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PHYSICAL ACTIVITY MAINTENANCE

Abstract
Although extensive research suggests that behavior change interventions can improve
physical activity (PA) over the course of an intervention, the maintenance of these
improvements beyond intervention termination is less clear. The purpose of this study was to
determine, through meta-analysis, whether behavior change interventions produce sustained
improvements in PA after interventions conclude. Studies were retrieved from a recent (2019)
meta-analysis of 224 interventions. Studies that measured PA at baseline, post-intervention,
and a follow-up timepoint were included in this updated review. We examined the effects of
these interventions in terms of changes in PA from baseline to post-intervention, baseline to
follow-up, and post-intervention to follow-up (relative to control groups). We also examined
whether the inclusion of theory and behavior change techniques (BCTs) within interventions
as well as the length of time between PA assessments moderated these effects. Thirty-nine
interventions (17% of interventions from the previous review) from 31 studies were included
in the meta-analysis. Significant improvements in PA were found from baseline to follow-up
(d = 0.32, p < .001). In general, these effects resulted from significant increases in PA from
baseline to post-intervention (d = 0.46, p < .001), followed by significant decreases from postintervention to follow-up (d = -0.18, p = .010). Effect sizes did not vary between theory-based
and no-stated-theory interventions. The positive effects from baseline to post-intervention and
negative effects from post-intervention to follow-up were more pronounced as the length of
time between assessments increased. In conclusion, behavior change interventions improve
PA over the course of the intervention; however, these improvements are generally not
sustained after the intervention concludes.
Keywords: behavior change; exercise; health; meta-analysis; theory
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INTRODUCTION
Recent estimates show that approximately one out of three adults and four out of five
adolescents do not partake in sufficient levels of health-enhancing physical activity (PA).1 As
a result, it is essential to understand how PA behavior can be improved.2 In response to this
need, a wide range of behavior change interventions targeting PA have been developed.2
These interventions typically utilize one or more behavior change techniques (BCTs), which
are described as the ‘active ingredients’ of an intervention—that is, the observable, replicable,
and irreducible components that are designed to modify the processes that regulate behavior.3
Sixteen clusters of BCTs—comprised of 93 lower-order strategies—have been identified,
including: goals and planning; feedback and monitoring; social support; shaping knowledge;
natural consequences; comparison of behavior; associations; repetition and substitution;
comparison of outcomes; reward and threat; regulation; antecedents; identity; scheduled
consequences; self-belief; and covert learning.3 In some interventions, the delivery of these
BCTs is guided by a theory of behavior change, which provides a framework for systematic
implementation and evaluation.4 In other interventions, those same BCTs may be used but
their delivery is not guided by explicit use of psychological theory.
Somewhat encouragingly, several meta-analytic reviews have found positive and
significant effects of behavior change interventions to improve PA.5,6 However, in most
reviews, these effects are delimited to PA measurements at baseline and post-intervention.7
Thus, although the research evidence to date suggests behavioral interventions can produce
significant improvements in PA over the course of the intervention, it is less clear whether
these effects are maintained after the intervention concludes.7,8,9 Moreover, among previous
reviews of interventions that have examined PA changes over the longer-term, the bulk of
evidence appears to suggest that PA behaviors return to baseline levels as the length of time
between assessments increases.8 For example, a meta-analysis by Murray et al. found that
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interventions produced significant improvements in PA at 6-9 months post-baseline (relative
to controls) but these effects decreased in size at 9-15 months; beyond 15 months, the effects
were small and inconsistent.8 It should be noted, however, that this study did not examine
physical activity behaviors after the cessation of the intervention (i.e., from post-intervention
to a follow-up timepoint).8 As such, it would seem particularly important to identify whether
behavior change interventions not only enable the uptake of PA behavior during the course of
a given intervention, but also (and especially) the maintenance of PA after an intervention has
ended.
As a complement to the above question, it would appear informative to assess whether
the use of theory and/or BCTs impact the post-intervention effects on PA. This could improve
our understanding of the components that are necessary to include in an intervention in order
to not only generate initial increases in PA but the preservation of these improvements over
time. For example, certain BCTs might be useful in improving PA over the course of an
intervention; however, if PA levels then return to baseline levels after an intervention has
ended (i.e., at a follow-up timepoint), the veracity of these BCTs to truly change PA would
appear to be rather limited. In addition, although a growing body of research seems to suggest
that theory-based interventions are no more effective for improving PA over the course of an
intervention,2,6,10,11 it would be worth examining whether theory influences the maintenance
of those PA increases after the intervention has ended.
The purpose of the present study was to conduct a meta-analysis examining the
effectiveness of behavior change interventions in producing sustained improvements in PA
(i.e., after the interventions ended). To do so, we reviewed papers included in a recent metaanalysis that examined whether interventions improved PA behavior (relative to control
conditions) based on their use of theory and behavior change techniques.6 As that metaanalysis included papers from 68 previous reviews, it provides a comprehensive collection of
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the existing published studies that have tested the effects of behavior change interventions on
PA. Nonetheless, it should be noted that the effect sizes in that meta-analysis were based on
changes in PA from baseline to post-intervention, which only provides evidence of the
effectiveness of behavior change interventions in producing initial improvements in PA over
the course of an intervention (i.e., the uptake of PA behavior). Therefore, we sought to reanalyse data from studies subsumed within that previous review6 in order to determine
whether the initial effects on PA were maintained following the conclusion of the intervention
(i.e., at a follow-up time point). We also sought to examine whether the use of theory and/or
specific BCTs moderated the effects of these interventions on PA across three timeframes:
baseline to post-intervention, post-intervention to follow-up, and baseline to follow-up. In
addition, we sought to assess whether the potential changes in PA across these timeframes
were moderated by the length of time between measurements.
Based on the findings from previous reviews,2,6,8,10,11 we hypothesized that significant
improvements in PA from baseline to post-intervention would be shown (hypothesis #1a) and
that these effects would be evident regardless of the length of time between assessments
(hypothesis #1b), explicit use of theory to guide intervention delivery (hypothesis #1c), or
specific type of BCT cluster incorporated in the intervention (hypothesis #1d). In light of the
evidence suggesting that long-term improvements in PA are small and inconsistent from
baseline to follow-up periods8, we anticipated that similar findings would emerge in our
review. Specifically, we hypothesized that PA would improve to a small extent from baseline
to follow-up (hypothesis #2a), and that effects over this timeframe would be smaller as the
length of time between assessments increased (hypothesis #2b). It was also hypothesized that
those effects would not be moderated by the inclusion of theory (hypothesis #2c) or any
particular BCT clusters (hypothesis #2d) within interventions. Finally, we hypothesized that
there would be significant decreases in PA from post-intervention to follow-up (hypothesis
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#3a) and that these negative effects would be larger as the length of time between assessments
increased (hypothesis #3b). We did not expect the inclusion of theory (hypothesis #3c) or any
specific type of BCT cluster (hypothesis #3d) to moderate the effects over this timeframe.
METHODS
All papers included in the previous review6 were reviewed for inclusion in the current
meta-analysis. Full details on the methods employed to obtain articles are noted in the original
paper as well as in the pre-registered protocol on PROSPERO.12 In brief, the effects of 224
controlled interventions from 171 studies were examined in that meta-analysis and compared
in terms of their use of theory and BCTs. Studies were included in that review if they met the
following inclusion criteria: (1) controlled experimental intervention; (2) intervention targets
physical activity only (i.e., interventions targeting multiple health behaviors were excluded);
(3) must have an outcome measure of physical activity that is assessed at both baseline and
post-intervention; (4) published in a peer-reviewed journal (i.e., conference proceedings and
dissertations were excluded); and (5) provide sufficient data to compute an effect size. The
studies from that meta-analysis were reviewed and subsequently included in the current metaanalysis if—in addition to the above inclusion criteria—PA was also measured at a follow-up
period (i.e., at some point after the behavior change intervention had ended). In other words,
studies were included in this meta-analysis if effect sizes could be computed for changes in
PA from baseline (i.e., pre-intervention) to post-intervention, post-intervention to follow-up,
and baseline to follow-up.
A range of PA measures were used in the included studies (e.g., self-report
questionnaires, pedometers). Where possible, standardized effect sizes for each study were
computed based on means, standard deviations, and sample sizes in relation to the PA
variable (e.g., steps per day, minutes of moderate-to-vigorous PA per week) for experimental
and control conditions at each timepoint. If such statistics were missing, we used F-values, t
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statistics, and p values to compute an effect size.16 Each study was given a relative weight
based on its precision, which is determined by the study’s variance, standard error, and
confidence interval (i.e., more precise data is given a larger relative weight compared to less
precise data).16 These weighted effect sizes were combined and data were analysed for each
timeframe as random-effects models using Comprehensive Meta-Analysis, Version 2
software.13 Cohen’s d was computed to represent the standardized effect of an intervention on
PA—a value of 0.2 corresponds to a ‘small’ effect, 0.5 to a ‘medium’ effect, and 0.8 to a
‘large’ effect.14 For studies that examined physical activity outcomes for multiple
experimental conditions in comparison to the same control condition, potential unit-ofanalysis errors were corrected by dividing the sample size of the control condition by the
number of within-study comparisons.15
Heterogeneity was evaluated with Q-values which estimate the variability in the
observed effect sizes across studies, as well as I² values which estimate as the ratio of the true
heterogeneity to the total observed variation.16 The level of heterogeneity can be interpreted
with the following estimates of I²: 0-40%=trivial; 30-60%=moderate; 50-90%=substantial;
and 75-100%=considerable.15 To assess the impact of each individual intervention and
identify any outliers, sensitivity analyses were conducted by computing the overall effect size
after an intervention is removed from the analysis.16 Outliers were identified by considering
each of the following.16 First, an intervention was flagged as a potential outlier if it had a very
large effect size and narrow confidence interval, thus producing an abnormally high Z-score
(i.e., that is, compared to the Z-scores of other studies in the meta-analysis). Second, we
considered whether the removal of an intervention (i.e., k – 1) from the analysis resulted in an
effect size that differed substantially from the original effect size (i.e., k). Third, if
heterogeneity (Q and I2) is reduced upon removal of an intervention, this provides further
evidence that it is an outlier and should be omitted from subsequent subgroup/moderator
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analyses, as it could potentially skew the results of those analyses. As with the original metaanalysis,6 publication bias was considered using fail-safe N values, Duval and Tweedie’s
trim-and-fill statistics, and funnel plots.16 Publication bias may be present if fail safe n values
do not exceed 5n + 10 or if point estimates for Duval and Tweedie’s trim-and-fill assessment
differ substantially from the original effect size.16,17
The included studies were coded by two independent coders in order to examine three
potential moderators: (a) length of time (in weeks) between assessments for each timeframe
(i.e., from baseline to post-intervention, baseline to follow-up, and post-intervention to
follow-up); (b) their use of theory (‘theory-based’ or ‘no-stated-theory’ intervention); and (c)
the presence of the 16 BCT clusters from Michie et al.’s behavior change taxonomy (‘yes’ or
no’ for each of ‘scheduled consequences’, ‘rewards and threat’, ‘repetition and substitution’,
‘antecedents’, ‘association’, ‘covert learning’, ‘natural consequences’, ‘feedback and
monitoring’, ‘goals and planning’, ‘social support’, ‘comparison of behavior’, ‘self-belief’,
‘comparison of outcomes’, ‘identity’, ‘shaping knowledge’, and ‘regulation’).3,6,12 A metaregression—using maximum likelihood estimation—was carried out to examine whether the
continuous variable of the length of time (in weeks) between measurements moderated the
effect sizes for each timeframe. Q-values and I-squared values are provided for each metaregression model as a means of estimating whether this predictor (i.e., length of time between
assessments) accounts for part of the between-study variability. Subgroup analyses were
conducted to examine the potential moderating effects with regard to the categorical variables
(i.e., ‘yes’ versus ‘no’) of theory use and presence of each BCT cluster. Specifically,
interventions guided by a theory were pooled together and this pooled effect size was
compared to the pooled effect size of interventions that were not guided by a theory.
Similarly, for each of the 16 BCT clusters, we compared the pooled effect size of
interventions that included the BCT cluster versus those that did not. A Q statistic was
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produced for these pooled comparisons; significant moderation is evident if p < .05 for this Qvalue. Borenstein et al.16 suggest that effect sizes derived from subgroups with five or fewer
interventions can be inaccurate/misleading. Thus, although we provide the results of all
subgroups for descriptive purposes (except for those based on a single intervention), the
majority of our discussion herein is devoted to the results based on six or more interventions;
effect sizes based on fewer than six interventions should be interpreted with caution.
RESULTS
Among the 171 studies from the original meta-analysis, 31 studies (18%) included a
follow-up measure of PA. Six studies included multiple interventions, which resulted in k =
39 total comparisons (i.e., 17% of the 224 interventions from the original meta-analysis).6 A
list of studies is provided in supplementary material 1; effect sizes and accompanying
statistics for each intervention, along with sensitivity analyses and forest plots are shown in
supplementary material 2. Overall, there were significant, small-to-medium-sized
improvements from baseline to follow-up (d = 0.32, p < .001). These effects appeared to
result from significant, medium-sized improvements in PA from baseline to post-intervention
(d = 0.46, p < .001), followed by significant, small-sized decreases from post-intervention to
follow-up (d = -0.18, p = .010). Considerable heterogeneity was evident for each timeframe.
Specifically, Q = 229.80 (p <.001) and I2 = 83.64 from baseline to follow-up; Q = 580.24 (p
<.001) and I2 = 93.45 from baseline to post-intervention; and Q = 238.75 (p <.001) and I2 =
84.04 from post-intervention to follow-up. Publication bias did not appear to be present, as
indicated by (a) fail safe n values exceeding Rosenberg’s critical value of 5n + 10 (205) and
(b) Duval and Tweedie’s point estimates not differing from the original effect sizes (see
supplementary material 3).16,17
One outlier was detected18 (see supplementary material 2). Specifically, from baseline
to follow-up, this study had a Z-score of 17.38; by comparison, all other studies had a Z-score

PHYSICAL ACTIVITY MAINTENANCE

between -0.03 to 3.59. Moreover, when this study was removed, the effect size was d = 0.28
(p < .001) from baseline to follow-up; the effect size when any other study was removed
ranged from d = 0.31 to 0.32. Similarly, from baseline to post-intervention, this study had a Zscore of 26.91, whereas all other studies had a Z-score between -0.85 to 6.15. When this study
was removed, the effect size for this timeframe was d = 0.39 (p < .001); for all other studies,
the removal of the study resulted in an effect size between d = 0.43 to 0.47. From postintervention to follow-up, this study had a Z-score of -14.34; in comparison, all other studies
had a Z-score between -3.84 to 2.03. The effect size when this study was removed was d =
-0.13 (p = .007) for this timeframe. For all other studies, the removal of a study resulted in an
effect size between -0.16 to -0.19. Although still significant (in terms of Q-values) and
substantial (in terms of I2 values), heterogeneity across studies for each timeframe also
decreased when this study was removed. As mentioned above, Q = 580.24 and I2 = 93.45
from baseline to post-intervention when this study was included; these values reduced to Q =
131.43 (p <.001) and I2 = 71.85 when it was excluded. From baseline to follow-up, Q =
229.80 (p <.001) and I2 = 83.64 when this study was included; Q = 74.15 (p <.001) and I2 =
50.10 when it was excluded. From post-intervention to follow-up, Q = 238.75 and I2 = 84.04
when this study was included; Q = 94.10 (p <.001) and I2 = 60.68 when it was excluded.
Given the above findings, this study was excluded from the subsequent moderator analyses.
The length of time between assessments from baseline to post-intervention ranged from
2 to 26 weeks. The Q-value for this meta-regression examining the potential moderating
effect of time between assessments was 43.58 (p = .212) while I2 = 15.10; the slope for this
predictor (time) was positive and significant (B = 0.018, p = .041). This suggests that length
of time between assessments accounts for part of the between-study variability and that effect
sizes were larger as the time between assessments increased. The length of time between
assessments from baseline to follow-up ranged from 12 to 52 weeks. For this meta-regression
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Q = 46.65 (p = .445) and I2 = 1.40; the slope examining the effect of time was not significant
(B < 0.000, p = .951). Hence, the effect size for this timeframe did not appear to be moderated
by the length of time between assessments. Finally, the length of time between assessments
from post-intervention to follow-up ranged from 6 to 48 weeks. For this meta-regression Q =
54.92 (p = .173) and I2 = 16.24; the slope examining the effect of time was negative and
significant (B = -0.010, p = .049). This suggests that the negative effects from postintervention to follow-up were larger in size (in the negative direction) as the time between
assessments increased.
The results of the categorical moderator analyses examining the potential effects of
theory as well as BCT clusters are provided in Table 1. Significant improvements in PA were
found from baseline to post-intervention among theory-based interventions (k = 28, d = 0.44)
as well as no-stated-theory interventions (k = 10, d = 0.29), with no significant difference in
effect sizes between these two pools of studies (Q = 1.12, p = .29). Similarly, there were
significant improvements from baseline to follow-up for both theory-based interventions (d =
0.30) and no-stated-theory interventions (d = 0.28)—these effect sizes did not differ
significantly (Q = 0.04, p = .85). From post-intervention to follow-up, there was a significant
decrease in PA among theory-based interventions (d = -0.15) but no significant change among
no-stated-theory interventions (d = -0.09); the difference between these two pools of
interventions was not significant (Q = 0.23, p = .63).
With regard to the influence of BCTs, there were significant improvements among all
interventions (i.e., those that included any BCT cluster) from baseline to follow-up (ds ≥ 0.28)
(see Table 1). In the majority of interventions, this effect resulted from a significant
improvement in PA from baseline to post-intervention, followed by a significant decrease
from post-intervention to follow-up. However, there were two notable exceptions to these
findings. Specifically, we found small, significant improvements in PA from baseline to post-
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intervention for ‘comparison of outcomes’ and ‘self-belief’; these improvements appeared to
be maintained over time, as there were no significant changes in effect sizes from postintervention to follow-up. Similar findings across each timeframe were also demonstrated for
‘association’, ‘antecedents’, and ‘identity’; however, the results for these three BCT clusters
need to be interpreted cautiously as they were based on four, four, and three interventions,
respectively.
As a supplement to the above analyses, Q-statistics were computed for each BCT
cluster wherein the effect sizes of interventions that included a cluster were compared to those
that did not include the BCT cluster. From pre- to post-intervention, larger effect sizes were
shown for interventions that incorporated ‘goals and planning’ (Q = 4.42, p = .036), ‘natural
consequences’ (Q = 6.63, p = .010), ‘comparison of behavior’ (Q = 6.43, p = .011), or
‘scheduled consequences’ (Q = 6.33, p = .012) relative to those studies that did not include
the respective BCT within the intervention. From pre-intervention to follow-up, significantly
larger effect sizes were noted in interventions that included ‘antecedents’ (Q = 3.91, p = .048)
compared to those that did not incorporate this type of BCT. Finally, from post-intervention to
follow-up, interventions that did not include ‘comparison of outcomes’ (Q = 3.88, p = .049) as
well as those that did not include ‘self-belief’ (Q = 3.95, p = .047) showed greater decreases
in PA compared to those studies that did include these BCT clusters (which, as mentioned
above, did not demonstrate significant changes in PA over this timeframe).
DISCUSSION
The purpose of this review was to examine, through meta-analysis, the effects of
behavior change interventions on PA from baseline to post-intervention, baseline to follow-up
(i.e., a timepoint following the completion of the intervention), and post-intervention to
follow-up. Overall, we found significant, medium-sized improvements in PA from baseline to
post-intervention, followed by significant, small-sized decreases from post-intervention to
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follow-up—this ultimately resulted in significant, small-to-medium-sized increases in PA
from baseline to follow-up. For each of these three timeframes, we sought to examine the
potential impact of the length of time between measurements, as well as the inclusion of
theory and BCT clusters within the intervention. The findings concerning each of these
moderating variables, along with associated limitations and suggestions for future research,
are discussed, in turn, below.
The length of time between PA measurements appeared to moderate the effect sizes that
were found over the course of the intervention and following intervention cessation.
Specifically, the positive, significant effects from baseline to post-intervention were larger as
the length of time between assessments—which ranged from 2 to 26 weeks—increased. This
might be due to the increased amount of contact time and total intervention components that
participants receive over the course of longer interventions compared to shorter ones.19 With
regard to changes in PA from baseline to follow-up, there was no moderating effect of time
between assessments (which ranged from 12 to 52 weeks). This null finding appears to align
with the results from previous reviews. In particular, Murray et al.8 found small, positive
effects of interventions on PA and these effects were maintained up to 15 months (~65 weeks)
following baseline. Finally, a significant moderating effect of time between assessments was
demonstrated from post-intervention to follow-up (which ranged from 6 to 48 weeks).
Specifically, the negative effect sizes in PA over this timeframe were more pronounced as the
length of time between assessments increased. The aforementioned review by Murray et al.8
found inconsistent effects of interventions beyond 15 months (post-baseline). As a
complement to those findings, our results seem to suggest that the initial improvements
obtained over the course of PA behavior change interventions dissipate as the time lapse
between post-intervention and follow-up assessments increases. It should be noted that in the
review by Murray et al.8, interventions were pooled together into five intervals according to
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the time at which PA was measured (6-9, 9-15, 15-21, 21-24, >24 months post-baseline),
regardless of the duration of the intervention itself. Hence, effect sizes computed up to 15
months could include interventions that were still ongoing at that timepoint as well as those
that had already ended previously. In contrast, we specified “follow-up” as the measurement
of PA after a period following the conclusion of an intervention. As such, our findings add to
the results by Murray et al.8 by demonstrating that it is not merely the time since the initial
baseline timepoint that plays a role in predicting PA levels, but also (and more specifically)
the time since the cessation of the intervention.
With regard to the impact of theory, positive medium-to-large effects on PA from
baseline to post-intervention were demonstrated for interventions that were explicitly guided
by a theory as well as those that were not. Similar to the findings from the meta-analysis by
McEwan et al.6, the effect size appeared slightly larger for theory-based interventions than for
no-stated-theory interventions, but this difference was not significant. Interestingly, although
there were significant decreases in PA from post-intervention to follow-up among theorybased interventions, the decrease over this period for no-stated-theory interventions did not
reach statistical significance. It is worth noting, however, that the effect sizes for these two
pools of studies were quite similar—indeed, there was no significant difference between
theory-based and no-stated-theory interventions with regard to changes in PA over this
timeframe. In addition, the effect sizes that ultimately emerged from baseline to follow-up
were very similar for theory-based (d = 0.30) and no-stated-theory (d = 0.28) interventions
(again, with no significant difference between these two pools of studies over this timeframe).
Taken together, these results seem to indicate that grounding an intervention within an
explicitly stated theory did not produce greater changes in PA—in terms of both its initial
uptake as well as longer-term maintenance—compared to interventions that were not
explicitly guided by a theory. This finding aligns with a growing body of research (see 6,10,11),
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that suggests theory-based interventions are no more effective than interventions without a
stated theory in changing PA behavior.2 This might be due to similarities in the use of many
BCTs between these two types of interventions. Specifically, it has been shown that nostated-theory PA interventions are equally likely as theory-based interventions to use several
BCT clusters (e.g., shaping knowledge, feedback and monitoring, repetition and
substitution).6 Hence, although theories might serve as a useful guide in the refinement and
delivery of an intervention’s content and processes, it could be argued that the main “drivers”
of PA behavior change are the BCTs themselves.
With regard to the inclusion of BCTs within an intervention, there appeared to be a
consistent pattern of significant improvements in PA from baseline to post-intervention—with
effect sizes typically in the small-to-medium range—followed by significant decreases from
post-intervention to follow-up—with effect sizes typically in the small range. There were,
however, two exceptions to this finding. Specifically, among interventions that included
comparison of outcomes or self-belief, there were significant small increases in PA from
baseline to post-intervention but no changes from post-intervention to follow-up. Follow-up
analyses confirmed that the effect sizes from post-intervention to follow-up were significantly
different among interventions that included these two BCT clusters relative to those that did
not. These results suggest that although these two BCT clusters might not appear as effective
as others in the short-term, ultimately their effects from baseline to the longer-term follow-up
period are comparable to those other BCT clusters. Moreover, since there were no significant
decreases in PA following the conclusion of an intervention, it is possible that including
comparison of outcomes and self-belief alongside the other BCT clusters that showed
relatively greater improvements from baseline to post-intervention (e.g., comparison of
behavior, rewards and threat) might be a useful strategy for maintaining those PA
improvements. Unfortunately, we were precluded from examining the potential effects of
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combining BCT clusters due to limitations in statistical power. Thus, future research remains
warranted to determine whether certain combinations of BCT clusters (especially those that
include comparison of outcomes and self-belief) might maximize the uptake and maintenance
of PA.
It should be noted that it is unclear from the current review why/how these two BCT
clusters might assist in the maintenance of PA. However, recent research examining the links
between BCTs and mechanisms of action (i.e., the processes through which behavior
changes) may offer some insight.20 Specifically, the processes that might explain how
comparison of outcomes influences PA behavior include improvements in one’s attitudes
towards PA, motivation to be active, and beliefs about the consequences of PA behavior (or
non-behavior).20 For self-belief, these processes include improvements in one’s motivation
and perceived behavioral capabilities to be active.20 Future work appears warranted to
examine whether these two BCT clusters indeed have a “protective” effect in maintaining PA
improvements, and whether those protective effects could be explained by their associated
mechanisms of action. In addition, future research could consider the combined effects of
these mechanisms of action and the three groups of moderators examined in our meta-analysis
(time, theory, and BCT clusters). For example, the relationship between a BCT cluster and
mechanism of action may vary based on timeframe (e.g., from pre- to post-intervention
compared to post-intervention to follow-up) and/or inclusion of a theory within the PA
intervention. Such work could help researchers better identify how exactly these moderators
interact and exert their influence on PA behavior.
The main clinical implication from our findings is that the observed improvements
initially found in PA interventions are likely to drop in the absence of the intervention. Our
findings underscore the difficulty in sustaining PA behavior change. From a practical clinical
perspective, those concerned with intervention need to consider the supports that can be
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provided both during the PA intervention and when the PA intervention concludes to assist
with the maintenance of health-enhancing PA behaviors. It should also be noted that in many
studies, it is difficult to determine whether interventionists merely include BCTs as part of the
intervention or that participants actually learned how to incorporate these behavior change
strategies themselves. Although admittedly speculative, perhaps having participants actively
learn how to use BCTs once the intervention concludes could help promote PA maintenance
to a greater extent than when fully reliant on another person (i.e., interventionist) to deliver
those BCTs. For example, rather than simply having participants create PA goals over the
course of an intervention, the interventionist could also teach participants how to effectively
incorporate goal setting once the intervention has ended. Moreover, our findings provide
evidence that incorporating BCTs that target comparison of outcomes and/or self-belief into
an intervention hold particular promise in helping sustain the improvements that participants
have made over the course of the intervention. Comparison of outcomes include encouraging
individuals to compare the reasons between wanting versus not wanting to change their PA
behavior, as well as imagining future outcomes associated with changing versus not changing
their PA.3 Targeting self-belief involves building individuals’ confidence in their abilities to
perform PA using strategies such as self-talk, verbal persuasion, imaginative practice, and
focusing on past successes related to PA.3 Future research could also examine the usefulness
of including additional support following the conclusion of an intervention. At present,
interventions within behavioral medicine studies typically conclude rather abruptly (i.e., at the
end of the scheduled duration of the study). Thus, it could be valuable to examine how
practitioners can best assist participants to incorporate the necessary self-regulatory skills
needed to sustain regular physical activity once the various supports offered by a formal
intervention are no longer available/accessible.
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Interestingly, it should be noted that comparison of outcomes and self-belief seem to be
included much less frequently in PA interventions compared to many other BCT clusters.
Specifically, among the 38 interventions included in the subgroup analyses, comparison of
outcomes appeared in 12 (32%) of the interventions while self-belief appeared in 11 (29%).
By comparison, goals and planning—the most frequently utilized BCT cluster—appeared in
33 interventions (87%). Hence, there appear to be some missed opportunities to utilize BCTs
that might help sustain the PA improvements that are initially derived from an intervention.
Relatedly, the effects of several BCTs—including association (k = 4), scheduled
consequences (k = 4), antecedents (k = 4), identity (k = 3), regulation (k = 1), and covert
learning (k = 1)—were based on an even smaller number of interventions (and, as such,
should be interpreted with caution).16 These disparities imply that the effectiveness of certain
BCT clusters (e.g., goals and planning, shaping knowledge) are well-known as they have been
tested quite extensively; in contrast, the effects of several other BCT clusters are much less
clear, as they have received comparatively little attention. Nevertheless, given that some of
these lesser-studied BCT clusters—including identity, association, and antecedents—
appeared to result in the maintenance of PA from post-intervention to follow-up (after
deriving pre- to post-intervention improvements in physical activity), it would seem that these
clusters may be especially worthy of future investigation. This recommendation may be
particularly relevant for association, as this was the only BCT cluster that showed significant
differences in effect sizes from pre-intervention to follow-up between interventions that
included the cluster compared to those that did not.
CONCLUSION
Based on the results from this review and others,6,8,9 it is evident that behavior change
interventions can produce significant improvements in PA over the course of the intervention.
By comparison, much less research has been devoted to examining the extent to which those
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improvements in PA are sustained following the conclusion of an intervention. Specifically,
we found that fewer than one in five studies from the previous review upon which this current
meta-analysis was based included a measure of PA at a follow-up timepoint.6 Moreover, the
bulk of the evidence from studies that examined PA over the longer term suggests that the
initial improvements derived from interventions tend to dissipate over time once the
interventions ended. Hence, as a field, we seem to have a decent understanding of how to
enhance the uptake of PA. To advance this area of research, there now needs to be a much
greater emphasis towards understanding how to effectively sustain PA improvements over
time. Equally, clinical practitioners and interventionists should reflect, and act on, the
supports that they provide to individuals to assist with the maintenance of the positive
changes they made with their PA post-intervention. Recent (and future) efforts to develop and
test theoretical frameworks that specifically focus on the maintenance of health behavior
could help optimize interventions that are concerned with supporting long-term physical
activity adherence behaviors.7,21,22 The results of the current review suggest that incorporating
two BCT clusters in particular into PA interventions appear to hold promise in helping to
maintain PA following the conclusion of the intervention: comparison of outcomes and selfbelief. Future work could benefit from a greater consideration of BCT clusters that have
received relatively limited attention in PA behavior change research, particularly those that
appear to show early promise in helping to sustain PA levels, including association (e.g.,
classical conditioning techniques that reinforce PA behavior, creating environmental prompts
for PA), identity (e.g., serving as a role model to oneself, constructing a new identity that
includes being a physically active person), and antecedents (e.g., restructuring one’s social
environment, increasing exposure to cues that predict PA behavior).
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Table 1.
Subgroup analyses examining the influence of theory and BCT clusters on effect sizes for each timeframe.

Theory
Theory-based (k = 28)
No stated theory (k = 10)

Pre to Post

Pre to Follow-Up

Post to Follow-Up

d = 0.44, p < .001
d = 0.29, p = .018

d = 0.30, p < .001
d = 0.28, p = .003

d = -0.15, p = .012
d = -0.09, p = .120

BCT Cluster
Goals & Planning (k = 33)
d = 0.44, p < .001, Q = 4.42*
d = 0.28, p < .001, Q = 0.19
d = -0.16, p = .003, Q = 1.86
Shaping Knowledge (k = 29)
d = 0.40, p < .001, Q = 0.09
d = 0.28, p < .001, Q = 0.77
d = -0.14, p = .017, Q = 0.00
Feedback & Monitoring (k = 27)
d = 0.47, p < .001, Q = 2.67
d = 0.31, p < .001, Q = 0.23
d = -0.19, p = .001, Q = 3.25
Natural Consequences (k = 25)
d = 0.49, p < .001, Q = 6.63*
d = 0.29, p < .001, Q = 0.15
d = -0.20, p = .001, Q = 3.85
Social Support (k = 21)
d = 0.45, p < .001, Q = 1.50
d = 0.29, p < .001, Q = 0.09
d = -0.16, p = .014, Q = 0.44
Repetition & Substitution (k = 15)
d = 0.49, p < .001, Q = 0.51
d = 0.38, p < .001, Q = 0.43
d = -0.18, p = .042, Q = 0.40
Rewards & Threat (k = 12)
d = 0.54, p < .001, Q = 1.84
d = 0.34, p < .001, Q = 0.07
d = -0.18, p = .033, Q = 0.52
Comparison of Outcomes (k = 12)
d = 0.32, p = .002, Q = 0.72
d = 0.34, p < .001, Q = 1.06
d = 0.00, p = .977, Q = 3.88*
Comparison of Behavior (k = 11)
d = 0.62, p < .001, Q = 6.43*
d = 0.36, p < .001, Q = 1.10
d = -0.28, p = .003, Q = 3.34
Self-Belief (k = 11)
d = 0.34, p = .001, Q = 0.34
d = 0.30, p < .001, Q = 0.14
d = -0.01, p = .929, Q = 3.95*
a
a
Association (k = 4)
d = 0.30 , p = .085, Q = 0.29
d = 0.27 , p = .030, Q = 0.00
d = -0.06a, p = .703, Q = 0.33
Scheduled Consequences (k = 4)
d = 0.85a, p < .001, Q = 6.33*
d = 0.52a, p = .001, Q = 2.61
d = -0.44a, p = .011, Q = 3.57
Antecedents (k = 4)
d = 0.57a, p = .002, Q = 1.14
d = 0.54a, p < .001, Q = 3.91*
d = -0.11a, p = .482, Q = 0.02
Identity (k = 3)
d = 0.48a, p = .016, Q = 0.23
d = 0.48a, p = .001, Q = 1.97
d = -0.05a, p = .793, Q = 0.29
Regulation (k = 1)
---Covert Learning (k = 1)
---Note. a = these effect sizes should be interpreted with caution as they are based on the results from fewer than six interventions.8 For each BCT
cluster, Q-values estimate the differences between the pool of interventions that incorporated that BCT cluster in the intervention versus those that
did not; significant differences between these pools of studies are noted by *p < .05, **p < .01, or ***p < .001.

