Evidence Report/Technology Assessment

Number 102

Effectiveness of Behavioral Interventions to Modify
Physical Activity Behaviors in General Populations
and Cancer Patients and Survivors

Prepared for:

Agency for Healthcare Research and Quality
U.S. Department of Health and Human Services
540 Gaither Road

Rockville, MD 20850

www.ahrg.gov

Contract No. 290-02-0009

Prepared by:
University of Minnesota Evidence-based Practice Center, Minneapolis, Minnesota

Investigators

Jeremy Holtzman, MD, MS
Kathryn Schmitz, PhD, MPH
Gail Babes, BA

Robert L. Kane, MD

Sue Duval, PhD

Timothy J. Wilt, MD, MPH
Roderick M. MacDonald, MS
Indulis Rutks, BS

AHRQ Publication No. 04-E027-2
June 2004



This report may be used, in whole or in part, as the basis for development of clinical practice
guidelines and other quality enhancement tools, or a basis for reimbursement and coverage
policies. AHRQ or U.S. Department of Health and Human Services endorsement of such
derivative products may not be stated or implied.

AHRQ is the lead Federal agency charged with supporting research designed to improve the
quality of health care, reduce its cost, address patient safety and medical errors, and broaden access
to essential services. AHRQ sponsors and conducts research that provides evidence-based
information on health care outcomes; quality; and cost, use, and access. The information helps
health care decisionmakers—patients and clinicians, health system leaders, and policymakers—
make more informed decisions and improve the quality of health care services.




This document is in the public domain and may be used and reprinted without permission except
those copyrighted materials noted for which further reproduction is prohibited without the
specific permission of copyright holders.

Suggested Citation:

Holtzman J, Schmitz K, Babes G, Kane RL, Duval S, Wilt TJ, MacDonald RM, Rutks I.
Effectiveness of Behavioral Interventions to Modify Physical Activity Behaviors in General
Populations and Cancer Patients and Survivors. Evidence Report/Technology Assessment No.
102 (Prepared by the Minnesota Evidence-based Practice Center, under Contract No. 290-02-
0009.) AHRQ Publication No. 04-E027-2. Rockville, MD. Agency for Healthcare Research and
Quality. June 2004.



Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report on Effectiveness of Behavioral
Interventions to Modify Physical Activity Behaviors in General Populations and Cancer Patients
and Survivors was requested and funded by the National Cancer Institute. The reports and
assessments provide organizations with comprehensive, science-based information on common,
costly medical conditions and new health care technologies. The EPCs systematically review the
relevant scientific literature on topics assigned to them by AHRQ and conduct additional
analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome written comments on this evidence report. They may be sent to: Director,
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.
Director Acting Director, Center for Outcomes and
Agency for Healthcare Research and Quality Evidence

Agency for Healthcare Research and Quality

Andrew C. von Eschenbach, M.D.
Director
National Cancer Institute

The authors of this report are responsible for its content. Statements in the report should not
be construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services of a particular drug, device, test, treatment, or
other clinical service.
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Structured Abstract

Context: A majority of adults and over a third of children do not engage in adequate physical
activity. Further, it has been suggested that exercise may have physiologic and psychological
benefits for cancer survivors, from the point of diagnosis and through the balance of life.

Objectives: A systematic review of the literature to address:

1. What is the evidence that physical activity interventions alone, or combined with diet
modification or smoking cessation, are effective in helping individuals sustainably increase
their aerobic physical activity?

a. s the effectiveness of theoretically based interventions different?

b. Do hypothesized moderators affect the results of these interventions?

c. Do these interventions affect theoretically hypothesized mediators?

d. Inthese interventions, is there a relationship between changes in theoretically
hypothesized mediators and changes in physical activity?

2. What is the evidence that physical activity interventions, alone or combined with diet
modification or smoking cessation, are effective in helping cancer survivors improve their
psychosocial or physiological outcomes?

Data Sources: Question 1: PubMed® (1966-4/2003) plus references from previous systematic
reviews and expert suggestions. Question 2: PubMed® (1966-9/2003) plus expert suggestions
and bibliographies of included references.

Study Selection: Question 1: Studies with at least 75 generally healthy subjects with an
intervention to increase physical activity and activity measured at least three months after the
intervention. Studies also must have a concurrent comparison group and be published in English.
Question 2: Studies of adults with cancer or survivors with an intervention to increase physical
activity with a measure of activity. Also must have a concurrent comparison group, and be
published in English.

Data Extraction: Data were doubly abstracted using a computer-based data abstraction tool.
Excluded articles were reviewed by a second abstractor. Disagreements were reviewed by senior
investigators.

Data Synthesis: The range of populations, interventions, and outcomes in the included studies,
as well as inadequate information provided, did not allow pooling of studies. Results were
examined semi-quantitatively using whether a study was positive, significant, and, when
possible, its effect size. Forty-five percent of the studies had at least one statistically significant
outcome; 5.9 percent had an effect size greater than .8 and 5.9 percent were between .5 and .8.
There were no clear patterns in results by setting, intensity, interventions using theory, combined
interventions, and those that addressed accessibility, possibly due to the small number of studies.
It was not possible to draw conclusions about mediators and moderators. Physical activity
interventions in the cancer survivor populations were found to have multiple beneficial effects.



The most consistent and strong findings were positive effects on vigor/vitality, cardiorespiratory
fitness, quality of life, depression, anxiety, and fatigue.

Conclusions: Overall, this literature is positive, but the relative magnitude of the effect is difficult
to judge given the wide range of outcomes examined. The field would benefit from standardized
measures and more studies examining longer outcomes. The 24 interventions reviewed indicate
that physical activity is safe for cancer survivors and consistently results in improved physiologic
and psychosocial outcomes. Recommendations for moving this field of research forward are
provided in this report.

Vi
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Patients and Survivors
Summary

Introduction

Healthy People 2010 places physical activity in
the top ten leading indicators of health of
Americans.! Yet 54.6 percent of U.S. adults
report levels of physical activity that fall below the
following two guidelines: moderate intensity
activity > 30 minutes per day, > 5 days per week
OR vigorous intensity activity > 20 minutes per
day, > 3 days per week.> Further, 2001 Youth
Risk Behavior Survey data indicate that 64.6
percent of high school students meet the Healthy
People 2010 goal for vigorous activity (3 or more
days per week for 20 or more minutes per
occasion), and 25.5 percent of high school
students meet the Healthy People 2010 goal for
moderate intensity activity (at least 30 minutes on
5 or more of the previous 7 days)."* Clearly, there
is a need to understand how to sustainably
increase and maintain physical activity behaviors
in children, adolescents, and adults.

The first specific aim of this review was to
examine the evidence that physical activity
interventions, alone or combined with diet
modification or smoking cessation, are effective in
helping individuals sustainably increase their
aerobic physical activity or maintain adequate
aerobic physical activity. Further, within this first
portion of the review, there were four sub-aims:

1. Is the effectiveness of theoretically based
interventions different?

2. Do hypothesized moderators affect the results
of these interventions?

3. Do these interventions affect theoretically
hypothesized mediators?

4. In these interventions, is there a relationship
between changes in theoretically hypothesized
mediators and changes in physical activity?

In addition to the importance of physical
activity in general populations, physical activity
may play a special role in the experience of cancer

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES e Public Health Service

survivors from the point of diagnosis through the
balance of life. Understanding the impact of
cancer and its treatment on individuals living
years beyond a cancer diagnosis is increasingly
important, especially as the population of long-
term cancer survivors continues to grow. For
example, it is estimated that there are
approximately 9.5 million cancer survivors alive
in the United States today.* As children and adults
with a history of cancer are living longer, the
challenges that face survivors will gain increasing
attention. Current cancer treatments, although
increasingly efficacious for preventing death, are
toxic in numerous ways and produce negative
long-term physiological and or psychological
effects. Because physical activity has been shown
to improve well-being in healthy people,® it has
been proposed as a possible intervention to
combat the early and late effects of treatment in
cancer patients.”” The American Cancer Society
now recommends that cancer survivors perform
regular physical activity toward the goal of
maintaining a healthy body weight, reducing risk
of recurrence, and reducing risk for other
common chronic diseases.® Therefore, the second
specific aim was to examine whether physical
activity is efficacious for improving psychosocial
or physiologic outcomes among cancer survivors.

Methods

We synthesized evidence from the scientific
literature on the effectiveness of behavioral
interventions to increase physical activity in the
general population, as well as evidence of the
effectiveness of physical activity interventions to
improve psychosocial and physiologic outcomes
for cancer survivors. The methods used for this
process were developed by the project team at the
University of Minnesota Evidence-based Practice
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Center (EPC), in conjunction with representatives from the
National Cancer Institute (NCI) and the Agency for
Healthcare Research and Quality (AHRQ) and a Technical
Expert Panel assembled for the purpose of this report.

The literature to be reviewed for the first key question was
initially identified in two ways. A search of PubMed® (1966 to
present) was carried out to identify all trials of physical activity
interventions. The second source of references was published
reviews of physical activity interventions.”” The titles and, if
necessary, the full references were reviewed by an expert in
physical activity interventions. All possibly qualifying studies
were reviewed by a team of reviewers. Forty-seven studies were
identified that met inclusion/exclusion criteria.

The literature for the second key question was identified
through two searches of MEDLINE® including all available
years (1966 to present), review of the results by an expert in
physical activity interventions in cancer survivors, and then by
a team of peer reviewers. Twenty-four studies were identified
that met inclusion/exclusion criteria.

The included references for both key questions were
abstracted by a trained abstractor using a computerized data
abstraction form. Results of each of these abstractions were
reviewed by a senior member of the study team with expertise
in physical activity interventions.

After a careful examination of the included studies, it was
concluded that it was not possible to pool outcomes. This
conclusion was reached for three reasons. First, the diversity of
outcomes reported did not allow for a clear metric to be used
across studies. Second, important information that would be
necessary to pool studies (such as variance estimates) was
missing from many studies. Finally, the diversity of studies
(including populations, interventions, followup time, and so
on) was not conducive to reasonable pooling. Therefore, we
elected for both key questions to present semi-quantitative
results including counts of positive and statistically significant
studies, calculation of post-intervention differences between
groups (effect size) and further descriptive information rather
than formal quantitative analysis.

Results

General Population
The 47 studies identified addressed a variety of populations.

Forty-one studies included adults exclusively, four exclusively
children, and two included both. Three studies focused on
older adults. Of the studies of adults, eight included only
women, whereas two included only men. In all but two of the
studies where race was reported, white subjects were in the
majority.

There were 72 interventions in the 47 identified studies.
(Many studies tested more than one intervention). The physical
activity interventions were undertaken in a wide range of
settings, and some in more than one. Twenty-four interventions
were in the health care setting, 12 in the home setting, 17 in
the community, 8 in schools, 20 in worksites, and 11 more in a
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government institution, a religious institution, a sports center,
or a child care center. A wide variety of interventions were
tested using variations of 27 different theoretical constructs, 12
of which were used by more than 15 percent of the
interventions. About half of the interventions had no clear
theoretical underpinning and the remainder used one of ten
different models. The intensity of the interventions varied
widely from a single mailing to multiple contacts per week over
years. The length of followup also varied from 3 months (the
minimum for inclusion in the review) to over 10 years.

A range of different physical activity outcomes was found in
the included studies, and many studies included more than one
primary outcome. Eight studies had two physical activity
outcomes, 11 had three, one had five, two had six, and one had
nine. No one specific outcome was used as the primary
outcome across studies. Further, what may have been
considered the primary outcome domain in one study (such as
a measure of leisure time activity) may have been a secondary
domain in another study (where the primary outcome could
have been overall activity). Therefore, we elected to include all
of the physical activity outcomes reported in the results.

Because national guidelines have targets for moderate and
vigorous activities,” we chose to examine whether interventions
had different effects on these individual sorts of activities. For
these analyses we categorized the outcomes within “outcome
groups” as a measure of “total activities,” “moderate activities,”
“vigorous activities,” or “other.” Of the 99 outcomes examined
in the studies, 23 (23 percent) were classified as “total
activities,” 50 (51 percent) were classified as “vigorous
activities,” 25 (25 percent) as “moderate activities,” and one
(1 percent) as “other.”

The effect of the interventions was examined in two ways.
First, for those outcomes where it was possible, we calculated
an effect size, otherwise known as a standardized mean
difference. In its simplest form, this is the difference in effect
between groups divided by the variance. This gives a unitless
common metric for outcomes that were measured in different
units. We also examined whether an outcome was found by the
investigators to have a statistically significant positive effect. As
many studies reported the effects of multiple outcomes and had
more than one intervention, we (1) examined each outcome
separately, (2) pooled all of the outcomes of one intervention
and examined it, and (3) pooled all of the interventions in a
given study to assess the overall effect of the study.

There were 102 outcomes within the 34 studies for which
effect sizes could be calculated. Of these, 7.8 percent (eight)
had an effect size greater than .8, and 2.9 percent (three) had
an effect size between .5 and .8. An additional 32.4 percent of
outcomes (33) had an effect size that exceeded our criteria for a
small positive effect of .2. Of the 50 interventions for which we
could calculate an effect size, 10 percent (five) had an effect size
greater than .8 and 4 percent (two) had an effect size between
.5 and .8. An additional 44 percent (22) interventions had an
effect size that exceeded our criteria for a small positive effect of
.2. Finally on the study level, 5.9 percent (two) studies had an



effect size greater than .8 and 5.9 percent (two) had an effect
size between .5 and .8. An additional 47.1 percent (16) studies
had an effect size that exceeded our criteria for a small positive
effect of .2. Overall, 58.8 percent of the studies had an effect
size that exceeded our guideline of small (.2).

Approximately one-fourth of the outcomes reached statistical
significance. Nearly a third of all interventions had at least one
outcome that was significant at the .05 level. When
interventions are pooled within studies, nearly half of the
studies (44.7 percent) had at least one outcome that was
statistically significantly positive. Again, this is not corrected for
multiple tests within studies.

Within the outcome groups, only the moderate activity
group and the vigorous activity group had any outcomes that
exceeded our guide of a large outcome of .8 (two moderate and
one vigorous). Approximately 60 percent of moderate activity
outcomes had an effect size greater than our guide of .2,
whereas approximately 40 percent of the vigorous activity
outcomes and total activity outcomes exceeded that threshold.
A greater percentage of moderate activity outcomes was
statistically significant compared to total activity outcomes (48
percent versus 13 percent; p=.008). The percentage of vigorous
activity outcomes that was statistically significant (28 percent)
fell between the other two outcome groupings, but was not
statistically significantly different from either the “moderate
activity” or “total activity” outcome groups.

There was no clear effect of setting on whether studies were
positive or statistically significantly positive. Further, there was
no clear effect on the use of theory on whether a study was
positive. It appeared on examination that more intensive studies
may be more likely to be statistically significantly positive.
Qualitatively, there did not appear to be an effect on outcome
when accessibility to a means to exercise was addressed in a
study or when a study addressed diet and smoking as well as
physical activity, but the numbers are too small and the studies
too diverse to draw firm conclusions.

Too few studies examined outcomes at multiple points in
time to provide a clear sense of the changes in physical activity
over time after the end of the intervention, although most of
those that did provide data showed a decrease in physical
activity over time.

Little attention was paid to possible harms in these studies;
in all 47 studies, it was mentioned only once. Although many
studies examined baseline characteristics of subjects (such as age
and gender) that could be considered possible moderators of
the interventions, few of the included studies examined these as
moderators.

Eleven studies hypothesized mediators.** Of the studies that
hypothesized mediators, all of them intervened on at least one
of the hypothesized mediators. Nine of the studies measured
the effect of the interventions on the hypothesized mediator,
although two did not report any of the mediator results.
Statistically significant changes in mediators were seen for
greater intention to exercise in one study.”” In the other studies
that reported results, there was either no effect or a non-

significant effect. Only one study examined whether a
hypothesized mediator affected the outcome.”

Eighteen criteria of study quality were examined using a
measure derived from that used by the Guide to Community
Preventive Services. On average the studies met under half of the
quality criteria (average 7.5), but there was a wide range from a
low of three criteria met to a high of 16. The quality of studies
that randomized individuals was also examined using the scale
developed by Chalmers.” On the zero to nine scale (nine best),
most of the studies received a rating of two, with the highest
rated study receiving a five.

Review of Interventions in Cancer Survivors

Of the 24 studies included in the review, 54 percent
conducted interventions during active cancer treatment. The
sample sizes were often small, with average group sizes of 22
and 23 in the control and treatment groups, respectively. The
most common diagnosis included in the studies was breast
cancer, with 83 percent of the studies reporting inclusion of
breast cancer survivors. All included studies had concurrent
comparison groups; 83 percent of them were randomized
controlled trials. The majority (79 percent) of the interventions
were physical activity only interventions. The interventions
tended to be supervised exercise programs, of 3 months’
duration or less, with no followup after the end of the
intervention, and the exercise prescriptions usually focused on
aerobic activity. Eighty-three percent prescribed moderate-to-
vigorous intensity activity, and 88 percent prescribed exercise
three or more times per week. Fifty-eight percent of the
interventions prescribed exercise of less than 40 minutes per
session.

Dropout rates ranged from 0 to 25 percent with a mean of
10.8 percent. These dropout rates should be viewed in context
of the percent of cancer survivors approached regarding study
participation who agree to participate or even to be screened for
eligibility. The seven studies that provided data regarding the
percentage of cancer survivors approached who agreed to
participate or to at least be screened for study eligibility
reported values of 28, 30.6, 32.5, 43, 68, 75, and 81 percent,
with a mean of 51 percent.”**

In addition to identifying the timing of the interventions
with regard to whether they took place during or after
treatment, each of the 24 studies has been placed into a
category according to the Physical Exercise Across the Cancer
Experience (PEACE) framework proposed by Courneya and
Friedenreich.® The majority of the studies focus on the time
period during or immediately following active cancer therapy
(coping and rehabilitation). Included interventions focused on
buffering prior to cancer treatment (one study), coping during
treatment (13 studies), rehabilitation from treatment (ten
studies), health promotion (five studies), and survival (one
study). No controlled trials that focused on palliation for
survivors with advanced cancer were identified.

Sixteen categories of outcomes were examined: physical
activity; physical fitness; cardiorespiratory fitness, strength, and
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flexibility; fatigue/tiredness; body image/dissatisfaction; quality
of life; confusion; difficulty sleeping; self-esteem; other
psychosocial outcomes; physiologic outcomes; body size; pain;
vigor/vitality; symptoms/side effects; immune parameters; and
mental/emotional/psychological well-being. The two most
common outcomes examined were cardiovascular fitness and
fatigue or tiredness, which were examined in 12 of the 24
studies. Depression, anxiety, and quality of life were also
commonly examined (10 studies), as well as body weight or
body mass index (BMI) (eight studies).

The criterion for considering an intervention positive was if
one or more of the outcomes in a given category was positive.
An effect was considered to be statistically significantly positive
if any one of the outcomes examined within a category was
statistically significant. The intention was to convey a level of
positivity of results, not to perform a statistical test. Significance
was not corrected for multiple tests. The effect sizes reported a
comparison of between group means at post-intervention only,
given that pre-post correlations for all 16 outcome categories
were not available.

Categories with 100-percent positive findings include
strength, flexibility, fatigue/tiredness, confusion, difficulty
sleeping, self-esteem, psychosocial outcomes, body size (goal to
reduce), vigor/vitality, immune parameters, and mental health
quality of life.

The percent of studies reporting statistically significant
results within the 16 categories ranged from 0 percent for
confusion and body size (goal to gain or avoid muscle loss) to
100 percent for flexibility and difficulty sleeping. There were
eight categories with 75 percent of studies reporting at least one
statistically significant finding: cardiorespiratory fitness,
flexibility, fatigue/tiredness, quality of life, difficulty sleeping,
psychosocial outcomes, physiologic outcomes, and immune
parameters.

Mean effect sizes within the 16 outcome categories ranged
from —0.055 for immune parameters to 2.93 for physical
activity behavior. Outcome categories with effect sizes of 0.20
or greater include physical activity behavior, cardiorespiratory
fitness, flexibility, fatigue/tiredness, body image/dissatistaction,
quality of life, confusion, vigor/vitality, symptoms/side effects,
depression, anxiety, and the combined multiple constructs
section of mental/emotional/psychological well-being.

We examined whether the results of studies would be more
likely to be positive during versus post active cancer treatment.
The number of studies that fall into each category is small so
that no clear conclusions can be drawn regarding timing of the
intervention.

Discussion

General Population

Over half of adults and over a third of children do not meet
national guidelines for physical activity. Finding interventions
that can sustainably increase physical activity is an important
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public health goal. This review sought to identify those studies

that have attempted to increase physical activity in a general

population and tested whether there was an effect at least 3

months following the end of the intervention. This is

important from a public health standpoint as interventions that
increase physical activity during the intervention but for which
physical activity is not maintained after the intervention ceases

will not bring about long-term changes in the population.

This review focused on studies that examined whether
interventions had an effect at least 3 months after the
intervention concluded. Because we otherwise included studies
of any populations or settings, the literature examined in this
review is very diverse. Many different populations are examined
in different settings with different interventions with the
assessment of different outcomes. Given the great diversity, any
conclusions that look across the studies must be viewed with
caution. Real effects could be missed because the diversity of
the studies masks effects. Similarly, what appear to be possible
effects could be the result of confounding by differences
between the studies. Nonetheless, with those caveats, a number
of conclusions can be drawn from this review:

* Itis possible to intervene on subjects to increase their
physical activity for at least 3 months after the intervention
stopped.

* Wk found that overall 45 percent of the studies had at least
one statistically significant positive effect on physical
activity.

* Although many studies had effects that met the criteria of
statistical significance, the overall effect of interventions to
increase physical activity is small.

* Although there are no strict criteria of strength of effect, by
our guidelines only 5.6 percent of studies (two) had a
strong effect (an effect size greater than .8) and 2.8 percent
(one) had a moderate effect (effect size between .5 and .8).
Outcomes that assessed some sort of moderate activity were
more likely to be statistically significantly positive than
those that assessed total activities. This may reflect that a
given change in moderate activities in an individual results
in a overall smaller magnitude change in that individual’s
total activities because others that make up the total
activities may not be changing.

* The setting did not appear to have an important role in
whether an intervention would be successful.

- Inall of the settings at least a quarter of the trials
resulted in a statistically significant increase in physical
activity on at least one measure three or more months
after the end of the intervention. There was no clear
pattern of effect sizes within the different setting.

* It is not necessary to have an intensive intervention to get
an effect.

- We found that there were successful interventions at all
levels of intensity; in fact, there was not a clear trend
that more intensive interactions were more successful.



 Itis difficult to assess durability of the effects in these
studies because relatively few had tests at multiple points in
time. Yet there appears to be some durability to the effects.

- Over 25 percent of the studies that looked at 1 year or
more post-intervention had a statistically significant
increase in physical activity.

Because of the issues with the literature, we cannot draw any
clear conclusions about the effect of studies that use theory, the
effect of studies that address accessibility to exercise, or those
that address diet and smoking in addition to exercise compared
to studies that did not do those things.

Limitations in the literature did not allow us to address in
detail a number of questions we initially sought to answer.
There were not sufficient studies that examined moderators or
mediators to draw any meaningful conclusions.

Future Research

Areas for future research include the following:

* Examine longer outcomes. A large portion of the physical
activity literature was excluded from this review because
there was no followup beyond the end of the intervention
period. As the point of physical activity interventions is to
change behavior over a long period, more studies should be
directed at longer outcomes.

* Standardize followup intervals. Even if studies address
longer outcomes, it will be difficult to compare the effects
of individual studies or groups of studies unless they
examine outcomes at similar intervals.

* Standardize the domains of physical activity measured. A
measure of walking, for example, may or may not be closely
correlated with a measure of total activity. So the effect of
various interventions can be compared; some attempt at
standardization should be undertaken.

* Standardize, if possible, the outcome measures. Even where
the outcome domain is the same, different measures may do
a better or worse job of capturing the domain. It will be
easier to compare the effects of interventions if they use
standard validated measures.

* Use, where possible, blinded measures of outcome rather
than self-reporting. Given the nature of these interventions,
blinding of subjects and investigators is impractical.
However, the interpretation of some measures such as
activity monitors can be blinded to the reader.

* Reduce attrition from studies. Many of these studies
suffered from attrition that may bias the results. Attention
should be paid in future research to reducing this issue.

* Standardize reporting of study results. Many of these
studies did not report sufficient information, particularly
variance estimates, that would facilitate the comparison
across studies. Attention should be paid to more complete
reporting of the results.

*  Use appropriate statistical methodology to examine
moderators and mediators of effect. None of the studies in

this review used appropriate techniques such as structural
equation modeling to fully examine the effect of mediators.
* Examine harms. To fully understand the risks and benefits
of these interventions, more attention needs to be put on
possible harms of the interventions, as a few people with a
moderate or severe harm (such as a fracture) could outweigh
the benefits of the intervention.
If these issues are addressed, we may be able to gain a fuller
understanding of the overall effectiveness of interventions to
increase physical activity in general populations.

Cancer Survivors

The presentation of mean effect sizes for each outcome
category allows for discussion of the relative impact on each
outcome category of physical activity interventions on cancer
survivors. However, because the effect sizes were calculated
based on post intervention between group differences only and
not adjusted for sample size, interpretive caution is urged. For
example, the mean effect size of 2.93 for physical activity
behavior is mostly driven by between group differences that
existed at baseline and persisted to the end of the intervention.*
Given this interpretive caution, the conclusions that can be
drawn from a review of the literature on the efficacy of physical
activity interventions to positively impact physiologic and
psychosocial outcomes are outlined below.

Controlled trials in cancer survivors consistently report a
mean effect size > 0.2 and consistent (five or more studies)
positive effects of physical activity (usually aerobic exercise) on
the following outcomes:

* Vigor and vitality (effect size 0.850).

* Cardiorespiratory fitness (effect size 0.647).
*  Quality of life (effect size 0.427).

* Depression (effect size 0.418).

* Anxiety (effect size 0.333).

* Fatigue/tiredness (effect size 0.217).

The outcomes with the greatest consistency across the cancer
experience are cardiorespiratory fitness and fatigue/tiredness.
The exercise prescription associated with these-positive
outcomes in cancer survivors was generally moderate-to-
vigorous intensity aerobic activity on 3 or more days per week,
for 10-60 minutes per session. For many of the other variables,
there are too few studies to evaluate whether the findings differ
for survivors during compared to post treatment. The findings
for some categories, such as cardiovascular fitness, strength,
flexibility, body size, and anxiety and depression parallel results
reported from exercise interventions in general populations.”

Other variables for which there is either consistent evidence
that is either less strong or results from fewer studies include:

e Confusion (effect size 0.402).

*  Symptoms/side effects (effect size 0.400).

* DPsychosocial outcomes (effect size 0.191).

* Body size (goal to reduce) (effect size 0.187).
o Self-esteem (effect size 0.100).



* Mental health quality of life (no effect size available).
 Strength (no effect size available).

Variables for which there is less consistent evidence include:
* Body image/dissatisfaction (effect size 0.310).
* Anger hostility (effect size 0.070).
e Physical activity behavior (no valid effect size estimate
available).
* Body size (goal to gain or avoid muscle mass loss) (no
effect size estimate available).

e Tain (no effect size estimate available).

The nine studies that measured non-fitness and non-
anthropometric physiologic outcomes were placed into one of
three categories: immune parameters, symptoms/side effects, or
physiologic outcomes. The outcomes from studies with
outcomes in these three categories were disparate and reflected
goals of evaluating the safety of exercise during active cancer
treatment, the efficacy of exercise to prevent muscle loss or
assist patients in recovering from active cancer treatment, and
two studies specifically interested in whether exercise could
favorably alter physiologic parameters hypothesized to be
associated with breast cancer etiology.®* Given the broad
variety of potential physiologic variables that may be of interest
for cancer survivors across the cancer experience, nine studies is
too few to enable a summary or to draw any conclusions
beyond the general statement that the majority of the reviewed
studies reported changes in the hypothesized direction. This
area of research has just begun to develop.

An overview of 14 physical activity interventions in cancer
survivors that were excluded because of the lack of a
concurrent comparison group indicated that the conclusions of
this report would not have been measurably altered had these
studies without comparison groups been included.

For physical activity to be clinically recommended for cancer
survivors, it is important to first understand the potential for
adverse outcomes. The results of the reviewed studies generally
indicate that it is safe for cancer survivors to be physically
active, even during bone marrow transplant procedures and
high-dose chemotherapy. Given the small number of studies
reviewed, several questions regarding the safety of physical
activity across the cancer survivor experience remain, including
the potential for bias in self-reported worsening of symptoms or
side effects, risk for the development of lymphedema, and
worsening of some immune parameters.

Future Research

The process of conducting this review has revealed numerous
potential areas for future research on the efficacy of physical
activity to positively alter physiologic and psychosocial
outcomes in cancer survivors across the cancer experience. The
small number of studies for each outcome category underscores
the need for an expansion of research on a broad spectrum of
cancer control outcomes, across broad timing from the point of

diagnosis and through the balance of life. Therefore, rather

6

than focus the need for additional research on specific

outcomes, below is a listing of broader themes and

methodological issues to be addressed as well as
recommendations for efficient forward progress toward greater
understanding of the effects of physical activity in cancer
survivors.

* Convene researchers with expertise and interest in the
efficacy of physical activity to favorably effect physiologic
and psychosocial outcomes in cancer survivors to discuss
and reach consensus on:

- Priorities with regard to cancer control outcomes of
interest.

- Priorities with regard to timing of physical activity
interventions across the cancer experience.

- Standardization of measurement tools for cancer control
outcomes of interest.

- Standardization of outcomes reporting for cancer control
outcomes of interest.

- Development of survivor registries from which
participants for studies of all types (not just physical
activity) could be recruited.

* Increase funding to adequately power studies to examine
the effects of physical activity on cancer survivors across the
cancer experience.

 Improve reporting of recruitment experiences and
demographic description of participants from recruitment
to study completion or dropout, for improved assessment

of bias and generalizability.
Availability of the Full Report

The full evidence report from which this summary was taken
was prepared for the Agency for Healthcare Research and
Quality (AHRQ) by the University of Minnesota Evidence-
based Practice Center, under Contract No. 290-02-0009. It is
expected to be available in June 2004. At that time, printed
copies may be obtained free of charge from the AHRQ
Publications Clearinghouse by calling 800-358-9295.
Requesters should ask for Evidence Report/Technology
Assessment No. 102, Effectiveness of Behavioral Interventions to
Modify Physical Activity Behaviors in General Populations and
Cancer Patients and Survivors. In addition, Internet users will
be able to access the report and this summary online through

AHRQ’s Web site at www.ahrq.gov.
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Chapter 1. Introduction

Purpose

This report has two primary purposes, both of which were identified by the National Cancer
Institute’s Division of Cancer Control and Population Sciences. The first purpose was to conduct
a systematic review of the scientific literature to assess the evidence that behavioral interventions
are an effective means to help the general population meet current aerobic physical activity
recommendations or to maintain or increase their level of aerobic activities in interventions that
had a minimum of three months of non-intervention followup time. By specifically examining
results of interventions with a minimum of three months of non-intervention followup time, the
intent is to focus on the sustainability of the physical activity changes produced by behavioral
interventions.

Further, in reviewing the effectiveness of physical activity interventions in the general
population, there were several more specific goals stated, including examining whether the
effectiveness of theoretically based interventions differed from non-theoretically based
interventions, whether hypothesized moderators affect results of these interventions, whether the
interventions affect theoretically hypothesized mediators, and whether there is a relationship
between changes in theoretically hypothesized mediators and changes in physical activity.

The second primary purpose of this study was to conduct a systematic review of the scientific
literature to assess the evidence that physical activity interventions are efficacious for producing
improvements in psychological and physiologic outcomes in cancer survivors.

Healthy People 2010 places physical activity in the top ten leading indicators of health of
Americans.” Yet 54.6 percent of U.S. adults report levels of physical activity that fall below the
following two guidelines: moderate intensity activity > 30 minutes per day, > five days per week
OR vigorous intensity activity > 20 minutes per day, > three days per week.? Further, 2001
Youth Risk Behavior Survey data indicate that 64.6 percent of high school students meet the
Healthy People 2010 goal for vigorous activity (three or more days per week for 20 or more
minutes per occasion), and 25.5 percent of high school students meet the Healthy People 2010
goal for moderate intensity activity (at least 30 minutes on five or more of the previous seven
days).> 2 Clearly, there is a need to understand how to sustainably increase and maintain physical
activity behaviors in children, adolescents, and adults.

In addition to the importance of physical activity in general populations, physical activity
may play a special role in the experience of cancer survivors from the point of diagnosis through
the balance of life, regardless of the outcome of treatment. Understanding the impact of cancer
and its treatment on individuals living years beyond a cancer diagnosis is increasingly important,
especially as the population of long-term cancer survivors continues to grow. It is estimated that
there are approximately 9.5 million cancer survivors alive in the United States today* and the
population of long-term cancer survivors continues to grow. As children and adults with a
history of cancer are living longer, the challenges that face survivors will gain increasing
attention. Current cancer treatments, although increasingly efficacious for preventing death, are
toxic in numerous ways and produce negative long-term physiological and or psychological
effects. Because physical activity has been shown to improve well-being in healthy people,” it
has been proposed as a possible intervention to combat the early and late effects of treatment in



cancer patients.®” Further, the American Cancer Society now recommends that cancer survivors
perform regular physical activity toward the goal of maintaining a healthy body weight, reducing
risk of recurrence, and reducing risk for other common chronic diseases.® Therefore, to repeat,
our second goal was to conduct a systematic review of the scientific literature to assess the
evidence that physical activity interventions are efficacious for producing positive psychological
and physiologic outcomes in cancer survivors.

Key Questions

The specific aims of this review were to examine the evidence that physical activity
interventions, alone or combined with diet modification or smoking cessation, are effective in
helping:

1. Individuals in the general population sustainably increase their aerobic physical activity
or maintain adequate aerobic physical activity. Further, within this first portion of the
review, there were four sub-aims:

a. Is the effectiveness of theoretically based interventions different?

b. Do hypothesized moderators affect the results of these interventions?

c. Do these interventions affect theoretically hypothesized mediators?

d. Inthese interventions, is there a relationship between changes in theoretically
hypothesized mediators and changes in physical activity?

2. Cancer survivors improve their psychosocial outcomes or physiologic outcomes

Definitions: Physical Activity, Exercise, Fitness, General Population,
Cancer Survivor, and Effect Size

In order to understand this report, it is important to first define what we mean by physical
activity, exercise, health related physical fitness, general population, cancer survivors, and effect
size. The followin% definitions of physical activity, exercise, and physical fitness were first
published in 1985.

Physical activity is defined as any ‘bodily movement produced by the contraction of skeletal
muscle that increases energy expenditure above the basal level.” All domains of activity are
included in this definition, including leisure time physical activity, occupational activity, activity
to transport oneself from one place to another, household chores, self-care, other-care, volunteer
work, or any other activity other than complete body stillness.

Exercise is defined as ‘physical activity that is planned, structured, repetitive, and purposive
in the sense that improvement in one or more components of physical fitness is the objective.’
Exercise can refer to a single bout or multiple bouts over a period of weeks, months, or years.
The latter is commonly termed exercise training. This distinction between single bouts (acute
exercise) and exercise training (chronic exercise) is important because the effects of acute and
chronic exercise differ (e.g., blood pressure increased during acute exercise but resting blood
pressure is lowered by chronic training). Exercise does not occur in all domains of physical
activity. Exercise is confined to leisure time activities.

Health-related physical fitness is defined as “the ability to carry out daily tasks with vigor
and alertness, without undue fatigue, and with ample energy to enjoy leisure pursuits and to meet
unforeseen emergencies.” This includes cardiorespiratory endurance, muscular strength, power,



speed, flexibility, agility, balance, reaction time, and body composition. Participation in many
domains of physical activity is affected by one’s physical fitness.

General population is defined as individuals without chronic or acute diseases, with one
exception. With guidance from the Agency for Healthcare Research and Quality (AHRQ) and
the National Cancer Institute (NCI), it was decided that studies with diabetic or obese
participants would be included. The rationale was that the impact of behavioral interventions on
individuals with the excluded diseases might differ from the impact on included individuals.

Cancer survivors are defined as ‘any individual that has been diagnosed with cancer, from
the time of discovery and for the balance of life’, as suggested by the National Coalition for
Cancer Survivorship.'

Effect size is defined as the standardized mean difference between the treatment and control
group(s) and was calculated using the software ES.™

Negative Health Outcomes Associated with Physical Inactivity

There is consensus that regular physical activity is associated with decreased risk for a
number of negative health outcomes, including coronary heart disease, cardiovascular disease,
stroke, Type 2 diabetes, obesity, several forms of cancer, osteoporosis, depression, fall related
injuries in the elderly, and all-cause mortality.* This consensus underscores the need for
effective interventions for sustainable increases in physical activity. A review of the literature on
the topic of physical inactivity and negative health outcomes is beyond the scope of this report.
Readers interested in this research evidence are referred to the Surgeon General’s Report on
Physical Activity and Health."

Physical Activity and Issues Facing Cancer Survivors

The number of cancer survivors is growing annually and is expected to continue to grow.*
This makes a compelling case for the need to understand the unique needs of this population. A
framework for examining physical activity across the cancer experience (Framework PEACE)
has been proposed®® based on the cancer control perspective. The proposed framework includes
six possible cancer control outcomes after the point of cancer diagnosis, including buffering prior
to treatment, coping during treatment, rehabilitation immediately post treatment, health
promotion and survival for those with positive treatment outcomes, and palliation for those
without positive treatment outcomes.

Buffering prior to treatment refers to the potential to improve cancer treatment outcomes by
preparing the body through physical activity prior to cancer treatment. The outcomes of interest
during this point in the cancer experience will likely be physiologic and fitness related, though
psychological buffering may also be useful. For those coping with cancer treatment, primary
outcomes of interest are likely to include physiologic fitness and quality of life indicators as well.
The numerous possible adverse outcomes that can result from cancer treatments include reduced
quality of life, depression, anxiety, fatigue, reduced cardiovascular function, bone and muscle
wasting, and lymphedema. Exercise interventions for those who have completed treatment
during the past year seek to assess whether these adverse outcomes may be favorably altered by
physical activity. If cancer treatment is successful, physical activity becomes of interest for
health promotion purposes after the rehabilitation stage is over, to reduce risk of chronic diseases



which may be more prevalent among cancer survivors, such as cardiovascular disease, diabetes,
and osteoporosis.® Further, there is strong epidemiologic evidence that physical activity may
prevent some types of cancer,'* ' so the potential for physical activity to serve as a modifiable
risk factor for secondary prevention of cancers is of great interest as well. For those with
advanced stage cancers that are untreatable or that do not respond to treatment, palliation of
fatigue and pain may be an appropriate cancer control outcome for physical activity
interventions.

One goal of this report is to present a balanced view of the outcomes related to cancer control
in survivors who have volunteered to participate in a physical activity intervention at some point
during the cancer experience. The goal of such interventions would be to improve physiologic
and psychologic outcomes, yet the potential for harm must be acknowledged and examined. The
cancer survivor portion of the report is informed by Framework PEACE, developed by Courneya
and Friedenreich.™

Uniqueness of the Present Report

General population. There are several excellent recent reviews of the efficacy of behavioral
interventions to alter physical activity behaviors in particular populations or settings.**?’ The
Agency for Healthcare Research and Quality (AHRQ) sponsored one such review on the efficacy
of counseling by primary care physicians for improving physical activity.'® The November 1998
issue of the American Journal of Preventive Medicine was devoted entirely to understanding the
efficacy of behavioral interventions to promote physical activity. A recent systematic review of
the literature on the effectiveness of interventions to increase physical activity by the Task Force
on Community Preventive Services'’ formed an excellent starting point from which to develop
unique goals for the present report. The Task Force on Community Preventive Services review
concluded that there were two informational, three behavioral and social, and one environmental
approach to promoting physical activity that could be recommended. These are listed below.

Recommended informational approaches to increasing physical activity:
e ‘Point of decision prompts’ for stair use
e Community-wide campaigns

Recommended behavioral and social interventions for increasing physical activity:
e School-based physical education
o Community-based social support
e Individually adapted health behavior change

Recommended environmental approach for increasing physical activity:
e Creation of or enhanced access to places for physical activity, combined with informational
outreach

This same review found there was insufficient evidence to assess a variety of other
intervention types.*’

A review of prior systematic reviews on the efficacy of behavioral interventions to increase
. .. . . 17, 20-38 . . .
physical activity in general populations was undertaken. Based on this review, it became
clear that several aspects of this literature have received less attention in prior reviews. First, the
sustainability of increases in physical activity resultant to behavioral intervention has only been
addressed in two prior reviews. In the Dishman and Buckworth 1996 review® it was noted that



only about 25 percent of the 127 intervention studies located reported effect sizes for followup.
The mean effect was non-significant for the followup effects for self-reported physical activity
and fitness; whereas effects for objective measures of attendance or observation were large.
Similarly, in the Dishman et al., 1998 review?® it was reported that eight of 26 worksite
intervention studies located had effects at followup exceeding three months. The mean effect was
small and not different from the effects of interventions without followup, but interventions
using variations of exercise prescription yielded larger effects. Sustainability is of vital
importance for physical activity behavior change interventions. Therefore, for the portion of the
review that focuses on the general population, we chose to focus exclusively on interventions
that had at least three months of followup data on physical activity behavior beyond the end of
any intervention activities.

Second, it has been proposed that theoretically-based interventions would be more
efficacious than nontheoretical interventions. Yet only one prior systematic review has examined
whether this claim is supportable.® This review focused on older adults and reported that the
seven of ten studies with theoretical frameworks showed improvements in physical activity
behavior. This was compared to three of seven studies without theoretical frameworks. There has
also been little focus on which theories are most commonly used. Therefore, in the context of
this report, we outline which theories were applied (as reported by the authors), which theoretical
constructs have been applied, and whether theory-based interventions are more efficacious at
increasing physical activity than nontheory-based interventions.

Finally, only one prior review has examined the variables that mediate change in physical
activity in the context of intervention studies. This review included only 12 studies.*® This seems
to indicate that few intervention studies examine the mediating variables for physical activity
behavior change. Therefore, in the context of this report, we gathered data from the included
intervention studies on mediators proposed, measured, and whether there was any analysis to
examine whether the proposed, hypothesized mediators were influential in any observed change
in physical activity behavior.

To guide our review process we worked with a Technical Expert Panel (TEP) to develop a
logic model (Figure 1). The figure illustrates that intervention components can sometimes
increase physical activity behavior directly, or through one to three targets for change:
environmental, social or cultural, or personal factors. For this review, mediators are defined as
constructs that are hypothesized by the interventionist to fall in the causal pathway between the
intervention components (at any of the three levels labeled ‘targets for change’) and behavior.
For example, provision of education to explain how to exercise or what it should feel like to
exercise could be an intervention component that would mediate changes in physical activity or
exercise behavior. Moderators are defined, for this review, as variables not targeted by the
intervention and, in most cases, not expected to change, but which could influence the outcomes
or interact with the intervention to change study outcomes. For example, if the intervention effect
differed across gender, gender would be defined as an intervention moderator.

Cancer survivors. Reviews on the topic of physical activity in cancer survivors have also
been conducted.” ** “®*? Some reviews have focused on specific outcomes, such as weight loss
in breast cancer survivors* and fatigue*® and include studies with a variety of interventions, not
just physical activity. In the review on weight loss,*® the review authors indicated that the
effects of physical activity on weight change were mixed. A review on effects of physical
activity interventions on fatigue indicated that physical activity may be a feasible intervention



‘even for patients with advanced disease.”** Other reviews focus more specifically on physical
activity and examine a broad variety of outcomes from physical activity interventions in cancer
survivors.” * 4% All of these reviews noted that though completed studies consistently report
improvements in quality of life, as well as variables related to physiological and psychologic
well-being, many of the physical activity studies in cancer survivors suffer from methodologic
weaknesses.” * In particular, the review authors felt that additional controlled trials were
needed, preferably randomized. In an attempt to focus the present report on the best quality
research, included studies were required to have a concurrent comparison group with results
presented separately for treatment and comparison groups. However, because we acknowledge
that some important studies in this area were conducted as pilot or feasibility studies with no
control group, the discussion section includes a brief summary of results from fourteen studies
excluded on the basis of not having a concurrent control group.



Chapter 2. Methods

We synthesized evidence from the scientific literature on the effectiveness of behavioral
interventions to increase physical activity in the general population, as well as evidence of the
effectiveness of physical activity interventions to improve psychosocial and physiologic
outcomes for cancer survivors. The methods used for this process were developed by the project
team at the Minnesota Evidence-based Practice Center (EPC), in conjunction with
representatives from NCI and AHRQ. The Minnesota EPC was established by AHRQ to conduct
systematic reviews and technology assessments of all aspects of health care. The Minnesota EPC
performs research on improving methods of synthesizing the scientific evidence, developing
evidence reports, and conducting technology assessments.

Project staff collaborated with the National Institutes of Health’s National Cancer Institute’s
Division of Cancer Control and Population Sciences, the Task Order Officer at AHRQ, and the
Technical Expert Panel for this review on issues related to review topic and methods used.

Scope of Work

The literature review process for this report was divided into two parts. The methodology
was similar but not identical for these two parts and will be reported in subsections throughout
the remainder of the methodology section.

The literature review process for key question #1, which related to the effectiveness of
behavioral interventions to sustainably increase physical activity in the general population was
carried out as follows:

e Establish criteria for inclusion of articles in review

« ldentify sources of evidence in the scientific literature

o Extract study descriptions, data, and study quality data from studies meeting inclusion

criteria

o Attempt to find data that could be synthesized quantitatively

e Summarize findings qualitatively

o Submit results to the technical expert peer reviewers for review

e Incorporate reviewers’ comments into a final report for submission to AHRQ

The literature review process for the part of this report on the topic of physical activity in
cancer survivors included:

e Establish criteria for inclusion of articles in review

o ldentify sources of evidence in the literature

e Extract data from studies meeting the inclusion criteria

o Attempt to find data that could be synthesized quantitatively

e Summarize findings qualitatively

e Submit the results to peer reviewers

e Incorporate reviewers’ comments into a final report for submission to AHRQ

Note: Appendixes and Evidence tables cited in this report are provided electronically at
http://www.ahrg.gov/clinic/epcindex.htm



Establishing the Technical Expert Panel

A Technical Expert Panel (TEP) was selected to guide the process of refining the key
questions and developing the report. Representatives of NCI’s Division of Cancer Control and
Population Sciences and Minnesota EPC project staff both developed lists of individuals who
had content area expertise. There was particular interest in including end users of the evidence
report in the TEP. Appendix A lists the individuals who served on the TEP for this report, as well
as their areas of expertise.

Developing the Key Questions

The ORIGINAL key questions put forth by AHRQ and NCI were later revised. The original
key questions were as follows:

1. What is the evidence that physical activity interventions alone, or combined with diet
modification or smoking cessation, are effective in helping individuals in the general
population change their aerobic physical activity and maintain an active lifestyle?

e What settings have been used to deliver behavioral interventions?

e Are interventions in specific settings more effective than others (e.g., individuals or
groups; organizational settings; community settings; public policy)?

e To what extent have these interventions been delivered to minority or high-risk
populations?

e |s there evidence that effectiveness of interventions varies in minority or high-risk
populations?

o Determine the factors that mediate or moderate the success of these interventions
(e.g., gender, race/ethnicity, intervention type, incentives, intervention dose, length
of intervention, intervention mode of delivery, exercise setting, physical activity
mode, physical activity intensity, research design, other).

2. Are interventions that use behavioral theories more effective in changing aerobic
physical activity than those that do not?

e What theories have been used to design physical activity interventions and to what
extent have they been implemented?

e Are interventions that use particular behavioral theories more effective than others
in changing behaviors?

e Do behavioral interventions have a significant impact on theoretically hypothesized
mediators of physical activity?

o Determine the factors that moderate the success of theoretical interventions (e.g.,
gender, race/ethnicity, intervention type, incentives, intervention dose, length of
intervention, intervention mode of delivery, exercise setting, physical activity
mode, physical activity intensity, research design, other).

3. What is the evidence that physical activity interventions, alone or combined with diet
modification or smoking cessation, are effective in helping cancer survivors improve
their psychosocial outcomes (e.g., anxiety, depression, fatigue, and quality of life) or
physiological outcomes (e.g., cardiorespiratory fitness, obesity/total fat/visceral fat,
insulin, Insulin-like Growth Factors (IGFs) and IGF binding proteins, and sex hormones
steroids and binding proteins)?
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Refining the Key Questions

Examining Past Systematic Reviews

A number of systematic reviews had previously been done examining different aspects of the
preliminary key questions. It was the desire of AHRQ, NCI, and the Minnesota EPC that this
report make a contribution to the literature. This required an understanding of the focus and
conclusions of prior systematic reviews in this topic area. A search was undertaken to identify
previous systematic reviews that overlapped with the preliminary key questions and to examine
what key questions had been addressed in those reviews. A document outlining key guestions
addressed by prior reviews was prepared for the Technical Expert Panel for a face-to-face
meeting in January 2003.

Meeting of the Technical Expert Panel and Refinement of the Key
Questions

The Technical Expert Panel, representatives from NCI, AHRQ, and the Minnesota EPC met
face to face on January 29, 2003, to discuss the refinement of the key questions and the
development of the report. The group expressed interest in the role of mediators and moderators
but did not at that meeting refine the questions further. A series of discussions between AHRQ,
NCI, and the Minnesota EPC was held after the expert meeting and additional input was gathered
from the Technical Expert Panel where appropriate. The issue was how to refine the key
questions so that they would address an area not otherwise addressed in the literature and that
would be achievable within the contract. The result of the discussions was that one key factor
that had not been as completely addressed in previous reviews was whether interventions to
increase physical activity had effects that lasted beyond the end of the intervention period itself.
It was decided then that the review would be limited to studies that examined outcomes at least
three months after the end of the intervention. At the January meeting, the TEP had suggested
excluding studies that were done in the context of acute disease (such as cardiac rehabilitation)
and this criterion was added to the exclusions. The revised and final key questions with inclusion
and exclusion criteria were:

1. What is the evidence that physical activity interventions alone, or combined with diet
modification or smoking cessation, are effective in helping individuals in the general
population increase their aerobic physical activity or maintain adequate aerobic physical
activity?

a. Isthe effectiveness of theoretically based interventions different?

b. Do hypothesized moderators affect the results of these interventions?

c. Do these interventions affect theoretically hypothesized mediators?

d. Inthese interventions, is there a relationship between changes in theoretically
hypothesized mediators and changes in physical activity?

2. What is the evidence that physical activity interventions, alone or combined with diet
modification or smoking cessation, are effective in helping cancer survivors improve
their psychosocial outcomes (e.g., anxiety, depression, fatigue, and quality of life) or
physiological outcomes (e.g., cardiorespiratory fitness, obesity/total fat/visceral fat,
insulin, IGFs and IGF binding proteins, and sex hormones steroids and binding
proteins)?
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We planned that in answering the first key question, we would also address the following
subsidiary questions:
1. What theories have been explicitly used?
2. What theoretical constructs have been implemented within interventions explicitly based
on a particular theory or theories?
3. To what extent have mediators been appropriately tested?

To be included, a study must meet the following inclusion criteria:

Key question #1.

o Study must include an intervention designed to increase physical activity

o Study must include a measure of whether physical activity is affected by the intervention.
Fitness is an acceptable surrogate measure of physical activity if it was intended for that
purpose.

e Study must include a concurrent comparison group (studies that instructed control group
participants to avoid exercise were excluded on the basis that those studies were focused on
physiologic outcomes, not changes in physical activity behavior)

 Studies with all age groups will be included

e Study must be published in the English language

Key question #2.

e Study must be focused on individuals who have been diagnosed with cancer
o Study must include an intervention designed to increase physical activity

e Study must include a concurrent comparison group

e Study must include adults

e Study must be published in the English language

Exclusion Criteria
Studies with the following characteristics will be excluded from the review:

Key question #1.
o Study has fewer than 75 subjects total between the intervention and comparison group
o Study reports less than three month post-intervention followup data
o Study targets specifically:
o Individuals with acute disease of any kind
o Individuals with coronary heart disease, peripheral vascular disease, or
cerebrovascular disease
o Individuals with cystic fibrosis
o Individuals with osteoarthritis
o Institutionalized individuals (nursing homes residents or prisoners)
e Studies of cardiac rehabilitation programs
o Studies of rehabilitation/physiotherapy interventions

The Technical Expert Panel discussed at length the advantages and disadvantages of
including or excluding from key question 1 any studies that targeted individuals with chronic or
acute diseases. After the TEP meeting in January, the Minnesota EPC was guided further by
AHRQ and NCI to include studies with diabetic or obese individuals, but not studies with other
chronic or acute diseases. The rationale was that the impact of behavioral interventions on
individuals with the excluded diseases might differ from the impact on included individuals.
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Key question #2.

e Studies with no intervention designed to increase physical activity
e Studies with no concurrent comparison group

e Studies conducted in children only

« Studies published in languages other than English

Definition of followup. Studies that reported less than three months of post-intervention
followup data were excluded in the review for key question #1 only. The definition of this time
interval is illustrated in Figure 2. The followup period was defined as starting when contact from
the investigators intended to affect the physical activity of the subjects concluded. Contact for
measurement was allowed. It should be noted that individual investigators may not have defined
followup this way, so the length of followup reported by the investigators within the publications
reviewed may not be the same as the length of followup within this report. For example, a
physical activity intervention may be faded over time, such that an intensive intervention may
last for six months, followed by a minimal maintenance intervention for 18 months. The
investigators may consider the 18 month period after the end of the intensive intervention to be a
followup period. By contrast, in this report, followup would not start until the end of the 18
months of minimal maintenance intervention.

Literature Search Design

Identification of Literature Sources

Potential evidence for the report came from online databases, reference lists of all relevant
articles and reviews, and files of project staff and TEP members with specific expertise in
behavioral physical activity interventions and/or research on physical activity in cancer
survivors. MEDLINE® was used as the only online database. In the process of peer review, only
one paper from the cancer survivor literature and no papers from the general population literature
were identified as missing. This indicates that although the search was not repeated in additional
online databases, the existing literature for the key questions to be addressed was
comprehensively identified.

Search for key question #1. A MEDLINE® search was performed to identify trials of
physical activity interventions. The specific search strategy is shown in Appendix B. The titles
and, if necessary, the abstracts of the results of this search were reviewed by an expert in physical
activity interventions to identify references that required full review. We also identified previous
systematic reviews of physical activity interventions in the literature 1 1%-2% 27-34.36.37. 44,45 7o
titles and, if necessary, the abstracts of all of the references in those reviews were also reviewed
by an expert in physical activity interventions to identify references that required full review.
These two lists were combined and all references were reviewed to determine whether the studies
met inclusion criteria.

Additional references were identified in two ways. The list of references meeting inclusion
criteria was shared with the Technical Expert Panel. TEP members could then suggest references
missed that should be included.

The second manner in which additional references were added was in the process of
reviewing the papers for whether they met inclusion criteria. During this review, the abstractors
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identified other references that should be reviewed. Abstractors primarily identified other
references related to the study in the reference under review.

Search for key question #2. For the part of the review on physical activity interventions in
cancer survivors, we conducted two MEDLINE® searches with separate search strategies to
identify possible papers for inclusion in the review. The strategies for these searches are included
in Appendix B. We limited our search to English language papers. The first of these searches,
conducted on July 6, 2003, yielded 16 papers. In July we also reviewed the references of a recent
review on the topic of exercise in cancer survivors’ and identified 39 additional papers. The
second MEDLINE® search was conducted on September 17, 2003, and yielded 73 papers. These
lists were combined using the bibliographic software EndNote® and duplicates were deleted,
yielding a total of 128 titles. These titles were reviewed by a representative at NCI, a member of
the TEP with special expertise in physical activity and cancer research, and a member of the
project team to see if there were any papers obviously missing. Several additional titles were
suggested by the TEP member, and several were deleted as well, resulting in a total of 128 titles
to be reviewed for inclusion. Two additional articles were identified during the process of
reviewing the papers included in the review. In the process of peer review, 14 additional
references were identified.

Evaluation of Evidence

Data Collection

Question 1: General population. A data collection form was developed using the Guide to
Community Preventive Services data abstraction instrument as a template.*® All information
necessary to the review was collected on this form except for the specific outcome information
(see below). This instrument was reviewed by the Technical Expert Panel and relevant changes
were made. The instrument was then computerized as a Filemaker Pro database to allow
computerized data entry. This instrument was then pilot tested by the data abstractors and a
member of the project staff with expertise in physical activity interventions. Revisions were
made to the Filemaker Pro data entry screens until entry could be efficiently and accurately
accomplished.

One member of a team of four data abstractors reviewed each reference identified for full
review. The data abstractors all had expertise in the area of physical activity research. Any
reference that was felt to not meet inclusion criteria was reviewed by another member of the
team and if there was disagreement, the reference was brought to the full group. Each included
reference underwent a second full review by a senior member of the team and any questions
were discussed with the full team.

A second data abstraction form was developed for the abstractions of the specific outcome
data from the included studies. This abstraction was done in an Excel spreadsheet. The outcomes
of the included studies were abstracted by one of two members of the team with significant
experience in abstracting outcomes for systematic reviews. The specific outcomes to be
abstracted from each reference were reviewed by the entire team. The outcomes were re-
abstracted as a check by a senior member of the research team and where there were questions,
discussed with the full team.
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Question 2: Cancer survivors. Detailed information about all but the outcomes from each
of the 24 included trials was collected on a specialized data collection instrument (the Cancer
Abstraction Form) designed for this purpose. This Cancer Abstraction form (Appendix C) was
developed in consultation with a representative of NCI (Louise Masse) and a member of the TEP
with special expertise in exercise and cancer survivors (Kerry Courneya). We included questions
about trial design, study quality, the number and characteristics of participants, participant
recruitment information, and details on the intervention (such as dose of exercise and non-
exercise components). The outcome data were initially abstracted by a member of the project
staff in Excel, just to list outcomes. This listing was checked by a second member of the project
staff. Then tables of study descriptions and outcomes were developed. These tables were
reviewed and checked by a second project staff member as well. All abstraction was checked by
a second project staff member, though independent double abstraction was not conducted.

Two project staff members, both trained in the critical analysis of scientific literature,
independently reviewed each of the identified articles to determine eligibility. The data
abstraction was first conducted by a research assistant who had been trained in data abstraction
procedures; then each abstraction was checked by a PhD trained member of the project staff with
content area expertise in physical activity and cancer research. From the 53 articles initially
reviewed for eligibility, 29, representing 25 trials, were accepted for further study. During the
process of peer review, an additional 14 papers were identified. One of the 25 studies initially
included was deemed unacceptable by peer reviewers, since it focused on physiotherapeutic
exercise to increase shoulder range of motion after mastectomy.*’ One additional paper that
reported outcomes for the remaining 24 studies was identified during peer review. The remaining
13 papers identified during peer review were excluded and have been added to the final list of
excluded papers.

All outcomes were acceptable for abstraction for this part of the report, as one of the goals
was to assess what outcomes have been included in this literature. The 29 articles presented data
on 24 trials. In five cases, there were two articles that presented information for a single trial. To
be clear, a ‘trial’ refers to a controlled clinical trial; an “article’ refers to a published document.
An article may present more than one trial, or a trial may be described in more than one article.
Trial is the unit for summarizing the results of the review.

To evaluate the quality of the study design and execution of trials, we collected data in a
format that was based on the abstraction form developed by the Guide to Community Preventive
Services*® and shared with this project staff by a TEP member who had worked on the
exercise/physical activity portion of that task force. For each trial, 11 questions were answered in
four categories related to description of the study and participants, study measurement quality,
analytic approach, and interpretation of results.

Data Synthesis: General population

Developing a common metric. The original methodologic plan was to attempt to pool main
effects across included studies as well as compare the effects of subgroups such as populations
studied or intervention type. Such data pooling requires a common metric that can be applied to
each study. Because the goal of each of the included studies is to increase physical activity, and
physical activity requires energy expenditure, the hope was that the outcome of a significant
portion of the studies could be expressed as energy expenditure. A subset of the studies reported
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energy expenditure and an additional group of studies reported sufficient data to calculate energy
expenditure (e.g. time spent exercising and exercise intensity).

We were able to calculate energy expenditure for less than 12 of the 47 included studies on
the general population. In those studies where energy expenditure was given or could be
calculated before and after intervention in both control and intervention groups, we sought to
compute a common intervention effect estimate (IEE). The IEE we sought to calculate for
studies that reported energy expenditure (or enough data to calculate energy expenditure) is more
commonly termed the ‘raw mean difference.”® IEE is calculated as follows:

IEE = (PostT - PreT) - (PostC - PreC), where T indicates treatment group and C indicates control
group.

The variance of this measure is calculated as:

Var(IEE) = Var(PostT - PreT) + Var(PostC - PreC) =
Var(PostT) + Var(PreT) - 2*SQRT[Var(PostT)Var(PreT)]Cor(PreT,PostT) + Var(PostC) +
Var(PreC) - 2*SQRT[Var(PostC)Var(PreC)]Cor(PreC, PostC).

Calculation of the above variance clearly depends on the pre-post correlation. This
correlation was not routinely available in the articles in question, nor was a measure of the
standard deviation of the difference in means. Therefore it was not felt to be possible to derive
one common metric from which to calculate the IEEs.

Calculating effect size from all outcomes. Because the diversity of outcomes prevented
derivation of a common measure of physical activity for all studies, we elected instead to
calculate effect size (e.g. standardized mean difference) from the outcomes represented across
the studies. We did this to aid the interpretation, as it may be easier to compare studies using a
single outcome measure, effect size, than the diversity of outcomes reported in the included
studies. However, the results still reflect different outcomes and different underlying
measurement domains; therefore, it is not necessarily reasonable to directly compare the results
of two individual studies without examining the outcome measure underlying the effect size.
This issue, as it relates specifically to this literature, is discussed in more detail in the results
section of this report.

The effect sizes were calculated using the software program ES.*! Effect sizes (e.g.
standardized mean differences between the treatment and control group(s)) were calculated from
all outcomes where one of the following combinations of data was available. (Note: We quote
here from the ES software manual!):

» “Raw score means, standard deviations, and sample sizes OR

e Dichotomous outcomes in two by two tables with cell frequencies OR

e Dichotomous outcomes in two by two tables with chi-square and total sample size OR
 Between-groups t-test on raw post test scores OR

e Raw means and sample sizes on three or more groups, with a t-statistic comparing one
group to a combination of other groups OR

e T-test for two matched groups, sample sizes, correlation between groups OR
e Between-groups t-test on change scores with intraclass correlation OR
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e Change-score means and change-score standard deviations with intraclass correlation OR

e Two-group between-groups oneway F-statistic on change scores with intraclass correlation
OR

e Change score means and sample sizes on three or more groups, t-statistic comparing one
group to a combination of the other groups OR

e Two-group between-groups F-statistic on raw posttest scores OR

e Probability level and sample size for groups OR

« Coding results described only as significant if sample size for groups is known.”**

Assumptions were made regarding missing information where it was felt it could be
reasonably assumed. One example is assuming sample size when an enrollment number was
available and there were sufficient clues as to the number analyzed at followup even if it was not
stated. When an exact p-value was not given for a statistically significant study, it was assumed
to be 0.05. This may systematically bias the effect size downward. If the p-value were actually
smaller, the effect size would be greater. Where the within-person repeated measures correlation
coefficients (intraclass correlation coefficients) for the outcome variable were missing for studies
that reported change scores, it was assumed to be 0.6. It should be noted that for some studies it
was not possible to incorporate baseline values into the effect size calculation because of
inadequate information regarding the correlation of repeated measures. If the intervention and
control groups were different at baseline, this difference could bias the post effect size. Given the
important issues with the calculation of the effect size, the reader should understand that what is
reported gives a reasonable approximation of the effect of the studies but is inexact.

We elected not to perform any mathematical pooling of the results for the general population.
The studies differed in terms of intervention type, study duration, patient populations, outcome
measures, and clinical outcomes. Although it would have been mathematically feasible to
perform a quantitative meta-analysis, it was not clear that the numbers obtained would have any
meaning. We elected instead to present the effect size results themselves so that the reader could
understand the distribution of effect sizes within the diverse populations rather than reducing that
distribution to a point estimate of questionable validity. The other metric examined is whether a
study had statistically significant positive results. This criterion likely underestimates the results
of the studies but is able to provide an additional level of understanding to the report of the effect
sizes alone.

Data Synthesis: Cancer Survivors

For the portion of the review on the topic of physical activity in cancer survivors, effect sizes
were also calculated using the software program ES.!! Effect sizes (e.g. standardized mean
differences between the treatment and control group(s)) were calculated from all outcomes where
one of the following combinations of data was available. (Note: We quote here from the ES
software manual™):

e “Raw score means, standard deviations, and sample sizes at post intervention

« Between-groups t-test on raw post-test scores.”**

No change score effect sizes were possible in this section of the report given lack of
information regarding the correlation of pre- and post-intervention values for the wide variety of
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outcomes assessed. For studies in which there were no between group differences at baseline,
this post-test effect size is a more acceptable measure of the impact of the intervention on the
outcome. However, unlike the general population section, effect size calculations were made
regardless of whether there were between group differences at baseline. Comments on
interpretation of effect sizes in the cancer survivor literature are provided in the results section.

Publication Bias

The great variations in populations, interventions, and outcomes make the usual
techniques for detecting publication bias both impractical and unreliable. It would be difficult to
conclude that variations in outcome seen with varying trial size was related to publication bias
and not confounded by any of the many other ways that the trials differed from each other. We
do present the effect sizes and statistical significance of studies by study size, which provides
some information about the possibility of publication bias. Yet, this is limited by possible
confounding by differences in the studies as well as the fact that negative studies may be more
likely to not allow a calculation of effect size (as they are less likely to present variance estimates
or exact p-values for non-statistically significant outcomes).
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Chapter 3. Results

Search Results in the General Population

The details of the paper identification are outlined in Figure 3. The electronic search
identified 6,790 possible references. After review of the titles and abstracts, 260 of these
references were felt to possibly meet inclusion criteria. The search of the references used in the
previous systematic reviews resulted in the identification of 428 possible references. After
review of the title and abstracts, 263 references were felt to possibly meet inclusion criteria.
Because of overlap, these two sources provided 477 references to be pulled for review of the
entire paper.

In addition to the papers identified through the electronic search and the review of previous
reviews, two additional references were suggested by the Technical Expert Panel. Further, in the
process of reviewing the references, the abstractors identified 47 additional references from the
reference lists of the papers. (These were primarily related to the study under review). In total
526 references were identified for full review.

From the references identified for full review, six could not be obtained. These were
references that were not available from any library through interlibrary loan. One was a thesis,
two were conference proceedings, and three were from journals that could not be obtained. Of
the 520 remaining studies that underwent full review, 47 studies were identified that met
inclusion criteria. Eighteen studies had important information found in multiple references and
one reference contained two studies. In sum, 87 references were identified for inclusion in the
study.

Figure 3 also shows the reasons for exclusion of the excluded references. Exclusion criteria
were considered in the order presented so that in general a reference that was excluded for a
reason lower in the list was felt to likely meet the criteria higher in the list. For example,
references excluded because the last measure of physical activity was less than three months
after the end of the intervention were felt to have met the criteria above that measure in the
inclusion/exclusion list (e.g., >75 subjects).

Of the 433 excluded references, 40 did not contain behavioral or policy intervention to
increase physical activity. One common study of this type was trials in which the outcome of
interest was actually the effect of exercise and the control group was told not to change their
physical activity. Any study in which the control group was told not to exercise was thus
excluded. Forty-four of the references were excluded because they did not contain a concurrent
control group. Insufficient study size (<75 subjects total enrolled) was the reason for exclusion of
75 references. The largest reason for exclusion was a lack of an outcome measure three months
or more after the end of the intervention. Two hundred nineteen references, which were about
half of those identified for full review, were excluded for this reason. This may be a small
overestimate of the percent of the references that otherwise met criteria since attempts were not
made to certify with a complete review that the other criteria were met when a clear exclusion
was identified. Thus, for example, if the nature of the outcome was unclear (whether it was a
physical activity outcome or not) but it was clear that there was inadequate followup time, the
reference was excluded and no further attempt was made to adjudicate whether the outcome was
a physical activity outcome. Because one exclusion is occasionally more obvious than another, it
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is possible that a portion of the studies that appeared to meet all criteria applied before the length
of followup criterion may have met other exclusion criteria if they underwent complete review.

Study Characteristics: General Population

Populations studied. The 47 studies identified addressed a variety of populations. Adults
were studied exclusively in 41 of the studies, four exclusively studied children, and two included
both. Of the studies of adults, eight included only women, whereas two included only men. In all
but two of the studies where race was reported, white subjects were in the majority. Of the
remaining two, one studied an exclusively black population and the other a population that was
50 percent black and 50 percent Hispanic (with the race of the Hispanic subjects not stated). The
setting of recruitment also varied across studies with 16 from a healthcare setting, 12 from
community, six in school, two from a government agency, eight from a worksite, two from an
exercise center, and one from both the community and worksite.

Study characteristics. By the inclusion criteria, all of the studies had a concurrent
comparison group. The intervention and comparison groups could be either randomly assigned
or use some other method of assignment. Further, the assignment could be done either on an
individual level or a group (e.g., clinic or school) level. Within the 47 studies, five were assigned
non-randomly on the group level (though two of these were analyzed as if randomized at the
individual level), five non-randomly at the individual level, 14 randomly at the group level, and
23 randomly at the individual level.

Intervention characteristics. Within the 47 studies there were 72 interventions examined
(exclusive of the comparison or control intervention(s)). Thirty studies examined one
intervention, 11 examined two, 4 examined three, and two examined four. A complete
description of all of the interventions is given in Appendix D. Twenty-two of the studies
delivered a physical activity intervention to the control group as well as the intervention group.
These interventions are also described in Appendix D. Control interventions not designed to
increase physical activity are excluded from Appendix D.

There was a great deal of diversity within the interventions and across studies (Table 1).
Across the studies, the intervention occurred in nine different settings and some interventions
occurred in more than one setting. The most common intervention setting was a health care
facility, which was used in nearly one-third of the studies. The next most common sites were
worksites (28 percent) and community (26 percent), with home and school each accounting for
about 15 percent of the studies.

Many of the interventions were aimed at other behaviors in addition to physical activity.
Slightly over half of the studies (25, or 53 percent) included an intervention aimed at diet and/or
smoking in addition to the physical activity intervention.

Where the type or mode of physical activity that was targeted by the intervention was stated,
the studies were rather uniform. All that specified a type of physical activity specified a type of
aerobic activity, but 58 percent of the interventions did not specify the activity mode and 49
percent of the studies did not specify activity mode for any intervention. Where the physical
activity intensity was noted, it also was rather uniform, with moderate intensity most common.
However, over two-thirds of the interventions did not specify intensity and 60 percent of studies
did not specify intensity.
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The interventions and studies also differed as to whether there was any in-person contact.
Three-fourths of the interventions and studies did include some sort of in-person contact, but that
leaves a sizeable minority in which the only contact with the subjects was by mail and,
occasionally, telephone.

Half of the interventions (50 percent) and 43 percent of studies were tailored to the individual
subject in some way. Those means of tailoring are shown in Table 1. Nearly a quarter of the
interventions were tailored to a “Stage of Change.” Other means of tailoring that were used in
more than five percent of the interventions included tailoring to an individual’s risk factor status,
fitness level or exercise preference, or individualized counseling.

A wide range of behavioral intervention components (which are often also theoretical
constructs) were used. Some were commonly used—over two-thirds of the interventions (67
percent) employed ‘education on the benefits of exercise’ and a similar amount (46 percent)
provided written and/or verbal feedback and/or encouragement. Yet there was also a great deal
of diversity. There were 11 behavioral intervention components that were used in 13 to 43
percent of the interventions, and there were 14 behavioral intervention components that were
employed in four or fewer interventions. Nearly 20 percent of the interventions did not specify
any behavioral intervention components.

Like the other aspects of the interventions, there was diversity in whether the study authors
elucidated a theory underlying the intervention tested. For half of the interventions and studies
(51 and 49 percent, respectively) no theory was discussed as the basis of the intervention. For 11
interventions two theories were said to underlie the intervention, and for 24 of them one theory
was said to underlie the intervention. There were a variety of theories used. The most common
theory was the Transtheoretical or Stages of Change model that was said to underlie about a third
of the interventions (29 percent). No other theory accounted for more than ten percent of the
interventions where theory was reported.

Even in the most fundamental aspect of the overall intervention intensity, the studies differed
widely. The intensity of the most intensive intervention in each study is shown in Table 2. The
number of contacts with the study subjects over the course of the intervention varied quite
widely from just one to over 200. Further, the length of the intervention varied from a single
encounter to seven years. One-quarter of the interventions went on for over six months.

We combined the type of contact, frequency of contact, and length of the intervention to
classify the studies into an ordinal intensity scale. Studies in which there was no in-person
contact were scored as “1”. If there was in-person contact, but less than a total of eight times, and
the study was less than two years long, it was scored as a “2”. Studies that had ten or more in-
person contacts and/or were large community trials that had a number of environmental and
media changes and lasted five to seven years (such as Minnesota Heart Health Program,*
Pawtucket,”® and UK Heart Disease Prevention Project™) were scored as “3”. The remaining
studies, one of which met four times weekly for four months and three of which had in-person
contact three to five times weekly from one to three years, were scored as a “4”. Using this
scoring system, four studies were scored in the highest category, ten in the lowest, and the
remainder closely split in the middle categories. It should be noted that the decision as to where
to place large community trials in such a scale is somewhat arbitrary.

Outcomes examined. A range of different physical activity outcomes was found in the
included studies, and many studies included more than one. Twenty-four studies had one
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physical activity outcome, eight studies had two physical activity outcomes, 11 had three, one
had five, two had six, and one had nine, for a total of 99 individual outcomes. No specific
outcome was used as the primary outcome across studies. Further, what may have been
considered the primary outcome domain in one study (such as a measure of leisure time activity)
may have been a secondary domain in another study (where the primary outcome could have
been overall activity).

The diversity of outcomes presents a significant challenge in comparing the results of
different trials. Two possible conditions may exist: 1) the different outcome measures may be
measures of the same underlying physical activity domain assessed in different ways (e.g.,
leisure activity measured by self-report and accelerometry); or 2) the measures, although both
measures of physical activity, may be measuring different underlying domains (e.g., self-report
of vigorous activity and self-report of total activity).

There are a number of examples in this literature of different outcome measures that are
assessing the same underlying domain. For example, a number of measures attempt to assess the
total activity an individual performs in a day. This underlying domain may be assessed with a log
of all activities, an objective measure (e.g. accelerometer), or a survey of activities for a recent
period of time. Each of these methods of measurement may be more or less valid and reliable but
they all reflect measurement of total activity. An intervention that actually increases total activity
would be expected to have a similar effect on all three of the measures. Therefore, it may be
reasonable to compare these outcomes that have been converted to a standardized metric such as
an effect size.

There are also many examples of different outcome measures that are assessing different
underlying levels of intensity within one domain (vigorous versus total leisure time activity) or
differing domains (leisure time activity versus household chores). One could imagine that an
intervention could have one effect on total leisure time physical activity and a different effect on
vigorous leisure time physical activity. For example, the CATCH trial**** sought to increase the
physical activity of school children. They found that children who underwent the CATCH
intervention had a statistically significant increase in vigorous leisure time physical activity and
a statistically significant decrease in total leisure time physical activity. If we were comparing
two distinct studies in children, one of which reported a decrease in total leisure time physical
activity and one that reported an increase in vigorous leisure time physical activity and we
compared the reported effects of the two studies, we would conclude that one was harmful (as it
had a statistically significant negative result) and one was beneficial (as it had a statistically
significant positive result). In truth, both occurred in the same study, and interpretation of these
findings is complicated. This example is intended to point out the caution required in comparing
results that assess different underlying domains or differing intensities within the same domain.

It would be optimal if there were a common measured domain across the studies included in
the review to facilitate comparison of the effects of the different interventions. We grouped the
outcomes in two ways to attempt to assess the effects of interventions. Because guidelines have
targets for both moderate and vigorous activity® we first classified outcomes as measures of
vigorous, moderate, or total activities. Measures of exercise sessions, fitness activities, fitness
and vigorous activities were grouped as “vigorous activities.” Measures of walking activities,
other moderate activities and leisure activities were grouped as “moderate activities.” Finally
measures of daily activities and total activities were grouped as “total activities.” Measures that
did not fit these categories were classified as “other.” Of the 99 outcome measures in the studies,
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23 (23 percent) were classified as “total activities,” 50 (51 percent) were classified as “vigorous
activities,” 25 (25 percent) were classified as moderate activities, and 1 (1 percent) was classified
as “other.” Of the 47 studies 20 (43 percent) contained a measure of “total activity,” 28 (60
percent) contained a measure of “vigorous activity,” and 18 (38 percent) contained a measure of
“moderate activity.” Because, each of these are collections of measures, when presented in the
results they will be referred to as “group.” For example, the “moderate activities” will be referred
to as “moderate activities group” so it is clear that it is not a measure of total moderate activities.

As discussed above, one potential problem with the above categorization is that to the extent
that some of the measures assess only a portion of the domain, it is possible that changes could
be seen in the measures that do not in actuality reflect changes within the complete domain. For
example, it is possible that individuals in a walking program could substitute the activity in the
program for physical activities they would otherwise do. One might then see an increase in
walking but in reality there is no change in overall moderate activity. There is little literature on
this point, although observations in this literature review such as the differences seen in CATCH
in which the vigorous activity promoted in CATCH substituted for other activity to result in a net
decrease in total activity (see above) and the study of Goran et. al. in which elderly subjects in
exercise training reduced their activity in the rest of the day for no net change in activity suggest
this is certainly possible.>* We therefore attempted to create distinct domains of physical activity
outcomes. Some of these are subsets of other domains (e.g., walking activity is a portion of total
moderate activity). For example if two studies each attempted to increase walking but one
measured walking as an outcome and one measured total moderate activity as an outcome,
differences could result either from differences in the interventions or because the interventions
affect walking but not total moderate activity. This issue would not exist if they both measured
walking or both measured total moderate activity and further underscores caution in
interpretation of results.

The domains examined are shown in Table 3. We do not claim these are unique domains.
Determining whether they are unique would require empirical testing. However, they provide an
attempt to classify the outcomes of the studies in these reviews. Unfortunately, no one outcome
domain was measured by more that 40 percent of the studies, so it was not possible to select one
domain to examine across all of the studies. This diversity of domains should be kept in mind,
however, when interpreting the overall results.

An attempt was made to use all of the existing information in the studies to create a measure
of overall energy expenditure but this failed (see Methods). We therefore elected to include all of
the physical activity outcomes reported in the results that follow. The complete list of outcome
measures can be found within the main evidence tables (Appendix E). As the results contain a
variety of outcomes, caution must be used in comparing the effects across studies as differences
may result from differences in the outcomes assessed rather than differences in the intervention
effects.

Followup time. There was a significant range in time between the end of the intervention
and the final outcome measurement ranging from three months to 11 years (Figure 4). Most
studies did not report multiple followup times, so it was not possible to pick a followup interval
that was comparable across studies. The distribution of followup times is little different when
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one examines the first followup greater than or equal to three months following the end of the
intervention. The followup point used is stated in each of the analyses that follow.

Assessment of Qutcomes

Two criteria for a positive effect of the intervention on outcome were used throughout the
results: effect size and statistically significant positive effect. Each has its strengths and
weaknesses. Used together these two criteria give a fuller picture of the results of the
interventions.

Effect size. Effect sizes (e.g. standardized mean differences) are frequently used in pooling
studies so that the results of studies that use different measures for the same outcome can be
examined together. They have great strength because whatever the outcome is, if sufficient
information is provided, an effect size can be calculated for it. This then allows that outcome to
be compared to the same outcome from a different study measured in a different way (and also
converted to an effect size). Thus, for this review it is possible to use effect size to get a sense of
the effects of diverse outcomes without needing to understand exactly the metric employed in the
study.

The ability to convert the effects of the various studies to effect sizes, however, comes at a
price. Because results of studies are on the same metric, it is tempting to make comparisons
between studies that should not be made. As discussed above, the outcomes of these studies may
be of different domains of physical activity or differing intensities within a single domain. An
effect size in a measure in one domain may or may not be analogous to an effect size in another
domain. Although we think it is useful to examine the range of effect sizes in the included
studies, any assessment of the actual effectiveness of an individual study requires a closer
examination of the specific outcome measured. This information is provided in the evidence
tables.

One additional weakness of effect size as a measure of outcome is that it cannot be calculated
for all of the outcomes and in some circumstances when it can be measured, the results are
known to be biased (usually downward). We were unable to calculate an effect size for 13 (28
percent) of the included studies. In the presentation of the effect size results, effects that could
not be calculated are noted. It should be noted that the inability to calculate some effect sizes
may artificially inflate the overall results reflected by effect sizes because the manner of
reporting results in statistically insignificant studies tends to be less detailed, leading to
inadequate data for effect size calculation. For example, for statistically significant studies, a p-
value is generally either reported or is stated to be ‘less than 0.05’, which is part of the
information needed to calculate an effect size. However, in statistically insignificant studies, the
p-value may just be reported as ‘NS’ for not-significant. Reasons that effect size calculation was
not possible for individual studies included no available variance estimates, no significance
levels, insufficient information about number analyzed, or missing correlation information in
multinomial models. Specifics on data needed for calculations of the effect sizes are provided in
the Methods section.

There are no criteria that could classify effect sizes as small, moderate, or large that would
make sense across all studies. Some relatively small effects may have a large impact if applied
across a large population. However, for the purpose of ready comparison here we provide
reference lines in the graph for effect sizes of .2, .5, and .8. If one considers the mean of the
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treated group as a percentile ranking of the control group, these guidelines correspond to a
percentile ranking of 58, 69, and 79 respectively.™ In the text that follows, these will be referred
to as small, medium, and large effects with the caveat that small effects may in reality have large
impacts in a population and the reader should examine the details of the measures and effects in
the evidence tables.

Statistical significance. We also examine whether interventions have a statistically
significant effect. The advantage of this metric is that, unlike the effect size metric, it supports
whether changes seen are real or reflect random chance. However, examining whether an
intervention has a statistically significant positive effect may underestimate the effect of the
interventions because the study may not have been sufficiently powered to detect a meaningful
effect. This issue can be overcome by pooling similar studies to provide greater power. After
examining the diversity of populations, interventions, and outcomes it was decided that formal
pooling of the effects from the studies to increase statistical power was not appropriate.

Level of assessment. Within the 47 studies there were 72 interventions examined and 99
outcomes. Six outcomes were reported by subgroup only. A total of 166 outcomes for
interventions were examined. As discussed above, it was not possible to establish one “best”
outcome to examine from each study. Further, there is benefit to examining multiple
interventions within studies independently because a specific intervention within a study may
have been effective, and this level of evaluation will allow for examination of intervention
components that are effective versus ineffective. Finally, on the study level we are able to see the
overall effect of the study as a whole.

Outcome level examination. The effect of the intervention on each unique outcome of the
included studies is reported. Again many studies examined multiple unique outcomes. Wherever
possible the results for the whole intervention and control groups were used. In a few studies
results were reported by subgroup only. In these cases the subgroup analyses were used. All of
the effect sizes that could be calculated are reported in the evidence tables and are used in the
graphs of effect size on the outcome level.

An effect was considered a statistically significant positive outcome if a statistical test was
performed that demonstrated that the intervention group had greater physical activity (however
measured) than the control with a significance of p<.05. Where sufficient data were presented to
perform a statistical test but the statistical test was not reported in the paper, that testing was
done as part of the review and if p<.05 the outcome was reported as statistically significant.
Where 95 percent confidence intervals were reported, an outcome was reported as statistically
significant if the intervals were non-overlapping.

Intervention level examination. For each intervention there could be several outcomes
reported. To report an effect size for an intervention it would be therefore necessary to calculate
one effect size out of multiple effect sizes and do it consistently across studies. For studies that
had only one intervention tested, the intervention level would be the same as the study level (see
below). Although a mean of multiple effects may appear appealing as a means of calculating the
effect of an intervention that had multiple outcomes, the fact that the number of effects presented
is arbitrary may result in penalizing studies that more thoroughly report the results. This would
occur if authors prejudiciously fail to report results of lesser effect over those of greater effect.
Therefore, we assumed that authors may report the outcomes that show the greatest effect and
used the largest effect to give the best comparison across interventions and studies. This may
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bias the effect seen for the individual interventions and studies upward for the true effect but
allows a greater degree of comparability across interventions.

An effect was considered a statistically significant positive intervention if any one of the
outcomes examined within the intervention was statistically significant. The intention here is to
convey a level of positivity of the results, not to perform a statistical test. Significance was not
corrected for multiple tests so classifying an intervention as a statistically significant positive
effect does not necessarily mean that the intervention was indeed significant at the .05 level.

Study level examination. When there were multiple interventions used in a study it was
necessary to calculate one effect across the interventions to be able to report an overall effect of
the study. The same reasoning was used to combine interventions as was used to combine
outcomes within interventions (see above). Therefore, in combining the effects of studies with
multiple interventions, we chose the largest effect to report as the study effect. Again, this may
bias the effects on the study level upward but eliminates the role of number of outcomes reported
on effect size.

A study was considered a statistically significant positive intervention if any one of the
outcomes examined within the study was statistically significant. The intention here is to convey
a level of positivity of the results, not to perform a statistical test. Significance was not corrected
for multiple tests, so classifying an intervention as a statistically significant positive effect does
not necessarily mean that the intervention was indeed significant at the .05 level.

Overall Effect

The overall effect sizes at the outcome, intervention, and study level are shown in Figure 5.
There were 102 outcomes and 50 interventions within the 34 studies for which effect sizes could
be calculated. Of the 102 outcomes, 7.8 percent (eight) had an effect size greater than .8, and 2.9
percent (three) had an effect size between .5 and .8. An additional 32.4 percent of the 102
outcomes (33 outcomes) had an effect size that exceeded our criteria for a small positive effect of
.2. Of the 50 interventions for which we could calculate an effect size, 10 percent (five) had an
effect size greater than .8 and 4 percent (two) had an effect size between .5 and .8. An additional
44 percent (22 interventions) had an effect size that exceeded our criteria for a small positive
effect of .2. Finally, on the study level, 5.9 percent (two) of studies had an effect size greater than
.8, and 5.9 percent (two) had an effect size between .5 and .8. An additional 47.1 percent (16
studies) had an effect size that exceeded our criteria for a small positive effect of .2. Overall,
58.8 percent of studies had an effect size that exceeded our guideline of small (.2).

There were only two studies exclusively of children for which an effect size could be
calculated.®®*°® The overall effect size of these studies was similar to those of the other studies
(.597 and .145). Arguments could be made either way as to whether it is reasonable to include
studies of children with those of adults. We elected not to exclude these studies from the other
analysis that follows. This decision has no effect on the conclusions derived from the results.

Approximately one-fourth of the outcomes reached statistical significance (see Table 4).
Nearly a third of the interventions overall had at least one outcome that was significant at the .05
level. Nearly half of the studies (44.7 percent) had at least one outcome that was statistically
significantly positive. Again, this is not corrected for multiple tests within studies.
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Effect by outcome group. Because of the number of different outcomes examined in these
studies it is possible to examine the range of effect sizes and percent statistically significant for
the different outcome groups. One issue with examining whether the effects observed varied by
outcome group is that some outcomes occur multiple times within an individual study because
results may be reported for multiple interventions and subgroups. If this is not accounted for, the
effect would be to overweight these outcomes in the examination of the distribution of effect
sizes and statistical significance. Therefore, in examining the effect by outcome group, it is
necessary to assign one effect to each of the 99 individual outcomes examined. To assign one
effect to each outcome we used the greatest effect size observed for that outcome (if an effect
size could be calculated) and if any of the observations for that outcome were statistically
significant, the outcome was considered statistically significant. For example, if the outcome
“walking sessions per week” was reported for two interventions in a study with an effect size of
0.1 and 0.2, we assigned the effect size of 0.2 to the outcome. Similarly, if the effect of “walking
sessions per week” was statistically significant for the effect size of 0.2, we classified the
outcome of “walking sessions per week” as statistically significant. The effect size for all
outcomes by the outcome group is shown in Figure 6. The percent of each outcome group that
was statistically significant is shown in Table 5.

Within the outcome groups, only the moderate activity group and the vigorous activity group
had any outcomes that exceeded our guide of a large outcome of .8 (two moderate and one
vigorous). Approximately 60 percent of moderate activity outcomes had an effect size greater
than our guide of .2, whereas approximately 40 percent of the vigorous activity outcomes and
total activity outcomes exceeded that threshold. A greater percentage of moderate activity
outcomes was statistically significant compared to total activity outcomes (48 percent versus 13
percent; p=.008). The percentage of vigorous activity outcomes that was statistically significant
fell between the other two outcome groupings, (28 percent) but was not statistically significantly
different from either the moderate or total outcome groups.

Description of the Specific Effects

A more full understanding of the effects seen in this literature may be obtained by closer
examination of the individual studies. For that reason, we describe in greater detail the
interventions and results of those trials that meet the traditional measure of success and are
statistically significant. For ease of understanding, they are discussed by the setting in which the
intervention took place.

Health care. Bull et al. examined whether brief advice from a family practitioner combined
with a mailed pamphlet would increase sedentary patients’ physical activity.”” Seven hundred
sixty-three sedentary subjects were allocated to a control group, advice plus a standard pamphlet
mailing or advice plus a tailored pamphlet mailing based upon the day of the week they attended
the clinic. They found that six months after the intervention the percent of patients who were
“now active,” defined as any walking or exercise in the previous two weeks was greater in the
combined intervention groups than the control group (38 percent vs. 30 percent; p not reported
but stated to be significant). The difference at 12 months of followup was smaller and non-
significant (36 percent vs. 31 percent). There were no statistically significant differences between
the control and intervention groups in the number of exercise sessions in the previous two weeks
at six months or 12 months, and there were no statistically significant differences between the
two intervention groups.
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In the “Change of Heart Study” Steptoe et al. examined the effect of behavioral counseling
on coronary heart disease risk factors including exercise.”® Eight hundred eighty-three men and
women with one or more modifiable risk factors attending a general medical practice were given
either routine counseling or behaviorally oriented counseling depending upon the clinic they
attended. Behavioral counseling subjects received two or three counseling sessions depending
upon their number of risk factors. They found that approximately eight months after the end of
the intervention the intervention group had increased the average number of exercise sessions in
the previous four weeks from 5.56 to 8.2, whereas the control group had decreased slightly from
4.82 to 4.3. This change in number of exercise sessions in the intervention group compared to the
control group was statistically significant.

Halbert et al. examined the effect of physical activity advice given by an exercise specialist
during three general practitioner appointments versus no advice.> Two hundred ninety-nine
subjects over age 60 were randomly selected from two general practices in Adelaide, Australia.
Approximately six months after the end of the intervention, intervention subjects were exercising
more than control subjects on three of five measures of physical activity: walking sessions per
week (median 3 vs. 2; p<.05), vigorous exercise sessions per week (median 2 vs. 0; p<.05), and
minutes of vigorous exercise per session (median 20 vs. 0; p<.05). There were no significant
differences in the minutes of walking per session or in energy expenditure as measured with an
accelerometer although the latter was done only on a subset of 59 individuals so power may have
been an issue (no data is presented to allow evaluation of power).

Kerse et al. examined the effect of educating general practitioners in health promotion
(including increasing physical activity) for elderly people.®® Forty-two Australian general
practitioners were randomly assigned to either an education group or a control group and 267 of
their patients were randomly selected from their practices. Approximately nine months after the
physicians completed their educational program, the patients of intervention physicians were
performing more physical activity on one of three continuous self-reported measures. The results
are reported as net differences in the physical activity changes between treatment and control
participants: minutes walking in the previous fortnight (88 minutes more in treatment than
control participants; p=.032); as well as two of three categorical self-report measures: walking
minutes per day on a five-point likert scale (.34, p =.005), walking minutes over previous
fortnight on a three-point scale (.27, p = .025). There were no statistically significant differences
in minutes walking per day as a continuous (8.4 minutes p = .059), total activity as a continuous
measure (148 minutes, p = .34), or total activity total in the last fortnight on a five point scale
(.23, p =.30).

Green et al. examined the effect on 316 primary care patients of three session of telephone
based motivational counseling.®* Using intention to treat analysis, intervention subjects were
exercising more than controls approximately three months after the intervention as assessed
using the Patient-centered Assessment and Counseling for Exercise (PACE) score, which is a
self-report measure of both stage of change and level of exercise (5.37 vs. 4.98; p=.049).
However, the change in PACE score from baseline was not statistically different between the
two groups (.426 vs. .102; p=.145).

Stevens et al. examined the effect within 363 inactive subjects selected at random from 714
subjects recruited from two London general medical practices, of meeting with an exercise
development officer followed by a personalized ten-week exercise program.®® Eight months after
the intervention participants reported more sessions for moderate physical activity (5.09 vs. 3.64
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control; p<.05), more sessions of vigorous activity (.86 vs. .78 control; p<.05), and more overall
episodes of physical activity (5.95 vs. 4.43 control; p<.05) in the four weeks prior to the end of
followup.

Community. Gillett et. al. randomly assigned 182 sedentary obese 60-70 year old women
recruited from newspaper ads to fitness education, fitness education with aerobic training, or a
control group.®® They examined fitness three months and six months following the intervention
and found that overall the aerobic training group had a better VO2 max than the other two groups
(at six months average VO2 max increased in aerobic training group 14.9 percent vs. education
1.8 percent vs. control -1.0 percent; overall group effect p<.001). However, the aerobic training
group reported exercising fewer days per week at six months than the education group (2.3 vs.
3.3; p<.01). Results for the control group were not reported.

Pereira et al. reported on the exercise status of subjects ten years after the conclusion of a
randomized controlled trial of a walking program to examine the effect of walking on bone
mass.® Two hundred twenty-nine female postmenopausal subjects were randomly assigned to a
control group (instructions to control group participants were not described) or a walking
program consisting of 16 organized group walking sessions over eight weeks followed by either
group walking sessions or walking on their own for the duration of the clinical trial (1982-1985).
Ten years after the conclusion of the clinical trial, walking program subjects reported more
weekly kilocalories (kcal) expenditure for total usual walking (median 1,344 vs. 924 control,
p=.01) and more weekly kcal expenditure for usual walking for exercise (median 1,008 vs. 302;
p=.01). There were no statistically significant differences in weekly kcal for sport and recreation,
weekly kcal for past year exercise, Paffenbarger sport and recreation index, or Paffenbarger sport
and recreation index with walking excluded.

School. Burke et al. examined the effect of a physical activity and nutrition program during
two ten-week terms for 800 11-year olds in Australia.®® Schools were randomly allocated to a
physical activity program consisting of classroom lessons and fitness sessions (six standard
intervention schools), the fitness program combined with an education enrichment program for
high-risk children (seven enriched program schools) or no program (five control schools).
Results were reported by gender and risk group. The results were reported graphically and
significance was determined by non-overlapping confidence interval bars. Six months after the
intervention six of the intervention groups had statistically significant improvements in fitness as
measured by change from baseline in shuttle run time (measured in minutes) as compared to the
comparable group at the control schools. Three of the groups that improved more than the
comparable control schools were at the standard intervention schools (low-risk girls 9.5 vs. 1;
high-risk girls 8 vs. 4; low-risk boys 8 vs. 5) and three in the enriched program schools (low-risk
girls 9.25 vs. 1; high-risk girls 9.75 vs. 4; low-risk boys 10 vs. 5). In a second measure of fitness,
time in minutes of a 1.6 km run, only high-risk boys at the enrichment schools had what
appeared to be a borderline significant improvement (-1.1 min vs. -.4).

Dale et al. examined the effect of a “conceptual physical education” program for ninth grade
students at one high school.®® They were compared to students who moved to the school after the
program started. They analyzed male and female students separately and two cohorts separately
(the program was done in two subsequent years). Two, three, and four years after the
intervention they assessed the percent of individuals who reported doing moderate activity five
or more days per week and vigorous activity three or more days per week. From the 24
comparisons (two genders, two levels of exercise, three points in time, two cohorts) they found
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two statistically significant differences. A larger percentage of men in one intervention cohort
were doing moderate exercise compared to the control three years after the intervention (34
percent vs. 13 percent; p=.04 without correction for multiple comparisons) and a larger
percentage of men in a different cohort were doing vigorous exercise four years after the
intervention (65 percent vs. 29 percent; p=.01 without correction for multiple comparisons).
There were no statistically significant differences in the other 22 comparisons.

Howard et. al. examined the effectiveness of a cardiovascular risk reduction program for
children in grades four through six.*® The study was conducted at one private parochial school.
One class in each of the fourth through sixth grades was given the intervention and the other
class within each grade served as the control group. The intervention included five sessions
including “physiology of the heart, smoking, hypertension, diet, and physical activity” developed
from materials from the American Heart Association. One year after the end of the intervention,
the intervention group was exercising fewer times per week (for at least 30 minutes per time)
than the control group (5.89 versus 10.4; p=ns) although the difference was not statistically
significant. Further, there were no statistically significant differences in fitness between the
intervention and control groups at followup as measured by the Canadian Aerobic Fitness test
(4.17 intervention group versus 4.08 in control; p=ns). Yet the intervention group reported that a
greater percentage of their exercise was running compared to the control group (68.7 percent
versus 38.3 percent; p<.05).

Nader et al. reported on the post-intervention findings of the CATCH trial, which was a
three-year cardiovascular health promotion program given to students in third through fifth
grades at 56 randomly assigned schools in four states.”® Outcomes were compared to students
from 40 control schools. One year after the end of the intervention, intervention students reported
doing more minutes of vigorous physical activity per day than control students (53.2 vs. 42.2
control; p=.001) but control students reported doing more total physical activity minutes per day
(164.5 vs. 172.1 control ; p=.04). [Note: the text of the paper states that the direction of the total
physical activity effect favored intervention students, but the table presented showed the
opposite. The authors confirmed with us that the table is correct, which is the data presented
here.] (Personal communication, Henry Feldman.) At three years following the intervention,
intervention students still reported more vigorous physical activity minutes per day (30.2 vs. 22.1
control; p=.001), but the differences in total physical activity minutes were no longer significant
(121.1 vs. 125.4 control; p=.59).

Worksite. O’Loughlin et al. examined the effect of workplace-based health screening on
employees of eight elementary schools compared to eight matched comparison schools.®’
Screening was done for all the subjects at the school during one day in February. Two hundred
nine subjects completed baseline information at the intervention schools and 177 at the control
schools. Four months after the health screening, intervention subjects reported a greater increase
in leisure time exercise behavior score (sessions per week x intensity weight per session) (4.6 vs.
-0.4 p=.05).

Gemson et al. examined the effect amongst 