cessation, tobacco smoking, alcohol drinking
patterns, binge drinking, drug abuse, drug usage, alcohol abuse, drug abuse prevention

Thesaurus terms, keywords, and words in title
or abstract referring to cue-reminders

Thesaurus terms: cued recall, cues
Keywords or words in title or abstract: cue-reminder*, cued behavior*, cued behavior*, cued behavior*,
reminder cue*, cue based intervention*, cue to act, external cue*, reminder*, external memory aid*,
explicit cue*, cueing, cue to action*, cues to action*

Keywords and words in title or abstract
referring to interventions

Intervention*, program*

Thesaurus terms related to health-risk
behaviors and their healthy counterparts

Smoking, marijuana smoking, life style, binge drinking, alcohol drinking, drinking behavior,
substance-related disorders, alcoholism, marijuana abuse, opioid-related disorders, obesity, diet,
tobacco use cessation, smoking cessation, exercise, weight loss, overweight, diet-reducing, feeding
behavior, condoms/utilization, safe sex

Thesaurus terms and words in title or abstract
referring to cue-reminders

Thesaurus terms:
Reminder systems, cues
Words in title or abstract: cue-reminder, cue-reminders, cued behavior*, cued behavior*, reminder cue*,
cue based intervention*, cue to act, cues to act, external cue*, reminder*, external memory aid*, explicit
cue*, cueing, cue to action*, cues to action*

Words in title or abstract referring
to interventions

Intervention*, program*

Thesaurus terms referring to health-risk
behaviors and their healthy counterparts

Smoking cessation, smoking cessation programs, smoking, substance dependence, substance use
disorders, substance abuse, alcohol-related disorders, alcohol abuse, alcoholism, binge drinking,
condoms+, diet, exercise, food intake, obesity, physical activity, safe sex, weight control, weight loss,
weight reduction programs, alcohol drinking, binge drinking, drinking behavior, eating behavior+

Thesaurus terms, and words in title or in
abstract referring to cue-reminders

Thesaurus terms: reminder systems, cues.
Words in title or in abstract: Cue-reminder*, cued behavior*, cued behavior*, cued behavior*, reminder
cue*, cue based intervention, cue to act*, cues to act*, external cue*, reminder*, external memory aid*,
explicit cue*, cueing, cue to action*, cues to action*

Words in title or abstract referring
to interventions

Intervention*, program*

Thesaurus terms referring to health-risk
behaviors and their healthy counterparts

Drug abuse, alcoholism, drug dependence, tobacco dependence, condom, obesity, weight reduction,
diet, feeding behavior, exercise, drinking behavior, smoking cessation

Thesaurus terms, and words in title or in
abstract referring to cue-reminders

Thesaurus term: reminder system, association
Words in title or in abstract: Cue reminder*, cued behavior*, cued behavior*, cued behavior*, reminder
cue*, cue based intervention*, cue to act*, cues to act*, external cue*, reminder*, external memory aid*,
explicit cue*, cueing, cue to action*, cues to action*

Thesaurus term, and words in title or abstract
referring to interventions

Thesaurus term:
intervention study
Intervention*, program*

PubMed

CINAHL

EMBASE

achieved. The full-text screening resulted in the exclusion of
another nine articles for three reasons. Firstly, the full-text
versions showed that the reminder was not an object but,
for example, a text message. Secondly, the full-text versions
indicated more differences between the experimental and control
conditions than the presence/absence of cue-reminders alone.
Thirdly, full-text versions indicated that the focus of the reminder
was not on one of the four health-risk behaviors selected for this
review. The remaining six studies were included (see Figure 1 for
the overview of screening and selection procedures).

disagreement, titles or abstracts were discussed until consensus
about potential eligibility was achieved. Based on this screening,
1,405 records were excluded. The majority of records were
excluded because the studies did not investigate cue-reminders
but focused on associative, situational, or environmental cues,
such as images of alcoholic drinks or food. Thus, these studies
focused on cue-reactivity in health-risk behavior rather than
on the use of cue-reminders to prevent those behaviors. Also,
in many studies, the abstract showed that more differences
existed between the experimental and control conditions than
the presence/absence of cue-reminders only. For example, there
were studies in which the experimental group received an
intervention including a cue-reminder, but in which the control
group received no intervention at all. Next, the full-text articles of
the remaining 15 records were retrieved and screened against the
inclusion criteria (by LvL and RCJH). In the case of disagreement,
studies were discussed until consensus about eligibility was
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Data Extraction and Risk of Bias
The following data were extracted from each study: outcome
measure(s), sample size, participants’ mean age, sample size per
condition, number and timing of measurements, information
about the content of the intervention, and information about the
design and implementation of the cue-reminder. To assess the
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FIGURE 1 | Overview of screening and selection procedures.

risk of bias of included studies, two researchers (SO and LvL)
independently completed the risk of bias assessment tool of The
Cochrane Collaboration (11). After completion, the researchers
discussed any disagreement until consensus was achieved. The
results of the risk of bias assessment were used to describe the
overall risk of bias across the included studies.

the cue-reminder, such that participants in the intervention plus
cue-reminder condition showed less health-risk behavior than
participants in the intervention only condition. Following Lipsey
(13), Cohen’s ds of < 0.32 can be considered as small effect sizes,
between 0.32 and 0.55 as medium effect sizes, and larger than 0.55
as large effects sizes.

Data Analysis

RESULTS

Effect sizes were calculated for each comparison of the impact of
an intervention plus cue-reminder condition vs. an intervention
only condition. The calculated effect sizes were standardized
mean differences (Cohen’s d).
Effect sizes per outcome per study were calculated with the
software program Comprehensive Meta-Analysis (CMA; version
2.0; Biostat, Englewood, New Jersey). For the calculation of effect
sizes for which no procedures were available in CMA, an online
effect size calculator was used (12). In cases where multiple
outcome measures were used to assess the same behavior, for
example quantity and frequency of alcohol consumption, the
effects sizes per outcome measure were pooled to yield a single
effect size. Positive effect sizes indicate a positive added effect of

Frontiers in Public Health | www.frontiersin.org

Overview
Detailed information of each included study is shown in Table 2.
Of the six studies, four studies focused on substance use (alcohol
consumption) (14, 16–18), one study focused on unhealthy
dietary intake (i.e., candy consumption) (15), and one study
focused on unsafe sex (4). The cue-reminders that complemented
the interventions were a bracelet (4, 17), a bracelet or a selfselected cue (14), a monkey puppet (15), and drink coasters
(16, 18).
In all studies participants were randomized to an experimental
group receiving an intervention including a cue-reminder or a
control condition receiving the intervention only. One study had

4
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Objectively assessed
alcohol consumption
(breath alcohol
concentration,
abstinence of alcohol)

Self-report of condom
use (mean % condom
use, % condom use at
last intercourse)

Dal Cin
(4)

Lange
(17)

20.9 (1.77)

107

Objectively assessed
alcohol consumption
(alcohol vs. no alcohol
consumed, number of
alcoholic
consumptions)

Kleinjan
(study 2)
(16)

1,412/376 20.37
groups
(2.75)

19.58
(1.77)

7.84 (0.72)

141

Bevelander Objectively assessed
candy consumption
(15)
(consumed kilocalories)

196

37.0 (15.2)

2,634

Self-report of alcohol
consumption (quantity
and frequency)

C1:
intervention
only (n = 55)
C2:
intervention
plus
cue-reminder
(n = 57)

C1:
intervention
only (n = 47)
C2:
intervention
plus
cue-reminder
(n = 42)

C1:
intervention
only (n = 54)
C2:
intervention
plus
cue-reminder
(n = 53)

C1:
intervention
only (n = 43)
C2:
intervention
plus
cue-reminder
(n = 43)

C1:
intervention
only
(n = 1,520)
C2:
intervention
plus
cue-reminder
(n = 1,113)

Participants’ Conditions
mean age
(C) and
(SD)
(sample
size)

Van
Lettow
(14)

N

Outcome measure(s)

1stnamed
author,
year

TABLE 2 | Descriptive information and effect sizes of the included studies.

T1: hours
after
intervention
(and after
cue-reminder
exposure in
C2)

T1: 5–7
weeks after
intervention
(and after
cue-reminder
exposure in
C2)

Groups were asked who the
designated drivers was for the
evening.

In a classroom setting, the viewing of
a documentary in which young
people living with HIV/AIDS describe
their experiences, including
contracting the virus through
unprotected sexual intercourse.

Wearing of a bracelet with the
printed words “designated
driver” until post-test

Wearing of a bracelet.
Participants were told to
remember the stories of the
people in the video whenever
they looked at the bracelet to
remind them of the dangers of
unsafe sex. Participants were
requested to wear the bracelet at
all times until the posttest
measurement (during
5–7 weeks).

Explicit instruction
about
cue-reminder
aims.
Duration of
exposure: a
varying number of
hours

Explicit instruction
about
cue-reminder aim.
Duration of
exposure: 5–7
weeks

No explicit
instruction about
cue-reminder aim.
Duration of
exposure: 45 min

Exposure to double-sided
coasters with pictures of the
symbol (power button). The
coasters were added to 45-min
visit to an experimental drinking
situation where they were
distributed on all the tables in
the bar.

Exposure to a film about
environmental pressure and alcohol
use. It focused on social norms,
pressure to drink, external influences
of commercials, and happy hours and
refusal skills. A symbol resembling a
power button was embedded in the
film.

T1: directly
after
intervention
(and after
cue-reminder
exposure in
C2)

No explicit
instruction about
cue-reminder aim.
Duration of
exposure: 10 min

Exposure to monkey puppet The
monkey puppet was present
during a 10-min test session in
which the participants were
allowed to eat candy

An 8-min session for groups of 5–7
participants in a classroom. In a short
interactive lesson featuring photos,
video clips, and real-life situations, the
children were taught the meaning of
peer modeling and why it is healthier
to pay attention to how much they eat
in the company of their peers.

T1: directly
after
intervention
(and after
cue-reminder
exposure in
C2)

Explicit instruction
about
cue-reminder aim.
Duration of
exposure: 1
month.

Characteristics
of cue-reminder
design and
implementation

Completion of an online feedback
program (Drinktest.nl). Reception of
individually tailored messages aimed
at reducing alcohol drinking.
Feedback on prototype
characteristics. Action planning.

Wearing an offered bracelet or
self-selected cue. Exposure
during ≥1 month
after intervention

Description of the
cue-reminder

T1:
pre intervention
T2: 1 month
after
intervention
(and after
cue-reminder
exposure
in C2)

Measurements Description of intervention

(Continued)

+0.23 (−0.15
to 0.61),
p = 0.23

+0.46 (−0.44
to 1.36),
p = 0.32

+0.17 (−0.26
to 0.59),
p = 0.44

+0.32 (−0.10
to 0.75),
p = 0.14

+0.17 (0.09
to 0.24),
p = 0.00

Effect size
per study
(95% CI) and
significance
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−0.35 (−0.62
to −0.08),
p = 0.01
No explicit
instruction about
cue-reminder aim.
Duration of
exposure: 30 min
Exposure to double-sided
coasters with pictures of the
symbol (power button) in a bar.
The coasters were added to
30-min visit to an experimental
drinking situation where they
were distributed on all the tables
in the bar

a pretest–posttest design (14), whereas the other studies had a
posttest only design. In three studies, participants were exposed
to the cue-reminder in a test session after the intervention
(15, 16, 18), whereas in the other three studies, exposure to the
cue-reminder took place in participants’ daily lives (4, 14, 17).
All studies included participants of both sexes. Three studies
included more females than males in their design (4, 16, 18), one
study included more males than females (15), and two studies
included an almost equal number of both males and females
(14, 17). In terms of sample age, one study included 8 yearold participants (15), four studies included participants with
a mean age of ∼20 years (4, 16–18), and one study included
participants with a mean age of 37 years (14). The majority of
studies sampled highly educated participants (4, 14, 16, 18). One
study did not report participants’ educational level (17) and one
study focused exclusively on children in elementary school (15).
Finally, four studies included between 100 and 200 participants
in their design (4, 15, 16, 18), whereas two studies included a
substantial larger number of participants with 1,412 and 2,634
participants, respectively (14, 17).

Exposure to a film about
environmental pressure and alcohol
use. It focused on social norms,
pressure to drink, external influences
of commercials, and happy hours and
refusal skills. A symbol resembling a
power button was embedded in the
film.

Effect size
per study
(95% CI) and
significance
Characteristics
of cue-reminder
design and
implementation

Systematic Review
In addition to variation in participants’ characteristics, we
observed a variation in how the cue-reminders were applied in
the included studies. First, the studies differed in whether or not
the aim of the cue-reminder was made explicit to intervention
recipients. Second, the studies differed in the duration to which
intervention recipients were exposed to the cue-reminder.

Explicitness of Cue-Reminder Aims

C1:
intervention
only (n = 103)
C2:
intervention
plus
cue-reminder
(n = 103)

T1: directly
after
intervention
(and after
cue-reminder
exposure in
C2)

In three studies, participants were explicitly told that the aim
of the cue-reminder was to remind them of intervention-related
information (4, 14, 17). Thereby, the interventionists attempted
to create an explicit association between the cue-reminder and
the intervention message. In the study of Dal Cin et al. (4),
participants were given a bracelet and were explicitly told to think
about the dangers of unsafe sex whenever they looked at the
bracelet. Likewise, Lange et al. (17) asked designated drivers to
wear a bracelet with the words “designated driver” printed on
it. Their goal was to increase the activation and accessibility of
the designated driver concept in memory for those who reported
being the designated driver. Finally, in the study of van Lettow
et al. (14) participants were offered a bracelet or asked to selfselect an object of frequent use and were instructed to think of
their alcohol consumption-related action plans whenever they
looked at their bracelet or self-selected object.
In contrast, in the other three studies (15, 16, 18), participants
were not specifically told about the presence of a cue-reminder
nor about the aim of the cue-reminder. Thereby, no explicit
association was attempted between the cue-reminder and the
intervention message. In Bevelander et al. study (15) children in
the control condition received a short interactive lesson featuring
photos, video clips, and real-life situations, and were taught about
social modeling effects on their food intake. In the experimental
condition, the experimenter introduced a monkey puppet at
the start of the intervention and used this puppet to explain
social modeling and communicate the prevention message. In a

207
Objectively assessed
Hermans
unpublished alcohol consumption
(alcohol vs. no alcohol
(18)
consumed, number of
ml consumed alcoholic
beverage)

20.50
(1.87)

Measurements Description of intervention
Participants’ Conditions
(C) and
mean age
(sample
(SD)
size)
N
Outcome measure(s)
1stnamed
author,
year

TABLE 2 | Continued

Cue-Reminders and Health-Risk Behaviors

Description of the
cue-reminder

van Leeuwen et al.
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for condition (16, 18). In all but one study (14), risk of
bias in relation to random sequence generation and allocation
concealment was not reported and therefore judged as unclear
risk of bias.

subsequent test session, the monkey-puppet was merely present.
Kleinjan et al. (16) and Hermans et al. (18) also did not explicitly
instruct participants about the cue-reminders. In both studies the
cue-reminder was a visual symbol (“The Power Button”) that was
embedded in an educational prevention film. The aim of the film
was to educate participants about environmental pressure and
alcohol use. This symbol was also printed on the drink coasters
that were present in a subsequent test session in a bar. By doing
so, the authors hoped that the cue-reminder would implicitly
trigger the recall of the intervention message.

DISCUSSION
The aim of this systematic review was to explore whether there is
evidence supporting the proposition that cue-reminders increase
the effectiveness of health-risk behavior interventions. Therefore,
we examined the added effect of complementing interventions
with cue-reminders. In addition, we explored how cue-reminders
are applied in health-risk behavior interventions to date.
Six studies were included in this systematic review. Four
studies focused on the reduction of alcohol consumption, one
study focused on prevention of unhealthy dietary intake, and
one study focused on prevention of unsafe sex. Two studies
demonstrated significant but contrasting effects of the cuereminder on participants’ health-risk behavior, as measured
directly after exposure to the cue-reminder. One study (14)
demonstrated a positive, small effect of the cue-reminder:
exposure to the cue-reminder was significantly and positively
associated with reduced alcohol consumption. In contrast,
another study (18) demonstrated a negative, medium effect
of the cue-reminder: exposure to the cue-reminder increased
participants’ alcohol consumption. In the remaining four studies,
the effect sizes were positive but not significant. Thus, evidence
in support of the proposition that cue-reminders increase the
effectiveness of health risk-behavior interventions was found in
one study.
A qualitative examination of the included studies revealed
that the studies differ on multiple aspects: (1) characteristics
of the study sample, (2) whether the design was a pretest—
posttest design vs. posttest only design, (3) whether exposure
to the cue-reminder took place in participants’ daily lives vs.
during a test session, (4) whether participants were explicitly
instructed about the aim of the cue-reminder during the
intervention, and (5) the extent to which participants were
exposed to the cue-reminder after the intervention. Although
these differences increase our understanding of the potential
ways cue-reminders can be applied, these differences complicate
the comparability of the studies and thus the identification of the
specific factor(s) responsible for the varying findings related to
cue-reminder effectiveness.
Future research may therefore manipulate specific factors
that are expected to influence cue-reminder effectiveness. It
is possible, for instance, that providing an explicit instruction
about the cue-reminder may contribute to the effectiveness of
the cue-reminder. When the aim of the cue-reminder is made
explicit, the likelihood that intervention recipients associate the
cue-reminder with the intervention message may be higher
than when the aim is not made explicit. As a consequence,
observing the cue-reminder may lead to a better retrieval of
relevant health information associated with the intervention.
Further, one may better remember one’s healthy intentions.
Also, when intervention recipients are instructed to expose

Duration of Exposure to the Cue-Reminder
Included studies also differed in the extent to which participants
were exposed to the cue-reminder after the intervention. In
four studies, participants were exposed to the cue-reminder
for a relatively short period of time. Bevelander et al. (15)
exposed children to the cue-reminder (i.e., the monkey puppet)
during a 10-min test session in which they were allowed to eat
candy. Hermans et al. (18) and Kleinjan et al. (16) exposed
their participants to their cue-reminder for 30 and 45 min,
respectively. Finally, Lange et al. (17) asked designated drivers to
wear the bracelet for a couple of hours until their return of their
night out. In two studies, however, participants were exposed to
the cue-reminder for a relatively longer period of time. In the
study of van Lettow et al. (14) participants were requested to
use the cue-reminder for 1 month, whereas Dal Cin et al. (4)
asked their participants to wear the bracelet at all times until the
post-intervention measurement 5–7 weeks later.

Effect Sizes
Table 2 presents the effect sizes of the cue-reminders per study.
Because no data on the long-term effects of cue-reminders
on health-risk behaviors were available, we only present the
effect sizes of the cue-reminders on the behavioral outcome(s)
measured directly after the exposure period. From the six
studies, only one study demonstrated a positive and significant
small effect (14). Specifically, this study demonstrated that the
intervention with cue-reminder was more effective in reducing
alcohol consumption than the intervention only. In another
study, a negative and significant effect size was found (18). In
the group receiving the intervention with cue-reminder, alcohol
consumption was higher as compared to the group receiving the
intervention alone. In the remaining four studies, the effect sizes
were positive but not significant.

Risk of Bias
Of the seven assessment items, the number of items judged as
unclear risk of bias per ranged from 0 to 3 per study (M = 2.33,
SD = 1.21). The number of items judged as low risk of bias
ranged from 2 to 5 per study (M = 3.33, SD = 1.03). The
number of items judged as high risk of bias ranged from 0 to
3 per study (M = 1.33, SD = 1.03). In four studies high risk
of bias was expected due to blinding of outcome assessment.
Two studies relied on participants’ self-reports of health-risk
behavior, along with participants’ awareness of exposure to a
cue-reminder (4, 14). Two other studies used more objective
outcome assessment methods, but the assessors were not blinded
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explored in multiple studies, many studies involved an
experimental group which received an intervention including a
cue-reminder and a control receiving no intervention. With such
a study design, the independent effect of the cue-reminder cannot
be established. Secondly, given the limited number of studies
and heterogeneity across studies, we were not able to perform
a meta-analysis to quantitatively explore whether cue-reminders
increase the effectiveness of health-risk behavior interventions.
A meta-analysis of few studies is only informative if the studies
are highly similar (20), which was not the case with the studies
included in this review. To provide as much insight as possible
into whether complementing interventions with cue-reminders
increases the effectiveness of these interventions, we therefore
reported the effect sizes and their confidence intervals for each
individual study [cf., (20)]. Thirdly, all included studies assessed
only the immediate effects of exposure to cue-reminders on the
health-risk behavior of interest. Therefore, our exploration of
whether cue-reminders increase intervention effectiveness is also
limited to short-term effectiveness. To acquire more insight into
the potential long-term effects, future studies should include a
follow-up measurement.

themselves to the cue-reminder, it is possible that this might to
lead higher commitment to the intervention aims. That is, by
making such a commitment, it is possible that they feel more
pressure to behave consistent with the intervention message
and are more likely to reach the behavior goals that are linked
to the intervention (19). To increase our understanding of
the effectiveness of cue-reminders as well as whether explicit
instructions contribute to its effectiveness, future studies might
compare the effects of an experimental condition that includes
a cue-reminder and gives explicit instructions about the cuereminder aims with an experimental condition in which the cue
reminder is not made explicit or in which no cue reminder
is present at all. Similarly, it may be expected that exposure
duration could affect cue-reminder effectiveness. That is, longer
exposure periods may provide more opportunities for recipients
to retrieve relevant health information and act upon their positive
intentions, resulting in stronger behavior change effects. On
the other hand, longer exposure periods may be less impactful
because of reduced sensitivity to the cue-reminder due to its
longer presence. To elucidate whether and how the length
of exposure period influences the ability of cue-reminders to
increase intervention effectiveness, future studies may involve
multiple cue-reminder conditions, varying in the duration of
exposure to the cue-reminder after the intervention.
The studies included in this systematic review describe
potential psychological mechanisms that may be involved in cuereminder effectiveness, but these are yet to be explored. For
example, multiple studies recognize that health-risk behaviors
are automatic or impulsive, triggered by contextual cues, such
as observing or feeling pressure from peers who are drinking
alcohol or eating candy (14–16). The salience of the cuereminder in such risk-behavior inducing contexts may then serve
as an inhibiting cue, disrupting the health-risk behavior. This
disruption may be due to enhanced awareness or increased
activation and accessibility of the intervention message in
memory of the intervention message (14, 16, 17) or the recall
of one’s personal goals (14). Dal Cin et al. (4) adds that cuereminders are expected to increase the personal relevance of
intervention messages. While participating in an intervention,
recipients may not see the importance of the intervention
message for their own lives. Cue-reminders may increase the
salience of the message at the time and place the behavior is
occurring, making the message more personally relevant. To gain
insight into how cue-reminders may increase the effectiveness
of health-risk behavior interventions, a suggestion for future
research is to focus on the psychological processes that may be
involved in cue-reminder effectiveness.

Practical Implications
The results of the present systematic review are of value
for intervention developers who are planning to complement
their health-risk behavior interventions with cue-reminders.
The varying and contrasting effect sizes show that effectively
complementing interventions with cue-reminders may be a
challenge. Although cue-reminders may be perceived as a
simple add-on intervention component to increase intervention
effectiveness, this review shows that intervention developers have
multiple points to consider.

CONCLUSION
To date, only six studies have been performed to investigate
whether adding cue-reminders to interventions increases the
effectiveness of health-risk behavior interventions. Because of
the heterogeneity across the studies in terms of sample, research
design, and how the cue-reminder is applied, it remains
largely unclear whether and how cue-reminders increase the
effectiveness of health-risk behavior interventions. Nevertheless,
this systematic review provides a valuable insight into which
practical issues have to be considered by intervention developers
who are planning to complement their health-risk behavior
interventions with cue-reminders.

DATA AVAILABILITY

Strengths and Limitations

The datasets generated for this study are available on request to
the corresponding author.

The present systematic review is the first systematic evaluation
of the added effect of cue-reminders in health-risk behavior
interventions, which can be considered a strength. Nonetheless,
this review is also subject to limitations. Firstly, despite a broad
search strategy for both published and unpublished studies
and the retrieval of many potentially relevant records, only six
studies matched the inclusion criteria. Although the effectiveness
of health-risk behavior interventions with cue-reminders was

Frontiers in Public Health | www.frontiersin.org

AUTHOR CONTRIBUTIONS
LvL, MK, and RH were involved with conceptualization of the
research, data interpretation, and writing up the manuscript.
BvdP was involved with conceptualization of the research and

8

April 2019 | Volume 7 | Article 97

van Leeuwen et al.

Cue-Reminders and Health-Risk Behaviors

FUNDING

data interpretation. LvL and SO were involved with analyses
and data interpretation. LvL, SO, BvdP, LL, RCME, MK, and
RCJH contributed to manuscript revision, read, and approved the
submitted version.

This work was supported by the Dutch Health Research Council
(ZonMw) [grant number 200130011].

REFERENCES

13. Lipsey MW. Design Sensitivity: Statistical Power for Experimental Research.
Newbury Park, CA: Sage Publications (1990).
14. van Lettow B, de Vries H, Burdorf A, Boon B, van Empelen P. Drinker
prototype alteration and cue reminders as strategies in a tailored Webbased intervention reducing adults’ alcohol consumption: randomized
controlled trial. J Med Internet Res. (2015) 17:e35. doi: 10.2196/jm
ir.3551
15. Bevelander KE, Engels RC, Anschütz DJ, Wansink B. The effect of
an intervention on schoolchildren’s susceptibility to a peer’s candy
intake. Eur J Clin Nutr. (2013) 67:829–35. doi: 10.1038/ejcn.20
13.122
16. Kleinjan M, Strick M, Lemmers L, Engels RC. The effectiveness of
a cue-reminder intervention to reduce adolescents’ alcohol use in
social contexts. Alcohol Alcohol. (2012) 47:451–7. doi: 10.1093/alcalc/
ags038
17. Lange JE, Reed MB, Johnson MB, Voas RB. The efficacy of experimental
interventions designed to reduce drinking among designated
drivers. J Stud Alcohol. (2006) 67:261–8. doi: 10.15288/jsa.2006.
67.261
18. Hermans R, van den Putte B, Lemmers L, et al. A cue-reminder intervention
to reduce young adults’ alcohol use in social contexts. Unpubl Raw Data.
19. Cialdini RB, Goldstein NJ. Social influence: compliance and conformity.
Annu Rev Psychol. (2004) 55:591–621. doi: 10.1146/annurev.psych.55.090902.
142015
20. Valentine JC, Pigott TD, Rothstein HR. How many studies do
you need?: a primer on statistical power for meta-analysis. J
Educ Behav Stat. (2010) 35:215–47. doi: 10.3102/1076998609
346961

1. Glanz K, Bishop DB. The role of behavioral science theory in development
and implementation of public health interventions. Annu Rev Public Health.
(2010) 31:399–418. doi: 10.1146/annurev.publhealth.012809.103604
2. Bouton ME. Why behavior change is difficult to sustain. Prev Med. (2014)
68:29–36. doi: 10.1016/j.ypmed.2014.06.010
3. Sara SJ. Retrieval and reconsolidation: toward a neurobiology of
remembering. Learn Mem. (2000) 7:73–84. doi: 10.1101/lm.7.2.73
4. Dal Cin S, MacDonald TK, Fong GT, Zanna MP, Elton-Marshall TE.
Remembering the message: the use of a reminder cue to increase condom
use following a safer sex intervention. Heal Psychol. (2006) 25:438–43.
doi: 10.1037/0278-6133.25.3.438
5. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
et al. The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the reporting
of behavior change interventions. Ann Behav Med. (2013) 46:81–95.
doi: 10.1007/s12160-013-9486-6
6. Schwarzer R. Modeling health behavior change: how to predict and modify the
adoption and maintenance of health behaviors. Appl Psychol. (2008) 57:1–29.
doi: 10.1111/j.1464-0597.2007.00325.x
7. Gibbons FX, Gerrard M, Lane DJ. A social reaction model of adolescent
health risk. In: Suls J, Wallston KA, editors. Social Psychological Foundations
of Health and Illness. Malden, MA: Blackwell (2003). p. 107–36.
8. Maisto SA, Carey KB, Bradizza CM. Social learning theory. In: Leonard KE,
Blane HT, editors. Psychological Theories of Drinking and Alcoholism. 2nd ed.
New York, NY: Guilford Press (1999). p. 328–71.
9. MacDonald TK, Fong GT, Zanna MP, Martineau AM. Alcohol
myopia and condom use: can alcohol intoxication be associated
with more prudent behavior? J Pers Soc Psychol. (2000) 78:605–19.
doi: 10.1037/0022-3514.78.4.605
10. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 6:e1000097. (2009). doi: 10.1371/journal.pmed.1000097
11. Higgins JPT, Green S (editors.). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 [updated March 2011]. The Cochrane
Collaboration (2011). Available online at: http://handbook.cochrane.org
12. Wilson D. Practical Meta-Analysis Effect Size Calculator [Web-Based
Calculator]. Available online at: http://www.campbellcollaboration.org/
escalc/html/EffectSizeCalculator-Home.php (Retrieved June 27, 2018).

Frontiers in Public Health | www.frontiersin.org

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 van Leeuwen, Onrust, van den Putte, Kleinjan, Lemmers,
Engels and Hermans. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

9

April 2019 | Volume 7 | Article 97

