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ABSTRACT

Objectives: This review applied meta-analytic procedures
to integrate primary research findings that test interventions to
increase activity among aging adults. Methods: We performed
extensive literature searching strategies and located published
and unpublished intervention studies that measured the activity
behavior of at least five participants with a mean age of 60 years
or greater. Primary study results were coded, and meta-analytic
procedures were conducted. Results: The overall effect size,
weighted by sample size, was d,, = .26 = .05. Effect sizes were
larger when interventions targeted only activity behavior, ex-
cluded general health education, incorporated self-monitoring,
used center-based exercise, recommended moderate intensity
activity, were delivered in groups, used intense contact between
interventionists and participants, and targeted patient popula-
tions. Effect sizes were larger for studies that measured exercise
duration and studies with a time interval of less than 90 days be-
tween intervention and behavior measurement. Conclusions:
These findings suggest that group-delivered interventions
should encourage moderate activity, incorporate self-monitor-
ing, target only activity, and encourage center-based activity.
Findings also suggest that patient populations may be espe-
cially receptive to activity interventions. Primary research test-
ing interventions in randomized trials to confirm causal rela-
tionships would be constructive.

(Ann Behav Med 2002, 24(3):190-200)

INTRODUCTION

Physical activity levels among older adults remain low de-
spite the documented health benefits of activity (1-6). Healthy
People 2010 objectives call for a dramatic increase in the num-
ber of elderly people who engage in physical activity. Lack of
activity may be explainable in part by limitations in profession-
als’ and researchers’ understandings about what constitutes an
effective activity promotion intervention (7). Recently, research
addressing this issue has expanded and with that expansion co-
mes the need to synthesize and integrate the research findings.
This quantitative synthesis was designed to meet that need.

Previous narrative reviews of studies testing interventions
to increase aging adults’ activity have identified unresearched
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topics but generally have provided little synthesis of findings
(8,9). In addition, no quantitative reviews have been conducted
that have focused on older adults. Dishman and Buckworth re-
ported a meta-analysis of interventions to increase physical ac-
tivity among adults of all ages (7). They reported larger effect
sizes in preexperimental or quasiexperimental designs and when
interventions (a) used behavior modification principles, (b) used
mediated delivery, (c) were delivered in group and community,
(d) encouraged unsupervised active leisure physical activity, (e)
sampled nonpatient populations, (f) measured low-intensity ac-
tivity, and (g) used observational activity measures. Effect sizes
were unrelated to the number of weeks of intervention. Only 3
of the 43 studies focusing on aging adults in this meta-analysis
were included in Dishman and Buckworth’s meta-analysis of
youth and adults of all ages (7).

Several questions remain regarding the effectiveness of in-
terventions to increase activity among aging adults. This syn-
thesis furthers understanding of interventions to increase phys-
ical activity among aging adults by examining the following
questions:

1. What is the overall effect of interventions on physical

activity behavior?

Does the effect of interventions vary depending on the

type of intervention?

3. Does the effect of interventions vary depending on
participant attributes?

4. Does the effect of interventions vary depending on
study design characteristics?
METHODS
Sample

Inclusion criteria. The presence of an explicit intervention
to increase physical activity behavior was required for inclusion.
Intervention was defined as a planned and systematically ap-
plied set of actions, delivered at a specified site and time, de-
signed to elicit physical activity behavior change among persons
exposed to the intervention (10). The experimental group was
considered the participants who received the most intensive in-
tervention, and the control group received usual care or some
form of attention. If a single study contained two intervention
groups and no control group, then each group was coded as a
one-group pretest posttest design study. For example, Bocks-
nick tested interventions in two experimental groups. One group
received written exercise change motivational materials and
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performed weekly self-monitoring and the other group received
exercise counseling in addition to the motivational materials and
self-monitoring intervention components (11). This manage-
ment of studies with two treatment groups and no control groups
was necessary because no studies replicated comparisons be-
tween treatment groups.

Studies with adequate reported information for extraction
of effect sizes were included if they met the following criteria:

Mean age of participants was 60 years or greater.

. The study contained a minimum of 5 participants.

3. Data were reported during the years 1960 through
1999.

4. The study examined overall physical activity (total
amount of body movement) or episodic exercise be-
havior (structured repetitive large muscle movement)
as an outcome variable.

5. The research report was in English.

DN =

We included small sample studies because it is important to
summarize the broad scope of studies that have been conducted.
Often these studies have inadequate statistical power to detect
treatment effects. Our analysis plan weighted studies such that
those with larger samples had proportionally more impact on
overall effect size calculations. We included both published and
unpublished studies in our analysis for two reasons (12). First,
including unpublished studies allowed us to include a richer va-
riety of interventions for increasing activity among the elderly.
Second, because the single biggest difference between pub-
lished and unpublished research is the statistical significance of
the results, meta-analyses that only include published studies
are likely to overestimate the magnitude of the true population
effect (13).

Because withholding treatment may pose ethical problems
in studies with patient populations, studies without control
groups were included if they contained the predata and postdata
needed to extract an effect size (14). When multiple research re-
ports described results at different intervals following the inter-
vention, the report using the longest duration of follow-up was
included in the review (15). The most distal data collection point
was selected because enduring behavior will be more likely to
meet public health goals.

Research reports limited to flexibility or muscle strengthen-
ing exercise were excluded (16). Studies with persons institu-
tionalized for mental health problems were excluded (17). Other
studies were excluded when it was not clear whether the inter-
vention of providing exercise classes was included in the mea-
sure of the dependent variable or the measure of physical activ-
ity was participation in an intervention designed to have positive
health benefits (18-20). Studies using health or fitness as the
only outcome measures were excluded because these indirect
measures are influenced by factors besides behavior.

Literature search strategies. Multiple search strategies
were employed to enlarge the scope of studies retrieved beyond
those identified in previous reviews and thus limit the bias intro-
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duced by narrow searches (21). Computerized search strategies
are presented in Table 1. Previous review articles on physical ac-
tivity interventions for other populations and potential primary
study bibliographies were examined (8,9,22,23). Computerized
searches were conducted on all authors of retrieved studies
meeting the inclusion criteria. Finally, senior authors were con-
tacted by e-mail to solicit additional research reports.

Procedure and Analysis

A coding frame was developed to assess four categories:
source characteristics, participant characteristics, experimental
characteristics, and primary study results. Source characteris-
tics included publication vehicle (e.g., journal article or disser-
tation) and year of publication. Participant characteristics in-
cluded age, gender, and health criteria used for inclusion in the
primary study (e.g., arthritis). Experimental characteristics
were coded that describe both the study design (e.g., random-
ization) and the intervention.

Three design features that are particularly important in this
area of research were coded. The time interval between inter-
vention completion and outcome variable measurement is an
important methodological difference because exercise behavior
decays rapidly during the first 6 months after initiating an exer-
cise program. A second important feature was the presence or
absence of random assignment in studies with treatment and
comparison groups. Several studies used comparison groups
that were assigned by geography or other nonrandom means.
Some studies examined only single treatment groups without
any comparison groups. These important design features were
coded to enable us to examine the impact of these features on ef-
fect sizes and to control for effects in analysis of other potential
moderating variables. Outcome measure features were coded as
well. These included activity duration per session, frequency of
exercise sessions per week, and activity intensity. Some com-
posite measures assessed multiple dimensions.

An explicit description of each intervention component was
developed, piloted, revised, and implemented to categorize inter-
vention elements. Interventions could include motivational con-
tent, supervised center-based exercise, or both. The motivational
intervention components are briefly summarized in Table 2. Cog-
nitive and behavior modification categories were coded when-
ever the research report specifically used these phrases or when
components typically associated with these behavior change
strategies were reported. We analyzed the data and examined both
these two broad categories and each specific behavior change
strategy. General health education was coded whenever reports
described their intervention in these terms or when the authors
noted that they taught health benefits of exercise. Other aspects of
the trials were coded, such as whether the researchers recom-
mended identical forms or intensities of exercise to all members
of the treatment group. Some studies specifically recommended
that participants walk as exercise. Aspects of the interventions
that were independent of the nature of the content were also
coded. Interventions were coded as being delivered to groups if
the predominant contact between the interventionist and partici-
pants was in a multiple participant setting, for either supervised
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TABLE 1
Computerized Search Strategies

Source

Dates

Search

Strategy First Concept

Second Concept

Dissertation Abstracts

National Library of
Medicine MEDLINE

Cumulative Index to
Nursing & Allied Health
(CINAHL)

PsycINFO

American Association of
Retired Persons’ Ageline

SPORT Discus

1966-1999

1966-1999

1982-1999

1967-1999

1978-1999

1970-1999

Title, abstract, heading word Exercise or physical activity

Exercise or exertion or
exercise therapy or
physical education and
training or physical fitness
or walking

Title, abstract, mesh
heading, registry word

Exercise or exertion or
exercise therapy or
physical education and
training or physical fitness
or walking

Title, CINAHL subject
heading, abstract

Title, abstract, heading,
table of contents, key
phrase

Exercise or activity level or
walking or physical
fitness

Title, abstract, descriptor Exercise or physical activity

Exercise or fitness or
physical activity

Abstract, subject, heading,
title, English classification

and Intervention or program or
promote or promotion
oradherence or compliance

and Health behavior or patient
compliance or patient
education or health promotion
or health education or
behavior therapy or life style
or preventive health services
or program evaluation or
evaluation studies or outcome
and process assessment or
intervention studies or
treatment outcome

and Health behavior or patient
compliance or patient
education or health promotion
or health education or
behavior therapy or life style
or preventive health services
or program evaluation or
evaluation studies or outcome
and process assessment or
intervention studies or
treatment outcome

and Health behavior or health
promotion or health education
or behavior change or
behavior therapy or cognitive
therapy or positive
reinforcement or program
evaluation or self management
or illness behavior or
prevention or preventive
medicine or treatment
compliance

and Intervention or outcome or
promotion or program
evaluation or outcomes or
intervention strategies or
compliance or adherence or
trial or impact or dropout

and Intervention or outcome or
random or trial or impact or
compliance or noncompliance
or adherence or success

exercise or motivational content. Studies that recommended par-
ticipants exercise at home were coded as home based and those
that provided an exercise center were coded as center based. To
establishreliability of coding, the first author and aresearch assis-
tant coded a set of research reports and resolved disagreements.
All studies were coded by the first author.

A standardized mean difference, or d index, was calculated
for the sample (24). This metric allows expression of the differ-
ence in postintervention activity scores between the treatment and
control group, or pretest scores if control groups were not used,
regardless of the metric of the test itself. The mean difference be-

tween experimental and control groups divided by the pooled
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TABLE 2
Intervention Components Coded for the Meta-Analysis

Category

Description

Behavioral modification

Cognitive modification

Commitment?

Consequences/reinforcement/rewards?
Contracting?

Decisional balance®

Exercise at a center

Exercise prescription
Feedback?®

Fitness testing?
Goal setting?

Health education

Health risk appraisal?

Relapse prevention training/education?
Self-management?
Self-monitoring

Social modeling
Social support

Stimulus control?

Thought restructuring?

Code when this phrase is used to describe intervention components or theory. Also code this if
mentions stimulus control, self-monitoring, consequence management/rewards/reinforcement, or
contracting.

Code when this phrase is used to describe intervention components or theory. Also code this if
mentions thought restructuring, decisional-balance activities, goal setting, relapse prevention
education, or self-management education.

Activities specifically described as intending to increase commitment (e.g., making a private
commitment to self and then announcing to others your decision; decision-making therapy, New
Year’s resolutions); code only when does NOT fit with contracting, goal setting, or decision
balance categories.

Using specific preplanned tangible or intangible positive consequences of exercise behavior (e.g.,
lottery, praise, token economy, competition that has a reward, contracting for a reward).

Written contracts or agreements about exercise behavior (use only if a reward is not part of the
contract; if a reward is mentioned code as consequence control).

Activities in which advantages and disadvantages of behavior are deliberately considered (e.g.,
decision balance sheets).

Participants exercise in a particular location at a specified time under the supervision of research
staff.

Individualized specific exercise form/intensity suggested to participants.

Provide information to participants about their exercise behavior (use only if the feedback was not
part of consequences/rewards).

Test the physical fitness of each participant as a component of the intervention.

Written or oral goals (not used if there is a contract with someone else or if there is a reward
associated with achieving the stated behavior).

Provision of information with main focus on inactivity risks and exercise benefits (only coded if
specifically stated that this information was provided or if they described providing education
about exercise in relationship to particular disease processes).

Specific researcher-provided assessment of risks of major illness that can be altered by exercise
behavior, code only if the report describes this information as health risk appraisal.

Code if this phrase is used.

Code when this phrase is used but no further specification is provided.

Participant recording of physical activity/exercise as an intentional component of the intervention
(not coded if intermittent recordings used for data collection).

Opportunities to watch similar others exercise.

Use if explicitly states social support.

Modification of the environment to cue exercise behavior (e.g., prompts, cues, signs, posters,
telephone prompts).

Teaching altered ways of thinking about exercise-related phenomenon (e.g., coping self-statements;
new statements about failure); do not code as “thought restructuring” if this is a component of
relapse prevention education.

Motivational component coded but insufficient numbers of primary studies with the component for moderator analysis.

standard deviation was used when available. Other data that can
be converted to d index values using standard meta-analytic pro-
cedures were used when mean differences were not reported. For
example, a d index can be computed when a primary study reports
the value of the ¢ or F test associated with a comparison between
experimental and control groups (25). Weighted effect sizes were
calculated by multiplying each effect size by the inverse of its
variance, which gives larger samples more weight in the effect
size estimates. Calculation of 95% confidence intervals for
weighted estimates was used to test the average d index for signif-
icance. The unit of analysis was the independent samples’ physi-
cal activity data. Four research reports each contributed two inde-

pendent effect sizes for the meta-analysis; the remaining 35 re-
ports each contributed one effect size.

We conducted homogeneity analysis to look for the presence
of moderating variables (25). Homogeneity analyses compare the
amount of variability in an observed set of effect sizes with the
amount of variance that would be expected by sampling error
alone. The subgroup analysis looking for moderating variables
was conducted when there were atleast 10 cases in each subgroup
and there were no more than three times the number of cases in the
largest subgroup as there were in the smallest subgroup.

Both the overall analysis and the moderator analyses were
carried out using the random effects model (25). The random ef-
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fects model assumes that individual effect sizes are composed of
two sources of error: (a) participant-level sampling error and (b)
other sources of study-level error (e.g., variations in settings and
procedures). In essence, the random effects model treats any
given implementation of a study as a random observation from a
population of studies that could have been conducted and is par-
ticularly appropriate when study implementation is heteroge-
neous (as was the case in our meta-analysis) (26). The random
effects variance component was calculated using the noninter-
ative method of moments technique (27). Effect sizes (d,,.) men-
tioned in the text are based on the random effects model
weighted for sample size and controlled for methodological dif-
ferences, unless otherwise specified.

RESULTS

Forty-three (N = 43) studies with 33,090 participants met
the inclusion criteria and were incorporated in the meta-analysis
(included studies are indicated by an asterisk in the reference
list) (11,15,28-65). Comparisons between treatment and control
groups at outcome data collection were used when available.
Single treatment group preintervention and postintervention
scores were compared only when comparison group data were
not available. The overall effect size, weighted by sample size,
was d,, = .26 + .05. Thus, the null hypothesis that interventions
designed to increase activity do not affect activity among older
adults can be rejected. The magnitude of the effect is small
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(small = .20; moderate = .50; large = .80). This effect size is as-
sociated with a U; value of 60%, which means that 60% of the
people in the treatment group had higher physical activity scores
than did the average person in the control group (66).

A homogeneity analysis (Q; = 86.38, df =42, k = 43) docu-
mented that the variance in effect sizes significantly differed
from that expected by sampling error alone. Therefore, we con-
ducted follow-up searches for moderating influences on the ef-
fect sizes.

Moderator Analysis

To create d index estimates that were uncorrelated with
evaluation design features, we decided to control for three fea-
tures of evaluation design: (a) whether the study used random
assignment, (b) the length of the delay between the end of the in-
tervention and the measurement of the outcome variable, and (c)
whether the study used a one-group pretest—posttest design or a
two-group design. These three variables were entered into a re-
gression equation simultaneously. The residuals from the re-
gression were then used as described as follows but, because the
residuals have an average value of 0, we first added .26 (the av-
erage of the weighted d values). The results of subsequent analy-
sis testing for moderators are presented in Tables 3 and 4.

Experimental characteristics—methodology. This analy-
sis examined the impact of design considerations on effect sizes

TABLE 3
Random Effects Model Subgroup Analysis Testing Methodology, Source, and Participant Variables

Uncontrolled® Controlled®
Variable Level n Weighted d,, 95% CI p Weighted d,, 95% CI p
Methodology
Outcome measure <90 days 16 42 .16 <.05 n/a
>180 days 13 22 12
Random assignment Absent 25 .28 A1 ns n/a
Present 18 37 13
Pre—post design Present 29 34 .10 ns n/a
Absent 14 .26 .14
Duration measured Absent 19 25 .10 <.01 25 11 <.05
Present 23 .39 .10 .38 .10
Frequency measured Absent 14 23 A1 ns .26 12 ns
Present 28 .38 12 .34 .10
Intensity measured Absent 26 35 .10 ns 34 11 ns
Present 16 23 .10 25 .10
Source and participant characteristics
Journal publication Absent 13 43 .16 ns 37 .20 ns
Present 30 .30 .10 .30 .08
Only aged adults Absent 23 .33 .10 ns 34 .10 ns
Present 20 32 15 .30 13
Patient sample Absent 25 24 11 <.05 .26 .10 <.05
Present 18 42 12 .39 12

Note.

N =43. dy, = effect size weighted by sample size. Comparisons between treatment and control groups at outcome data collection were used when

available. When necessary preintervention and postintervention scores were compared. d,. = effect size weighted by sample size and controlling for design

features. CI = confidence interval.

“Weighted by sample size. PWeighted by sample size and controlled for random assignment, pre—post design, and timing of dependent variable measure-

ment.
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TABLE 4
Random Effects Model Subgroup Analysis Testing Possible Intervention Moderating Variables
Uncontrolled? Controlled®

Variable Level n Weighted d,, 95% CI 4 Weighted d,,. 95% CI 4

Theory based Absent 28 .26 .08 ns 28 .08 ns
Present 15 .28 12 25 13

Health education Absent 11 .59 .16 <.001 .59 17 <.001
Present 30 27 .10 .26 .09

Exercise prescription Absent 24 .26 .10 ns 27 .09 ns
Present 17 42 17 40 .16

Behavior modification Absent 26 .30 .10 ns 31 .10 ns
Present 17 .37 .16 34 .14

Self-monitoring Absent 27 .29 .10 <.01 .30 .10 <.01
Present 14 47 .14 .39 .14

Cognitive modification Absent 31 .36 .10 ns .34 .10 ns
Present 12 24 .14 25 13

Social modeling Absent 29 47 .10 ns 33 .09 ns
Present 12 .35 18 .28 20

Social support Absent 30 32 .10 ns 31 .09 ns
Present 11 32 22 .29 21

Intense contact with interventionists® Absent 14 .19 .08 <.01 .19 12 <.01
Present 14 40 .10 44 13

Exercise at center vs. home exercised Absent 28 24 .10 <.001 24 .08 <.01
Present 15 .49 .16 47 .16

Recommend walking as exercise form Absent 32 .30 .09 ns 29 .10 ns
Present 11 40 22 40 18

Specific exercise intensity recommended Low 13 27 15 <.01 .26 .14 <.01
Moderate 10 .58 17 .58 17

Recommend any intensity level Absent 20 21 .10 <.05 .25 .10 <.05
Present 23 .39 12 .39 12

Target exercise behavior only® Absent 15 21 A1 <.01 23 12 <.01
Present 18 41 12 .38 A1

Mediated delivery (telephone, mail) Absent 31 28 12 ns 27 A1 ns
Present 12 .20 .10 21 .10

Delivered to group of participants Absent 18 23 .10 <.05 22 .09 <.05
Present 23 .37 13 .37 12

Note.
interval.

N =43. d,, = effect size weighted by sample size; dy,. = effect size weighted by sample size and controlling for design features; CI = confidence

aWeighted by sample size. "Weighted by sample size and controlled for random assignment, pre—post design, and timing of dependent variable measure-
ment. “Tested as a continuous variable, but reported effect sizes based on a median split for ease of interpretation. 9Exercise at a centralized location designed as
an exercise facility. Intervention aimed exclusively at exercise behavior (as compared to those focused on multiple health behaviors).

(Table 3). These effect sizes were weighted by sample size (d,,).
The length of the interval between completing the intervention
and measuring activity behavior was associated with signifi-
cantly differenteffectsizes. Studies using less than 90 days had an
average effectsize of d,,=.42 +.16 (k= 16) compared with studies
with more than 180 days with an average effect size of d,, = .22 +
.12 (k = 13). The difference in effect sizes for studies that ran-
domly assigned participants and studies that did not was not sig-
nificant. No statistically significant differences were found be-
tween effect sizes of pre—post designs and other designs. The
remainder of the analyses controlled for all three design features.
Most studies (n = 32) measured only one or two of the
three dimensions of exercise (intensity, frequency, and dura-
tion). Studies including a measure of exercise duration as an

outcome variable (Table 3) reported larger effect sizes (dy. =
.38 £ .12, k = 23) than studies without a duration measure (d,,.
=.25+ .10, k= 19). The difference between studies measuring
exercise frequency and those without that measure was not sta-
tistically significant. A similar nonsignificant difference was
found between studies measuring exercise intensity and those
not measuring intensity.

Source and participant characteristics. Seventy  percent
(n = 30) of the studies were reported in journal articles; the re-
mainder were unpublished graduate theses and dissertations.
No statistically significant differences in effect sizes were ob-
served between journal articles and unpublished graduate re-
search projects.
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Mean participant ages in the primary studies ranged from
60 to 77.2 years. There was no statistically significant difference
in effect sizes between samples comprised entirely of older
adults and studies that included some younger adults (Table 3).
Sixty-two percent of the participants were female among the
studies reporting gender distribution. Moderator analysis of
gender’s association with effect sizes was not conducted be-
cause only 5 studies reported more male than female partici-
pants. Only 10 studies reported ethnic composition; 81% of
their participants were White. Some studies targeted particular
patient populations such as cardiac patients (n = 4), people with
arthritis (n = 3), those visiting primary care (n = 3), overweight
individuals (n = 2), and people with diabetes (n = 2). Most stud-
ies did not target patient populations with particular health prob-
lems (n = 25). Studies with patient samples reported signifi-
cantly larger effect sizes (d,,. = .39 = .12, k = 18) than studies
with nonpatient samples (dy,. = .26 = .10, k = 25).

Experimental characteristics—interventions. Theoretical
frameworks guiding intervention development were explicitly
stated or clearly apparent in only 15 studies. The presence of a
theoretical framework was not associated with larger effect sizes
(Table 4). The most common framework was social cognitive
theory (n = 6) followed by the transtheoretical model (n = 3) and
cognitive behavioral theory (n = 2). Less-often cited frame-
works included Kanfer’s self-control model, Pender’s health
promotion model, the social marketing model, and one interven-
tion based on developmental principles. Insufficient numbers of
primary studies were based on any one theoretical framework to
allow a comparison of effect sizes based on the presence or ab-
sence of each framework.

Several intervention components were reported by 10 or
more studies, which allowed examination of differences in ef-
fect sizes between studies using that intervention component
and the remaining intervention studies. The most common inter-
vention was general health education (n = 30), which included
providing information about the benefits of exercise. The pres-
ence of health education was associated with lower effect sizes
(dwe =.26 £.09, k = 30) than the comparison subset that did not
include general health education in the intervention (d,,. = .59 +
A7, k=11).

Exercise prescription (n = 17) and behavior modification
strategies (n = 17) were the next most common intervention
components. The presence of exercise prescription was not as-
sociated with statistically higher effect sizes than studies with-
out exercise prescription. Behavior modification included stud-
ies self-labeled as behavior modification and studies that used
contracting, managing consequences (e.g., planned rewards),
shaping (rewarding successive approximations changing toward
the desired behavior), managing stimuli to cue exercise behav-
ior, and self-monitoring exercise behavior. There were no statis-
tically significant differences in effect sizes based on the pres-
ence of behavior modification. One behavior modification
strategy, self-monitoring, contained enough primary studies to
justify an analysis of that intervention component. Studies test-
ing interventions using self-monitoring reported larger effect
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sizes (dye = .39 = .14, k = 14) than studies without self-monitor-
ing (dye = .30 £ .10, k = 27).

Cognitive modification was reported by 12 studies and in-
cluded strategies of teaching self-management, self-reevalua-
tion activities, thought restructuring, decisional balance activi-
ties (weighing advantages and disadvantages of exercise),
relapse prevention training, and goal setting. Effect sizes of
studies with cognitive modification were not significantly larger
than studies without cognitive modification. Social modeling,
the opportunity to watch similar others exercise, was present in
12 studies. Social support, including team building, group en-
hancement, and active behaviors to implement social support,
was present in 11 studies. The presence or absence of social
modeling or social support was not associated with statistically
significant differences in effect sizes (Table 4).

Some interventions included only motivational compo-
nents whereas others included supervised exercise. There was a
significant relationship between the level of program intensity
and the effect size. Intensity was defined by the minutes of con-
tact between research interventionists (including any supervised
exercise time) and participants. Reports based on programs that
featured relatively high levels of program intensity had higher
effect sizes (dyc = .44 = .13, k = 14) than did reports based on
programs that featured relatively low levels of program intensity
(dwe =.19 £ .12, k = 14). Intensity of contact between interven-
tionists and participants was used as a moderator instead of
length of the interventions because interventions of similar
length sometimes varied dramatically in intensity. For example,
one study had two intervention episodes spread over 1 year,
whereas another study had multiple intervention episodes every
week over 1 year (30,48).

Most studies used home-based activity; 15 used cen-
ter-based exercise. Center-based exercise was conducted at cen-
tralized locations designed as exercise facilities. Studies testing
center-based exercise reported significantly larger effect sizes
(dye = 47 £ .16, k = 15) than studies with home-based exercise
(dywe = .24 = .08, k =28). There was not a statistically significant
difference in effect sizes between studies recommending walk-
ing exercise and those without that specific recommendation.
Low-intensity exercise was suggested for participants in 13
studies, and moderate-intensity exercise was suggested for par-
ticipants in 10 studies. Studies recommending moderate-inten-
sity activity reported significantly larger effect sizes (d,,. = .58 +
.17, k = 10) than interventions recommending low-intensity ac-
tivity (dye = .26 £ .14, k = 13). Interventions that made any rec-
ommendation regarding intensity recorded larger effect sizes
(dwe = .39 = .12, k = 23) than interventions without an intensity
recommendation (dyc = .25 = .10, k = 20).

Most studies (n = 28) tested interventions designed to
change only activity behavior; the remainder addressed activity
plus diet, other health behaviors, or both. Studies testing inter-
ventions targeted only at activity behavior reported higher effect
sizes (dwc = .38 = .11, k = 18) than studies designed to change
multiple health behaviors (dy. = .23 + .12, k = 15). Insufficient
numbers of primary studies tested alternative modes of interven-
tion delivery (mail, n = 7; telephone, n = 4; or mass media, n=2)
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besides face-to-face delivery to allow statistical comparisons
between each form of mediated delivery. A subgroup compari-
son between studies without mediated delivery and those with
any form of mediated transmission revealed similar effect sizes.
Interventions delivered to individuals resulted in smaller effect
sizes (dy. = .22 + .09, k = 18) than interventions delivered to re-
searcher-formed groups (dy. = .37 £.12, k = 23).

DISCUSSION

These findings document that aging adults’ physical activ-
ity behavior is amenable to intervention. The modest overall ef-
fect size suggests that challenges remain in designing interven-
tions that are effective with more elders and that are successful
in attaining larger changes in activity behavior among those who
increase their activity.

The effect size calculated from these primary studies was
smaller than Dishman and Buckworth reported (7). Study differ-
ences could account for the smaller effect size. Dishman and
Buckworth incorporated adults of all ages, and few of their pri-
mary studies focused on older adults. Only three studies were
included in both meta-analyses. It is plausible that it is more dif-
ficult to increase physical activity among aging adults. Perhaps
the more important distinction between the meta-analyses is that
Dishman and Buckworth noted that only one fourth of their pri-
mary studies included behavior measurement after interventions
were complete (7). They noted these effects were small but did
not report specific values. Most studies in this meta-analysis
collected outcome data after completion of the interventions, a
mean of just more than 300 days following the interventions.
The difference in effect sizes probably reflects the well-docu-
mented decline in behavior following intervention completion
(28,61). Unfortunately, few studies measured outcomes imme-
diately after the intervention and at distal data collection points.
Fewer than one fourth of the primary studies in this meta-analy-
sis reported multiple outcome data collection points. More pri-
mary studies with multiple outcome assessments are needed to
examine interventions that most effectively initiate behavior
change as well as those most likely to result in enduring physical
activity. Future research testing both the immediate effects of in-
terventions as well as the long-term changes in activity behavior
is essential to meet public health goals.

The finding that effect sizes were larger for patient popu-
lations is interesting. Dishman and Buckworth reported larger
effect sizes for nonpatient participants (7). They reported re-
trieving few studies targeting individuals with particular health
problems. This is probably a difficult literature to access. Pa-
tient populations are important segments of the population be-
cause increasing activity may lead to valuable secondary and
tertiary prevention outcomes. The finding of larger effect sizes
for patient populations suggests a window of opportunity, or
teachable moment, for these individuals. Further work synthe-
sizing results within disease or patient groupings and across
groupings is needed. Whether interventions to increase activity
need to be distinct for different patient populations remains an
empirical question.
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These findings suggest some directions for designing activ-
ity behavior change programs. The intensity of the intervention,
in terms of amount of contact time between interventions and
participants, is probably important. Further primary research is
needed to determine the ideal amount of intervention contact.
This synthesis supports the inclusion of self-monitoring in ac-
tivity behavior change interventions. General health education
is often the main ingredient in health behavior change interven-
tions. The findings with interventions that contain health educa-
tion reporting smaller effect sizes than interventions without
health education challenge this conventional wisdom. It is possi-
ble that omitting general health education from the intervention
caused researchers to focus more effort on developing the moti-
vational components. The findings suggest that general health
education should be a secondary concern in designing interven-
tions to increase activity. These findings support making spe-
cific intensity recommendations to aging adults and ideally to
engage in moderate activity.

Several intervention components were associated with ef-
fect sizes nearly identical to or smaller than those of studies
without that component. These components of questionable
value for aging adult populations include cognitive modifica-
tion, social modeling, and social support. Other intervention
components probably could benefit from further testing because
sizable differences did not achieve statistical significance, per-
haps because of the limited number of primary studies. These
include prescribing exercise, modifying behavior, and recom-
mending walking as the form of activity. Further research is
needed to test specific components found too infrequently for
meaningful comparison in this synthesis (e.g., contracting, deci-
sional balance activities, feedback, fitness testing, goal setting,
stimulus control). Although health promotion programs often
target multiple behaviors, our findings suggest that interven-
tions focused exclusively on activity may be more effective for
aging adults. Intervention delivery to groups, versus individuals,
is consistent with both our findings and those reported by
Dishman and Buckworth (7). The larger effect sizes found for
center-based exercise were unanticipated because Dishman and
Buckworth reported larger effect sizes for home-based than cen-
ter-based activity. Many older adults have more time available to
attend group exercise sessions. Older adults who live alone may
find the structured time with others motivating and satisfying.
Although center-based activity is more expensive than
home-based activity, potential health gains may justify the re-
sources. Further research comparing home-based and cen-
ter-based activity and variations on center-based activity with
younger and older adults would be helpful.

Physical activity interventions based on social cognitive
theory and the Transtheoretical Model are now common.
Meta-analysis may contribute to our understanding of the ability
of interventions based on these frameworks to increase activity
as sufficient numbers of primary studies become available. Lim-
itations in primary studies narrow the review-generated evi-
dence available through meta-analysis (12). Many attributes of
interventions were too frequently found to allow meta-analytic
techniques to synthesize this information. Some differences in
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effect sizes were of considerable size but not statistically differ-
ent because of the amount of variability related to the small
number of primary studies. Further primary research is essential
to allow meta-analytic reviews to determine if these components
increase activity among aging adults. Unfortunately, many stud-
ies continue to exclude elders or not report results for included
older adults (8,67). Clear conceptualizations regarding overall
physical activity and episodic exercise for both intervention de-
sign and outcome measurement are essential to move under-
standing forward.

This meta-analysis examined endurance exercise. Recently,
considerable attention has focused on the positive health bene-
fits of strengthening and flexibility exercise (68,69). These
forms of exercise are conceptually distinct from endurance exer-
cise and thus were not included in the synthesis. When sufficient
primary studies exist that test interventions to increase flexibil-
ity and strengthening exercise, a similar meta-analysis across in-
tervention trials should be conducted.

The amount and nature of the extant primary studies limit
definitive answers to many important questions about interven-
tions to increase physical activity among aging adults. For ex-
ample, it would be valuable to have sufficient studies to conduct
moderator analysis on the predominant gender and ethnicity of
the samples, specific chronic illnesses such as arthritis or heart
disease, and the social context of intervention delivery. Further,
limitations in the reporting of primary studies present chal-
lenges for synthesis. Findings about intervention categories
must be interpreted with caution because primary reports often
provide little detail about interventions. The amount of time al-
located to intervention components, quality of intervention de-
livery, and content validity of interventions are important inter-
vention dimensions that may strongly affect outcomes (10).
Primary studies generally contain insufficient information to
evaluate this aspect of the interventions. Unfortunately, many
reports do not provide information about dropout, another im-
portant problem in longitudinal intervention research. These
limitations affect the interpretation of individual primary studies
by other researchers as well as attempts to synthesize findings
through meta-analysis.

Overall, the data support the potential efficacy of interven-
tions to increase activity among aging adults. Challenges remain
in developing interventions that are effective in promoting larger
changes in activity behavior among more elders. The potential
gains in health and well-being following increases in physical
activity justify continued research. Controlled experiments that
test variations in intervention components and delivery are ur-
gently needed to forward our understanding of effective strate-
gies to change activity behavior.
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