This is a repository copy of A machine-learning assisted review of the use of habit
formation in medication adherence interventions for long-term conditions.
White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/182896/
Version: Published Version
Article:
Robinson, L. orcid.org/0000-0001-5680-0734, Arden, M.A., Dawson, S. et al. (3 more
authors) (2022) A machine-learning assisted review of the use of habit formation in
medication adherence interventions for long-term conditions. Health Psychology Review.
ISSN 1743-7199
https://doi.org/10.1080/17437199.2022.2034516

Reuse
This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/
Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Health Psychology Review

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rhpr20

A machine-learning assisted review of the use
of habit formation in medication adherence
interventions for long-term conditions
L. Robinson, M. A. Arden, S. Dawson, S. J. Walters, M. J. Wildman & M.
Stevenson
To cite this article: L. Robinson, M. A. Arden, S. Dawson, S. J. Walters, M. J. Wildman &
M. Stevenson (2022): A machine-learning assisted review of the use of habit formation in
medication adherence interventions for long-term conditions, Health Psychology Review, DOI:
10.1080/17437199.2022.2034516
To link to this article: https://doi.org/10.1080/17437199.2022.2034516

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group
Published online: 14 Feb 2022.

Submit your article to this journal

Article views: 172

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rhpr20

HEALTH PSYCHOLOGY REVIEW
https://doi.org/10.1080/17437199.2022.2034516

A machine-learning assisted review of the use of habit formation
in medication adherence interventions for long-term conditions
L. Robinsona, M. A. Ardenb, S. Dawsonc, S. J. Waltersa, M. J. Wildmand and M. Stevensone
a

School of Health and Related Research, The University of Sheﬃeld, Sheﬃeld, UK; bCentre for Behavioural Science
and Applied Psychology, Sheﬃeld Hallam University, Sheﬃeld, UK; cWolfson Adult Cystic Fibrosis Centre,
Nottingham University Hospitals NHS Trust, City Hospital, Nottingham, UK; dSheﬃeld Adult Cystic Fibrosis Centre,
Sheﬃeld Teaching Hospitals NHS Foundation Trust, Northern General Hospital, Sheﬃeld, UK; eDepartment of
Computer Science, The University of Sheﬃeld, Sheﬃeld, UK
ABSTRACT

ARTICLE HISTORY

Adherence to medication in long-term conditions is around 50%. The key
components of successful interventions to improve medication
adherence remain unclear, particularly when examined over prolonged
follow-up periods. Behaviour change theories are increasingly interested
in the utility of habit formation for the maintenance of health
behaviour change, but there is no documentation on how habit has
been conceptualised in the medication adherence intervention
literature, or what eﬀect the key technique identiﬁed in habit formation
theory (context dependent repetition) has in these studies. To examine
this, a machine-learning assisted review was conducted. Searches of
MEDLINE, EMBASE and PSYCInfo and the reference list of a
comprehensive systematic review of medication adherence
interventions yielded 5973 articles. Machine learning-assisted title and
abstract screening identiﬁed 15 independent RCTs published between
1976 and 2021, including 18 intervention comparisons of interest. Key
ﬁndings indicate that conceptualisations of habit in the medication
adherence literature are varied and behaviour change technique coding
identiﬁed only six studies which explicitly described using habit
formation. Future work should aim to develop this evidence base,
drawing on contemporary habit theory and with explicit demonstration
of what techniques have been used to promote habit formation.
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Background
Adherence to medication is a cornerstone of medical prescribing in long-term conditions but is frequently estimated to be in the region of 50% (Osterberg & Blaschke, 2005; Sabate, 2003). Adherence
to medication describes the degree to which a person takes medication as agreed with a healthcare
provider (Osterberg & Blaschke, 2005). There are a wide range of methods to measure and quantify
adherence (Lehmann et al., 2013; Vrijens et al., 2012) but evidence from large studies of people with
long-term conditions demonstrates that adherence is consistently below the minimally accepted
standard of 80% (Briesacher et al., 2008; Sabate, 2003; Yeaw et al., 2009).
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Non-adherence incurs huge costs to both economic and health domains. The economic impact of
non-adherence was recently estimated to cost between $949 and $44,190 per person, per year
(Cutler et al., 2018). The implications of non-adherence on health outcomes are numerous, including
worsening of disease and increased hospitalisations and mortality, and this is evidenced across a
wide-range of long-term conditions (Asche et al., 2011; Bangsberg et al., 2001; Chowdhury et al.,
2013; Mäkelä et al., 2013). There is widespread consensus on the negative impact of non-adherence
to medication, and this was acknowledged by the World Health Organisation with the publication of
the ‘Adherence to Long Term Therapies’ reports (Sabate, 2001, 2003).
The development of interventions to support people with a range of chronic health conditions to
improve their adherence to medication stands as one of the most important factors in improving
outcomes to prescribed medications (Brown et al., 2016; Saag et al., 2018; Sabate, 2003). Despite
this, the ‘active ingredients’ of eﬀective medication adherence interventions remain unclear (Anderson et al., 2020; Nieuwlaat et al., 2014). In a Cochrane review of medication adherence interventions,
authors were prevented from drawing conclusions as to the eﬀectiveness of adherence interventions
due to the range of diﬀerent conceptualisations and measurements of adherence, studied in an array
of disease areas, and using a multitude of intervention types (Nieuwlaat et al., 2014). Even within
systematic reviews focusing on speciﬁc intervention types (e.g., Conn et al., 2016; Conn & Ruppar,
2017; Demonceau et al., 2013; Edmondson et al., 2018), there appears to be a diverse range of
methods to implement seemingly similar intervention types (e.g., digital interventions, reminderbased interventions), with varied outcomes. The study of medication adherence interventions
could beneﬁt from the use of standardised taxonomies of intervention types and behaviour
change techniques (BCTs; Michie et al., 2013) to examine intervention eﬀectiveness.
In addition to the limited understanding of the ‘active ingredients’ of medication adherence interventions, even less is known about how to maintain adherence to medication in the long-term. Evidence has shown reduced eﬀectiveness of medication adherence interventions with longer followup periods (Wiecek et al., 2019). This eﬀect is not unique to medication adherence; failure to maintain
health behaviour change eﬀects in the long-term has been identiﬁed as a key research priority
(Nilsen et al., 2010; Ory et al., 2010) and is gaining increasing attention in the context of social cognitive models of health behaviour (Norman & Connor, 2015). In a systematic review of over 100 theories describing maintenance of behaviour change, Kwasnicka et al. (2016) identiﬁed ﬁve key themes
that theorists place at the core of maintenance theory, including maintenance motives, self-regulation, psychological and physical resources, the physical and social environment, and habit.
Habits have been hypothesised to facilitate maintenance of behaviour by bypassing reﬂective
decision-making processes and enabling people to engage in behaviours as they have in the past,
with minimal cognitive expense (Gardner et al., 2020; Gardner & Lally, 2018). Whilst the exact
deﬁnition of habit is widely disputed, contemporary habit theory deﬁnitions, including modern,
interdisciplinary accounts of habit (see Fleetwood, 2019) converge on the idea that habitual behaviour (e.g., brushing teeth) is initiated by a stable contextual cue (e.g., getting out of the shower)
which is associated with that behaviour (Gardner, 2015; Gardner et al., 2021). The acquisition of a
habit for a speciﬁc behaviour relies on repetition of the behaviour in response to a stable contextual
cue, as this facilitates learning of cue-response associations over time (Lally et al., 2010).
Medication adherence can encompass diﬀerent behaviours which may vary in complexity, for
example, swallowing a pill, to preparing several medications to be administered via a medical
device (e.g., a nebuliser). Contemporary habit theory places emphasis on the importance of the
habitual instigation of the behaviour, whereby a contextual cue can habitually trigger the initiation
of the ﬁrst sub-action, among a potential sequence of sub-actions which constitute a behaviour
(Gardner et al., 2016). Through this lens, techniques required to support the habitual instigation
of behaviour should theoretically translate across the range of medication adherence behaviours.
Identifying which BCTs are required to target speciﬁc ‘mechanisms of action’ (MoAs) in behaviour
change interventions is challenging (Hagger et al., 2020), but there is a growing evidence base to
support researchers in the context of habit formation. Recent research has emphasised that
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context-dependent repetition (equivalent to Michie et al.’s (2013) ‘Habit formation’ BCT) is the
principal technique by which habits can form (Gardner et al., 2020; Gardner & Lally, 2018) and
thereby any intervention reporting to utilise contemporary habit theory in its design should at
least demonstrate use of this technique. However, whilst context dependent repetition is minimally required, growing consensus indicates that self-regulatory BCTs (e.g., action planning,
prompts and cues, self-monitoring) may support the individual through the period of eﬀortful repetition in the path to habit formation (Gardner et al., 2020; see also Carey et al., 2018; Connell et al.,
2018). In a recent review, Gardner and Rebar (2019) searched for studies utilising context-dependent repetition and identiﬁed which other BCTs were used in combination to facilitate the formation of health behaviour habits. All included interventions combined context-dependent
repetition with some other motivation or action control techniques, such as ‘Action planning’,
‘Goal setting (behaviour)’, ‘Prompts and cues’ and ‘Problem solving’ (see Michie et al., 2013 BCT
taxonomy). This is unsurprising as both theoretical models of habit formation (Gardner et al.,
2020; Gardner & Lally, 2018) and lay understandings of how habits are acquired (Brown et al.,
2019) implicate a period during which the behaviour must be eﬀortfully repeated before it
becomes habitual.
Notably however, no studies included in Gardner and Rebar’s review examined habit formation in
a medication adherence intervention, yet in the largest synthesis of medication adherence interventions to date, Conn and Ruppar (2017) concluded that ‘habit formation’ interventions were likely to
hold the most promise for facilitating changes in medication adherence. This disparity in ﬁndings
indicates there may be diﬀerences in conceptualisations of what a habit is, and ideas about how
it can be targeted, between the medication adherence and contemporary habit theory literatures.
The extent to which the existing medication adherence intervention literature aligns with recommendations from contemporary habit theory has not yet been documented. An exploration,
through the lens of contemporary habit theory, of how habit has been conceptualised, whether
context-dependent repetition was used and which BCTs have been used alongside it could usefully
draw attention to discrepancies between these two literatures. Furthermore, examination of the
eﬀectiveness of ‘context dependent repetition’ as a BCT in the context of these medication adherence interventions could provide a useful addition to the growing evidence base for the utility of
this technique for supporting long-term behaviour change.
A machine-learning assisted review of randomised controlled trials (RCTs) examining the eﬀectiveness of ‘habit’ interventions in maintaining adherence was conducted to address these issues.
The speciﬁc research objectives of this review are:
(1) To describe how habit has been conceptualised, and whether theory has been applied (i.e., evidence of the requirement for the behaviour to be repeated in the same context to acquire
associations between cues and behaviour), in interventions designed to improve medication
adherence in long-term conditions;
(2) To describe speciﬁc behaviour change techniques (BCTs) that have been used to target habit in
interventions to improve adherence to medication in long-term conditions;
(3) To examine the eﬀectiveness of interventions identiﬁed as using context-dependent repetition
in improving adherence to medication in people with long-term conditions.

Materials and methods
The review was preregistered on PROSPERO, available from: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42020187890
The scope of the review was extensive and inclusive across Population, Intervention type, Comparison, Outcome, Timeline and Study (PICOTS) domains. The scope covered individual and cluster
randomised controlled trials (S) of habit-related adherence interventions (I) compared to usual care

4

L. ROBINSON ET AL.

or control interventions (C). These had to be conducted in adults with long term conditions (P) and
measure eﬀects on adherence(O) at a minimum of 6-months post-randomisation follow-up (T).

Search strategy
The search strategy was implemented in two stages.

Stage 1: identiﬁcation of studies published prior to 2015
Conn and Ruppar (2017) published a large-scale systematic review of interventions designed to
improve medication adherence. The ﬁnal searches conducted for their review, as reported by
Conn and Ruppar, were in 2015. The strategy used was assessed and it was understood that the
search conducted by Conn and Ruppar (2017) would be both comprehensive and inclusive
enough for the present review. A list of the included studies was retrieved and screened for eligible
studies against the inclusion criteria for the present review.

Stage 2: identiﬁcation of studies published after 2015
Electronic database searches were conducted on 13th May 2020: MEDLINE (1946 to May 12, 2020),
PSYCInfo (1806 to May Week 2, 2020) and EMBASE (1974 to 2020 May 13) were searched. Key search
terms included medication adherence (MeSH), randomised controlled trials, habit and behavioural or
complex interventions. The full MEDLINE, PSYCInfo and EMBASE search strategies are available in
Supplementary material 1.
Reference lists of included studies were also screened for eligible studies.

Inclusion criteria
Texts reporting RCTs of interventions designed to improve medication adherence in adults living
with long-term conditions were the focus of this review. Eligible studies had to use the term
‘habit’, or ‘automaticity’ with reference to the SRBAI, in either the introduction, methods or associated documentation describing the intervention in more detail. Studies examining intervention
eﬀects in health conditions for which there is no cure and which is managed with a regimen of medication were eligible for this review. This speciﬁc criterion, used by the department of health (Department of Health, 2012), was chosen because: (i) this deﬁnition excludes disease groups such as
tuberculosis, which is sometimes considered a long-term condition but can be cured with a 6month prescription of antibiotics. The present review is concerned with long term (>6month)
eﬀects of interventions and therefore inclusion of diseases of this nature would be inappropriate;
(ii) this deﬁnition excludes conditions such as sleep apnoea; whilst sleep apnoea is also sometimes
considered to be a long term condition, it is primarily treated using mechanical devices worn overnight, rather than medicines taken in discrete episodes.
The focus of the review is to examine how the development of habits in the context of medication adherence facilitates long-term maintenance of medication-taking behaviour. This extends
beyond initiation of the behaviour and requires evidence over prolonged periods. In line with the
Transtheoretical model’s conceptualisation of maintenance (Prochaska & Di Clemente, 1982),
studies with a minimum follow-up of 6-months only were eligible for inclusion in this review.
All studies reporting full-scale RCTs published in peer reviewed journals were eligible for
inclusion. Any number or type of comparison intervention was acceptable. Studies reporting adherence as a primary or secondary outcome variable were included.

Exclusion criteria
Studies of intervention eﬀects on people who were in prison or people with substance abuse and/or
psychological disorders were excluded. This is in line with Conn and Ruppar’s (2017) exclusion
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criteria and avoids inclusion of populations requiring specialist intervention design to support
additional complexities in the self-management of disease.
Studies published as conference abstracts and journal supplements were excluded due to insuﬃcient detail to code BCTs. Pilot and feasibility studies and studies not available in English or in fulltext were excluded.

Study selection and data extraction
Title and abstract screening
Title and abstract screening was conducted using an active learning approach (see O’Mara-Eves
et al., 2015), in which a portion of studies were manually labelled (include/exclude) and used to
train a machine learning text-classiﬁcation algorithm. The algorithm outputs the remaining,
unlabelled studies in rank order of likelihood of inclusion, which the reviewer then continues to
manually label. This process is iterated until the likelihood of identiﬁcation of additional studies
for inclusion is deemed low enough to cease screening (see O’Mara-Eves et al., 2015). Application
of machine learning techniques for text classiﬁcation is gaining increasing popularity in health
science reviews (e.g., Currie et al., 2019; Shemilt et al., 2021; Shemilt et al., 2021) and a detailed
description of the methods applied here are available in Supplementary Material 2 (see also Marshall
& Wallace, 2019; O’Mara-Eves et al., 2015).

Full-text screening
All abstracts identiﬁed in the title and abstract screening process were manually screened. Due to the
nature of the interventions of interest, a large number of articles were expected to be eligible for the
full-text screening stage. In anticipation of this, a two-stage full-text screening process was planned
and implemented.
In the ﬁrst stage, full-texts were searched for keywords in either the introduction, methods or
associated documentation (referenced in the methods) which detailed intervention content. Key
words were ‘habit(s/ual)’ and/or ‘automatic(ity)’, used speciﬁcally in relation to medication adherence behaviours. The protocol states that the keyword ‘Routine(s)’ would also be searched at this
stage but further experience from piloting this stage of the screening revealed that whilst some
studies were using the keyword routine, it was unclear if they were using this in reference to
habit formation and therefore this was excluded from the search process at this stage (see Discussion
for more detail on this decision). If identiﬁed as potentially relevant in this stage, texts progressed to
the second stage in which they were screened against the remaining inclusion and exclusion criteria.
Conference abstracts and journal supplement abstracts reporting potentially relevant studies
were followed up to identify any journal articles which reported the study in full. The authors of protocols detailing relevant interventions were emailed to request trial results if available,1 and full-texts
of articles that could not be accessed by other means were requested from authors.

Data extraction
Study characteristics (design, recruitment, retention, population details, sample characteristics, study
setting, follow-up), intervention features (including detailed coding of BCTs – see below), description
of comparison groups, and adherence and habit outcomes were extracted using a data extraction
form. Conceptualisations of habit were derived by reading descriptions around the location of keywords (‘habit(s/ual)’ and/or ‘automatic(ity)’) in the full-texts or (associated documentation which
were referenced in the methods) and detailed intervention content.

Intervention BCT coding
Two reviewers (LR, SD) independently coded intervention BCTs using Michie and colleagues’ taxonomy of 93 BCTs v1 (Michie et al., 2013). Intervention descriptions were extracted; if protocols or
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methodology papers were available, these were also examined for additional details on intervention
content. Diﬀerences were then discussed and a third expert reviewer (MA) was included to resolve
any outstanding discrepancies. Some studies described some or all intervention features using
Michie et al.’s (2013) taxonomy (indicated in Table 2 and supplementary material). In these instances,
BCTs were extracted directly and the remaining text was checked for any additional BCTs that could
be coded.

Adherence data extraction
The majority of studies included more than one summary of adherence, and/or at more than one timepoint. ‘Primary’ outcomes for the purposes of principle comparisons in this review were selected in the
following order of priority: outcomes nearest 6 months; stated as the primary outcome/power calculations based on expected eﬀect size of this outcome; objective measurement tool; taking adherence
(i.e., the proportion of medications taken relative to those prescribed). This was favoured over scheduling
adherence (i.e., the proportion of doses taken within a speciﬁed time period relative to those prescribed),
as taking adherence is most similar to other primarily extracted outcome measures, compared to scheduling adherence which is more stringent. Adherence outcomes summarised at time-points < 6 months,
for within-group analyses or for sub-groups of participants were not extracted.

Quality assessment
The Cochrane revised risk of bias tool and variant for cluster RCTs (Higgins et al., 2019) was used to
conduct quality appraisals. One reviewer (LR) conducted quality assessments. The primary extracted
outcome was assessed for each study. Protocols and/or trial registry records were used to support
assessment, when available. All ﬁve domains were assessed but items relating to blinding of participants and interventionists to treatment allocation were not assessed, due to the nature of behaviour
change interventions being inevitably unblinded. To enable algorithm calculation, these items were
scored as low risk for all studies. The cluster randomised trial tool includes two assessments for domain
1. In order to compare assessment of bias across individual and cluster randomised studies, assessments were combined on this domain: studies assessed as low risk on both items of this domain
were given an overall summary of low; studies with at least one assessment of ‘some concerns’ or
‘high risk’ were summarised as ‘some concerns’ or ‘high risk’ overall, respectively. This is in line with
overall summaries as described in the Cochrane RoB handbook (Sterne et al., 2019).

Data analysis
An assessment was conducted to determine the appropriateness of meta-analysis of ﬁndings from
studies eligible for inclusion. The homogeneity of populations, intervention types, intervention
content, adherence measurement tools and summary measures and timepoints at which participants were followed-up across all studies was considered. Owing primarily to between-study variation in conceptualisations and use of ‘habit’ as a construct in this review (see Results), and due to
insuﬃcient data available, a meta-analysis to determine the eﬀectiveness of habit-based interventions would not be appropriate or achievable with this pool of studies. A planned, narrative
review of conceptualisations of habit and the intervention BCTs was conducted. Following this,
studies which explicitly used ‘context-dependent repetition’ (i.e., the principal BCT required to
form a habit) were carried forward for examination of intervention eﬀects. Eﬀect sizes were calculated for adherence outcomes for each RCT based on the raw observed data; if this was not available
this was calculated on the adjusted diﬀerence. Adherence outcomes were synthesised following the
Cochrane Handbook ‘Vote counting based on the direction of eﬀect’ method, as planned (McKenzie
& Brennan, 2019). Probability of observing the overall direction of eﬀect was assessed using a binomial probability test and conﬁdence intervals calculated using the Wilson interval method (Brown
et al., 2001).
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Results
Searches yielded a total of 5973 studies of which, 17 articles were included (Figure 1). Two of these
were protocols for studies for which the main articles were also included, thus screening identiﬁed
15 independent studies, including 18 intervention comparisons.

Overview of included studies
Characteristics of the 15 included studies are given in Table 1.
Interventions were designed for a variety of target populations, including people with cardiovascular disease and/or high cholesterol (n = 5 studies), human immunodeﬁciency virus (HIV; n = 3),

Figure 1. Screening ﬂow-diagram.
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Table 1. Study characteristics.

Barankay
(2020)

De Bruin
(2010)

Disease group and characteristics
Statin prescription; self-reported nonadherence; LDL-C level > 100 mg/
dL and diagnosed ASCVD /10-year
CVD risk score > 7.5% OR LDL-C >
190 mg/dL and no other risk factors
OR both
Diagnosis of HIV; ≥6 months on
HAART; ≥18 years old

Description of medication
and dosage

Simple daily sweepstakes: n =
199; Deadline sweepstakes:
n = 204; Sweepstakes plus
deposit contract: n = 201;
Control: n = 201

Pills; Majority of
participants (90% + )
on polytherapy

Mean age (SD): intervention =
47.3 (9.8); control = 48.7(9.8);
Male %: intervention = 92%,
control = 90%
Mean age (SD): Action planning
= 61.5(11.1), usual care = 63.9
(12); Male%: Action planning
= 54, usual care = 59
Mean age (SD): Intervention =
64.7(12.4); Control = 69.0 (8.8);
Male(%): Intervention = 61%;
Control(%) = 69%

Intervention n = 66; control n
= 67

Diagnosis of type-2 diabetes for ≥3
months; ≥18 years old; no known
CVD events

Pills; One medication
session daily

Gregoriano
(2019)

Diagnosis of asthma and/or COPD;
prescribed daily inhaled medication
and at least one exacerbation in the
previous 12 months

Haynes
(1976)

Cardiovascular medication pill-count
< 80% and high blood pressure
(≥90 mm Hg); Dominion Foundries
employees
People with CAD that had undergone
CABG; responsible for selfadministration of medications; not
meeting criteria for other prespeciﬁed comorbid diseases or
health problems
Diagnosis of HIV for ≥3 months;
attending participating HIV clinic;
sexually active in past 3 months;
≥18 years old

Puﬀ inhaled/dry
powders; Intervention
mean medications
prescribed daily (SD) =
1.9 (0.8); Control mean
(SD) = 2.0 (0.8)
Pills; dosage not stated

Milam
(2005)

O’Dwyer
(2020)

People prescribed salmeterol/
ﬂuticasone Diskus inhaler for
asthma, COPD, or other (3-6%
unknown diagnosis); ﬁlled ≥3
prescriptions in past 6 months

n per group randomized

Mean age (SD) = 58.5 (10.3);
female = 519 (64.5%)

Farmer
(2016)

Lin (2017)

Participant characteristics

Pills; One pill bottle
opening per day
expected

Pills; Prescriptions across
the sample: > 90%
aspirin, 80% + beta
blockers, 60% + ACE
inhibitors, 70% + lipid
lowering drugs
Pills; Mean number of
pills per day (SD) = 4.39
(1.8)
Inhaled medications;
dosage not stated for
this sample

Intervention and
comparator
Simple daily
sweepstakes; Deadline
sweepstakes;
Sweepstakes plus
deposit contract; vs
Control
Electronic MonitoringBased Counselling vs
usual care

Maximum
follow-up
period
6 months

8–9 months

Intervention n clusters = 30, n
participants = 265; Control: n
clusters = 29, n participants
= 378
Total n randomised (n) = 169;
Total entering baseline visit
(n) = 165: Intervention = 84;
Control n = 81

Brief action planning
intervention vs usual
care

12 months

Daily alarm clock and
support phone calls vs
control

6 months

Mean age (SD) not reported.
Male %: intervention = 100%,
control = 100%

Intervention n = 20; control n
= 19

Behavioural intervention
vs usual care

6 months

Mean age (SD): Intervention =
74.32 (5.26), control = 75.23
(5.82); Male%: intervention =
67.4%, control = 65.3%

Intervention: n centres = 6, n
participants = 144; Control:
n = 6 centres, n participants
= 144

Multifaceted intervention
including motivational
interviewing vs usual
care

18 months

Mean age (SD): adherence
intervention = 39(8.1); safer
sex group = 39(7.8); Male %:
adherence intervention =
87.9%; safer sex arm = 89.2%
Mean age (SD): Biofeedback
group = 54(15), demonstration
group = 53(15); control = 55
(13); Male %: Biofeedback
group = 42%; demonstration
group = 57%; control = 50%

Adherence arm: n clusters = 2,
n participants = 149; safe sex
intervention: n clusters = 4, n
participants = 288

Brief adherence
intervention vs safe sex
intervention (no
adherence component)

17–18
months

Biofeedback group: n clusters
= 27, n participants = 74;
Demonstration group: n
clusters = 37, n participants
= 56; Control group: n
clusters = 10, n participants
= 22

Biofeedback or
demonstration vs usual
care

6 months

L. ROBINSON ET AL.

First author
(Year)

Pakpour
(2015)

Diagnosis of epilepsy; ≥18 years old;
independently responsible for
medication taking; prescribed AEDs

Pills; Majority of
participants (∼70%) on
monotherapya

Reddy
(2017)

Veterans with diagnosis of CAD; 30–
75 years old; <80% adherence at
entry to study

Pills; 1 session daily

Russell
(2020)

People prescribed ≥1 twice-daily
immunosuppressive medication
following kidney transplant; ≥18
years old; functioning kidney
transplant; no other life-shortening
diagnosis
Dyslipidaemia; ≥21 years; enrolled in
pharmacy plan and placed claim for
a statin prescription

Pills; At least 1
medication,
administered twice
daily

Stacy (2009)

Mean age (SD): intervention =
41.37 (16.25), comparator =
39.86(15.01); Female %:
intervention = 32.8%; control
= 35.5%
Mean age (SD): Individual
feedback = 65.6(4.1), partner
feedback = 64.9(6.2), usual
care = 64.1(6.6); Male %:
Individual feedback = 100%,
partner feedback = 96.3%,
control = 91.7%
Mean age (SD): SystemCHANGE
= 53(11.2), Attention control =
50.7(9.7); Male%:
SystemCHANGE = 66.7%;
attention control = 50%

Intervention n = 137; control n
= 138

Multimodal behavioural
intervention vs usual
care

6 months

Individual feedback n = 36;
partner feedback n = 54;
control n = 36

Individual feedback or
partner feedback vs
usual care

26 weeks

Intervention n = 45; control
n = 44

SystemCHANGE
intervention vs
attention control

12 months

Pills; 57.8% prescribed 3
+ medications
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Mean age: intervention = 54.6,
Intervention: n = 298;
Interactive voice
6 months
control = 54.2; Females:
Enhanced care control
response technology
intervention = 62.1%; control
n = 280
intervention vs
= 62.7%
enhanced care control
Tang (2014) Diagnosis of epilepsy; ≥16 years old; Pills; Not stated
Mean age (SD): Education and
Education and behavioural
Education plus
6 months
AEDs prescribed ≥6 months; nonbehavioural intervention =
intervention n = 65,
behavioural
adherence occurred in the last 6
30.8(11.6), Education only =
Education only n = 59,
intervention vs
months
31.6(13); male%: Education
education only
and behavioural intervention
= 58.9%; education only =
49.1%
Pills; Mean (SD) doses per Mean age (SD): intervention = 39 Intervention: n = 55; Control
Psychoeducative
48 weeks
Attending HIV-outpatient clinic;
Tuldrà
initiating ﬁrst or second line HAART
day = 3(2)
(10), control = 38(7); male%:
n = 61
intervention vs usual
(2000)
intervention = 73%; control =
care
79%
Wildman
Diagnosis of CF; ≥16 years old
Nebulised; dosage not
Mean age (SD): Intervention =
Intervention n = 305; control
CFHealthHub
12 months
(2021)
stated for this sample
31.1(10.6), control = 30.3(10.8);
n = 303
intervention vs usual
Female%: intervention =
care
51.3%, control = 50.8%
CAD = Coronary artery disease; AED = anti-epileptic drug; ASCVD = Atherosclerotic cardiovascular disease; LDL-C = Low density lipoprotein cholesterol; HIV = Human immunodeﬁciency virus;
HAART = Highly active anti-retroviral therapy; COPD = Chronic obstructive pulmonary disease; CVD = cardiovascular disease; CABG = coronary artery bypass graft; CF = cystic ﬁbrosis; SD = standard
deviation.
a
Based on n in Table 1 of (Pakpour et al., 2015).
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Table 2. ‘Habit formation’ intervention content and ﬁndings.

BCTs codeda

Adherence
summary and
timepoint
measured

Adjustments to
estimates

Gregoriano Daily alarm clock
(2019)
and support
phone calls vs
control

Intervention
1.2 Problem
delivered
solving;
over 6
2.2 Feedback on
months
behaviour;
7.1 Prompts/cues;
8.1 Behavioural
practice/
rehearsal;
8.3 Habit formation

Mean number of
Electronic
days (max 200)
device or
that takingPOEMs
adherence was in
where
target adherence
appropriate
range (80-100%)
for dry
powder
medications

n/a

Haynes
(1976)

Intervention
1.2 Problem
solving;
delivered
1.3 Goal setting
over full 6
months
(outcome);
1.4 Action
planning;
1.6 Discrepancy
between current
behaviour and
goal;
2.2 Feedback on
behaviour;
2.3 Self-monitoring
of behaviour;
2.4 Self-monitoring
of outcome of
behaviour;
2.6 Biofeedback;
3.1 Social support
(unspeciﬁed);
7.1 Prompts/cues;
8.1 Behavioural
practice/
rehearsal;
8.3 Habit
formation;
10.4 Social reward;
10.10 Reward
(outcome);
12.1 Restructuring

Unused pill
count

n/a

Behavioural
intervention vs
usual care

Change in
adherence at 6months,
adherence
calculated as
proportion of
pills prescribed
that are taken in
the month of
follow-up

n (I,C)
analysed

Eﬀect on adherence
(nearest 6 months)

Signiﬁcant diﬀerence for
I (Puﬀ
puﬀ inhalers and dry
inhaler) =
powder capsules: Puﬀ
57, I (Dry
inhalers, Intervention
powders)
mean(SD) = 81.6
= 41 C
(Puﬀ
(14.2), control mean
inhaler) =
(SD) = 60.1(30.3), p
60, C (Dry
< .001; Dry powders
powders)
Intervention mean
= 49
(SD) = 89.6(9.8),
Control mean(SD) =
80.2(21.3), p = .01
I = 20
Signiﬁcant diﬀerence:
Intervention mean
C = 18
(SE) = 65.8(8.2) vs
control mean(SE) =
43.2 (10.1), Baseline
adjusted diﬀerence =
22.8, p = .025

Direction of eﬀect
and eﬀect size
Eﬀect on adherence
(nearest 6
> 6 months
months)b

Eﬀect on
habit

Favours
intervention
Puﬀ inhalers:
Unadjusted d
(95%CI) = 0.90
(0.52, 1.28)
Dry powders:
Unadjusted d
(95%CI) = 0.55
(0.13, 0.97)

n/a

Not
measured

Favours
intervention
Unadjusted
Hedges g (95%
CI) = 0.56
(−0.09, 1.21)

n/a

Not
measured
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First author
(Year)
Intervention name

Intervention
duration to
assessment
timepoint
details
Data collection

Milam
(2005)

Russell
(2020)

Brief adherence
intervention vs
safe sex
intervention (no
adherence
component)

the physical
environment
Intervention Self-report of
1.2 Problem
number of
delivered
solving
pills taken
1.4 Action planning until month
over past 7
10–11
7.1 Prompts/cues
days
8.1 Behavioural
practice/
rehearsal
8.3 Habit formation
MEMS-cap

Morisky
Medication
Adherence
Scale
(MMAS-4)

Income, ethnicity, I = 149
employment status,C = 288
AIDS diagnosis,
HAART regimen (vs.
non-HAART), and
number of pills per
day, adherence at
baseline and
clustering
Adherence rate
Ethnicity, marital I = 45
deﬁned as doses status, perceived C = 44
taken on time/
health score, and
total doses at 6
perceived social
months
support

Number of
individuals
whose selfreport adherence
improved at 6months.

n/a

I = 56
C = 53

Signiﬁcant diﬀerence: Favours
Intervention mean
intervention
(SD) = 0.81(0.25) vs Unadjusted d
(95%CI) = 0.69
control mean(SD) =
(0.27, 1.12)
0.64(0.24), p < .001.
Adjusted diﬀerence B
= 0.2 (95% CI = 0.12
to 0.27; SE = 0.039, p
< .001)

Favours intervention.
No signiﬁcant eﬀect:
Intervention n
improved (%) = 36
(64.3%) vs Control n
improved (%) = 33
(62.3%), p = 0.827
Favours intervention.
Signiﬁcant eﬀect:
intervention mean
(SD) = 52.9%(31.4) vs
control mean(SD) =
34.9%(31.7), adjusted
mean diﬀerence =
9.5% (95%CI, 8.610.4)

Favours
intervention
RR(95% CI) =
1.03 (0.78,
1.37)

Not
measured

Signiﬁcant diﬀerence
Not
at 12 months:
measured
Intervention mean
(SD) = 0.65(0.37) vs
control mean(SD) =
0.53(0.29), p = .004.
Adjusted B = 0.16
(95% CI = 0.06 to
0.26; SE = 0.05) p
< .001. Favours
intervention.
Unadjusted d (95%
CI) = 0.36 (−0.06,
0.78)
n/a

Not
measured

(Outcome measured Favours
Favours
at 12 months)
intervention
intervention
Adjusted d (95%
CI) = 1.71
(1.52, 1.90)

(Continued)

11

Treatment arm, I = 295
PARI eTrack™ Normative
time in weeks, C = 293
adherence
electronic
baseline adherence
(adjustments
device
(ﬁrst two weeks),
made for ideal
and past-year IV
treatment for
days
eﬀectiveness) at
12 months

(Outcome measured
No signiﬁcant eﬀect:
Favours
at 17–18 months)
intervention
Intervention n(%) =
128 (85.9%) vs control (Unadjusted) RR
(95% CI) =
n(%) = 201(69.8%).
1.23 (1.11,
Adjusted OR = 2.05,
[95% CI: 0.92 to 4.56], 1.36)
p = .077
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SystemChange™ vs 1.1 Goal setting
Intervention
attention control
(behaviour)
delivered
1.4 Action planning over 6
1.5 Review
months
behaviour goals
1.6 Discrepancy
between current
behaviour and
goal
2.2 Feedback on
behaviour
4.4 Behavioural
experiments
15.3 Focus on past
success
1.4 Action planning Intervention
Tang (2014) Education plus
delivered
7.1 Prompts/cues
behavioural
8.1 Behavioural
over full 6
intervention vs
practice/
education only
months
rehearsal
8.3 Habit formation
9.1 Credible source
Wildman
CFHealthHub
Intervention
1.1 Goal setting
delivered
(behaviour)
(2021)
intervention vs
over 121.2 Problem
usual care
month
solving
1.4 Action planning period
1.5 Review
behavioural
goals
1.6 Discrepancy
between current
behaviour and
goal
2.2 Feedback on
behaviour
2.3 Self-monitoring

Percent of patients
whose 7-day
adherence >
95% measured at
17–18 months
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Table 2. Continued.

BCTs codeda

Adherence
summary and
timepoint
measured

Adjustments to
estimates

n (I,C)
analysed

Eﬀect on adherence
(nearest 6 months)

Direction of eﬀect
and eﬀect size
(nearest 6
Eﬀect on adherence
months)b
> 6 months

Eﬀect on
habit

of behaviour
3.2 Social support
(practical)
4.1 Instruction on
how to perform
the behaviour
5.1 Information
about health
consequences
5.2 Salience of
consequences
6.1 Demonstration
of the behaviour
7.1 Prompts/cues
8.1 Behavioural
practice/
rehearsal
8.3 Habit formation
8.7 Graded tasks
9.1 Credible source
10.4 Social reward
12.1 Restructure
the physical
environment
12.5 Adding
objects to the
environment
15.3 Focus on past
success
15.4 Self-talk
16.3 Vicarious
consequences
I = Intervention; C = Control; MEMS = Medication event monitoring system; POEMs = Polymedication Electronic Monitoring System; HAART = Highly active anti-retroviral therapy; SE = standard error; SD = standard deviation;
CI = conﬁdence interval.
a
BCTs in bold represent BCTs coded by the study authors directly, using Michie et al.’s (2013) taxonomy.
b
The eﬀect size was estimated for each RCT based on the raw observed data; if this was not available on the adjusted diﬀerence.
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First author
(Year)
Intervention name

Intervention
duration to
assessment
timepoint
details
Data collection
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respiratory disease (n = 3), epilepsy (n = 2), diabetes (n = 1) and for people prescribed immunosuppressants following kidney transplantation (n = 1).
Few details on the regimen prescribed for the included samples were given but likely ranged from
requiring one opening of a pill bottle per day (e.g., Barankay et al., 2020) to a mean of 4.39 (SD = 1.8)
doses of medication prescribed per day (Milam et al., 2005).

Conceptualisations of ‘habit’, intervention characteristics and ‘habit formation’
interventions
Conceptualisation of habit
Conceptualisations of what a habit is, references to key habit literature and provision of detail on
how habits were targeted with speciﬁc intervention content varied greatly between studies.
Descriptions of habit in two studies closely aligned with contemporary habit theory, indicating
both that habits arise from context-dependent repetition and that the development of habits
reduces the need for eﬀortful self-regulation of medication-taking behaviour (de Bruin et al.,
2020; Wildman et al., 2021). Seminal literature on modern habit theory was referenced in both
studies (e.g., Gardner & Rebar, 2019; Ouelette & Wood, 1998).
Barankay et al. (2020) dissociate three perspectives on habit from the psychological, economic
and management literatures and apply these ideas to each of three intervention arms respectively,
and examine their eﬀects in maintaining the behaviour after withdrawal of incentives. In all three
arms, including the control arm, a daily reminder was sent out. Whilst this could potentially act as
a cue for the behaviour, this does not appear to be the active ingredient of their habit intervention
arms, and whilst participants could choose the time at which this was received, the participants were
not explicitly asked to link medication with the reminder. In the second arm, the authors state they
draw on management theory in that ‘habits arise as a consequence of newly established routines’. To
encourage routines, participants in this arm were told they will only be entered into a sweepstake if
they take their medications before they receive their reminder. The potential for reward was
removed if behaviour was performed after the reminder each day. The idea of building medication-taking routines aligns more closely with contemporary habit theory in that existing routines
could be used as a consistent cue to trigger performance of the new behaviour. However, there was
no indication that the participant was supported to identify a cue or daily routine to enable repeated
performance of the behaviour prior to their deadline, just that the behaviour itself was to become a
routine. Other than specifying that the routine had to occur before the alarm, it is unclear what strategies were used to support this.
Reddy et al. (2017) designed their study to last 13 weeks, referencing key habit literature which
demonstrated the average time for habits to form is 66 days (Lally et al., 2010). Reddy et al. (2017)
stated that their aim was to create a ‘3-step habit loop’ (referencing a book by Duhigg, 2012) but
habit was here deﬁned as medication-taking behaviour that is demonstrated by ‘persistent adherence once the intervention is complete’. Reddy et al. (2017) referenced Context-dependent repetition was not indicated as a feature of habit formation in this study. Similarly, O’Dwyer et al.
(2020) described habit as a behaviour which occurs regularly or routinely, but did not state that performance of the behaviour in a consistent context is also key to habit formation. Habitual performance of medication-taking in this intervention referred to both frequency with which the behaviour
occurred but also in the way the medication was administered. This distinction, regarding habitual
‘instigation’ vs habitual ‘execution’ has been the topic of discussion in the wider habit literature (e.g.,
Gardner et al., 2016).
Six studies refer to habit as a behaviour that can be achieved by linking or performing medicationtaking behaviours with other routines or ‘habits’ (Farmer et al., 2016; Gregoriano et al., 2019; Haynes
et al., 1976; Milam et al., 2005; Russell et al., 2019; Tang et al., 2014). Whilst the need to link medication-taking behaviour with an existing routine was clearly indicated in the intervention description
as well as in the background and rationale for most of these studies, the action planning intervention
described by Farmer et al. (2016) did not explicitly mention that it was a routine (i.e., repeated
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behaviour or cue) which was to be linked with medication-taking. This was important for coding
habit formation as a BCT (see below).
Conceptualisation and implementation of habit remains unclear in two studies (Stacy, Schwartz,
Ershoﬀ, & Shreve, 2009; Tuldrà et al., 2000). Both studies explicitly link medication adherence to
‘developing a habit’, ‘habit formation’ or supporting participants in the ‘acquisition of habits’, but
provide no elaboration on how this was achieved, and made no reference to other publications,
studies or theoretical descriptions of habit.
Two interventions conceptualised habit as automaticity, using the Self-Report Behavioural Automaticity Index (SRBAI; Gardner et al., 2012), a widely used measure of habit and behavioural automaticity (Lin et al., 2017; Pakpour et al., 2015). Pakpour et al. (2015) ﬁrst mention behavioural
automaticity in the methods when describing the SRBAI and is only discussed thereafter in terms
of change in behavioural automaticity; no explicit explanation as to the purpose or value in increasing automaticity (or habit) is given. Lin et al. (2017) state the rationale for measurement of behavioural automaticity: ‘Behavioral automaticity reﬂects whether a patient engages in a behavior
(e.g., taking medication) relatively automatically; that is, quickly, easily, and without the need for conscious thought’. Neither intervention states that a key mechanism to achieve behavioural automaticity is through context-dependent repetition.

Intervention content and techniques
Behaviour change techniques are presented in Supplementary Material 3. The most frequently
coded technique was ‘Feedback on behaviour’ (n = 11 interventions), followed by ‘Prompts/cues’
(n = 10), ‘Problem solving’ and ‘Action planning’ (both n = 8) and ‘Behavioural practice/rehearsal
(n = 6)’. Thereafter, all other identiﬁed intervention techniques (n = 34) were coded for ﬁve or
fewer interventions.
Only two studies used a BCT taxonomy to describe intervention content; both used Michie et al.’s
(2013) taxonomy. The number of intervention techniques coded within a study varied from two to
15. Whilst for some studies this is likely an accurate reﬂection of the BCTs actually implemented in
the interventions, some BCTs were precluded from being coded in some studies due to lack of detail.
‘Context-dependent repetition’ was coded for six interventions (see below).

Interventions utilising ‘context-dependent repetition’ and eﬀects on adherence
Context-dependent repetition was identiﬁable in six of the 18 interventions (33%; Table 2), despite
this being the primary mechanism by which theory predicts new habits will form (Gardner et al.,
2020; Gardner & Lally, 2018). One study self-coded habit formation using Michie et al. (2013) taxonomy (Wildman et al., 2021). For some studies, absence of this BCT could be due to a lack of clarity in
intervention descriptions leading to inability to deﬁnitively code it. For example, some studies
described enough to code action planning, but context-dependent repetition could not be coded
because there was not a clear indication that the details of the action plan involved repetition of
the action plan in a speciﬁc context (e.g., Farmer et al., 2016). Stacy et al. (2009) included a ﬁgure
to describe their intervention content which only contained the phrase ‘Developing a habit’ but
with no reference to a taxonomy or with any additional description to contextualise exactly what
was meant by this, and therefore context-dependent repetition could not be deﬁnitively coded
for this study. Generally, context-dependent repetition was coded when authors described linking
medication-taking behaviour with a routine or cue which occurred on a daily basis, therefore implying repetition.
Habit formation was never used as a standalone technique. Coding of Michie et al.’s (2013) ‘Habit
formation’ BCT necessarily requires coding of ‘Behavioural practice’. Five of the six interventions also
used ‘Prompts/cues’, ‘Action planning’ and ‘Problem solving’.
All six interventions indicated that an interventionist helped the participant to identify a consistent cue or daily routine which was to be linked with the behaviour. One study utilised an alarm

HEALTH PSYCHOLOGY REVIEW

15

reminder and allowed the participant to choose the time of the alarm to coincide with their daily
habits. Unlike the four other interventions, the alarm reminder itself was the intended cue in this
intervention rather than the daily routine. Some interventions also described that the cue and behaviour were explicitly linked by writing them down on a dedicated action planning form which was
designed to help with this task (Milam et al., 2005; Tang et al., 2014; Wildman et al., 2021).

Intervention eﬀects on adherence
The present review aimed to examine the eﬀectiveness of habit-based interventions. As identiﬁed by
Michie and Prestwich (2010), referencing habit theories does not equate to an intervention being
theory-based. For the present review, intervention eﬀects were summarised for all included interventions (Supplementary material 4) but more utility can be gained from focusing on only the studies
which used context-dependent repetition. Use of context-dependent repetition as a BCT was minimally required for an intervention to be described as ‘habit-based’ in line with contemporary habit
theory and therefore detailed examination of intervention eﬀects has been limited to these studies.
Findings from all six of these interventions showed positive eﬀects on adherence (100%, 95%CI =
[61–100%], p = 0.03), but eﬀect sizes ranged from small (RR = 1.03, Tang et al., 2014) to very large
(adjusted d = 1.71, Wildman et al., 2021; see Table 2). Interventions were implemented in diverse
study contexts, used a range of outcome measures and were conducted across a number of
disease groups (cardiovascular disease, COPD, epilepsy, HIV, kidney transplant and cystic ﬁbrosis);
some delivered multiple, relatively frequent face-to-face sessions, whilst others appeared to
deliver the intervention in a single clinic visit. The small eﬀects found by Tang et al. (2014) related
to ‘improvements in adherence’; this was a dichotomous outcome (improvement/no improvement)
indicated by the score on a self-report measure of adherence. Comparatively, more objective
measures of adherence were used by Gregoriano et al. (2019), Haynes et al. (1976), Wildman et al.
(2021) and Russell et al. (2020); these studies found medium to very large eﬀects. The largest
eﬀect (adjusted d = 1.71; Wildman et al., 2021) was also the study with the most BCTs coded,
although this is likely attributable to the authors coding the intervention BCTs themselves, using
Michie et al. (2013) taxonomy. In addition, some of these interventions ranged from simplistic interventions (e.g., completion of an action planning form; Tang et al., 2014) to complex interventions
(e.g., Russell et al., 2020; Wildman et al., 2021) designed to improve adherence by targeting issues
across Capability, Opportunity and Motivation (Michie et al., 2013).

Intervention eﬀects on habit strength
Three studies (Lin et al., 2017; Pakpour et al., 2015; Wildman et al., 2021) measured change in habit
strength and all used the SRBAI (Gardner et al., 2012), but Wildman et al.’s (2021) study was the only
intervention of the three in which context-dependent repetition’ was identiﬁed as a BCT. A small
eﬀect of the intervention on habitual automaticity was observed in this study, with an adjusted
diﬀerence of 1.2 points on the SRBAI (scale range 4–20, 95% CI = 0.5–1.8, adjusted d = 0.31).
Both Pakpour et al. (2015) and Lin et al. (2017) rescaled the SRBAI to give an outcome measure
scale of 1–5. A signiﬁcantly greater increase in habit strength was observed by Pakpour et al.
(2015) in the intervention group at 6-months compared to usual care (Intervention mean (SD) =
1.64(0.56); control mean (SD) = 1.35(0.49); Beta(SE) = 0.49(0.09), p < 0.001) with a medium eﬀect
size (unadjusted d = 0.55). Similar eﬀects were observed by Lin et al. (2017) at six-months (B(SE) =
0.57(0.05), p < .01, unadjusted d = 0.59) and were maintained at 12 months (B(SE) = 0.47(0.05),
p < .01, unadjusted d = 0.55), and 18 months (B(SE) = 0.5(0.06), p < .01, unadjusted d = 0.53).

Risk of bias
All included studies were assessed to have at least some quality concerns. Most studies scored high
in risk of bias overall (n = 12), mostly triggered by high risk of bias in domains relating to the randomisation process, missing outcome data and risk of bias in measurement of the outcome when
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Table 3. Quality assessment.
Study

Domain 1

Domain 2

Domain 3

Domain 4

Domain 5

Overall summary

Barankay (2020)
Low
High
High
Low
Some concerns High
De Bruin (2010)
Low
Low
High
Low
Some concerns High
Farmer (2016)
Low
Some concerns High
Low
Some concerns High
a
Low
High
High
Low
Some concerns High
Gregoriano (2019)
Some concerns Low
Low
Low
Some concerns Some concerns
Haynes (1976)a
Low
Low
High
High
Some concerns High
Lin (2017)b
High
Some concerns High
High
Some concerns High
Milam (2005)a
O’Dwyer (2020)
High
Low
High
Low
Some concerns High
b
Low
Low
Low
High
Some concerns High
Pakpour (2015)
Reddy (2017)
Low
Low
Low
Low
Some concerns Some concerns
High
Low
Some concerns Low
Some concerns High
Russell (2020)a
Stacy (2009)
Low
High
Low
Low
Some concerns High
High
High
High
High
Some concerns High
Tang (2014)a
Tuldrà (2000)
Some concerns Low
High
High
Some concerns High
Low
Low
Low
Low
Some concerns Some concerns
Wildman (2021)a,b
Domain 1: risk of bias arising from the randomisation process; Domain 2: risk of bias due to deviations from the intended intervention (eﬀect of assignment to intervention); Domain 3: risk of bias due to missing outcome data; Domain 4: risk of bias in
measurement of an outcome; Domain 5: risk of bias in selection of reported result. ‘High’ refers to high risk of bias and ‘low’
refers to low risk of bias in the respective domain.
a
Studies coded to have used context-dependent repetition in the intervention content.
b
Studies which measured change in habit strength.

participants self-reported adherence and were aware of their intervention assignment. Least concerns were expressed with risk of bias caused by intervention assignment, although all studies
were coded low by default on items assessing blinding of allocation and blinding of interventionists
in this domain. Four of the six interventions that were coded as including context-dependent repetition as a BCT, and for which intervention eﬀects on adherence has been discussed, were coded
as having high risk of bias and two with some concerns. Two of three interventions which measured
change in habit were coded as having high risk of bias and one with some concerns. Risk of bias
assessments are summarised in Table 3.

Discussion
Summary of ﬁndings
This machine-learning assisted review of RCTs aimed to explore conceptualisations of habit and
examine the eﬀectiveness of habit interventions in maintaining adherence to medication in
people with long term conditions. The review identiﬁed 15 RCTs, published between 1976 and 2021.
The ﬁndings indicate that a broad range of deﬁnitions, intervention characteristics and BCTs have
been used to promote maintained adherence to medication and medication-taking ‘habits’. Conceptualisation and use of the term ‘habit’ often did not align with contemporary habit theory in medication adherence interventions, and with a few exceptions, many of the interventions that were
identiﬁed do not explicitly include context-dependent repetition as a BCT.

Conceptualisations of habit in adherence interventions
The ﬁndings of this review highlight the need to reserve the use of the term ‘habit’ to cue-dependent
automaticity, acquired through repetition of behaviour in a stable context. One study drew on ideas
about habit from three older literatures to develop three diﬀerent intervention arms and examined
eﬀects against one another (Barankay et al., 2020). However, recent opinions demonstrate an appetite
to aggregate interdisciplinary ideas on habit into a uniﬁed concept and theory, for consistency of
application (Fleetwood, 2019; Gardner et al., 2021). Only two studies in this review made reference
to seminal habit theory and literature (e.g., Gardner & Rebar, 2019; Ouelette & Wood, 1998), and
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emphasised that both repetition and context stability of the behaviour are necessary components.
Other studies described deﬁnitions more aligned with lay conceptualisations of habit
(see Brown et al., 2019), with focus only on the importance of repetition, but little or no explicit reference to the importance of a stable contextual cue. The remaining studies made reference to habits, or
habitual/automaticity of behaviours but gave no elaboration on how this was to be established. This
ﬁnding is echoed in a systematic review by Rebar et al. (2016), examining habit formation in physical
activity and we reiterate the importance of Rebar and colleagues’ recommendations that, in scientiﬁc
contexts, the term ‘habit’ should only be used in line with contemporary habit theory.
Among the six interventions in which context-dependent repetition of behaviour was identiﬁed
as a BCT, all used it in combination with other BCTs. Most frequently combined were: ‘Behavioural
practice/rehearsal’; ‘Prompts /cues’; ‘Action planning’ and ‘Problem solving’. Some interventions
included habit as one of a combination of mechanisms of action, but Gardner and Rebar (2019) presented similar ﬁndings in a review of habit formation across a range of health behaviours. However,
Gardner and Rebar’s (2019) study did not include any medication adherence interventions. The replication of this observation in medication adherence interventions suggests that, whilst ‘Habit formation’ (i.e., context-dependent repetition) is labelled as a single intervention technique in the
BCT taxonomy (Michie et al., 2013, although see other taxonomies – Kok et al., 2016), a number
of techniques might be used in combination with it to facilitate self-regulation and action control
in the period whilst habits are forming. This aligns with expert consensus on the function of habit
formation (behavioural cueing, behavioural regulation) with which other self-regulatory techniques
have been associated, as well as with theoretical models of habit formation (Gardner et al., 2020;
Gardner & Lally, 2018).
Only one study utilised incentives (Barankay et al., 2020); this study explicitly drew on economic
theories of habit formation for this feature, but the importance of reward also relates to early behaviourist work on habit (e.g., Hull, 1943) in which external reward was thought to facilitate repetition
of behaviour. The role of reward is heavily implicated in neurological models of habit formation (see
Wood & Rünger, 2016). However use of material (ﬁnancial) incentives alone is unlikely to have longterm eﬀectiveness for maintaining behaviour beyond termination of their receipt (Mantzari et al.,
2015). Barankay et al. (2020) combined incentives with other intervention content but did not
emphasise the need to repeat adherence with a contextually stable cue. This therefore precluded
coding of context-dependent repetition. Nevertheless, the use of external reward, rather than
assuming the presence of an intrinsic reward when a goal is achieved during habit formation, is a
theoretical concept which is seldom addressed in habit interventions. There is some evidence to
suggest that people who ﬁnd a behaviour more intrinsically rewarding are more likely to repeat
behaviours during habit formation and achieve greater habitual automaticity (Gardner & Lally,
2013). This in turn has been evidenced to predict the maintenance of behaviour, via habit strength
(Phillips, 2020; Phillips et al., 2016). However, this evidence base is mostly gleaned from physical
activity interventions, not medication adherence interventions. It is both intuitive and scientiﬁcally
evidenced that physical activity improves mood and mental health and therefore is likely to relate
to the degree to which a person experiences reward. It is unclear if the same degree of intrinsic
reward can be achieved through adhering to medication. Therefore, the form which ‘reward’
takes in habit interventions for medication adherence may require some more careful consideration.

Overall eﬀectiveness of the included interventions
The primary motivation to synthesise results among interventions was to understand the eﬀects of
habit interventions on medication adherence. However, conceptualisations of what a habit is and
the BCTs used in these interventions were diverse. This, along with various diﬀerent intervention
types, various methods to capture and summarise adherence data, and the fact that only six of 18
interventions appeared to use the principal BCT required to facilitate habit formation, prevented
meaningful meta-analysis of intervention eﬀects. The focus of the synthesis was therefore on a
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detailed description of diﬀerences in conceptualisations of ‘habit interventions’ and comparisons of
eﬀectiveness among the six interventions which used context-dependent repetition.
The observed positive eﬀects of these six interventions on adherence to medication indicate that
context-dependent repetition in combination with other behavioural regulation techniques could
be eﬀective in sustaining improvements in medication adherence, for at least six months. This
ﬁnding must be interpreted with caution as no studies made direct comparisons between interventions with and without habit formation as a BCT, and only one of these studies examined the eﬀects
of the intervention on habit strength (Wildman et al., 2021). Small positive eﬀects on habit were
found, but ﬁndings cannot be generalised beyond this study.

Strengths and limitations
A change was made to the inclusion and exclusion criteria in a deviation from the original review
protocol, in order to facilitate a more reﬁned and targeted synthesis of the use and conceptualisation
of ‘habit’ in the existing medication adherence literature. The decision to exclude studies only
making reference to ‘routines’ rather than explicitly using the keywords ‘habit(ual)’ or ‘automatic
(ity)’ facilitated a detailed analysis of how habit had been conceptualised within this literature,
without projecting theory and assumptions of the authors’ intentions to build habits for their intervention in the absence of these keywords. Inclusion of studies which intended to form medicationtaking routines, without further extension of the language screened for in the full-text screening
stage, such as ‘action planning’ or description of linking medication-taking behaviours to other existing routines would have led to only a partial inclusion of this group of studies. The alternative, to
expand the inclusion criteria to include studies describing this, would have been beyond the
scope of the primary research objectives of this review. Furthermore, this expansion would
involve some pre-speciﬁcation of the BCTs which would likely lead to habit formation. This approach,
whilst valid, is opposite to the objectives of this review, which aimed to identify which BCTs were
being used in interventions with the intention to form medication-taking habits.
The heterogeneity in conceptualisations and implementations of habit formation interventions in
this review meant that a meta-analysis could not be conducted. However, valuable insights were
gained by turning attention to a narrative characterisation of the diﬀerences in conceptualisations
of habit. In the opinion of the reviewers, the most important ﬁnding from this study is the need
to reserve the term ‘habit’ for instances in which a behaviour is automatically cued by a stimulus.
Use of modern theories of habit will support the development of medication adherence
interventions.
Quality assessments of the included studies led to the judgement that 12 of the 15 studies presented evidence with a high risk of bias; the remaining two studies presented with at least some concerns. Four of the six studies included in the discussion of intervention eﬀectiveness were coded as
high risk of bias. However, given the focus of the review, conﬁdence in the bias of eﬀect sizes was less
important than the conﬁdence in determining all of the components of the included interventions.
Insuﬃcient detail may have meant that fewer BCTs were coded than were actually present in some
interventions. This ﬁnding is not unique to this review (Michie & Johnston, 2012), and is echoed
across reviews which have attempted to code interventions, across a range of ﬁelds (e.g., de Bruin
et al., 2010; Candy et al., 2018).
An adaptive learning method utilising machine learning classiﬁer was used to assist with title and
abstract screening. This is a novel approach which is under rapid development in the interdisciplinary ﬁeld of computer science applications to text mining for reviewing (O’Mara-Eves et al., 2015). A
key success of this approach was the reduction in workload for the reviewers. The iterative approach,
combining the speed and power of the text classiﬁer with the conceptual input of the reviewer in
steering the learning of the classiﬁer, enabled title and abstract screening completion when 55%
of the titles and abstracts retrieved from database searches had been manually labelled. Fewer relevant articles were identiﬁed with each 5% increment in screening, with only an additional 8 articles
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found in the ﬁnal 299 studies screened. This technique could be powerfully implemented in future
reviews, especially when a large number of records are identiﬁed in the database search stage.

Implications and recommendations
The key ﬁnding of this review is that there are a limited number of theory-informed habit-based
interventions, designed to enable sustained adherence to medications in long-term conditions.
Interventions that utilise context-dependent repetition as a BCT, in combination with other behavioural regulation techniques, show promising outcomes for eliciting sustained improvements in
medication adherence for at least six months. However, few interventions of this nature have
been tested in RCTs in the medication adherence literature, and the existing evidence is mostly
low in quality. For a number of interventions included in this review, ‘context-dependent repetition’
(equivalent to Michie et al.’s (2013) ‘Habit formation BCT) was coded because the repetition of a
behaviour was tied to another daily routine. Authors’ explicit use of taxonomies to code this BCT
will facilitate future syntheses which aim to aggregate the ﬁndings of habit intervention studies
in medication adherence. Only three studies in this review included a measure of habit, and few
studies evidenced the use of contemporary habit theory to support the identiﬁcation of relevant
BCTs. Recently, literature has been produced speciﬁcally to facilitate the design of interventions
and studies of habit formation in health behaviours (e.g., Gardner et al., 2020, 2021). Recommendations from these sources should facilitate this process, even among intervention designers unfamiliar with this rapidly growing literature, or from other disciplines.

Note
1. This led papers being included that were published after the end date of the searches but for which results were
provided prior to completion of data extraction (Barankay et al., 2020; Wildman et al, 2021).

Data availability
Python source code available from Github: https://github.com/lkrobinson/active_learning_systematic_review/blob/
main/README.md.
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