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Adequate physical activity is linked with im-
portant health outcomes, including reductions
in cardiovascular disease,1 type 2 diabetes,2,3

some cancers,4,5 falls,6 osteoporotic fractures,7

and depression,8 and improvements in physical
function,9–11 weight management,12–15 cognitive
function,16,17 and quality of life.18 Despite this
compelling evidence for the benefits of physical
activity, healthy adults commonly get an inade-
quate amount of physical activity.19

Extensive primary research has tested in-
terventions to increase physical activity. Al-
though many meta-analyses have addressed
health outcomes of physical activity, few have
examined physical activity behavior outcomes.
The seminal 1996 meta-analysis of interven-
tions to increase physical activity behavior
reported a moderate effect size across 127
studies of healthy and chronically ill adults and
children.20 Their moderator analyses docu-
mented larger effect sizes when interventions
used behavior modification, had face-to-face de-
livery versus mediated delivery (e.g., telephone),
focused on healthy people, measured active
leisure versus structured exercise, measured low-
intensity activity, encouraged unsupervised
physical activity versus supervised physical ac-
tivity, targeted participants of diverse ages, and
targeted groups versus individuals.

A recent comprehensive meta-analysis of
work site programs for healthy adults docu-
mented a d effect size (standardized mean
difference) of 0.21 but did not conduct mod-
erator analyses to determine the intervention
characteristics linked with the largest physical
activity increases.21 Other meta-analyses have
integrated across chronically ill adults22 or fo-
cused on small, specific interventions or popula-
tions, such as primary care–based referrals to
physical activity programs,23 older adults,24

computer-based interventions,25 or environ-
mental interventions.26 Many meta-analyses
have been plagued by small samples that hinder
moderator analyses.27,28 For example, only 19
studies were included in the most recent

Cochrane review that aggregated randomized,
controlled trials with follow-up data gathered
at least 6 months after interventions to in-
crease physical activity among sedentary
adults.27

Because of the importance of physical
activity and the proliferation of studies
testing interventions to increase physical ac-
tivity, we sought to move this area of science
forward by conducting a comprehensive
meta-analysis to estimate the overall effect
of interventions and, more importantly, to
conduct moderator analyses to identify inter-
vention characteristics associated with the
best outcomes. We addressed 2 questions: (1)
What overall effects do interventions designed
to increase physical activity have on physical
activity behavior after completion of inter-
ventions? (2) Do interventions’ effects on
physical activity behavior vary depending
on intervention, methodology, or sample
characteristics?

METHODS

We used multiple comprehensive search
strategies to avoid the bias resulting from
narrow searches.29,30 An expert reference li-
brarian conducted searches in 13 databases (e.g.,
MEDLINE, Dissertation Abstracts, SCOPUS). We
examined the National Institutes of Health
Computer Retrieval of Information on Scientific
Projects for potential studies, and we searched
36 research registers,31 using broad search terms
to ensure comprehensive searches. We did
ancestry searches for review articles and eligible
studies. We also conducted computerized data-
base searches for senior authors and principal
investigators of all eligible studies. Our staff
hand-searched 82 journals from 1960 through
2007.31This extensive searching yielded 54642
papers to consider for inclusion.

We included English-language reports of
interventions to increase physical activity
among healthy adults. Physical activity was
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defined as any bodily movement that increased
energy expenditure beyond basal levels. Di-
verse physical activity behavior change inter-
ventions were eligible (e.g., education sessions,
supervised exercise practice sessions) if physi-
cal activity was measured separately from the
intervention. To reduce biases, we included
both published and unpublished studies.32,33

We also included small-sample and pre-experi-
mental studies.

Data Extraction

We developed a coding frame on the basis of
related meta-analyses, review articles, and ex-
tensive examination of primary studies.34 The
coding frame captured studies’ results as well
as characteristics of the source, participants,
method, and intervention. Participant character-
istics coded included age, gender, overweight
status, previous exercise, and minority status.
Methodological features coded were method of
assigning participants, attrition, physical activity
measure, and interval between intervention and
physical activity assessment.

We coded a total of 74 intervention char-
acteristics in the following categories: inter-
vention social context (individual, group), social
structure target (individual, community), theo-
retical framework for intervention (social
cognitive theory, transtheoretical model [other
theories were reported too infrequently for
analyses]), behavioral target (physical activity
only vs physical activity plus other health be-
haviors), recommended physical activity (form,
intensity, duration/session, frequency/week),
and exercise session characteristics among
studies with supervised physical activity (form,
intensity, duration/session, frequency/week,
total number of sessions). We also recorded
specific intervention content of the following
types: access enhancement, barriers manage-
ment, competition, contracting, consequences
or rewards, cues or stimulus control, decision-
making, education about the health benefits
of physical activity, exercise prescription,
feedback, goal setting, modeling, monitoring
physical activity behavior by research staff,
motivational interviewing, problem solving, re-
lapse prevention education, and self-monitoring.

The presence of individually tailored inter-
ventions—those with specific content matched
to individual participants’ attributes, such as
items identified as personal barriers to physical

activity—was coded. Interventions that used
a train-the-trainer approach (i.e., teaching
physical activity behavior change interven-
tions to local community members or health
care providers so they could deliver the in-
terventions to individuals) were noted. We
coded special intervention targets including
entire communities, worksites, and ambulatory
health care settings, and we coded the mode of
delivery (e.g., face-to-face, mass media, medi-
ated by telephone, mail, e-mail). Thirty studies
were pilot-coded.

We coded data at a microlevel to enhance
validity.35 To enhance reliability, 2 extensively
trained coders independently extracted all data
from each report. All data were compared
between coders to achieve 100% agreement. A
third coder verified effect-size data. Discrep-
ancies were resolved by consulting the lead
author or another member of the research team.
We extracted data on 564 pairwise comparisons
from 358 reports.

Data Analysis

We calculated 4 types of effect-size com-
parisons.36 Treatment versus control postinter-
vention effect sizes refer to treatment group
results compared with control group results after
interventions. Treatment versus control pre–post
effect sizes were calculated as a comparison
between treatment group pre–post effect size
and control group pre–post effect size. Treat-
ment pre–post effect sizes are within-group effect
sizes calculated for studies that provided treat-
ment group baseline and outcome data. Control
pre–post comparisons are the same but for
control participants. A standardized mean dif-
ference (d ) effect size was calculated for each
primary study comparison. Positive d reflects
more favorable scores for the treatment group
or at posttest. The 4 types of comparisons were
analyzed separately.

Main analyses of treatment versus control
data. Treatment versus control postinterven-
tion effect sizes were calculated as the treat-
ment posttest mean minus the control group
posttest mean, divided by the pooled posttest
standard deviation. A second 2-group effect
size—treatment versus control pre–post effect
size—was generated to address possible treat-
ment changes from time-related effects in
addition to the intervention effect (e.g., matu-
ration, testing, regression). These effect sizes

were calculated as treatment group pre–post
effect size minus control group pre–post effect
size, where each pre–post effect size was
computed as posttest mean minus pretest
mean, divided by pretest standard deviation.
Effect sizes were adjusted for bias.37 Larger
samples were given more influence in the anal-
ysis by weighting each effect size by the inverse
of its sampling variance (i.e., precision). Homo-
geneity was assessed using a conventional het-
erogeneity statistic (Q) and I2, an index of
between-studies heterogeneity relative to within-
study sampling error used to assess the impact of
consistency (or inconsistency) among trials on
meta-analytic results.

Studies with 2 or more treatment groups
compared with a single group were included in
the meta-analysis by accounting for the de-
pendence caused by the shared control group.
To accomplish this, we used a 2-stage approach
wherein each study’s dependent effect sizes
were combined into a single independent effect
size38 and then submitted to standard univariate
random-effects analysis. Estimates of mean
physical activity effect sizes were converted to
the original metrics of ambulatory steps per day
and minutes per week. To detect possible pub-
lication bias, we used multiple statistical pro-
cedures, because all strategies have limita-
tions.39–43 Outliers were detected statistically,
omitting each effect size 1 at a time and checking
for large externally standardized residuals or
substantially reduced measures of heterogeneity.

The estimated effect sizes we report here
were based on the random-effects model, with
the between-studies variance component, r2

d ,
estimated by weighted method of moments
unless otherwise designated. The random-ef-
fects model assumes that individual effect sizes
vary as a result of both participant-level sam-
pling error and sources of study-level error.44

The random-effects model is appropriate when
study implementation is heterogeneous. Inclu-
sion criteria variations, intervention differences,
dose variations, and study execution differences
contribute to heterogeneity.45–47 We expect
heterogeneity in behavior change research, and
we used 4 strategies to manage it. First, we
present findings of the random-effects model,
which assumes heterogeneity. Second, we report
both a location parameter and a variability
parameter. Third, we explored potential study-
level moderators to understand sources of
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heterogeneity. Fourth, we interpreted findings in
light of heterogeneity. These strategies were
important because they helped us interpret the
extent to which heterogeneity affects meta-anal-
ysis conclusions.45

Analyses of alternative designs. Treatment
group pre–post comparisons included studies
designed as single-group projects, those with
multiple treatment groups and no control
group, and studies designed as treatment ver-
sus control comparisons that also provided
preintervention data, making treatment pre–
post comparisons possible. We calculated con-
trol pre–post comparisons from baseline and
outcome control group scores. Each single-
group effect size was calculated as the post-
intervention minus preintervention mean di-
vided by the baseline standard deviation. We
solicited correlations between preintervention
and postintervention scores from primary
study authors to calculate sampling variances.

Adjustment for bias, sample size weighting,
detection of outliers, random-effects models,
estimation of publication bias, and assessment
of heterogeneity as described earlier in the
Methods section were applied to these single-
group effect sizes. Findings from single-group
comparisons are presented as ancillary evi-
dence to the more internally valid 2-group
comparisons. Within-group control participant
findings are presented as empirical evidence
to address the common concern that control
participants may experience some benefit from
participation in study procedures.

Moderator analyses. We conducted explor-
atory moderator analyses with treatment ver-
sus control postintervention comparisons. We
used a mixed-effects meta-analytic analog of
regression for moderator analyses. This com-
parison incorporates between-studies hetero-
geneity into the estimate and test of the
moderator’s relationship with mean effect size.
For continuous moderators this comparison
estimated and tested the (unstandardized) re-
gression slope, b. For dichotomous moderators,
a special case of regression estimated and
tested the difference between 2 mean effect
sizes. The moderator’s effect was tested with
a heterogeneity statistic, either for the model
(Qmodel) or between groups (Qbetween).

These moderator analyses should be inter-
preted as hypothesis generating, because of the
lack of consistent previous findings to form

a firm basis for hypothesis testing. Moderator
pairs were analyzed to address a given mod-
erator’s robustness and generalizability in the
presence of other moderators by determining
how much its effect changed when each other
moderator was controlled and how much it
interacted with each other moderator. Robust-
ness was summarized as excellent, good, mixed,
mediocre, or poor, on the basis of the extent
of agreement in rankings of interaction signif-
icance, interaction size, and size of change in
main effect.

RESULTS

We calculated effect sizes from about 99011
participants’ data. Treatment versus control
postintervention analyses comprised 74852
participants (206 comparisons). Treatment
pre–post comparisons used data from 43701
participants (498 comparisons). Study charac-
teristics are described in Table 1. The median
of the mean age was 44 years. Median sample
size was 72 participants (range=5–17579).
Women were well represented, with a median
of 74% women, but the median for minority
participants was only 14% among studies
that reported such data. Interventions ranged
from a single motivational education session
to extensive supervised exercise sessions
occurring over many weeks. The median
duration of supervised exercise was 45 min-
utes. The median number of sessions was
27 supervised exercise encounters. Motiva-
tional interventions’ median duration was
60 minutes, delivered in a median of 5
sessions.

Effect of Interventions

Table 2 shows the effects of interventions on
physical activity behavior outcomes. We found
a mean effect size (d ) estimate of 0.19 for
treatment versus control postintervention
comparisons and for treatment versus control
pre–post comparisons. A mean effect size (d ) of
0.33 was documented for treatment pre–post
comparisons. These effect sizes indicate that,
on average, interventions did increase overall
physical activity after completion of the in-
tervention. In contrast, control participants did
not experience increased physical activity by
participating in studies, as evidenced by a mean
effect size of 0.00 (d ).

Findings from heterogeneity analyses (Q and
I 2) suggest substantial variation in true effect
size among studies. The 2-group comparison
mean effect size of 0.19 is consistent with a
mean difference of 14.7 minutes per week of
physical activity or 496 steps per day between
the treatment and control groups. If we assume
true effect sizes are normally distributed with
a mean of 0.19 and a standard deviation of 0.17
(Table 2), then the middle 95% of true effect
sizes falls between –0.14 and 0.53. Expressing
this interval in an original metric gives (–11.0–
40.3) minutes per week or (–371–1363) steps
per day. Thus, for instance, a randomly selected
study’s true mean difference for treatment
participants could plausibly range from 11
minutes per week less to about 40 minutes per
week more. Evidence suggested possible pub-
lication bias among studies reporting effect
sizes for treatment versus control postinter-
vention, treatment versus control pre–post,
and treatment pre–post. No publication bias
was apparent for studies reporting effect sizes
for control pre–post.

Moderator Analyses

Tables 3 and 4 present the results of
dichotomous and continuous moderator
analyses of treatment versus control postinter-
vention effect sizes. Tabled results from the
analyses of multiple–degrees of freedom cate-
gorical moderators and moderator pairs are
available from V.S.C. Analyses with fewer
studies providing information on a characteristic
(smaller k) should be interpreted more cau-
tiously than analyses with more comparisons
(larger k). Moderator analyses should be con-
sidered exploratory.

Report, sample, and methodological moderators.
Neither publication nor funding status was
related to physical activity effect sizes (QB in
Table 3). Studies published more recently had
larger mean effect sizes (Qmodel in Table 4). The
dichotomous moderator analyses suggested
that studies of participants who exercised prior
to the intervention reported lower effect size
(0.14) than did studies of sedentary participants
(0.27), but these findings were not robust in
joint moderator analyses. Effect sizes were
unrelated to sample characteristics (e.g., age),
random versus nonrandom assignment, or
method of measuring physical activity. The
attrition difference between treatment and
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control participants was related to effect size in
both the individual moderator analyses and the
joint moderator analyses. Specifically, studies that
had smaller treatment-group attrition rates than
control-group attrition rates reported larger effect
sizes. The number of days between intervention
and outcome measurement was unrelated to
effect size in the continuous moderator analyses
(Table 4) and in the joint moderator analyses.

Intervention moderators. When considered
individually,13 of the dichotomous moderators

tested were associated with differences in
physical activity outcomes (Table 3). Studies
that did not use social cognitive theory re-
ported significantly larger effect size (0.20)
than did studies that used social cognitive
theory (0.12). Studies without the transtheo-
retical model reported larger effect size (0.21)
than did studies with the model (0.15). These
findings that showed better outcomes among
studies without social cognitive theory or the
transtheoretical model were robust in the

joint moderator analyses. A comparison of
effect size between studies using the 2 models
did not reveal a statistically significant differ-
ence. Multiple–degree of freedom analyses
documented the largest effect size for studies
using neither model (0.23). This pattern of
findings suggested that social cognitive theory
was more detrimental to effect-size values than
was the transtheoretical model.

Although the dichotomous moderator anal-
yses suggested that studies including exercise
prescription reported larger effect sizes for
physical activity (0.30) than did studies without
prescription (0.17), these findings were not
robust. The presence of supervised exercise
in the intervention was associated with better
physical activity outcomes (0.29 vs 0.17) in
dichotomous moderator analyses, but this
finding was not supported in joint analyses. The
joint moderator analyses revealed mixed sup-
port for the finding that studies in which
research staff modeled exercise behavior were
associated with larger effect sizes (0.38) than
were studies without modeling (0.17).

The joint analyses supported the finding that
interventions that included a train-the-trainer
approach were less effective (0.09) than were
interventions with research staff providing in-
terventions directly to participants (0.21). The
finding that standardized interventions (0.20)
were more effective than individually tailored
interventions (0.04) received mixed support in
the joint moderator analyses. The dichotomous
moderator finding that interventions that in-
cluded relapse-prevention strategies (0.34)

TABLE 1—Characteristics of Primary Studies Included in Meta-Analyses: Interventions

to Increase Physical Activity, 358 Reports (N=99011)

Characteristics

No. of Comparisons

With Data on

Characteristic Minimum

First

Quartile Median

Third

Quartile Maximum

Mean age, y 164 18 40 44 52 88

Sample size 358 5 33 72 207 17 579

Attrition from comparison group, % 82 0 5 12 22 77

Attrition from treatment group, % 153 0 6 16 29 73

Attrition from total sample,a % 85 0 5 13 22 62

Female, % 207 0 56 74 100 100

Racial/ethnic minority, % 88 0 7 14 90 100

Supervised exercise per session, min 25 18 30 45 60 60

No. of supervised exercise sessions 28 6 16 27 48 156

Education/motivation per session, min 60 3 24 60 69 120

No. of educational/motivational sessions 165 1 1 5 12 59

No. of wks intervention was delivered 205 0 1 10 26 313

Note. Table presents data from all primary studies that contributed at least 1 effect size for any type of comparison. We
aggregated independent samples within studies by summing sample sizes and using weighted mean of other characteristics
(weighted by sample size).
aIncludes only studies with both treatment and comparison samples.

TABLE 2—Random-Effects Behavior Outcome Estimates and Tests: Meta-Analysis of Interventions to Increase Physical

Activity, 358 Reports (N=99011)

Type of Effect Size No. of Comparisons l̂d P (l̂d ) SE (l̂d ) ld 95% CI r̂d Q P (Q) I2

Treatment vs control postintervention comparisona 206 0.19 < .001 0.019 (0.15, 0.23) 0.17 554.4 < .001 0.67

Treatment vs control pre–post comparisonb 146 0.19 < .001 0.021 (0.15, 0.23) 0.15 299.7 < .001 0.52

Treatment pre–post comparison 498 0.33 < .001 0.014 (0.30, 0.35) 0.26 2945.3 < .001 0.83

Control pre–post comparison 115 0.00 .792 0.017 (-0.04, 0.03) 0.12 281.2 < .001 0.59

Note. CI = confidence interval; I2 = quantification of impact of heterogeneity; l̂d = estimated mean effect size; r2
d = between-studies variance component; Q = heterogeneity statistic. Under

homogeneity (H0: di =d) Q is distributed as c2 with df = k–1, where k is the number of (possibly dependent) observed effect sizes; this also tests H0: r2
d = 0. Treatment vs control postintervention

comparison refers to treatment posttest mean minus control posttest mean. Treatment versus control pre–post comparison refers to treatment group pre–post effect size minus control group pre–
post effect size. Treatment pre–post comparison effect sizes refers to treatment group posttest mean minus baseline mean. Control pre–post comparison effect size refers to control group posttest
mean minus baseline mean. Potential outliers were excluded on the basis of standardized random-effects residuals for treatment vs control postintervention (14 [6% of comparisons]), treatment vs
control pre–post (7 [5% of comparisons]), treatment pre–post (43 [8% of comparisons]), and control pre–post (13 [10% of comparisons]).
aAccommodating multiple-treatment dependence attributable to 23, 6, and 1 multiple-treatment pairs, triplets, and quadruplets, respectively.
bIgnoring dependence attributable to 18 and 3 multiple-treatment pairs and triplets, respectively.
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TABLE 3—Dichotomous Mixed-Effects Moderator Analyses of Treatment Versus Control Postintervention Comparisons:

Meta-Analysis of Interventions to Increase Physical Activity (n=74852)

Moderator k0 k1 l̂d0
l̂d1

SEdif QB r̂d
a I2 Robustness

Source characteristics . . .

Publication status 25 179 0.17 0.19 0.068 0.1 0.17 0.64 . . .

Funding 77 129 0.21 0.17 0.038 1.1 0.17 0.63 . . .

Participant characteristics . . .

Previous exercisers 88 118 0.27 0.14 0.036 13.3y 0.16 0.60 Poor

Mostly overweight 22 58 0.21 0.18 0.062 0.2 0.15 0.51 . . .

Research method characteristics . . .

Random assignment 85 121 0.16 0.21 0.036 1.9 0.17 0.63 . . .

Objective vs self-reported physical activity measure 44 162 0.23 0.18 0.050 1.1 0.17 0.63 . . .

Episodic vs overall physical activity measureb 15 81 0.08 0.18 0.059 2.5 0.13 0.46 . . .

Postintervention lag before measure 15 104 0.39 0.18 0.083 6.3** 0.14 0.45 Poor

Intervention characteristics . . .

Social cognitive theory 169 37 0.20 0.12 0.045 3.5* 0.17 0.63 Excellent

Transtheoretical model 146 60 0.21 0.15 0.038 2.8* 0.17 0.64 Good

Social cognitive theory vs transtheoretical model 41 18 0.14 0.08 0.065 0.9 0.14 0.54 Poor

Access enhancement 193 13 0.19 0.10 0.070 1.6 0.17 0.64 . . .

Barriers management 157 49 0.19 0.16 0.042 0.7 0.17 0.64 . . .

Competitions or contests 198 8 0.18 0.24 0.089 0.5 0.17 0.63 . . .

Contracting 197 9 0.19 0.08 0.082 1.7 0.17 0.64 . . .

Consequences 165 41 0.18 0.20 0.046 0.2 0.17 0.63 . . .

Decision-making 195 11 0.19 0.15 0.080 0.2 0.17 0.64 . . .

Exercise prescription 176 30 0.17 0.30 0.053 6.2** 0.17 0.63 Poor

Feedback 165 41 0.19 0.18 0.043 0.0 0.17 0.63 . . .

Fitness testing 199 7 0.18 0.30 0.106 1.3 0.17 0.63 . . .

Goal setting 151 55 0.17 0.21 0.039 1.2 0.16 0.61 . . .

Health education 144 62 0.19 0.17 0.039 0.6 0.17 0.63 . . .

Mass media 195 11 0.19 0.08 0.058 3.8* 0.16 0.58 Good

Modeling 185 21 0.17 0.38 0.064 11.4y 0.16 0.59 Mixed

Monitoring 170 36 0.17 0.24 0.049 1.9 0.17 0.63 . . .

Motivational interviewing 197 9 0.18 0.20 0.084 0.0 0.17 0.63 . . .

Problem solving 184 22 0.18 0.20 0.057 0.1 0.17 0.63 . . .

Relapse prevention 190 16 0.17 0.34 0.066 6.4** 0.17 0.62 Poor

Self-monitoring 137 69 0.18 0.20 0.039 0.3 0.17 0.64 . . .

Stimulus control 191 15 0.19 0.14 0.067 0.6 0.17 0.64 . . .

Supervised exercise 172 34 0.17 0.29 0.055 4.8** 0.17 0.62 Poor

Standardized vs individually tailored 196 10 0.20 0.04 0.071 4.6** 0.17 0.63 Mixed

Targeted 174 32 0.19 0.17 0.046 0.1 0.17 0.64 . . .

Train-the-trainer approach 173 33 0.21 0.09 0.045 6.9*** 0.17 0.63 Good

Any behavioral intervention 65 141 0.18 0.19 0.038 0.1 0.17 0.62 Excellent

Behavioral interventions only 151 55 0.17 0.25 0.043 4.0** 0.17 0.63 Mixed

Behavioral only vs behavioral with cognitive 86 55 0.16 0.25 0.045 4.3** 0.16 0.53 . . .

Any cognitive intervention 100 106 0.22 0.16 0.036 2.5 0.17 0.63 . . .

Cognitive interventions only 186 20 0.19 0.17 0.059 0.1 0.17 0.64 . . .

Cognitive only vs cognitive with behavioral 86 20 0.15 0.17 0.057 0.0 0.15 0.53 Mixed

Multiple behaviors vs physical activity as only target 115 87 0.20 0.17 0.037 1.0 0.17 0.63 . . .

Individual vs group social context 84 122 0.21 0.17 0.037 1.7 0.17 0.62 . . .

Continued
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were more effective than were interventions
that did not (0.17) was not confirmed in the
joint analyses.

The dichotomous moderator analyses and
the joint moderator analyses confirmed that
interventions that targeted entire communities
(0.09) were less effective than were interven-
tions aimed at individuals (0.19). The finding
that studies with mass-media approaches (0.08)
were less effective than were studies using
other strategies to increase physical activity
(0.19) was confirmed in the joint analyses.
Interventions with mediated delivery of inter-
ventions (e.g., mail, phone) had smaller effect
sizes (0.15) than did interventions that were
delivered face-to-face (0.29) in the single-variable
analysis. The joint moderator analyses did not
confirm the better effect size for face-to-face
interventions. Worksite–based and primary
care–based interventions (0.21, 0.16) did not
report different effect sizes compared with
interventions without these characteristics
(0.18, 0.19).

We grouped interventions into approaches
that were either behavioral (e.g., goal setting,
contracting, self-monitoring, cues, rewards) or
cognitive (e.g., decision making, health educa-
tion, providing information). Interventions that
exclusively used behavioral strategies (0.25)
were more effective than were other interven-
tions (0.17). Multiple–degree of freedom anal-
yses confirmed that the largest effect sizes were
for interventions that focused entirely on be-
havioral interventions. The joint moderator
analyses confirmed that the superiority of
behavioral approaches was a robust finding.

Interventions often recommended the form,
intensity, or duration that physical activity was
to take following the interventions. None of
these recommendations were significantly
linked with effect sizes for physical activity.
Neither the number of intervention strategies
nor the total minutes of intervention content
(including total minutes of supervised physical
activity) was associated with physical activity
outcomes.

DISCUSSION

This comprehensive meta-analysis found
a moderate mean effect size (d=0.19) across
diverse studies designed to increase physical
activity among healthy adults. Moderator
analyses identified several robust and moder-
ately robust effect-size moderators associated
with larger physical activity effect size: behav-
ioral interventions (vs cognitive interventions
that targeted knowledge, attitudes, or beliefs),
interventions delivered directly to individuals
(vs mass-media interventions and interventions
targeting entire communities), interventions
delivered by project staff (vs train-the-trainer
models), physical activity behavior being mod-
eled by research staff, standardized interven-
tions (vs individually tailored interventions),
and absence of interventions based on social
cognitive theory or the transtheoretical model.

The effect size from these studies of healthy
adults is smaller than are the effect size re-
ported for chronically ill adults22 (d=0.45) and
the effect size reported for chronically ill and
healthy adults and children (d=0.72).20 These

results are similar to the effect size reported for
older adults (d=0.26),24 in which interventions
targeting specific disease-patient populations eli-
cited larger physical activity behavior changes
than did interventions not targeting such groups.
The presence of chronic illness may cause pa-
tients to be more responsive to interventions.
Our effect size is smaller than that reported by
Dishman and Buckworth,20 which could have
resulted from our greatly expanded search
strategies locating more obscure studies with
smaller effect sizes.

The magnitude of physical activity behavior
change was modest. The achieved steps per
day did not meet public health goals of 10000
steps per day.48,49 It is unclear whether entirely
sedentary people gain incremental health bene-
fits when they add even small amounts of
physical activity. Future intervention research
should report outcomes in terms of understand-
able amounts of physical activity increases such
as steps per day or minutes per week.

The moderator analysis finding that behav-
ioral strategies were superior to cognitive
strategies is consistent with meta-analytic find-
ings for chronically ill adults22 and older
adults.24 Behavioral strategies include goal set-
ting, self-monitoring, physical activity behavior
feedback, consequences, exercise prescription,
and cues. Health care providers and public
health programs often emphasize physical activ-
ity’s health benefits, but we found that health
education did not increase effect size. Perhaps
the public already is convinced of physical
activity’s health benefits, such that programs
using behavioral strategies to change physical

TABLE 3—Continued

Targeting individuals vs communities 194 12 0.19 0.09 0.057 3.2* 0.16 0.58 Good

Mediated delivery (e.g., telephone) 71 135 0.29 0.15 0.041 11.7y 0.16 0.61 Poor

Work site program 157 49 0.18 0.21 0.043 0.8 0.17 0.63 . . .

Linked to primary care 173 33 0.19 0.16 0.048 0.3 0.17 0.64 . . .

Recommend specific physical activity 121 85 0.18 0.20 0.037 0.4 0.17 0.63 . . .

Recommend walking for physical activity 148 38 0.17 0.23 0.048 1.2 0.18 0.66 . . .

Recommend physical activity intensity 15 49 0.22 0.18 0.076 0.2 0.17 0.61 . . .

Note. I2 = quantification of impact of heterogeneity; k0 = number of effect-size estimates with the moderator variable absent; k1 = number of effect-size estimates with the moderator variable present;
l̂d0

= mean effect size for studies without intervention component; l̂d1
= mean effect size for studies with intervention component present; QB = between-groups heterogeneity statistic (distributed

as c2 on df = 1 under H0: ld0
=ld1

); r2
d = residual between-studies variance component. Analysis reported if k0 ‡ 3 and k1 ‡ 3. Robustness assessed in joint moderator analyses. Ellipses indicate

that no analyses were available for these rows.
aFor all tabled moderators a test of H0: r2

d = 0 yielded P < .001.
bExcludes comparisons on the basis of fitness measures (‡ 6 months after supervised physical activity treated as physical activity behavior outcome).
*P < .10; **P < .05; ***P < .01; yP < .001, for QB.
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activity behavior may be most effective. Future
research comparing behavioral interventions to
cognitive interventions in large randomized
controlled trials would help confirm these
findings. Further primary research comparing
specific types of behavioral interventions (e.g.,
contracting, self-monitoring, cues, rewards)
could identify the most effective behavioral
intervention components. Public health
workers designing interventions should em-
phasize behavioral strategies over cognitive
approaches.

The pattern of findings across the ap-
proaches of mediated delivery (e.g., delivered
via e-mail or telephone), mass media (e.g.,
delivered via television or newspaper), social
structure target (individual vs community),
and train the trainer (i.e., teaching physical

activity behavior change interventions to local
community members or health care providers
so they can deliver the interventions to others)
suggests that delivering interventions to individ-
uals face to face is the most effective approach.
This finding’s importance extends beyond trends
found in previous meta-analyses that did not
achieve statistical significance.22,24 Audience
attention to the message may be higher in in-
dividually delivered face-to-face interventions,
making the message seem more important to
recipients. Moreover, behavioral interventions
may be easier to deliver in individual face-to-face
encounters.

This meta-analysis was limited by the studies
retrieved and the information available in
study reports. Primary study quality varied
widely. Many quality aspects, such as treatment

fidelity and allocation concealment, were poorly
reported and could not be examined in mod-
erator analyses. Our finding of publication bias
suggests that studies with negative or low effect
sizes remain inaccessible. Meta-analyses are
unable to assess publication bias favoring
studies with particular characteristics. The
comprehensive nature of this meta-analysis
and the resulting heterogeneity among studies
then, are both strengths and limitations. The
overall effect size should be interpreted in light
of discovered heterogeneity; that is, not all
interventions are equally effective. The results
of the moderator analyses should be used to
interpret findings, and these effect-size com-
parisons may be more important than the
overall effect size. The findings of the moderator
analyses should be interpreted in the context
of associations among moderators, substantial
residual between-studies heterogeneity, and
lack of hypotheses from the literature.

Our comprehensive meta-analysis found
that physical activity interventions produced
moderate, statistically significant increases in
physical activity behavior and that behavioral
interventions appeared to be more effective
than were cognitive interventions. These find-
ings suggest that interventions to increase
physical activity should emphasize behavioral
components such as self-monitoring, stimuli to
increase physical activity, rewards, behavioral
goal setting, and modeling physical activity
behavior in standardized interventions deliv-
ered to individuals. Future research should
explore which components of behavioral in-
terventions are most effective. j
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TABLE 4—Linear and Cubic Mixed-Effects Moderator Analyses of Treatment Versus Control

Postintervention Comparisons: Meta-Analysis of Interventions to Increase Physical Activity

(n=74852)

Linear Qmodel r̂d

Moderator k M SD b I2 L C L C

Publication year (minus 1960) 206 39.41 6.26 –0.008 0.63 9.9*** 10.8** 0.17 0.17

Participant characteristics

Mean sample age, y 136 47.31 10.55 0.002 0.48 1.2 3.0 0.15 0.15

Female, % 163 0.60 0.25 0.027 0.57 0.2 1.4 0.16 0.16

Racial/ethnic minority, % 52 0.25 0.31 0.030 0.58 0.1 1.2 0.18 0.18

Education, y, mean 13 12.89 1.49 0.117 0.54 2.5 3.3 0.25 0.30

Attrition, control, % 130 0.17 0.15 0.138 0.47 1.0 2.9 0.14 0.14

Attrition, treatment, % 131 0.18 0.14 –0.131 0.46 0.9 1.2 0.13 0.14

Attrition, all, % 126 0.17 0.14 0.041 0.47 0.1 1.6 0.14 0.14

Difference in % attrition 126 0.00 0.09 –0.583 0.46 6.6*** 8.9** 0.14 0.14

Log odds ratio of attrition 96 0.01 0.72 –0.071 0.49 4.5** 6.2 0.14 0.14

Log10 days since intervention 104 2.09 0.61 –0.016 0.44 0.1 4.6 0.14 0.14

Intervention characteristics

No. behavioral strategies 206 1.04 1.34 0.012 0.62 0.8 3.1 0.17 0.17

No. cognitive strategies 206 0.70 0.93 –0.004 0.63 0.0 4.6 0.17 0.17

No. strategies 206 3.17 3.07 0.005 0.63 0.8 1.9 0.17 0.17

Log10 recommend min/wk 46 2.18 0.13 –0.183 0.60 0.4 1.3 0.19 0.20

Log10 recommend supervised

physical activity

27 3.25 0.51 0.133 0.54 0.7 2.0 0.28 0.28

Log10 recommend motivate/educate 50 1.97 0.72 –0.002 0.57 0.0 4.3 0.18 0.19

Log10 recommend total minutes 59 2.01 0.76 0.043 0.55 0.8 4.7 0.19 0.19

Note. C = cubic; I2 = quantification of degree of heterogeneity; k = number of (possibly dependent) effect size estimates;
L = linear, M = weighted mean; Qmodel = attributable to all polynomial terms of moderator (x) in linear (b1x) or cubic (b1x +
b2x2 + b3x3) model, distributed as c2 on df = m under H0: b = 0, where b is b1,or [b1 b2 b3]T, respectively, for linear or cubic
model. Polynomial models with degree m = 1 or 3: Each moderator’s weighted mean and SD were computed from all available
cases. Publication year variable modified by subtracting 1960 from the actual year of publication. Moderator centered at the
weighted mean. Analysis reported if k ‡ m + 5.
**P < .05; ***P < .01, for Qmodel.
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