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Abstract

Background Physical activity (PA) is essential for physical and mental health, yet sustaining long-term PA
engagement remains a challenge. Booster strategies—follow-up contacts delivered after the end of interventions—
have been proposed as a strategy to support PA maintenance, but their effectiveness remains unclear. The primary
objective of this systematic review and meta-analysis was to classify the boosters used in PA interventions depending
on their type and number. The secondary objective was to explore the efficacy of boosters in supporting participants’
PA maintenance.

Methods A systematic search was conducted across seven databases, up to February 2025. Randomised controlled
trials were included if they incorporated boosters and reported PA outcomes. Risk of bias was assessed using the RoB
2 tool. Meta-analysis examined changes in moderate-to-vigorous physical activity (MVPA) from baseline to the last
available follow-up, and moderation analysis explored the effects of booster type, number of boosters administered,
and follow-up duration on changes in MVPA. Studies not suitable for meta-analysis were synthesised narratively.

Results Forty studies were included in the systematic review. The most common types of boosters used were phone
calls and text messages, which were employed either alone or in combination with other types. 16 studies provided
data for inclusion in the meta-analysis. There was conclusive evidence that including a booster in the intervention

led to sustained increases in PA levels at follow-up. The estimated added effect of the booster over the intervention
alone was a 6% increase. There was also conclusive evidence of increased MVPA for interventions with more boosters,
and interventions that used remote and mixed-format delivery (vs in-person only) boosters. Finally, results showed
conclusive evidence of increased MVPA for interventions that assessed MVPA using self-reported measures.

Conclusions Our findings suggest a trend indicating that boosters may support the maintenance of PA. Higher
number of boosters and delivery through remote or mixed formats showed promising trends. Future research should
also explore optimal booster numbers and formats to clarify their role in sustaining PA.
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Introduction

Considering the low cost associated with physical activity
(PA) [1] and the wide range of benefits that it can offer
(such as preventing the risk of developing cardiovascu-
lar disease, diabetes mellitus, osteoporosis, some forms
of cancer, and mental health disorders) [2—4], numerous
interventions have been implemented over the recent
decades to promote PA levels across various contexts
[5-8]. Meta-analyses reported a wide range of improve-
ments, from moderate to large, across diverse popula-
tions and settings [9-14]. However, regardless of age
groups and contextual settings, long-term maintenance
of PA levels is rarely achieved, with treatment washout
commonly observed [15, 16].

Research has shown that maintaining long-term adher-
ence to PA interventions is essential to achieving health
outcomes [15]. One strategy that has been used to sup-
port long-term PA behaviour change is the employment
of follow-up support strategies implemented after the
end of interventions. A variety of such strategies have
been used, such as workshops, printed material, news-
letters, or phone-based reminders [17-20]. A systematic
review of maintenance of behaviour change following PA
and dietary interventions found that interventions were
more likely to achieve maintenance if they included fol-
low-up prompts, such as brief contact with participants
after the delivery of the main intervention [21]. Such
follow-up strategies— thereinafter referred to as boost-
ers — have also been shown to be effective in self-man-
agement interventions for chronic musculoskeletal pain
[22]. However, the evidence pertaining to the effects of
booster strategies on PA maintenance has not been syn-
thesised and compared to interventions without boost-
ers. This meta-analysis aims to fill this gap.

Definition of booster

The term booster has been employed in diverse areas
within health research. For example, the ‘booster ses-
sions’ terminology has been widely used in research
focusing on mental health [23, 24], knee osteoarthritis
rehabilitation [25-28], back pain management [29], and
cardiac rehabilitation [19, 30]. In these lines of research,
scholars have referred to boosters as follow-up mainte-
nance and reinforcement strategies [15, 31], and defined
them as ‘brief contacts beyond the main part of the inter-
vention to reinforce previous intervention contents’ [19].
However, despite PA researchers employing the term
booster in their work [32, 33], this term has not been

defined within the PA domain. In our study we define
boosters as ‘any form of support provided to participants
after the end of an intervention, in an attempt to main-
tain the effects of the intervention’

Researchers have investigated various boosters to keep
participants motivated to engage in long-term PA. For
example, researchers have suggested the employment
of behaviour change techniques (such as goal setting or
action planning), in addition to the main intervention,
to facilitate behaviour change [34] and increase intrin-
sic motivation (i.e., autonomous motivation) to PA [35].
Boosters can be delivered in face-to-face formats or
remotely via digital technologies (e.g., smartphone appli-
cations, web-based platforms, or wearable activity track-
ers). Indeed, previous research has implemented various
technology-assisted methods, such as tailored feedback,
goal reminders, and online social support communi-
ties, to sustain participant engagement [36, 37]. A meta-
analysis found that PA interventions including strategies
such as text messaging containing prompts and cues were
associated with greater behaviour maintenance [38].

Definition of PA maintenance

Long-term PA maintenance has been commonly concep-
tualised with the Transtheoretical Model (TTM), which
designates a person as being in the maintenance stage
once they have sustained regular PA for six consecutive
months [39]. The TTM itself does not require that this
activity meets the global guideline of >150 min per week
of moderate-to-vigorous PA (MVPA) [40]; thus, the six-
month duration has become the standard operational
definition in exercise-behaviour research [41]. Because
our review focuses on the effectiveness of booster strate-
gies rather than on whether participants achieved guide-
line-level PA, we defined PA maintenance (thereinafter,
PA sustainment) as the preservation of the post-interven-
tion PA levels at the last available follow-up assessment.

Aims of this systematic review and meta-analysis

Despite the potential benefits of boosters as a form of
reinforcement to support participants’ PA sustainment,
research evidence is lacking on the types of boosters
that have been employed and whether these are effec-
tive in achieving better maintenance of the PA behaviour
change than interventions only. The primary objective of
our systematic review was to describe the types of boost-
ers that have been used in PA interventions in relation
to their format (such as reminders, phone calls, etc.); the
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total number of boosters administered; the settings in
which they have been administered (such as schools, pri-
mary care, communities, etc.); the age groups to which
they were administered (such as children, adolescents,
and adults); and the target populations (such as clinical
and non-clinical). The objectives of our meta-analysis
were to (1) explore the effectiveness of booster strategies
in supporting participants’ PA sustainment; (2) assess
whether the number of boosters administered and (3)
the follow-up duration predicted PA sustainment, and (4)
investigate which type of boosters were more effective in
promoting PA sustainment. We hypothesised that:

H1: Within individual studies, PA interventions that
incorporated booster strategies would overall yield better
PA sustainment than their comparator arms that did not
include boosters.

H2: More boosters would be associated with better PA
sustainment levels.

H3: Longer follow-up durations (namely, the time
elapsed between the end of the intervention and the last
PA measurement) would be associated with better PA
sustainment levels.

Finally, as we had no a prori hypothesis, exploratory
analyses were conducted to explore whether certain types
of boosters were associated with better PA sustainment.

Methods

A systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [43]. The review was registered in PROSPERO
(CRD42024510018) and the protocol was published in
Open Science Framework (OSF) [https://osf.io/6abkw/?v
iew_only=915375148520427db3dca76d2c32934d].

Data sources and search strategy

Seven electronic databases (PubMed, CINAHL, SPORT-
Discus, Web of Science, EMBASE, PsycINFO, and Sco-
pus) were searched, from inception up to February 2025.
Studies were identified by using all possible combina-
tions of synonyms and spelling of the following group
concepts: (a) “booster*”; (b) “physical activity”; and (c)
“randomised controlled trial” MeSH terms and thesaurus
headings were also included in the search strategy. The
complete search strategy is reported in the study proto-
col [44] and in the supplementary material. Only articles
in English were included. Furthermore, the reference lists
of the articles deemed eligible for inclusion were checked
for other potentially relevant articles.

Eligibility criteria

The eligibility criteria were specified a-priori using the
PICO (Population, Intervention, Comparator, Outcome)
framework [45]. Population: human participants of any
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age, sex, health status, or within any setting were deemed
suitable for inclusion. No restrictions were placed on
baseline activity level, clinical condition, or demographic
characteristics so that subgroup analyses by these fac-
tors would be possible. Intervention: A structured PA
intervention, incorporating one or more booster strate-
gies (e.g., additional counselling session, refresher class,
telephone/e-mail prompt) delivered after completion of
the main intervention phase and intended specifically to
maintain PA. The nature, timing, number, and modality
of boosters were unrestricted. Comparator: at least one
concurrent trial arm without a booster, which could be
(a) an otherwise identical PA intervention delivered with-
out booster; and/or (b) a minimal-contact/usual-practice
control. Trials had to include both a booster arm and at
least a non-booster comparator arm within the same ran-
domised comparison. Outcome: quantitative measures
of PA behaviour collected at baseline, post-intervention,
and follow-up after receipt of booster. Eligible PA met-
rics included steps, minutes of moderate-to-vigorous PA
(MVPA), metabolic-equivalent minutes, accelerometer
counts, etc. Measurement instruments could be devices
(accelerometer, pedometer, wearable), and self-report
questionnaires. Studies that reported only functional-
fitness outcomes (e.g., 30s sit-to-stand) or sedentary
behaviour were excluded. Study design: Parallel-group
randomised controlled trials (RCTs) published as peer-
reviewed journal articles in English were deemed suitable
for inclusion. Conference abstracts, dissertations, theses,
and other grey literature were excluded to ensure robust-
ness in assessing the effectiveness of the interventions.

Screening process

The articles retrieved by the search strategy were
imported into Covidence [46], where duplicates and non
RCTs were automatically screened out. The remaining
articles were imported into ASReview, a machine learn-
ing-based screening tool [47]. ASReview is a free open-
source machine learning tool, developed by the Utrecht
University, for screening and systematically labelling a
large collection of textual data, which has been utilised
in several systematic review and meta-analysis [44—46].
Simulation studies have found this tool helpful to identify
relevant studies in the title/abstract screening process,
improving the efficiency of such a screening process [48].
A complete list of peer-reviewed articles that have used
this tool, and papers published by the ASReview team is
provided at the following link https://www.zotero.org/gr
oups/4597652/asreview_public/collections/PKKJAVQP
/items/G2975U7E/collection. Titles and abstracts were
screened according to Option 3 of the Manual for inte-
grating ASReview into a systematic review workflow (ht
tps://asreview.nl/blog/seven-ways-to-integrate-asreview
/#multiple). Briefly, the title and abstract screening was
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Table 1 (continued)

Booster

Framework primary Type

Theoretical PA as

Intervention

Content

PA measurements

Participants
N M/F

Health

Setting

Year Country

Authors

Number

Instrument(s) Unit of

Mean Time

Age
(sd)

195 0/195 433

Condition

outcome

Measurement

points

Text mes- Weekly

Yes

PA promotion Social

min/week of MVPA

ActiGraph

Base-

n/a n/a

2024 United

von Ash et
al. [80]

messages
for months

71024

1

sages and

Cognitive

wGT3X-BT and
and 24 7-day Physical
months Activity Recall

line, 6

(10.3)

States

phone calls

Theory and

T™

Web session

n/a No

Nutrition and PA

promotion

min/week of MET

Interna-

20.1 Base-

2008 United n/a n/a 476 204/

Franko et
al* [64]

line, 1 tional Physical
and6  Activity

(1.7)

268

States

months Questionnaire

* Authors who were contacted to provide missing information and replied with negative responses (i.e, data no longer available)

** Authors who were contacted (including a follow-up email) and provided no reply

COPD, Chronic Obstructive Pulmonary Disease; MVPA, Moderate-to-Vigorous Physical Activity; PA, Physical Activity; MET, Metabolic Equivalent; TTM, Transtheoretical Model
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performed by four reviewers, with two alternating dur-
ing the screening process until a stopping criterion of 4%
was achieved, meaning that after 4% of irrelevant studies
(of the total number of studies imported) in a row identi-
fied for title/abstract screening, such a screening can fin-
ish [48]. In the case of this study, the stopping criterion
was set at 730 consecutive non-relevant titles/abstracts.
730 represents the 4% of 18,253 (i.e., the total number
of titles/abstracts imported for screening). More details
are offered in our study protocol. The full texts of the
remaining articles were then imported into Covidence
for full text screening. Four researchers (two per arti-
cle) independently assessed the eligibility of the articles
against the inclusion criteria; discrepancies were resolved
through discussion, in consultation with the senior
authors of the paper.

Data extraction

We extracted from eligible studies metadata (such as
authors’ name, publication year, and country where the
study was conducted) and study characteristics (such as
participants’ demographics, time points at which the data
was collected, intervention content, theoretical frame-
work used, and PA as a primary or secondary outcome).
Booster characteristics, comprising of the type(s) and
number of booster(s) administered, were also extracted.
PA data extracted included: (i) the unit of measure-
ment for PA (e.g., steps, minutes of MVPA, metabolic-
equivalent minutes); (ii) the measurement instrument or
method (e.g., pedometer, accelerometer, questionnaire);
and (iii) the mean+standard deviation for each study
arm at baseline, immediately post-intervention, and at
the last available follow-up after booster administration.
Corresponding authors were contacted in case of miss-
ing information. If no response was provided within two
weeks, a follow-up email was sent to the corresponding
author. Information regarding the contacting author out-
come is reported in Table 1.

Risk of bias assessment and inter-rater reliability

The risk of bias was assessed using the Risk of Bias 2
(RoB2) [49] checklist. Four authors (two per article) inde-
pendently assess the risk of bias for the studies included
in the systematic review and meta-analysis. A traffic-light
plot and a summary plot were created using the “robvis”
R package [50], which are available in the Supplementary
Material. Inter-rater reliability for the full-text screening
and the risk of bias assessment among the four screeners
were assessed using the Cohen’s Kappa coefficient and
the following thresholds were used to assess the reliabil-
ity: <0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement, 0.61-0.80: substantial
agreement; and 0.81-1.00, almost perfect agreement
[51].
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Data synthesis and analysis

Narrative synthesis. Results from the articles that were
not suitable for the inclusion in the meta-analysis
because they did not report adequate data (for example,
means and standard deviations regarding MVPA were
not reported) were narratively summarised to describe
the nature of the boosters, the number of the boosters
administered, the context in which they were used, the
age groups, and the target populations.

Meta-Analysis. We decided to include only data regard-
ing MVPA for three reasons. First, it was the most com-
mon reported PA measure in the studies included in this
systematic review, allowing us to provide a more robust
meta-analysis. Second, we incorporated in the model
different moderators, including baseline values. Con-
sidering that PA levels were measured using different
units of measurements (e.g., daily energy expenditure,
MET/hours, step count, etc.), including baseline values
with such different scales (for example, a few thousands
for the step count compared to a few tens for the MET/
hour) would have yielded unstable results in the model.
Third, including only MVPA data provides a more under-
standable estimation regarding PA levels. Two changes
in daily MVPA (self-reported, device-assessed, or both)
in minutes per day were calculated: (1) from baseline to
post-intervention; and (2) from baseline to the last avail-
able follow-up. The standard error of the changes was
also calculated using the raw data reported in the studies.
Considering that PA has a log-normal distribution [52],
the extracted mean percentage changes in MVPA min/
day and their standard errors were expressed as factors
of baseline mean PA and then log-transformed (e.g., for
mean changes: 100 x log[1 + change in PA/baseline PA]).
Back-transformed meta-analysed means, results of mod-
eration analyses, and random-effects solutions are, there-
fore, expressed in percentages. The meta-analytic model
was specified by including both percentage changes in
the daily MVPA from baseline to the last available follow-
up (t, — t,) and from baseline to post-intervention (t, —
t;), with the predictors being baseline values of MVPA,
type of measurement (device-assessed or self-reported
PA), and group (control, intervention only, intervention
plus booster). Data from studies that reported MPVA
in min/week or min/hour was converted into min/day
(Supplementary Table S11). The mixed-model procedure
in version 9.4 of SAS OnDemand for Academics [53] was
employed to perform a random-effects meta-analysis.

The magnitudes of the percentage changes in MVPA
were evaluated using Cohen’s d thresholds [54]. To derive
the percentage change equivalents of Cohen’s thresholds
for small (0.2 standardized units), moderate (0.5), and
large (0.8) changes, we multiplied the relevant Cohen’s d
threshold value by the mean of observed baseline stan-
dard deviations for each study estimate included in the
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meta-analysis [55]. The resulting thresholds for small,
moderate, and large effects were: 7%, 18%, and 31% for
increases in MVPA, and -7%, -15%, and -24% for
decreases in MVPA.

Rather than solely relying on null hypothesis significant
testing—whereby meta-analysed effects are interpreted
in a dichotomous manner as statistically significant, or
not, based on an arbitrary p value thresholds of 0.05—we
used a precision-of-estimate approach. This approach
requires a more nuanced evaluation of the level of evi-
dence for a substantial (i.e., small, moderate, and large) or
trivial magnitude using the full range of values contained
within the confidence interval (CI) derived from the data
(given the model). Sampling uncertainty was expressed
as 95% CI. We inferred the magnitude of effects in the
meta-analyses by interpreting the lower and upper 95%CI
and the areas of the sampling distribution, which are con-
sistent with an alpha of 0.05. The magnitude of the effects
was interpreted as follows: if a 95% CI spanned both sub-
stantial positive and substantial negative values (i.e., val-
ues less than —7% and greater than +7%), the sampling
uncertainty for the effect was considered inconclusive;
otherwise, sampling uncertainty was deemed to be con-
clusive and interpreted (as weak, some, good, very good,
or strong conclusive evidence) based on how much area
of the sampling distribution fell into substantial (i.e.,
small, moderate, and large) and trivial magnitudes (i.e.,
the area spanning -7% to 7%) [56, 57]. Thresholds for
interpreting sampling uncertainty and deciding whether
an effect had weak, some, good, very good, or strong con-
clusive evidence are reported in Table S1.

Separate analyses were conducted for each of these
three moderators: the effects of duration of follow-up
(time elapsed between post-intervention and the last
available PA measurement), the total number of boost-
ers administered, and booster type (in-person, remote,
or mixed). Duration of follow-up and total number of
boosters administered were treated as linear numeric
variables; booster type was treated as a nominal variable.
In each case the moderation analysis pertained to the
overall treatment effect, which is the percentage changes
in the daily MVPA from baseline to the last available fol-
low-up (t, - t,).

Certainty of evidence

Certainty of evidence was assessed using the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) approach [58]. Two authors inde-
pendently applied the GRADE procedure to the meta-
analysed outcome. The domains that were judged were in
relation to the methodological flaws of the studies (risk of
bias), the generalisability of the findings to the target pop-
ulation (indirectness), the imprecision of estimate, and
the risk of publication bias. The heterogeneity of results
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across studies (inconsistency) was not judged due to the
complexity of the meta-analytic model. For the judged
domains, the judgement started at “non-serious” level,
and then was downgraded to “serious” if problems were
identified. Disagreements were resolved through discus-
sion or, when needed, consultation with a third reviewer.
The final certainty rating (“high’, “moderate”, “low’, “very

low”) was generated and summarised in Table S10.

Deviations from the protocol

First, data were meta-analysed using a different approach.
According to the original protocol, Hedges’ g values from
t; to t, should have been calculated. However, consider-
ing the difficulties in standardising sample-dependent
estimates, percentage changes were used as a form of
standardisation. Second, given the limited amount of
data available in the studies, only a subgroup analysis
regarding booster type was performed (the subgroup
analyses regarding the participants’ clinical condition, the
setting in which the study was conducted, and booster
strategies framed within behavioural change theoretical
frameworks could not be performed). Third, consider-
ing the variety of boosters used in the studies, a subgroup
analysis regarding the differences between interventions
that used a single booster compared to those that used
multiple similar boosters was not feasible. Instead, this
analysis was performed in a moderation analysis aiming
to examine the differences between studies below (-1
standard deviation) and above (+1 standard deviation)
the mean number of boosters administered. Finally, given
that the follow-up booster durations were highly heterog-
enous, we decided to include the follow-up duration as a
moderator and explore its impact on the booster effect.

Results

Study selection

The results of the search strategy are displayed in Fig. 1.
A total of 40 studies were included in the systematic
review, of which 16 provided data for the meta-analysis.

Study characteristics and narrative synthesis
As seen in Table 1, almost two-thirds of the studies were
conducted in the United States (1 =24, 60%) [113, 30, 59—
80], followed by the United Kingdom (n=5, 12.5%) [81—
85]. Two studies were conducted in Australia [86, 87] and
in the Netherlands [88, 89]. One study was conducted in
each of the following countries: Belgium [90], Japan [91],
Germany [19], Denmark [92], Canada [93], Hong Kong
[94], and China [95]. Most studies sampled adult popula-
tions, except for two studies which included adolescents
[59, 61], and two studies which investigated children [65,
66].

Study settings were varied, with the majority (n=18)
not conducted in a specific or clearly defined setting.
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However, eight were implemented in primary care or
general practices [60, 61, 63, 67, 68, 76, 85, 89], three in
hospitals [62, 90, 94], three in cardiac or orthopaedic
rehabilitation centres [19, 30, 93], and three in commu-
nity centres [83, 91, 95]. One study was conducted in
each of the following settings: school [59], professional
football club [84], physiotherapy practice [88], diagnos-
tic centre [78], and a deprived community in the United
Kingdom [82].

Finally, regarding the clinical condition of the popula-
tion, 18 studies sampled from the general population, six
studies included overweight/obese participants [61, 69,
76, 84, 86, 87], five included participants with or at risk
of type 2 diabetes [67, 85, 89, 90, 92], four included par-
ticipants with cardiovascular disease [60, 77, 93, 95], and
two studies sampled cancer survivors [74, 79]. Finally,
single studies of participants with each of the following
conditions were identified: adenoma [81], osteoarthritis
of hip and/or knee [88], risk of dementia [91], chronic
obstructive pulmonary disease [94], and patients under-
going bariatric surgery [62].

Type of boosters. Table 1 shows the type and the num-
ber of boosters used in the included studies. A diverse
range of boosters, as well as varying combinations of
them, were employed across the studies. Phone calls
were the most common type of booster. Twelve studies
[19, 30, 67, 74, 75, 78, 81, 82, 86, 87, 93, 94] used phone
calls — alone or in combination with other types — to sup-
port PA maintenance. The primary purpose of phone
calls was to provide a form of consultation (e.g., prog-
ress with the intervention plans, support) to the partici-
pants and a reminder to adhere to the intervention. Four
studies employed text messages to support participants’
engagement in PA [61, 74, 86, 87]. In-person one-to-
one sessions were used in seven studies [30, 60, 82, 83,
88, 91, 95]. These sessions included intervention-specific
training activities [91], motivational interviews consul-
tations [60, 82], goal setting strategies [30], educational
support related to the intervention contents [83], ses-
sions with specialised personnel to support PA [88],
and counselling sessions [95]. Group sessions were also
widely used across the studies. Six studies [6, 67, 83-85,
95] used in-person group sessions to deliver either a
mini-intervention or to perform a group activity aimed
at reinforcing intervention contents, whereas one study
used a web-based group session to support participants
PA [64]. Emails were used in fewer studies. Three studies
[84, 86, 87] used emails to remind and motivate partici-
pants to adhere to the intervention objectives. Two stud-
ies used printed materials as a form of booster [65, 70].
Specifically, [70] Levy et al. (2004) employed the use of
postcards to remind participants about the focal points
of the intervention, whereas [65] Hull et al. (2018)used a
bi-monthly newsletter to reinforce intervention contents.
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Studies from databases/registers (n = 59,218)
Scopus (n = 20,000)
Embase (n = 17,078)
Web of Science (n = 8,439) References from other sources (n = 1)
PubMed (n = 6,224) Search strategy re-run (n =1)
CINAHL (n = 4,814)
PsycINFO (n = 1,543)
SPORTDisucs (n = 1,120)

s
e
-

8
=
-

s

(7]
=

References removed (n = 40,966)
rq Duplicates identified by Covidence (n = 33,208)
Marked as ineligible by automation tools (n = 7,758)

/
Title/abstract screened (n = 18,253) >| Studies excluded (n = 18,059)
Studies sought for retrieval (n = 192) >| Duplicates identified manually (n = 5)
5 v
g d luded ( )
] : | Studies excluded (n =147
- Stud d for eligibil =187
A MHinsasswsend Tl Iy e ) “| 51 No clear booster administered

29 Conference Proceedings
19 Wrong outcomes

19 No follow-up

15 Wrong study design
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Finally, one study used a website specifically developed
for the intervention (in combination with text messages,
phone calls, and emails) to support participants engage-
ment in PA [86].

Number of boosters. The total number of boosters
administered varied substantially across the studies, from
one to 170 boosters (see Table 1). For example, [80] von
Ash et al. (2024) implemented weekly text messages for
17 months, [61] Chen et al. (2017) sent two text messages
per week for 3 months, and [73] Marcus et al. (2021) con-
tacted the participants with 2 calls, and daily messages
for 6 months.

Risk of bias and inter-rater reliability

Figure S1 and S2 present the results of the risk of bias
assessment for the 40 studies included in this review. Fig-
ure S1 indicates that most of the included articles dem-
onstrated no or minimal evidence of potential bias, with
the exception of three studies, which reported high risk
of bias in the domain ‘bias of measurement of the out-
come’ [30, 88], and in the domains ‘bias due to deviations
from the intended intervention’ and ‘bias in measure-
ment of the outcome’ [78]. Regarding the RoB2 domains,
Figure S2 illustrates that most studies had a low risk of
bias related to deviations from the intended interventions
and outcome measurement.

Considering that the title/abstract screening was con-
ducted in ASReview, inter-rater reliability was not calcu-
lated for this screening step. For the full text screening
process and the risk of bias assessment the, the average
Cohen’s Kappa values between all pairs of raters were
0.47 (moderate agreement) and 0.35 (fair agreement)
respectively, whereas the average Random Agreement
Probability values between all pairs of raters were 0.66
for the full-text screening process and 0.57 for the risk
of bias assessment (Tables S2 and S3). This suggests that
that some of the matching ratings could have occurred
simply by chance—because most decisions landed in the
same category of vote—so the chance-adjusted kappa
values are lower even though the raters often agreed.

Meta-analysis

Sixteen studies reported data for inclusion in the meta-
analysis [59, 62, 63, 66, 68, 69, 71-73, 76, 77, 79, 80,
89, 90, 92], resulting in a total of 84 sample estimates
included in the model. Six studies assessed PA with both
self-reported and device-based measures [66, 68, 71, 73,
79, 80]. Figure 2 displays the percentage changes in daily
MVPA (minutes per day) relative to baseline for samples
in the control, intervention-only, and intervention-plus-
booster conditions, averaged across device-assessed and
self-reported measures. Relative to the control group,
there was good conclusive evidence of increased MVPA
from baseline to the last available follow-up (t, — t,) in
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the intervention-plus-booster condition (A=22.0%; 95%
CI: - 0.1% to 44.1%; p=0.051). In contrast, the evidence
for change in the intervention-only condition was incon-
clusive (A=7.7%; 95% CI: -22.3% to 37.8%; p=0.569).
Post-intervention MVPA sustainment was on average
6% higher in the intervention-plus-booster group, com-
pared to the intervention-only group. However, the 95%
CI indicated only some conclusive evidence of a differ-
ence between these two groups (A =6.0%; 95% CI: —4.2%
to 16.3%; p=0.230). More information about the MVPA
changes across the different timepoints is provided in
Table S4.

Eleven studies assessed PA with self-reported measures
[63, 66, 68, 69, 71-73, 76, 79, 80, 89]. Figure 3 shows the
results of the meta-analysis for the daily MVPA percent-
age changes in the groups from such studies. Relative to
the control group, there was very good conclusive evi-
dence of increased MVPA from baseline to the last avail-
able follow-up (t, — t,) in the intervention-plus-booster
condition (A =48.5%; 95% CI: 4.6% to 92.4%; p=0.035). In
contrast, the evidence for change in the intervention-only
condition was inconclusive (A =28.5%; 95% CI: —31.3% to
87.8%; p=0.300). Post-intervention MVPA sustainment
was 11.3% higher in the intervention-plus-booster group
compared to the intervention-only group. However, the
95% CI for this estimate indicated some conclusive evi-
dence, reflecting uncertainty in the ‘pure’ effect of boost-
ers (A=11.3%; 95% CIL: —4.7% to 27.2%; p=0.137). More
information about the MVPA changes across the differ-
ent timepoints is provided in Table S5.

Results regarding studies that assessed PA with device-
based measures differed from the results reported in
studies that used self-reported measures to assess PA. PA
was assessed with device-based measures in eleven stud-
ies [59, 62, 66, 68, 71, 73, 77, 79, 80, 90, 92]. Relative to
the control group, there was good conclusive evidence
of decreased MVPA from baseline to the last available
follow-up (t, — t,) in the intervention-only condition
(A = -12.8%; 95% CIL: -4.5%; 95% CI: —13.6% to 4.6%;
p=0.305). Post-intervention MVPA sustainment for the
intervention-plus-booster compared to the interven-
tion-only was, however, inconclusive (A=0.8%; 95% CI:
-15.1% to 16.7%; p=0.912; Fig. 4). More information
about the MVPA changes across the different timepoints
is provided in Table S6.

Moderation analyses were conducted to estimate the
extent to which each moderator predicted the MVPA per-
centage changes (Tables S7, S8, and S9). The moderating
effect of follow-up duration was estimated by comparing
MVPA changes between studies with a follow-up period
of 4 months (-1 standard deviations A =18.5%; 95%CI =
-10.6% to 47.6%; p=0.200) and studies with a follow-up
period of 14 months (+1 standard deviations, A =24.3%;
95%CI = —0.4% to 49.0%; p=0.054). Results indicated an
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represent the percentage changes in MVPA, and the coloured areas represent the 95% Cl limits

inconclusive effect (Ay_ . onm FU 14-month FU = 5-8%; 95%CI
=-29.7% to 41.2%; p =0.735).

The moderating effect of the number of boost-
ers administered was estimated by comparing MVPA
changes between studies that employed 2 boosters (-1
standard deviations, A =14.8%; 95%CI = -8.1% to 37.7%;
p=0.179) and studies that used 43 boosters (+ 1 standard
deviations, A=32.8%; 95%CI=9.5% to 56.0%; p=0.011).
Results showed good conclusive evidence of increased
MVPA from t, to t, for interventions with more boosters
(A g3 boosters, 2 boosters = 18%; 95%CI=5.0% to 31%; p=0.009),
suggesting that when more boosters are adminis-
tered, MVPA is substantially higher at the last available
follow-up.

Finally, the analysis investigating the moderating
effect of different types of booster (in-person, remote,
and mixed) showed inconclusive evidence for changes
in MVPA for the in-person boosters (N=5, A=10.3%;
95%CI = -13.6% to 34.2%; p=0.369); good conclusive

evidence of MVPA increases for remotely-delivered
boosters (N=9, A=22.2%; 95%CI = -0.3% to 44.8%;
p=0.053); and very good conclusive evidence of MVPA
increases for the mixed booster types (N=14, A=31.4%;
95%CI =8.4% to 54.4%; p = 0.013).

Certainty of evidence

We assessed the certainty of evidence for RCT in rela-
tion to MVPA changes (Table S10). The certainty of evi-
dence was graded as low, downgraded twice, for MVPA
percentage changes. For the studies, the risk of bias was
judged as non-serious. However, both the Indirectness
and Imprecision were judged serious due to the differ-
ent interventions delivered in different settings and the
uncertainty in the effects indicated by the 95% Cls. Pub-
lication Bias was assessed by conducting Egger test and
was judged as non-serious due to the Egger’s test results
(Supplementary figures S3 and S4). Due to the complex-
ity of the model, Inconsistency was not assessed.
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Discussion

The aims of this systematic review and meta-analysis
were to summarise and describe the boosters that have
been used in PA interventions as well as to investigate the
effectiveness of such boosters in promoting participants’
PA sustainment. We hypothesised that PA interventions
that employed boosters would lead to more sustained
PA levels in participants, and more boosters and longer
follow-up durations would be associated with better PA
sustainment. Results from the meta-analysis revealed a
mix of expected and surprising results.

Results of this systematic review showed that a variety
of boosters have been used by researchers to promote
PA sustainment. Phone calls and text messages were the
most common type of booster, whereas in-person boost-
ers were less common: seven trials delivered individual
boosters and six offered group boosters. The number of
boosters administered spanned from a single contact to
170 contact points.

Aligned with our hypothesis, the results from the
meta-analyses showed that boosters seem to be an effec-
tive strategy to promote people’s PA behaviours, suggest-
ing that implementing booster strategies in interventions
may reduce long-term declines in MVPA levels. Par-
ticipants in the intervention-plus-booster group experi-
enced an average MVPA sustainment 6% higher than the
intervention-only group (ranging from —4.2% to 16.3%).
While this percentage is modest, with only some con-
clusive evidence due to sampling uncertainty, it should
be mentioned that MVPA has an inverse dose-response
relation with all causes of mortality [96], and therefore,
any small changes — any additional minute added to the
daily MVPA - could be meaningful. Considering that PA
sustainment is a significant challenge in the health pro-
motion field, with only a low percentage of participants
maintaining regular PA in the long term [97, 98], our
results showed that using boosters may offer an effective
approach to sustaining intervention gains. These findings
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are aligned with previous reviews that investigated the
effectiveness of interventions for PA behaviour change
maintenance and suggested that the use of boosters
(referred in those studies as follow-up prompts) may pre-
dict the success rate of interventions in sustaining long-
term PA levels [21, 99].

Another important finding from this study was that the
total number of boosters administered was associated
with PA sustainment. Our results showed that interven-
tions incorporating more booster strategies are more
effective at sustaining MVPA levels over time. This aligns
with previous research indicating that interventions with
increased participant contact through boosters may lead
to greater improvements in minutes of MVPA [100] and
enhanced health outcomes [101]. Practically, these find-
ings highlight the importance of determining an opti-
mal booster dose, balancing sufficient engagement to
sustain participants’ motivation without overwhelm-
ing them. Innovative strategies, such as digital delivery

methods or gamification techniques, may offer viable
solutions for maintaining participant engagement and
delivering boosters effectively, potentially explaining
the positive outcomes observed with remote or mixed-
method booster interventions. Our results showed that
remotely-delivered and mixed boosters (a combination
of remote and in-person boosters) are more effective in
sustaining participants MVPA levels over time. Despite
research in this context being scarce, a narrative review
has attempted to assess the effectiveness of remotely-
delivered reminders (text messages and phone calls) to
improve different health behaviours. Results showed that,
even though such reminders were widely accepted by
participants, they did not have any impact on the health
care outcomes that were measured (oral contracep-
tive pills, acne treatment, or lupus erythematosus treat-
ment) [102]. Even though findings from our moderation
analysis showed good and very good conclusive results
in favour of the remotely-delivered and mixed booster
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respectively, they should be interpreted with caution.
First, the number of studies that used exclusively in-per-
son booster strategies was limited (only five studies). Sec-
ond, the diversity of booster types used made it difficult
to categorise boosters in a more precise way, resulting in
categories that are open for discussion. However, despite
these limitations, results from the moderation analysis
suggest positive effects of remotely-delivered boosters,
which may offer a cheap and affordable way to promote
sustained PA.

Finally, it is worth noting that the apparent booster
benefits depended on how MVPA was measured. Across
both booster and non-booster arms, the trajectory of
MVPA changes was essentially parallel; the sole diver-
gence was a marginal between-group difference that
emerged only in self-reported PA, in favour of the inter-
vention plus booster arm. This pattern echoes earlier
work showing that intervention effects often look larger
when evaluated with questionnaires rather than with
devices, because self-reports are vulnerable to recall
error, social-desirability, and expectancy biases — effects
that become stronger when participants have frequent,
supportive contact with researchers, as boosters provide
[42, 103-109]. Thus, the small “extra” gain we detected
for boosters may reflect participants’ perceptions of
being more active rather than an objective behavioural
change. This could be explained by the fact that none
of the sixteen included trials employed a double-blind
design. Because the booster strategies promoting PA
(e.g., counselling calls, reminder texts, refresher classes)
are immediately apparent to both participants and the
staff delivering them, blinding of either party was not fea-
sible. This unavoidable lack of participant and provider
blinding might have increased the risk of reporting bias
and contributed to the larger booster effects observed in
self-reported MVPA. Conversely, device-based measures
offer a non-self-report yard-stick, yet they are not infal-
lible. Research has shown that device-based measures
can miss activities with little vertical acceleration (e.g.,
cycling or resistance training), lose data during water-
based exercise or non-wear periods, and their output
varies with device placement and wear-time compliance
[110-112]. Taken together, these findings suggest two,
non-mutually-exclusive explanations. First, extra contact
may prompt participants to report they are more active
even when device measured activity is unchanged, result-
ing in expectancy/reporting bias. Second, device-based
data insensitivity to certain PA activities and wear-time
issues may mask real booster-related gains.

Implications for future research

This review highlights two important research gaps.
Booster dose was rarely reported in sufficient detail,
preventing dose—response analyses to be conducted
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and leaving the minimal effective dose unknown. Sec-
ond, only a few trials incorporated both device-based
monitoring and self-reported measures, resulting in dif-
ficulties in assessing the discrepancies between such
methodologies.

Future research should embed dose-finding or adap-
tive designs that systematically vary booster frequency
and timing to provide evidence-informed guidance on
how, when, and what types of boosters are most likely to
sustain PA. For example, future research should develop
a booster-reporting checklist—covering mode, content,
behaviour-change techniques, and delivery costs— which
could enhance comparability, while head-to-head trials
of emerging low-burden formats (e.g., automated app
prompts or brief “digital booster challenges” delivered
through wearables) could identify scalable solutions for
sustaining PA across diverse populations (e.g., clinical vs.
non-clinical population, or adults vs. children). Finally,
future trials should investigate the mechanism through
which PA is differently reported between self-reported
and device-based measures.

Strengths and limitations
This study has several strengths. First, this systematic
review and meta-analysis provides a comprehensive syn-
thesis of the available evidence on the role of booster
strategies in promoting long-term PA sustainment. One
of the key strengths of this study is its rigorous method-
ological approach, following the PRISMA guidelines and
employing both narrative synthesis and a robust meta-
analytic model, both pre-registered. The inclusion of
studies from diverse populations and settings enhances
the generalisability of the findings. Furthermore, the use
of a mixed-effects meta-analytic approach allowed for the
investigation of moderators such as booster type, total
number of boosters administered, and follow-up dura-
tion, providing nuanced insights into which elements of
booster interventions may be most effective. Moreover,
this study is the first synthesis to isolate the pure effect of
post-intervention boosters, thereby clarifying how much
additional benefit boosters alone can deliver.
Notwithstanding these strengths, the study also has
some limitations which should be considered in the inter-
pretation of the findings. First, variability across stud-
ies was substantial, particularly in relation to the type,
content, and number of boosters administered, which
limited our ability to draw definitive conclusions about
optimal booster designs. Second, only a subset of the
included studies reported sufficient data to be included
in the meta-analysis, potentially introducing selection
bias. Third, due to the complexity of the model, testing
for publication bias was not performed, which can also
be considered a limitation. Additionally, the small num-
ber of studies using solely in-person boosters reduced the
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power of the moderation analysis to detect meaningful
differences between booster types.

Conclusions

This study provides the first comprehensive evaluation
of booster strategies in promoting long-term PA main-
tenance. Findings suggest that while booster strategies
may not increase PA levels in the long term, they appear
effective in reducing the decline typically observed after
interventions, particularly when delivered frequently
and through mixed or remote formats. Future research
should further examine the booster’s optimal design,
delivery, cost-effectiveness, and long-term impact across
diverse populations and settings.
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