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Objective: In the past decade, there has been no systematic review of the evidence for maintenance of
physical activity and/or dietary behavior change following intervention (follow-up). This systematic
review addressed three questions: 1) How frequently do trials report on maintenance of behavior change?
2) How frequently do interventions achieve maintenance of behavior change? 3) What sample, meth-
odologic, or intervention characteristics are common to trials achieving maintenance? Design: System-
atic review of trials that evaluated a physical activity and/or dietary behavior change intervention among
adults, with measurement at preintervention, postintervention, and at least 3 months following interven-
tion completion (follow-up). Main Outcome Measures: Maintenance of behavior change was defined as
a significant between-groups difference at postintervention and at follow-up, for one or more physical
activity and/or dietary outcome. Results: Maintenance outcomes were reported in 35% of the 157
intervention trials initially considered for review. Of the 29 trials that met all inclusion criteria, 21 (72%)
achieved maintenance. Characteristics common to trials achieving maintenance included those related to
sample characteristics (targeting women), study methods (higher attrition and pretrial behavioral screen-
ing), and intervention characteristics (longer duration [>24 weeks], face-to-face contact, use of more
intervention strategies [>6], and use of follow-up prompts). Conclusions: Maintenance of physical
activity and dietary behavior change is not often reported; when it is, it is often achieved. To advance the
evidence, the field needs consensus on reporting of maintenance outcomes, controlled evaluations of

intervention strategies to promote maintenance, and more detailed reporting of interventions.
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Engaging in regular, moderate-intensity physical activity and
following a healthy diet are important for the promotion of phys-
ical and mental well-being (Australian Institute of Health & Wel-
fare, 2008; U. S. Department of Health & Human Services, 2000)
and the prevention and management of many chronic diseases
(Chobanian et al., 2003; Eyre, Kahn, & Robertson, 2004; Sigal,
Kenny, Wasserman, Castaneda-Sceppa, & White, 2006). There is
a large research base on interventions targeting physical activity
and/or dietary behavior change among adults, utilizing a variety of
intervention delivery modalities (i.e., individual and group coun-
seling, telephone counseling, tailored print, website-delivered in-
terventions), and intervention settings (i.e., workplace, commu-
nity, health care services). Findings support the efficacy of
selected interventions in producing moderate, short-term improve-
ments in physical activity and/or diet (Ammerman, Lindquist,
Lohr, & Hersey, 2002; Eakin, Lawler, Vandelanotte, & Owen,
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2007; Goldstein, Whitlock, & DePue, 2004; Kahn et al., 2002;
Neville, O’Hara, & Milat, 2009a, 2009b; U.S. Preventive Services
Taskforce, 1996). However, few intervention trials include evalu-
ations of the maintenance of behavior change—defined here as a
follow-up evaluation of a behavioral outcome occurring at least 3
months postintervention contact. Given the importance of mainte-
nance of outcomes to informing translation of evidence-based
health behavior interventions into practice (Glasgow, Goldstein,
Ockene, & Pronk, 2004; Owen, Glanz, Sallis, & Kelder, 2006), a
critical review of the extant literature is needed (Glasgow, Lich-
tenstein, & Marcus, 2003; Ory, Jordan, & Bazzarre, 2002).

In 2000, Health Psychology published a supplementary issue on
maintenance of health behavior change, with reviews on interventions
targeting physical activity (Marcus et al., 2000), diet (Kumanyika et
al., 2000), smoking (Ockene et al., 2000), and weight loss (Jeftery et
al., 2000). The purpose of that supplement was to generate recom-
mendations for the next generation of research into maintenance of
behavior change (Orleans, 2000). Marcus and colleagues reviewed
the literature on maintenance of physical activity behavior change
following intervention (Marcus et al., 2000). They concluded that a
comprehensive review was not possible, due to the paucity of reports
of maintenance of behavior change and the inconsistency in physical
activity measurement across trials. Marcus and colleagues also high-
lighted the lack of reporting of specific maintenance strategies in
interventions. Similarly, Kumanyika and colleagues reviewed the
literature on maintenance of dietary change following intervention
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(Kumanyika et al., 2000) and concluded that while there was some
evidence that dietary behavior change could be maintained, the gen-
eralizability of the outcomes of dietary trials was poor. A review of
the literature on multiple health behavior interventions was not in-
cluded in the supplement, because of the small number of such trials
at the time.

Since 2000, there have been multiple reviews examining long-
term maintenance of outcomes in weight-loss interventions
(Brown et al., 2009; Curioni & Lourenco, 2005; Franz et al., 2007)
and smoking cessation interventions (Hajek, Stead, West, Jarvis, &
Lancaster, 2009; Lancaster, Hajek, Stead, West, & Jarvis, 2006; Le
Foll, Aubin, & Lagrue, 2002). However, while it appears that there
has been an increase in the reporting of physical activity and/or
dietary maintenance outcomes in intervention literature, there have
been no subsequent reviews.

In the current review, maintenance of behavior change was
defined as sustaining a statistically significant behavior change
achieved by the end of an intervention, for at least 3 months
thereafter. Three questions were addressed:

1. How frequently do physical activity and dietary intervention
trials report on maintenance of behavior change?

2. How frequently do interventions achieve maintenance of
behavior change?

3. What sample, methodological, or intervention characteristics are
common among trials achieving maintenance of behavior change?

Methods

Search Strategy

Two structured searches of PubMed, Web of Science, Medline
and PsycInfo were conducted for articles published between Jan-
uary 2000 and August, 2009. One search included the search terms
(physical activity OR exercise) and the other included (diet OR
nutrition). In both searches the following terms were also included:
(intervention OR program) AND (follow-up OR maintenance) AND
(behavior change OR behaviour change). The PubMed and Web of

Science searches were limited to adults and the Medline and PsycInfo
searches included (NOT child* OR adolesce*) as search terms. All
terms were searched for in the title, abstract, or keywords. All
searches were limited to English language publications.

Study Inclusion Criteria

Studies included in this review were those that: evaluated a
physical activity and/or dietary behavior change intervention at a
minimum of three time points (i.e., preintervention, postinterven-
tion, and at least 3 months after completion of the intervention);
reported on physical activity and/or dietary intake/behaviour out-
comes at each time point (theoretical constructs [e.g., motivational
readiness, intention] were not accepted as direct measures of
behavior); randomized participants to a control or comparison
group; reported on between-groups statistical differences at end-
of-intervention and follow-up (or provided group descriptive sta-
tistics allowing this to be computed); and, targeted adults. Studies
were included in the review if they targeted other health behaviors
(e.g., smoking cessation) as well as physical activity or diet, but
these other behavioral outcomes were not considered in the review.
Studies were included that targeted behavior change across the
prevention spectrum (i.e., primary prevention trials to secondary
prevention trials focusing on chronic disease self-management or
weight loss) provided that behavioral outcomes were reported. If
multiple postintervention follow-up assessments were reported,
then the longest follow-up (i.e., longest duration from the end of
intervention) was used for the purpose of this review.

Data Extraction

All abstracts from the database search were independently assessed
by two authors (B.F., M.N.) based on the inclusion criteria previously
listed, and discrepancies were verified by a third author (E.E.). The
data shown in Figure 1 were extracted from each eligible trial, with a
focus on sample, methodologic, and intervention characteristics and
intervention outcomes. All variables related to physical activity and

Category Details

Study type first author, year of publication, country, primary prevention (PP) or secondary
prevention (SP)

Sample sample size at time of randomization, description of participants, mean age, gender

characteristic distribution

Intervention intervention duration, frequency and mode of intervention delivery, number and type

characteristic

of behavior change strategies, extent of post-intervention contact, other targeted

study design, length of follow-up, comparison group contact type and frequency,

behavioral measurement tools, method of accounting for missing data at follow-up,
adjustment for baseline values in analyses or acknowledgement of differences
between study groups at baseline, retention rate of randomized participants at end-
of-intervention and follow-up, description of randomization process, pre-trial

study group means (standard deviations) or medians (confidence intervals), reported

behaviors
Study methods

screening based on behavioral criteria
Intervention
outcomes

Figure 1.

statistical significance of between-group differences (p values)

Details extracted from each eligible trial.
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/or dietary outcomes were reviewed, excluding theoretical constructs
(e.g., readiness, intentions), aerobic fitness, and micronutrient intake
(e.g., folate, sodium). If between-groups significance was not reported
for each behavioral outcome at each assessment point, it was calcu-
lated using an online ¢ test calculator (www.graphpad.com/
quickcalcs) when sufficient descriptive statistics by study group were
available. This calculation was necessary for at least one behavioral
outcome in six studies (Study No. 19, 20, 21, 23, 28, 29 as listed in
Table 1).

Methodological Quality

A methodological quality score (0-5), derived from the
CONSORT statement for randomized controlled trials (Moher,
Schulz, & Altman, 2001), was calculated. One point was awarded
for each criterion met, which included the following: 1) adequate
description of the randomization process; 2) either an objective or
validated subjective behavioral measurement tool; 3) adjustment
for baseline behavior in statistical analyses or no difference be-
tween study groups at baseline reported; 4) retention of at least
70% of randomized participants at the follow-up assessment; and,
5) whether missing data at follow-up were handled adequately for
examining maintenance of behavior change (i.e., having less than
10% of data missing at follow-up or reporting that data were
missing at random, otherwise missing data at follow-up were
imputed by carrying forward baseline values).

Table 1
Summary of Studies Included in Review (n = 29)

Intervention Strategies

Using the taxonomy developed by Abraham and Michie (Abra-
ham & Michie, 2008), two authors (B.F., M.N.) independently
coded behavior change strategies described in each intervention
(see Appendix A in supplementary materials for listing of 26
strategies). Disagreements in coding classifications were discussed
between the two authors and were clarified against the article’s
description of the strategy. Trials were categorized based on the
number of behavioral strategies employed (i.e., >6 or =6, dichot-
omized based on median number of strategies reported across
trials). Three strategies of particular relevance to maintenance
were: relapse prevention (following initial behavior change, iden-
tification of situations likely to result in failure to maintain new
behavior and plan to avoid or manage these situations); follow-up
prompts (contact that occurs following the end of the main part of
the intervention, either before or after the postintervention assess-
ment, that has been reported specifically as reinforcing previous
intervention content rather than delivering additional material);
and, self-monitoring (participant-held written record of a specified
behavior). Relapse prevention and follow-up prompts were con-
sidered to directly influence maintenance because they are admin-
istered after an initial behavior change or after the initial interven-
tion period. Self-monitoring has been associated with long-term
maintenance of weight loss (Wing & Phelan, 2005) and in a recent
meta-analysis, was the only strategy associated with increased

No. First author, year Country n Brief sample description Duration of intervention  Length of follow-up
Physical activity interventions
1 Basler, 2007 Germany 170 older adults with chronic back pain 5 weeks 6 months
2 Bock, 2001 USA 150 healthy inactive adults 6 months 6 months
3 Connell, 2009 USA 157  women caring for spouse with dementia 6 months 6 months
4 DeVet, 2009 Netherlands 709  healthy adults 1 day or 3 months 6 months
5 Hughes, 2006 USA 215  older adults with osteoarthritis 8 weeks 10 months
6 Jimmy, 2005 Switzerland 161  healthy inactive adults 7 weeks 12 months
7 Kirk, 2004 Scotland 70  healthy inactive adults 6 months 6 months
8 Marshall, 2003 Australia 462  healthy adults 1 day 4 months
9 Moore, 2006 USA 250  outpatients with recent cardiac event 11 weeks 10 months
10 Nour, 2007 Canada 113 older adults 6 weeks 8 months
11 Pinto, 2008 USA 86 women treated for breast cancer 12 weeks 6 months
12 Rejeski, 2009 USA 106 older adults 12 months 2 yrs
13 Rogers, 2009 Canada 41 inactive women with breast cancer 12 weeks 3 months
14 Vallance, 2008 Canada 377 breast cancer survivors 3 months 6 months
15 van der Ploeg, 2006 Netherlands 1202 rehabilitation patients 8 weeks 43 weeks
Diet interventions
16 Elder, 2006 USA 357 American Latino women 12 weeks 12 months
17 Elder, 2000 USA 732 Latino adult students 1-2 weeks 3 months
18 Fries, 2005 USA 754 healthy adults 4 weeks 12 months
19 Prochaska, 2005 USA 5407  primary care patients 12 months 12 months
20 Prochaska, 2004 USA 2460  parents of 9th grade students 12 months 12 months
21 Sallit, 2009 USA 216 weight-concerned female smokers 12 weeks 9 months
22 Stevens, 2003 USA 616 women with high cholesterol 6-9 weeks 12 months
Physical activity and diet interventions
23 Burke, 2003 Australia 137 healthy adult couples 4 months 4 months
24 Clark, 2004 UK 100 patients with Type 2 diabetes 12 weeks 12 weeks
25 Greaney, 2008 USA 880 older adults 12 months 12 months
26 Lindsay, 2009 UK 108  adults with coronary heart disease 6 months 6 months
27 Sternfeld, 2009 USA 787  adult workplace employees 16 weeks 16 weeks
28 Thoolen, 2009 Netherlands 197  patients with Type 2 diabetes 3 months 3 months
29 von Gruenigen, 2008  USA 45  overweight endometrial cancer survivors 6 months 6 months
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effect sizes in physical activity and diet interventions (Michie et
al., 2009). The correlation of the coding of the total number of
strategies employed in each study between the two authors was
high (Spearman’s correlation = 0.96). The percent agreement and
Cohen’s kappa for agreement between the two authors for coding
each strategy is shown in Appendix A. For the three strategies that
were of particular interest in this review, the percent agreement
between authors’ coding was 97% (self-monitoring), 86% (use of
follow-up prompt), and 100% (relapse prevention).

Defining Maintenance of Behavior Change

A physical activity, dietary or combined intervention trial was
considered to demonstrate maintenance of behavior change if a
statistically significant between-groups difference in favor of the
intervention group was reported at end-of-intervention and at
follow-up for at least one behavioral outcome. The rationale for
this lenient definition is threefold. First, most diet and combined
intervention trials, and some physical activity intervention trials,
report on multiple behavioral outcomes (e.g., fiber, fat, fruit,
vegetables) and/or on multiple aspects of the same behavior (e.g.,
physical activity minutes/week, percent meeting physical activity
guidelines) and/or across multiple measures of the same behavior
(e.g., objective and subjective), often without specifying which is
the primary outcome. Second, statistical power differs across anal-
yses for various outcomes, making change more difficult to detect
for some (i.e., categorical vs. continuous outcomes). Third, in
intervention trials with multiple target behaviors, maintenance of
improvement for even a single behavior is beneficial and warrants
the intervention being judged as at least partially successful
(Prochaska, Velicer, Nigg, & Prochaska, 2008). The rationale for
not applying a threshold-based, behavior-specific maintenance cri-
terion (e.g., a maintained change of at least 30 min of moderate
intensity physical activity or one serving of fruit and vegetables)
was based on the heterogeneity of behavioral outcomes and mea-
surement tools across trials and the infrequent reporting of mag-
nitude of behavior change between end-of-intervention and
follow-up.

To assess “completeness” of maintenance, each trial was also
categorized using a more conservative definition where all behav-
ioral outcomes were required to show statistically significant
between-groups differences in favor of the intervention group at
end-of-intervention and at follow-up. For the combined physical
activity and diet interventions this criterion required all behavioral
outcomes for both behaviors to meet the maintenance definition.

Data Analysis

We established how frequently maintenance was achieved, us-
ing both the lenient and conservative maintenance definitions. Due
to the small number of studies, and the infrequent occurrence of
some characteristics, we did not perform statistical comparisons.
To examine how commonly specific sample, methodologic, and
intervention characteristics occurred among trials that achieved
maintenance, we report characteristics as more or less common
among studies, if the differences met a threshold of =10%. Con-
tinuous characteristics (e.g., intervention duration, length of
follow-up) are reported as being higher or lower for studies achiev-
ing maintenance if the difference in means (normally distributed

data) or medians (non-normally distributed data) was =10%. We
also examined frequency of achievement of maintenance among
trials based on dichotomized continuous characteristics (> or =
median). Sample, methodologic or intervention characteristics of
low frequency (i.e., <5 studies with the characteristic) were not
reported because of the bias in interpretation based on proportions
resulting from small groupings of studies (including objective
measures of behavioral outcomes [3/29]; missing data imputation
method [3/29]).

Results

Search Outcomes

The search of the four databases resulted in 349 unique publi-
cations being assessed for eligibility. Of these publications, 319
were excluded (see Figure 2). Twenty-nine trials were included in
the review and are summarized in Table 1 (full details of included
trials are available as online supplementary material). Included
trials evaluated interventions targeting physical activity only (n =
15), diet only (n = 7), or both physical activity and diet (n = 7).
The length of postintervention follow-up differed for physical
activity only interventions (median 6 months, range 3—24 months),
diet only interventions (median 12 months, range 3—12 months),
and combined interventions (median 8 months, range 3-12
months). There were three studies that included more than one
postintervention follow-up at least 3 months after intervention
completion (Study No. 16, 18, 21). In these three studies use of the
behavioral outcomes for the shorter follow-up assessment resulted
in the same interpretation as the longer follow-up outcomes, thus
as previously stated, the longest follow-up was used.

Research Question 1: How Frequently Did Trials
Report on Maintenance of Behavior Change?

To answer this question, we examined the 157 publications that
directly reported on behavioral outcomes of a physical activity
and/or diet intervention (see Figure 2). Of these 157 trials, 55
(35%) included a postintervention follow-up of 3 months or lon-
ger. When the additional criterion of including a comparison group
was considered, this proportion dropped to 18% (29/157).

Research Question 2: How Frequently Did
Interventions Achieve Maintenance of Behavior
Change?

Of the 29 trials that met all inclusion criteria, 26 (90%) reported
significant positive, between-groups differences at the end-of-
intervention for at least one behavioral outcome, and 21 (72%) also
reported significant between-groups differences at follow-up for at
least one outcome, thus meeting the lenient definition (mainte-
nance in one or more behavioral outcomes; Figure 3). Eleven of
the 29 trials (38%) met the conservative definition (maintenance
on all outcomes). Of note, an additional two trials (Study No. 11,
13) reported significant between-groups behavior change at
follow-up, in the absence of significant between-groups end-of-
intervention effects (based on the lenient definition).

For physical activity intervention trials, 12 of the 15 trials
reported significant between-groups differences at end-of-
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Figure 2. Reasons for exclusion of publications resulting from database search (n = 349).

intervention in at least one behavioral outcome, nine of these trials
maintained significant between-groups differences at follow-up,
and four achieved this for all physical activity variables reported
(see Figure 3). For the dietary intervention trials, all seven reported
significant between-groups differences at end-of-intervention in
one or more outcome, six maintained significant between-groups
differences at follow-up, and five achieved this for all dietary
outcomes (see Figure 3). All seven studies intervening on both
physical activity and diet reported significant between-groups ef-
fects at end-of-intervention for at least one physical activity or
dietary outcome, and six maintained significant between-groups
differences in at least one physical activity or dietary outcome at
follow-up (see Figure 3). Of the six trials that maintained behavior
change at follow-up in at least one outcome, only two maintained
change at follow-up for all behavioral outcomes measured (i.e., all
physical activity and dietary outcomes).

Research Question 3: What Sample, Methodological or
Intervention Characteristics Were Common in
Interventions Achieving Maintenance of Behavior
Change?

Sample characteristics. The proportion of trials meeting the
lenient maintenance definition did not differ between trials target-
ing healthy participants (primary prevention) and those targeting
at-risk or diagnosed participants (secondary prevention; Table 2),
nor between trials that did and did not target older adults. Studies
that only targeted women were less likely to achieve maintenance,
but importantly, seven of these eight studies targeted women with
chronic conditions.

Methodology characteristics. The mean length of postinter-
vention follow-up was 9 months (SD 4.5) among trials that met the
lenient maintenance definition and seven months (SD 3.4) among

29 eligible trials

/w

r\

15 physical activity interventions 7 diet interventions 7 combined interventions
l \ 4 \ 4
9 met lenient definition 6 met lenient definition 6 met lenient definition

Studies: 2,5,7,9,10,11,12,13,15 Studies: 17,18,19,20,21,22 Studies: 23,24,25,27,28,29

4 met conservative definition

Studies: 5,7,12,13

Figure 3.  Number of trials in each category meeting the
the corresponding study numbers (listed in Table 1).

lenient and conservative maintenance definitions, and
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Table 2

Sample, Methodology, and Intervention Characteristics of Trials Achieving Maintenance of

Behavior Change (Based on Lenient Definition)

Achieved maintenance

n n (%)
Sample characteristics
Targeted healthy participants (primary prevention focus)
yes 14 10 (71)
no 15 11 (73)
Targeted older adults
yes 5 4 (80)
no 24 17 (71)
Targeted women only
yes 8 5(63)
no 21 16 (76)
Methodology characteristics
Length of post-intervention follow-up = 12 months
yes 8 6 (75)
no 21 15 (71)
Retained at least 70% of randomized participants at follow-up
yes 21 13 (62)
no 8 8 (100)
Adequate handling of missing data at follow-up
yes 16 12 (75)
no 13 9 (69)
Pre-trial screening based on behavioral criteria
yes 11 9 (82)
no 18 12 (67)
More than assessment contact with control group participants
yes 16 11 (69)
no 13 10 (77)
Intervention characteristics
Intervention duration > 24 weeks
yes 10 8 (80)
no 19 13 (68)
Ratio of intervention contact frequency: intervention duration (wks) >1
yes 11 8(73)
no 18 13 (72)
Intervention delivery includes face-to-face contact
yes 18 15 (83)
no 11 6 (55)
More than six intervention strategies employed
yes 15 13 (87)
no 14 8(57)
Intervention strategies included relapse prevention
yes 5 4 (80)
no 24 17 (71)
Intervention strategies included follow-up prompts
yes 8 7 (88)
no 21 14 (66)
Intervention strategies included self-monitoring
yes 10 7 (70)
no 19 14 (74)

trials that did not. Achievement of maintenance was similarly com-
mon among trials that did and did not have a postintervention
follow-up of 12 months or more, and those that did and did not handle
missing data adequately (see Table 2). The median methodological
quality scores were the same across trials that did and did not meet the
maintenance definition (median 4, range 2-5). Trials with adequate
retention rates (>70%) less commonly achieved maintenance than
those with lower retention rates. Studies that used pretrial screening to
exclude potential participants who met behavioral targets more com-

monly achieved maintenance than those that did not. Achievement of
maintenance was similarly common among trials that did and did not
include comparison groups that received brief intervention (e.g., ad-
vice only, standard print materials).

Intervention characteristics.  Trials that met the lenient def-
inition of maintenance had a mean intervention duration of 21
weeks (SD 17), whereas trials that did not were on average shorter
(mean 12 weeks, SD 8). Interventions that lasted more than 24
weeks were more likely to achieve maintenance than those that did
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not (see Table 2). Trials achieving maintenance had a higher
number of intervention contacts (mean 13, SD 16), than trials not
achieving maintenance (mean 7, SD 9). Given the likelihood of
correlation between intervention duration and number of contacts,
a ratio of contacts to duration was calculated; there was no differ-
ence in the proportions achieving maintenance between trials with
higher ratios of intervention contact and those with lower ratios of
contact (see Table 2). Trials achieving maintenance more com-
monly included face-to-face contact during the intervention than
those that did not include any face-to-face contact.

The median number of behavior change strategies employed
was 6.0 (range 4-14) among interventions meeting the mainte-
nance definition and 4.5 (range 1-12) among those not meeting the
definition. Interventions that employed more than six intervention
strategies were more successful at achieving maintenance than
those that did not (Table 2). The proportion of trials achieving
maintenance was higher among trials that employed follow-up
prompts as an intervention strategy compared to those that did not.
However, achievement of maintenance was similarly common
among trials that did and did not include self-monitoring or relapse
prevention as intervention strategies. The most common strategies
employed among trials that met the maintenance definition were
providing instruction on how to achieve behavior change (17/21,
81%); prompting intention formation (15/21, 71%); prompting
barrier identification (15/21, 71%); and providing opportunity for
social comparison (14/21, 67%).

Categorization of the sample, methodologic, and intervention
characteristics within trials meeting the conservative definition of
maintenance was not possible due to the smaller number of trials
meeting the conservative definition (11/29).

Discussion

Approximately one third of physical activity and/or dietary inter-
vention trials published since 2000 reported on maintenance of be-
havioral outcomes (at least 3 months subsequent to the completion of
the intervention), and this proportion fell to less than one fifth, when
only randomized controlled trials were considered. Of the trials that
met our inclusion criteria, less than one third included a follow-up
assessment of 12 months or longer. Thus, the issue of maintenance of
behavior change following interventions is not receiving the attention
it should, and not in the context of rigorous experimental designs. This
finding is of particular note given that the sampling frame used in this
review was limited to trials including the keywords “follow-up” or
“maintenance,” and the required follow-up period (3 months or lon-
ger) was relatively short, which would have positively inflated the
findings. The lack of published findings on maintenance of behavior
change may be due to a lack of research attention, or to a publication
bias toward successful interventions, which has been previously sug-
gested for physical activity and dietary interventions published be-
tween 1990 and 2008 (Michie et al., 2009). Another potential expla-
nation for the lack of published results of maintenance of behavior
change is that the available funding for intervention research often
does not allow sufficient resources or time to conduct extended
postintervention follow-up assessments.

This was a complex review, with no precedent or consensus on
how to define maintenance of behavior change. Thus, we exam-
ined and reported on two definitions of behavioral maintenance,
one that was purposefully lenient and the other, more conservative.

Among the trials that reported on maintenance, nearly three-
quarters achieved the lenient definition (one or more outcomes) for
maintenance and 38% met the more conservative definition (all out-
comes). Therefore, the studies reviewed provide some evidence for
the ability to achieve maintenance of behavior change in the context
of diet, physical activity, and combined interventions. However, using
a more conservative definition suggests that there remains much to be
done to better understand how to promote maintenance of multiple
health behaviors, and whether different intervention approaches for
diet versus physical activity might be required.

Dietary behavior interventions achieved maintenance more of-
ten than physical activity interventions, regardless of which main-
tenance definition was applied. This finding is supported by pre-
vious literature reviews of intervention outcomes (Eakin et al.,
2007; Goldstein et al., 2004; Kroeze, Werkman, & Brug, 2006). A
high proportion of combined interventions also achieved behav-
ioral maintenance, although this was not the case when the con-
servative definition was used (noting the challenge of achieving
maintenance on all dietary and physical activity outcomes re-
ported). Findings from previous interventions targeting physical
activity and diet suggest that dietary behaviors may be more
amenable to change than physical activity behaviors (Eakin et al.,
2009; Emmons et al., 2005). A number of potential explanations
have been offered for the greater maintenance seen for diet than
physical activity, including: differences in how well powered the
studies were for each outcome, due to differences in responsive-
ness of the measures; contextual differences in behaviors; and,
consistency of intervention approaches between the behaviors.
These will be important to explore in future research.

The ability to achieve maintenance did not seem to be impacted
by sample characteristics such as health status or age, but was
related to gender. Maintenance was less likely to be achieved in
studies targeting women, however, the majority of these studies
targeted women with chronic conditions, suggesting a possible
interaction between gender and health status. Maintenance was
also affected by a number of methodological and intervention
characteristics. Lower participant retention (<70%) was common
among trials achieving maintenance, which is likely due to in-
creased attrition among intervention participants who do not attain
their behavioral goals, thus inflating maintenance outcomes. A
related issue is the manner in which missing follow-up data are
handled. While this review found that there was no difference in
achieving maintenance between trials that adequately and inade-
quately dealt with missing data, only half of the studies reported on
methods for dealing with missing data at follow-up, with only a
few imputing values for missing data (carrying forward either the
last known value or baseline value). The imputation of missing
data is a relevant methodological consideration for this review, as
an assumption of no change from an end-of-intervention assess-
ment can inappropriately inflate the maintenance effect, while an
assumption of no change from baseline may underestimate the
effect. As noted in a recent review of published RCTs of health
care interventions (Toerien et al., 2009), it is important that authors
report on the amount of missing data at all follow-up assessments
and the methods employed to adequately deal with missing data.

Pretrial screening based on behavioral criteria, which occurred in
approximately half of all trials reviewed, was common among trials
achieving maintenance. In addition to directing intervention to those
most in need, pretrial behavioral screening may also result in a sample
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with more potential to achieve and maintain behavior change by
reducing ceiling effects. However, in the health behavior intervention
literature, mixed findings have been reported on the effects of pretrial
behavioral screening on intervention outcomes (De Cocker, De Bour-
deaudhuij, Brown, & Cardon, 2009; Delahanty, Conroy, & Nathan,
2006; Steptoe, Rink, & Kerry, 2000; Wilcox et al., 2009) and its
effects require further empirical investigation.

Interventions were more likely to achieve maintenance if they:
were conducted over a longer period (>24 weeks); included some
face-to-face contact; used multiple intervention strategies (>6);
and included follow-up prompts (i.e., brief contacts that occurred
after the main part of the intervention to reinforce previous inter-
vention content). The total number of intervention contacts was
related to maintenance, but consideration of the number of contacts
as a ratio of the duration of intervention attenuated the finding,
which highlights the importance of prolonged intervention contact
rather than high frequency contact. Previous reviews have found
some of these factors to be related to initial physical activity and
dietary behavior change, in particular, longer duration intervention
contact (Eakin et al., 2007; Neville et al., 2009a, 2009b; Vandela-
notte, Spathonis, Eakin, & Owen, 2007). Two recent meta-
analyses of health behavior interventions, both employing the
taxonomy of strategies used in this review, offer mixed support for
the importance of employing more intervention strategies, with
one reporting similar results (Webb, Joseph, Yardley, & Michie)
and the other not (Michie et al., 2009), however, neither meta-
analysis was specific to postintervention maintenance outcomes.
The more extensive body of findings on maintenance of weight
loss and smoking cessation also suggests that longer duration
interventions that incorporate some face-to-face contact are more
successful at producing sustained effects (Jeffery et al., 2000;
Lombard, Deeks, & Teede, 2009; Ockene et al., 2000).

A key finding of this review is the importance of follow-up
prompts to achieving maintenance. This suggests that brief con-
tact, beyond the end of the main part of the intervention, may be
necessary to promote maintenance of behavior change. While there
is limited experimental evidence to draw upon, this finding is
consistent with the more recent trend toward multiyear interven-
tions that include brief follow-up contacts in subsequent years,
which have been implemented in a number of large-scale health
behavior intervention trials (Diabetes Prevention Program Re-
search, 2002; Ryan et al., 2003). Research is needed to establish
whether follow-up prompts after cessation of an intensive inter-
vention may provide an effective and cost-effective alternative to
longer interventions in achieving maintenance of behavior change.
Surprisingly, our review did not support self-monitoring as an
intervention strategy to promote maintenance of behavior change.
This finding is unlike what has been reported in the weight loss
maintenance literature (Butryn, Phelan, Hill, & Wing, 2007; Wing
& Phelan, 2005), and more recently, by Michie and colleagues
who found improved effect sizes in physical activity and diet
interventions that employed self-monitoring (Michie et al., 2009).

Overall there is limited evidence to suggest which intervention
strategies support maintenance and whether these differ to those
known to support behavioral initiation (Nigg, Borelli, Maddock, &
Dishman, 2008; Rothman, 2000; Rothman, Sheeran, & Wood,
2009). Rothman and colleagues (2009) propose a theoretical anal-
ysis of how the determinants of initiation of dietary behavior
change (attitudes, social norms, self-efficacy, behavioral primes)

should differ from the determinants of maintenance of dietary
change (satisfaction with behavior change, habits), but cite only
modest experimental evidence to support this proposed distinction.
They also suggest that it is necessary to explore the impact of these
distinct behavioral determinants on initiation and maintenance
separately for physical activity and dietary behaviors (Rothman et
al., 2009), a suggestion which is supported by the differential
findings for dietary versus physical activity interventions in our
review. Evidence from intervention trials that have evaluated fac-
tors related to behavioral initiation and maintenance within the
same study suggests that the determinants of physical activity
(Boutelle, Jeffery, & French, 2004; Sallis, Hovell, & Hofstetter,
1992; Williams et al., 2008) and dietary behaviors (Tinker et al.,
2007; Urban, White, Anderson, Curry, & Kristal, 1992) are dif-
ferent for initiation and maintenance of behavior change. For
example, physical activity initiation was predicted by different
determinants (e.g., home access to physical activity equipment)
than those related to maintenance of physical activity change (e.g.,
self efficacy, perceived satisfaction; (Williams et al., 2008). Sim-
ilarly, initial dietary behavior change was predicted by different
determinants (e.g., attendance at intervention sessions), than those
associated with maintenance of dietary behavior change (e.g.,
lower cost and burden associated with diet, development of dis-
taste of fat; (Urban et al., 1992).

In general, there was minimal description of intervention con-
tent reported in the studies in this review. Reporting on interven-
tion content has been improved through the wide adoption of the
CONSORT (Moher et al., 2001) and TREND statements (Des
Jarlais, Lyles, & Crepaz, 2004). In addition, Davidson and col-
leagues specified a checklist of features to be reported for behav-
ioral interventions, including intervention content (Davidson et al.,
2003). However, based on the findings of the current review, this
level of detailed reporting is still not common among physical
activity and dietary behavior change intervention trials, making it
difficult to systematically evaluate the impact of intervention strat-
egies on maintenance of behavior change. This problem needs to
be addressed collaboratively by both those reporting on the results
of intervention trials and by the peer-review bodies, and journal
editing boards that assess intervention articles.

Limitations

Compliance with either maintenance definition may have still
allowed for a decrease in behavior between end-of-intervention
and follow-up, assuming there was still a between-groups differ-
ence in favor of the intervention group. While this is a limitation,
it was the only way to consistently apply a definition across the
heterogeneous behavioral outcomes reported in trials. Our inclu-
sion criteria may have excluded interventions evaluated in
community-based settings, such as trials that were ongoing and
therefore lacked a maintenance period without intervention contact
(e.g., Ryan et al., 2003) or trials that lacked a comparison group
(e.g., Giacomantonio & Firth, 2007; Gould & Anderson, 2000).
Exclusion of effectiveness trials in systematic reviews has been
raised previously (Glasgow et al., 2003; Green, 2008) and has
implications for informing dissemination of public health interven-
tions. We were not able to systematically assess intervention
fidelity in the trials reviewed, therefore it cannot be assumed that
reporting more intervention strategies equates to higher quality
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intervention implementation. In the context of this review, it was
not possible to determine if the characteristics examined were
independently related to meeting the maintenance criteria or
whether they were dependent on interactions with other factors.
Finally, due to the sampling frame of this review, it was not
possible to examine whether factors related to maintenance of
behavior change differed from those associated with initiation.

Recommendations

Since the publication of the health behavior maintenance supple-
ment in Health Psychology in 2000, the field has made progress in
improving our conceptual understanding of maintenance of physical
activity and dietary behavior change and how it can be achieved in the
context of interventions. Based on the findings of this review, the
following recommendations for future research are offered:

1) Intervention trials should include evaluation of maintenance
of behavioral outcomes following the end of intervention (opti-
mally 12 months or longer).

2) Studies are needed that experimentally evaluate intervention
strategies targeting maintenance of behavior change (see Calfas et
al., 2000; Glasgow, Toobert, Hampson, & Strycker, 2002, as
examples), and that also examine differences in determinants of
behavior change initiation and maintenance.

3) Evaluation of interventions of longer duration (>24 weeks) is
required, with consideration of the use of follow-up prompts,
which could be implemented via mediated delivery modalities
(i.e., telephone, Internet, text messaging) to maintain long-term
contact with participants while reducing burden and increasing
cost-effectiveness (Eakin et al., 2007; Fjeldsoe, Marshall, &
Miller, 2009; Vandelanotte et al., 2007).

4) More detailed reporting of intervention content is needed
(based on the checklist developed by Davidson et al., 2003), and
should employ the standardized vocabulary offered for behavior
change techniques (Abraham & Michie, 2008).

5) More detailed reporting of maintenance outcomes is needed,
with respect to the magnitude of between-groups differences at
follow-up (often only p values were reported); and, the direction and
magnitude of change between end-of-intervention and follow-up (see
Eakin, Reeves, Winkler, Lawler, & Owen, 2010, as example).

6) Methods for handling missing data should be reported, with
attention to the potential impact of imputing missing data on
maintenance outcomes.

7) Finally, peer-review bodies that critique manuscript submis-
sions and funding applications should consider the critical impor-
tance of follow-up assessments in research designs and publica-
tions, regardless of the favorability of the initial behavior change
outcomes that are reported.
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