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AGENDA
.
.
.
.

Estimated Time Topic Presenter(s)

10:30-10:45 a.m. Welcome and Introductions Marcia Ory, Lisa Klesges

10:45-11:15 a.m. Background and Aims Russ Glasgow

· Describe rationale for identifying
transbehavioral / clinical outcomes

· Specify goals for workgroup meeting

11:15-11:30 a.m. BREAK

11:30-12:15 p.m. Presentation of Issues Claudio Nigg

· Review historical approaches to
transbehavioral and clinical outcome
assessments

· Provide pros and cons of different ap-
proaches that could be adopted

12:15-1:30 p.m. WORKING LUNCH Geof Williams

· Informal discussion of additional issues,
clarifications, questions from consultants,
questions from BCC group, etc.

1:30-2:30 p.m. Feedback/Recommendations
from Outside Consultants

· Reactions to BCC activities
· How do these activities fit into greater

context of behavior change research
activities?

· Recommendations to BCC
· Identification of strategies for moving field

forward

2:30-3:00 p.m. Action Steps for Workgroup Lisa Klesges, Claudio Nigg

· Create agenda of future activities
· Who will lead the initiative from BCC?
· What resources will we need?
· Where might we obtain funding?

3:00-3:15 p.m. BREAK Refreshments provided

3:15-4:00 p.m. Future Directions / Wrap-up Marcia Ory

· Formulate discussion with entire BCC
membership

· Timeline for initiation and completion
of activities

· Additional topics for discussion?
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EXECUTIVE SUMMARY
.
.
.
.

Established in 2000 as part of the Behavior
Change Consortium, the Transbehavioral Outcomes
Assessment (TBOA) workgroup developed as a
complement to the BCC’s Conceptual Mediators and
Methodology and Data Analysis workgroups.

The Mission of the TBOA workgroup of the Be-
havior Change Consortium is to further the science
of health behavior change and maintenance through
cross-site collaboration. Specfic workgroup goals in-
clude development and examination of
transbehavioral indices or assessment methods (such
as a behavior change index) to be used in behavior
change research regardless of behavior being ad-
dressed.

With a view to launching the TBOA into an active
effort, the TBOA workgroup organized a pre-meeting
workshop, entitled “Developing a Transbehavioral Out-
comes Assessment: Strategies for Comparing Inter-
vention Success Across Behaviors, Populations and
Settings.”  The workshop was held on July 17, 2002,
prior to the bi-annual meeting of the BCC member-
ship July 18-19, 2002 in Washington, DC.

The goal of this workshop is to bring BCC mem-
bers together with external consultants to address the
following objectives: 

• Identify the importance and rationale for what
the BCC is doing to examine intervention
mediators and outcomes across populations
and behaviors. 

• Present a framework for examining these
issues.

• Address the pros and cons of various
approaches. 

• Seek feedback from outside consultants

• Propose at least one concrete assessment
tool to use in cross-site comparisons.

In addition to workgroup members and other se-
lect BCC members, four outside consultants were in-
vited to participate in the workshop:

1. Peter Briss , M.D., Chief, Systematic Reviews
Section, Community Guide Branch , Centers
for Disease Control and Prevention;

2. Steven Belle , Ph.D., M.Sc.Hyg., Associate
Professor of Epidemiology and Biostatistics,
Graduate School of Public Health, University
of Pittsburgh;

3. Robert M. Kaplan , Ph.D., Professor and
Chair, Department of Family and Preventive
Medicine, University of California, San Diego;
and

4. Helena C. Kraemer , Ph.D., Professor of Bio-
statistics in Psychiatry, Department of Psy-
chiatry and Behavioral Sciences, Stanford
University.

(A complete list of participants can be found on
page  xx.)

Baed on several preliminary discussions prior to
the workshop, the TBOA workgroup presented nine
possible approaches, which fell into three categories.
Definitions of each approach can be found in the
Overview Slide Presentation on page xx.

1. Behavioral Outcomes

• Percent meeting criteria

• Stage approach

• Average effect size

• Standardized residual change scores

2. Population Impact

• Expanded impact equation

• RE-AIM

3. Clinical Interpretations

• Average effect size with mortaility weighting

• Clinically preventable burden

• Number needed to treat.

Transbehavioral Outcomes Assessment Workgroup
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The bulk of the discussion following the presen-
tation focused on the pros and cons of each approach,
as well as the true objective of this endeavor as well
as the approporiate audience for scientific results. A
brief summary of each approach follows.

• Percent meeting criteria.

This would provide a simple means by
which to compare behavioral outcomes, but would
require agreement on a subjective criterion mea-
sure for all three behaviors.

• Stage approach.

Stage of change would be a more sensi-
tive approach that the above, but would also re-
quire agreement on a definitional criteria. Further-
more, not all BCC interventions are stage-based
and such an approach may penalize those with-
out this inherent advantage.

• Average effect size.

Effect size is a flexible statistic by which
to describe several outcomes, and can be easily
translated into clinically meaningful units. In ad-
dition to the invalid practice of extending effect
sizes beyond a specific population, this approach
assumes that effect sizes for all behaviors are
independent and equal and this may not be the
case.

• Standardized residual change scores.

In order to utilize this approach, it is
neccessary to understand how each behavioral
outcome relates to its baseline score. There may
be too many confounding mediational variables
and/or no homoscedasticity.

• Expanded impact equation.

Due due the variability in recruitment
strategies, population retention rates, and defini-
tion of control groups, this may biased our con-
clusions.

• RE-AIM

This approach incorporates several real-
world considerations, including individual and or-
ganizational factors. Due to its breadth, however,
it is also impacted by many of the problems af-
fecting the other approaches.

• Average effect size with mortality weighting.

Although this approach is easily
disseminable to public health practitioners, reli-
ance on mortality figures from other studies may
dilute our conclusions.

• Clinically preventable burden.

This approach that introduces quality ad-
justed life-years (QALYs) met with strong support.
It may also provide cost-effectivess data that
could inform the field. Without complete adher-
ence to an treatment (or control) protocol, it may
be difficult to calculate.

• Number needed to treat.

This approach is well suited to individual
level interventions, but is not readily adaptable to
group interventions. Results may not be general-
izable beyond the specific time periods used in
each study, and may lose impact when extended
to public health trials.

In general, no one approach was favored over
the others, however Behavioral Outcomes were
thought to be of interest to researchers, Population
Impact approaches were considered more accessible
to public health interventionists, and those approaches
based on Clinical Interpretations were thought to be
more meaningful to health practitioners.

Several other  approaches were recommended
by members of the consulting team, including: a) cost-
benefit analysis; b) revisiting mediational analyses as
an approach; c) comparison of percentile scoring by
rank ordering; and d) the use of recursive partitioning
methods to limit subjective judgment of optimal crite-
ria.

There were several suggestions for future con-
sideration and direction. These included:

1. charging various workgroups with the task of
analyzing one or more of the suggested ap-
proaches.  The results will be written up individu-
ally, and the collective manuscripts will be pub-
lished as a special issue of (for example) Annals
of Behavioral Medicine.
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2. Sponsor a small conference to highlight the BCC’s
agenda in this area.

3. Approach this question as a multi-site prevalence
study. Obtain consensus on a continuous mea-
sure of behavior change from each workgroup,
and produce a “Multibehavioral Prevalence Index
Across Populations.”

4. Further exploring this issue with other behavioral
scientists as a symposium at the Society of Be-
havioral Medicine’s annual meeting.

Next steps in this process were more difficult to
define. All agreed that the workshop was worthwhile,
and the intellectual exercise was challenging. Most
agreed that this endeavor was slightly ahead of the
field, and that we would need to solicit more feed-
back from outside sources. Ongoing funding to sup-
port this initiative was also not easily resolved, nor
was the questions of human resources once the BCC
officially disbanded in Spring, 2003.

It was agreed that the workgroup members would
carefully review the recommendations and feedback
provided by the outside consultants. The workgroup
would continue to meet via conference call to discuss
and define future direction(s) before advising NIH pro-
gram staff and other BCC members about plans to
proceed.

Transbehavioral Outcomes Assessment Workgroup



9

LIST OF PARTICIPANTS
.
.
.
.

Ronald Abeles, Ph.D.
Special Assistant to the Director
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Office of the Director, NIH
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Teachers College / Columbia University
New York, NY

Terry Bazzarre, Ph.D.
Senior Program Officer
Robert Wood Johnson Foundation
Princeton, NJ

Steven Belle, Ph.D., M.Sc.Hyg
Associate Professor
Department of Epidemiology
University of Pittsburgh
Pittsburgh, PA

Peter Briss, M.D., M.P.H.
Chief, Systematic Reviews Section
Community Guide Branch
Centers for Disease Control and Prevention
Atlanta, GA
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Staff Scientist
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Susan Czajkowski, Ph.D.
Research Psychologist
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David Dzewaltowski, Ph.D.
Principal Investigator
Kansas State University
Manhattan, KS

Paul Estabrooks, Ph.D.
Co-Investigator and Assistant Professor
Kansas State University
Manhattan, KS

Larry Fine, Ph.D.
Medical Advisor
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Office of the Director, NIH
Bethesda, MD
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Senior Scientist
AMC Cancer Research Center
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Cross-Site Communications Coordinator
Behavior Change Consortium
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Robert Kaplan, Ph.D.
Professor and Chair
Department of Family and Preventive Medicine
UCSD School of Medicine
La Jolla, CA

Abby King, Ph.D.
Principal Investigator
Stanford UniversitySchool of Medicine
Palo Alta, CA

Lisa Klesges, Ph.D.
Co-Investigator and Associate Professor
University of Tennessee, Memphis
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Helena Kraemer, Ph.D.
Professor
Department of Psychiatry
Stanford University
Stanford, CA
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Claudio R. Nigg, Ph.D.
Assistant Professor
University of Hawaii, Manoa
Honolulu, HI

Marcia Ory, Ph.D.
BCC Scientific Coordinator
Professor, Social & Behavioral Health
School of Rural Public Health
Texas A&M University
College Station, TX

Karen Peterson, D.Sc.
Principal Investigator and
Associate Professor, Nutrition
Harvard School of Public Health
Cambridge, MA

Barbara Resnick, Ph.D.
Principal Investigator
University of Maryland
Baltimore, MD

Susan Solomon, Ph.D.
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OBSSR
Office of the Director, NIH
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CONSULTANT BIOSKETCHES
.
.
.
.

PETER BRISS, M.D.
Chief,
Systematic Reviews Section
Community Guide Branch
Centers for Disease Control and Prevention

Dr. Peter A. Briss is Chief of the Systematic Re-
views Section in the Community Guide Branch.  The
Community Guide Branch is responsible (with a non-
Federal Task Force and many partners) for develop-
ing evidence-based community practice guidelines.
He and his staff conduct and communicate the re-
sults of systematic reviews of evidence about com-
munity interventions.  He also serves as a scientific
advisor to the Guide to Clinical Preventive Services,
and works with the non-randomized studies group and
the public health field of the Cochrane Collaboration.
He has worked in a broad range of public health top-
ics including vaccine preventable disease, injury pre-
vention, lead poisoning, and cancer screening.

Dr. Briss began his public health career as an EIS
officer assigned to the Tennessee Department of
Health and Environment and has participated in pub-
lic health teaching, practice, and research in
Uzbekistan, Russia, and Saudi Arabia. He received
his medical degree and residency training at the Ohio
State University and is board certified in internal medi-
cine and pediatrics. He has received additional post-
doctoral training in applied epidemiology and preven-
tive medicine at CDC and in health management and
policy at the University of Michigan. He resides in
Atlanta with his wife Susan and their children Erin
and Laura.

STEVEN BELLE, PH.D., M.SC.HYG.
Associate Professor of
Epidemiology and Biostatistics
Graduate School of Public Health
University of Pittsburgh

Steven Belle, Ph.D., M.Sc.Hyg. is Associate Pro-
fessor of Epidemiology and Biostatistics in the Gradu-
ate School of Public Health at the University of Pitts-
burgh. He holds a doctorate from the University of
Michigan and a Masters of Science in Hygiene from
the University of Pittsburgh, both in Biostatistics. He
is the Principal Investigator of a multi-center treat-
ment trial designed to identify racial differences in
response to optimal therapy for hepatitis C, and is
the Biostatistics and Data Management Core director
of the Rheumatic Diseases Core Center.

Dr. Belle also oversees data management and
analysis for the multi-center REACH clinical trial, de-
signed to test an intervention to reduce caregiver
stress among family caregivers of people with
Alzheimer’s Disease or a related dementia. In the ini-
tial funding for REACH, the 6 sites each randomized
participants to different interventions as feasibility
studies. The results of cross-site analyses of these
studies were important in developing a common in-
tervention that is being tested in the newly funded
REACH II project.
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ROBERT M. KAPLAN, PH.D.
Professor and Chair
Department of Family and Preventive
Medicine
University of California, San Diego

Robert M. Kaplan, Ph.D. is Professor and Chair
of the Department of Family and Preventive Medi-
cine, at the University of California, San Diego. He is
a past President of several organizations, including
the American Psychological Association Division of
Health Psychology, Section J of the American Asso-
ciation for the Advancement of Science (Pacific), the
International Society for Quality of Life Research, and
the Society for Behavioral Medicine.  He is currently
Chair of the Behavioral Science Council of the Ameri-
can Thoracic Society and President of the Academy
of Behavioral Medicine Research. Dr. Kaplan is the
Editor-in-Chief of the Annals of Behavioral Medicine,
Associate Editor of the American Psychologist, and
Consulting Editor of four other academic journals.

Selected additional honors include APA Division
of Health Psychology Annual Award for Outstanding
Scientific Contribution, University of California 125
Anniversary Award for Most Distinguished Alumnus,
University of California, Riverside, American Psycho-
logical Association Distinguished Lecturer, and the
Distinguished Scientific contribution award from the
American Association of Medical School Psycholo-
gists.  His public service contributions include vari-
ous NIH, AHRQ and VA grant review groups, and
service on the local American Lung Association (ALA)
Board of Directors and the regional research commit-
tee for the American Heart Association.

He has served as co-chair of the Behavioral Com-
mittee for the NIH Women’s Health Initiative, and a
member of both the NHLBI Behavioral Medicine Task
Force and the Institute of Medicine (IOM) National
Academy of Sciences Committee on Health and Be-
havior. In addition, he is the chair of the Cost/Effec-
tiveness Committee for the NHLBI National Emphy-
sema Treatment Trial (NETT). Dr. Kaplan is the au-
thor or co-author of more than a dozen books, and
more than 350 articles or chapters.

HELENA C. KRAEMER, PH.D.
Professor of Biostatistics in Psychiatry
Department of Psychiatry and
Behavioral Sciences
Stanford University

Helena Chmura Kraemer, Ph.D. is Professor of
Biostatistics in Psychiatry in the Department of Psy-
chiatry and Behavioral Sciences, Stanford University. 
She holds a doctorate in Statistics from Stanford Uni-
versity.  Her major interest is, in general, the applica-
tion of statistical methods to the study of behavior in
medicine.  Specific areas of interest have included
issues related to the reliability of measurement and
diagnosis, evaluation of power for statistical hypoth-
esis testing, measurement of effect sizes, risk esti-
mation, moderators and mediators of risk or of treat-
ment in RCTs, signal detection methods for evalua-
tion of the potency of risk factors or the effectiveness
of treatments in RCTs.  She has written numerous
articles on statistical methods, and has served as sta-
tistical consultant on numerous research studies, both
at Stanford and in collaboration with investigators
across the country.  In particular, she chaired the Re-
search Steering Committee of the Infant Health and
Development Program (IHDP), a national multi-site
RCT to improve the health of low birth weight prema-
ture infants, and was the statistical consultant to the
MTA, a recent national multi-site RCT for the treat-
ment of ADHD children, both of which are considered
landmark studies in their fields.  She has written two
books, one on power and the second on the evalua-
tion of medical tests.  She has been elected a fellow
of the American Statistical Association, and a mem-
ber of American College of
Neuropsychopharmacology.  She was the recipient of
the Harvard Award in Psychiatric Epidemiology and
Biostatistics in 2001.
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OVERVIEW SLIDE PRESENTATION
.
.
.
.

Slide 01 Slide 02

Slide 03 Slide 04

Slide 05 Slide 06

Transbehavioral Outcome
Assessment:

Potential Approaches

The Transbehavioral Outcomes
Assessment Workgroup

of the
Behavior Change Consortium

July, 2002

Rationale
• Diseases arise from a constellation of

risky behaviors
• Very few individuals do not have

multiple risk behaviors
• Multiple-behavior interventions have

the potential to have a great impact on
public health

Problem
• In order to evaluate multiple-behavior

interventions, assessments need to be
developed to capture the changes from
the different behaviors that allows
comparisons of effectiveness across
behaviors.

Why a TBOA?
• Intervention - simultaneous or sequen-

tial? (TBOA would allow comparison of
single-behavior intervention to multiple-
behavior intervention using the same
metric)

• Identification of key behavioral
constructs and processes common
across behaviors (i.e., what are the
global principles of change?)

Why a TBOA? (cont’d)
• Multiple behavior interactions to

increase or decrease health risks
• Relative impact of different interventions

targeting multiple behavior change.
Which is most effective?

Consideration
• More than one index may be used

depending on audience.
• What can the BCC realistically

contribute?
• Multibehavioral mediator assessments

are also extremely important to identify
common mechanisms of change
– Not specifically presented here, but

concepts apply
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General Approaches
• Behavioral Outcomes (BO)
• Population Impact (PI)
• Clinical Interpretations (CI)

Slide 08Slide 07

TBOA#1: % Meeting Criteria
• Use consensus guidelines
• Proportions adoption criteria
• Pros

– Easy; comparable to existing data
• Cons

– Only credit for meeting criteria; criteria

for all behaviors possible?; dichotomize

continuous behaviors

TBOA#2: Stage Approaches
• Ordinal scaling
• Pros

– More sensitive; can be converted to

criteria
• Cons

– Categorical; some interventions are

not stage-based

TBOA#3: Avg. Effect size
• ES for individual behaviors divided by

the number of behaviors addressed.
• Pros

– Continuous; different scales OK;

includes studies with different goals
• Cons

– Interpreting to media and policy makers

Slide 10Slide 09

Slide 12Slide 11

Slide 14Slide 13

TBOA#4: Standardized Re-
sidual Change Scores
• Use regression to predict residual

change after controlling for baseline
levels., then add change scores

• Pros
– More sensitive; conversion to criteria

• Cons
– Categorical; some interventions not

stage-based

TBOA#5: Expanded Impact
Equation
• intervention impact = recruitment x

retention x mean efficacy x number of
behaviors

• The mean efficacy - ES X a coefficient of
contribution to all cause mortality
– averaged for behaviors addressed

TBOA#5: (cont’d)
• Pros

– Addresses components of an interven-

tion that affect impact on the study

sample
• Cons

– What is large impact, may become very

small

TBOA#6: RE-AIM
• Incorporates Reach, Efficacy/ Effective-

ness, Adoption, Implementation, and
Maintenance

• Pros
– Considers real world issues of dissemi-

nation and successful application

– Individual and organizational factors
• Cons

– No single metric

Transbehavioral Outcomes Assessment Workgroup
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Slide 16Slide 15

Slide 18Slide 17

Slide 20Slide 19

Slide 22Slide 21

TBOA#7: Avg. Effect Size With
Mortality Weighting
• Mean efficacy - ES X coefficient of

contribution to all cause mortality
– averaged for behaviors addressed

– could also be done with disease specific

mortality or for morbidity outcomes

TBOA#7: (cont’d)
• Pros

– Clinical and public health relevance,

context of all cause mortality (or other

outcome used)
• Cons

– Multiple behavior impact estimation on

outcome?

TBOA#8: Clinically
Preventable Burden
• Definition: Proportion of disease and

injury prevented if intervention is
delivered to 100% of target population

• CPB represented as Quality Adjusted
Life Years (QALY)=burden of disease x
interventions effectiveness

• Cost-effectiveness (CE) costs averted /
QALY’s saved

TBOA#8: (cont’d)
• Pros

– Considers quality of life; health

outcomes
• Cons

– Assumes complete adherence

TBOA#9: Number Needed
to Treat (NNT)
• Definition: NNT to avoid a single

additional adverse outcome
• NNT  =  1/(ARC - ART)
• Pros

– Similar to CPB

TBOA#9: (cont’d)
• Cons

– May not apply to different time period

than that used in studies; become small

in public health trials

Specifically for the BCC
• What can we address specifically with

the data collected from our projects?
– Mortality, morbidity, cost, dissemination

of information, multiple behavior data,

etc.

Issues to Common
Approaches
• Cost-effectiveness can be incorporated
• Do not take into account recycling and/

or relapse
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Specific to this Endeavor
• Some agreement is better than none to

move the field forward and raise further
research questions

• Heterogeneity of outcomes, due to
various population and intervention
differences may influence strength of
contribution to cross-site analyses.

• Logistics of timing to obtain endpoints
from various trials.

Slide 24Slide 23

... this Endeavor (cont’d)
• PI’s cooperation to share outcome data

–  need buy-in.
• Keeping TX assignment blinded until

study completion.
• Need to work within the limitations of

our data and use this as a stepping
stone to propose future research
programs to granting agencies.

Final Thought

“Don’t worry about
people stealing an idea.
If it’s original, you will
have to ram it down

their throats.”
~ Howard Aiken

Slide 25
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CONSULTANT FEEDBACK STATEMENTS
.
.
.
.

PETER BRISS, M.D.
Chief,
Systematic Reviews Section
Community Guide Branch
Centers for Disease Control and Prevention

“Thou shalt not sit with statisticians
nor commit a social science.”

~ W. H. Auden

Main take home points were:

1. It is worthwhile to explore whether synthesizing
results across studies is feasible.

a. Looking at the results of multiple studies al-
lows you, in principle, to examine questions
no single study can answer, e.g, whether in-
terventions are generally effective or whether
they vary based on population, setting, or
treatment variation.

b. Looking at the results of multiple studies may
also provide more generalizable results than
any single study.

c. Thinking about synthesis will also improve the
individual studies.

2. Apples and oranges comparisons are okay if
you’re trying to draw conclusions about fruit. Care-
fully combining information about related but not
identical interventions and/or outcomes might help
to fully represent intervention and outcome con-
structs, enhance external validity and usefulness,
and identify common aspects of effective inter-
ventions (see also 3).

 3. Some syntheses will be feasible and useful. Some
will not.

a. “Every data set won’t answer every question.”

4. To the extent possible, it is good to clarify the
goals of summary measures and the audiences
for which the measures are intended. These is-
sues will influence the choice of an appropriate
measure.

a. “If you don’t know where you’re going, any
road will get you there.”

5. We didn’t talk about this much at the meeting,
but our group sometimes finds logic models use-
ful in helping people think through what outcome
data will be sought, which effect measures will be
used, e.g., type of measures, timing of measures,
subpopulations, etc., and might be useful for the
PI’s in planning what data they need.

6. I think that, in general, Claudio’s list of potential
ways of synthesizing was seen as reasonably
clear, complete, and acceptable, as was his list
of pros and cons. I think it is clear from the dis-
cussion that none of the approaches is clearly right
or wrong and that you can afford some flexibility
in approaches to transforming and synthesizing
(see also comment 4 above).

7. In addition to Claudio’s list you could consider per-
centage change (although this measure is heavily
dependent on the measurement of the baseline
especially if the baseline is low).

8. The audience was (not surprisingly) a bit split
about our favorite measures. In terms of synthe-
sizing across behaviors, there was a general pref-
erence for continuous (as opposed to categori-
cal) measures. Standardized mean difference (or
equivalent) got a fair amount of attention (which
could then be translated to a more interpretable
measure for users)

9. NNT got some attention as an interpretable mea-
sure for providers although it is  harder to use
when an intervention has multiple important out-
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comes or when the intervention is not delivered
at the individual level.

10. Many, but not all, of us would also like to see an
exploration of whether you can model downstream
consequences of the behaviors. (I personally think
that this question is secondary.) Multiple options
were discussed including QALYs, cost-benefit
analysis, a RE-AIM-type framework, and perhaps
an outcome table sort of approach. Some of us
cautioned against using this kind of measure be
the primary product because you didn’t directly
measure these outcomes in the studies and you
may or may not be the people to do this model-
ing.

11. If you wanted to collect any additional data here
at the end of the process you might consider cost
or quality-of-life data (I personally prefer the
former).

12. I didn’t send PDF files of our papers but people
who want to look at how we’re been thinking about
synthesizing behavioral studies might consider
looking at a couple of our papers by Hopkins et
al. (2001) and Kahn et al. (2002).  They (and other)
papers are available at the community guide
website at:
http://thecommunityguide.org/
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STEVEN BELLE, PH.D., M.SC.HYG.
Associate Professor of
 Epidemiology and Biostatistics
Graduate School of Public Health
University of Pittsburgh

First of all, I would like to thank you for inviting
me to this stimulating session. I found it quite inter-
esting — I thought there were some good ideas ex-
pressed and I hope it was useful for those who orga-
nized the meeting. My summary comments about the
meeting will focus on the main issues we discussed,
though I may toss in a few idle thoughts as well.

1. As I interpreted the goal of the meeting, it was to
identify methods and measures which could be
used to meaningfully compare the effectiveness
of multiple interventions that target different out-
comes. Before tackling this daunting task, per-
haps one should step back and first ask whether
such an exercise should be undertaken. If the
answer is in the affirmative, a second question
may be whether it is possible to attain the goal. I
would answer yes to the first question and “I don’t
know” to the second, but I think that the goal merits
further pursuit.

2. Having answered thusly, I’ll carry on as if the goal
of the meeting should be pursued. However, be-
fore addressing issues specific to combining in-
formation across studies, it is important to note
that having each study meet their goals is para-
mount, i.e., site-specific analyses need to be com-
pleted before one completes anything cross-site.
This should be a standard for any attempts to syn-
thesize information across studies. Knowledge is
gained about how to combine information when
the individual studies are examined. Furthermore,
testing their interventions is, appropriately, the
primary focus of the investigators. Assuming that
that is the game plan, one can start thinking about
ways to combine information across sites.

3. The complexity, and what I find to be the interest-
ing aspect of this project, is that the BCC studies
are so different, not only the interventions, but
also the targets of the interventions. The “art” of
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combining data is making use of the commonali-
ties. Without any common ground, it would not
make sense to try to combine information from
the studies, and I would answer “no” to the first
question above. Finding the level at which the
studies can be considered similar enough to be
combined is what is important. One should be able
to make useful inferences about “behavioral”
change if one can combine information about dif-
ferent “behaviors” (e.g., diet, exercise, cigarette
smoking). There is a caveat, however; when the
common ground is found, it may be that the ques-
tion is no longer interesting, so that combining
information across studies is not informative. This
would happen, for example, if the particular be-
haviors were so diverse that combining them un-
der a common rubric was no longer interesting.
The behaviors which the BCC interventions are
targeting are all associated with (presumably)
quality and quantity of life, so that the common
ground should be of interest to some.

4. If combining the data seems to be a good idea,
then one needs to consider the common ground
for numerous dimensions, e.g., what the interven-
tions are, what outcomes the interventions tar-
get, and who are in the interventions.  In other
words, what are the characteristics of the inter-
ventions, the outcomes, and the participants that
can be examined with an eye toward combining
data from multiple studies?

5. Regarding what the interventions are, possibly we
can take a page from REACH. There, we decom-
posed interventions according to a common theo-
retical construct into what entity is being targeted
(caregiver, care-recipient, social and physical
environment) and what domains are being tar-
geted (knowledge, skills, behavior, and affect).
Since the BCC interventions were required to have
theoretical underpinnings, it is likely that such
decomposition is possible, at least for those in-
terventions grounded in the same, or similar,
theory. For example, though entity may not be
relevant, the domain targeted may be one dimen-
sion to consider.

6. Regarding the outcomes, the overview prepared
by Claudio Nigg seems to be a nice way to orga-
nize approaches to combining information from
diverse outcomes. There may be other ap-
proaches than listed there, but those listed pro-
vide a reasonable beginning, and the pro/con
points are a useful starting point for discussions.
Whatever the summary measure selected, it
should be easily understood, have clinical rel-
evance, and meaningfully put all of the outcomes
on a similar scale. A couple of the approaches in
the document meet these criteria. My personal
preference is an approach that incorporates clini-
cal views. Should one be able to determine, for
example, the age- and sex-specific number of
additional years of life expected associated with
reducing cigarette smoking from X

1 
to X

2 
cigarettes

a day, or reducing fat intake from Y
1 
to Y

2 
%, or

increasing METS from Z
1 
to Z

2 
per week, then I

think you have a gone a long way to meeting the
three criteria. You can tell an individual person
that they have gained so many years of life ex-
pectancy and I think that may be understandable
and is certainly clinically relevant and puts all the
outcomes on the same scale enabling you to com-
pare treatments by some summary measure of
number of years of life expectancy gained by
those in each treatment group. The drawback may
be the lack of available data, but I think it’s worth
pursuing possible ways to obtain the data (e.g.,
long-term longitudinal studies such as
Framingham, actuarial tables). Of course, the
group from which the data are obtained should
be as comparable as possible to those in the BCC
cohorts, but I think a general population is a good
start. People who were recruited into the BCC may
have a different life expectancy than members of
whatever cohort is used to obtain the estimates,
but it still seems to be a reasonable starting
ground, particularly if population data are avail-
able for the life expectancy estimates.

7. Regarding the participants, there is quite a bit of
variability across the sites and this may be the
area which requires the greatest amount of con-
sideration concerning how to combine data. For
example, there needs to be thought about whether
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interventions targeting groups can be combined
with interventions targeting individuals. Also, my
initial reaction is that sites with participants who
do not have common characteristics (e.g., one
site restricted to elderly participants versus an-
other site with only school children) should not be
combined, but this merits further consideration.

In summary, I think the meeting provided a good
basis for further discussions. Site-specific analyses
should be paramount, but consideration of cross-site
analyses should continue since I believe that pursu-
ing cross-site analyses is worthwhile. This means that
common ground needs to be found for a number of
dimensions, and possible outcome measures, some
of which have been identified, merit further consider-
ation.

ROBERT M. KAPLAN, PH.D.
Professor and Chair
Department of Family and Preventive
Medicine
University of California, San Diego

Thank you once again for having me participate
in the BCC meeting.  I learned a lot and enjoyed par-
ticipating.  My reactions are best summarized as
follows.

1. The group should consider estimating public
health benefits that result form behavioral inter-
ventions.  You might consider the recommenda-
tions by summarized in the Gold et al book (Cost-
Effectiveness in Health and Medicine. New York:
Oxford Press, 1996.) 

2. Modeling exercises could be very valuable. One
example of applications of the a model is pro-
vided by Lisa Prosser and colleagues (Cost-Ef-
fectiveness of Cholesterol-Lowering Therapies
According to Selected Patient Characteristics,
Annals of Internal Medicine, 2000, 132, 769-779).

3. You might consider applying a general quality of
life outcome measure. I gave Russ Glasgow cop-
ies of the QWB-SA.  The cheapest and easiest
measure is the EQ-5D.  It’s considerably shorter
than the QWB.  The difficulty is that it is consid-
erably less sensitive to minor variations in
wellness.  I would be happy to give you my own
(opinionated) evaluation if you would like to dis-
cuss it further.

Once again, thank you sincerely for inviting me
to the meeting.
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HELENA C. KRAEMER, PH.D.
Professor of Biostatistics in Psychiatry
Department of Psychiatry and
Behavioral Sciences
Stanford University

1. The first priority, as was recommended, is to com-
plete the studies were designed to do: To provide
the answer to the primary question of each study.
These should be based on analysis by intention
to treat, using the best possible approach in each
study. I would recommend against trying to set
specific procedures at this stage that must be fol-
lowed across studies, for that might compromise
the quality of the individual studies. The outcome
measures should be those set forth in the pro-
posal; the methods should be those described in
the proposal unless something is apparent in the
distribution that was now known at the time of the
proposal and would invalidate the conclusions. In
short, do what you said you were going to do, do
what your studies were designed to do, before
launching into new areas.

2. Moderators and Mediators: The definitions of
these, and even more so, the statistical ap-
proaches, are widely varied and very confusing
in the psychology literature. I recommend Baron
& Kenny’s conceptual definitions (Baron & Kenny,
1986), but my operational definitions (Kraemer,
Stice, Kazdin, & Kupfer, 2001; Kraemer, Wilson,
Fairburn, & Agras, 2002) . The latter paper (due
out in September, but of which Abby has a pre-
pub copy) has very specific instructions on how
to use linear models to do the analysis. To see an
example of the application see (Group, 1999a,
1999b). The MTA group also has an additional
moderator paper in press (JCCP) using ROC
methods to find the optimal set of moderators.
You could contact Steve Hinshaw at UC Berke-
ley if you’d like to take an early look at it.

3. Effect Sizes: Whatever the outcome, there are
many very disparate possible effect sizes. For ex-
ample, for a binary outcome, you could use risk
ratios, risk differences, odds ratios, as well as phi,
kappa coefficients of various ilks, gamma coeffi-

cients, Yule’s Index, Youden’s index—no need to
go on. What I (and others recommend) is NNT
(Number needed to treat to have one extra suc-
cess or one less failure). If one treated N sub-
jects, the number of successes would be N R

1
. If

one assigned N subjects to the control group, the
number of successes would be NR

0
, where the

R’s are the proportion success in the T and C
groups. Thus the number of excess successes
would be N(R

1
-R

0
) with T over C. For 1 excess

success N(R
1
-R

0
)=1, i.e. NNT=1/(R

1
-R

0
). In this

case, the probability that a randomly selected sub-
ject from T would do better than a randomly se-
lected subject from C (flipping a fair coin to as-
sign the ties) would be AUC=Prob(T>C)=.5(R

1
-

R
0
+1). AUC=.5 means no difference between T

and C. AUC approaching 1 means T much better
than C, AUC approaching 0 means C much bet-
ter than T. Thus NNT=1/{2AUC-1}. Thus if
AUC=.5, NNT approaches infinity. If AUC ap-
proaches 1, NTT approaches 1.

The problem is that this is limited to a binary out-
come. Where there is a valid and reliable ordinal
outcome, it is almost inevitable that there is more
power in testing and more precision in estimation
in using that ordinal outcome. The more sensi-
tive to individual differences is the ordinal out-
come (continuum is better than a 10 point scale,
a 10 point scale is better than a 9 point scale etc.),
the greater the power and the precision. Some
implications: 1) Given a choice between an ordi-
nal outcome and a binary one, always choose the
ordinal one for purposes of hypothesis testing and
estimation; 2) In making clinical or policy deci-
sions, it is necessary to dichotomize. However,
this should be done after hypothesis testing and
estimation is done; and 3) Dichotomization for de-
cision making should not be arbitrary and subjec-
tive. It should be based on some objective crite-
rion.

In any case, we need an effect size not limited to
binary outcome, or different for different scaling
levels, and one (like NNT or AUC) that is easily
understood by clinicians and policy makers.

For example, with outcome measures satisfying
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the assumptions of the t-test, the most common
outcome measure is Cohen’s d (the standardized
mean difference between the T and C group
means). In this case the AUC=PHI(d/21/2) where
PHI stands for the cumulative normal distribution
function. Thus if d=.2 (a “small” effect size per
Cohen), AUC=55.6%; if d=.5 (“moderate”),
AUC=63.8%;  if d=.8 (“large”) AUC=71.4%. Then
conversion to NNT is easy:  d=.2 corresponds to
NNT= 9; d=.5 corresponds to NNT=4;  d=.8 cor-
responds to NNT=2.

In general, with any univariate outcome measure,
one can estimate AUC by taking every possible
pair of subjects, one from T and one from C, and
scoring the pair +1 if T is better than C, 0 if T and
C are equal or indistinguishable, -1 if C if better
than T. AUC is then the average of these scores
over all pairs.  It can be seen that even with a
multivariate outcome, as long as one can do valid
pairwise comparisons, one can estimate AUC.
And as soon as you have AUC, you can estimate
NNT. AUC and NNT then are perfectly general
effect sizes, applicable over a wide range of out-
come measures, easily understood.

Final note: AUC is the effect size associated with
the Mann-Whitney test, and can be computed
using the U statistic from that test. The above
computation, however, makes the meaning of
AUC clearer to non-statisticians, I think.

I haven’t yet written up these results, but I’ll be
glad to share them when I get this finished.

4. Measuring Change versus Status: See, first of
all, Cronbach and Furby for the classical argu-
ment (Cronbach & Furby, 1970). The problem
when you measure change is that the resulting
measure is very sensitive to error in the starting
point. This is particularly true when the start is
measured by retrospective recall. Cronbach and
Furby recommend focussing on the endpoint
scores, largely because in their experience start-
ing values are very subject to error of measure-
ment and not very highly correlated with the end-
point score. In my experience, that’s not always
true. There are many situations in which use of a

pre-post change score (NOT using retrospective
recall) yields greater power and precision
(Kraemer & Thiemann, 1987). So while I’m not a
rigid as are C&F about using change scores, I’m
very rigid about getting good measures of status
(at baseline and endpoint) and assessing the dif-
ference between them, rather than getting a mea-
sure at endpoint of the change.

There is always a good argument between use of
a difference score, a percentage change score or
using the baseline as a covariate (residual change
scores). What is best in one situation is not al-
ways best in another. Thus if you could show that
in both the treatment and control groups, the dif-
ference scores are uncorrelated with the baseline,
I’d opt for the difference score. If you could show
that in both the treatment and control groups, the
percentage change is uncorrelated with the
baseline, I’d opt for the percentage change. If you
could show that in both the treatment and control
groups, the relationship of outcome to baseline
was linear and with the same slope, I’d opt for
residualized change scores. In any other situa-
tion, I’d probably go with C&F and recommend
using the endpoint measures, remembering that
the distribution of baseline scores is the same,
given randomization. Then I’d ask whether the
baseline is a moderator of treatment (treatment x
baseline interaction).

5. Comments on the approaches in the Nigg MS:

a. Approach 1:  Many of the “criteria” used in
medical research are very arbitrary. For ex-
ample, currently the criterion defining obe-
sity is BMI=27. However, when you examine
morbidity or mortality outcomes,  there does
not seem to be any reason for BMI=27. I’m
not enthusiastic about any approach that re-
lies so heavily on arbitrary and subjective cri-
teria.

b. Approach 2:  Similarly, the definitions of
“stage” are often arbitrarily set. A great ar-
ticle is Feinstein’s on stages of Cancer—
which he called the “Will Roger’s Effect”
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(Feinstein, Sosin, & Wells, 1985). So, same
problem as above.

c. Approach 3:  Much better. I like the idea of
combining effect size, particularly if that ef-
fect size is either AUC or NNT, which then
solves the interpretability “cons”.  However,
I’m wary of averaging them. If you average,
you essentially assume that all are indepen-
dent and equally important. That is seldom
true. So the question here is how best to com-
bine the effect sizes. If you had an external
criterion, you’d be able to use that to help
make the decision.

d. Approach 4:  This approach requires that you
know how outcome relates to baseline, and
that may not be linear, and even if linear, may
not have equal variances around the line for
all values of the baseline. There are here too
many limiting mathematical assumptions to
be comfortable for me.

e. Approach 5:  My problem here is that “re-
cruitment” is often a function of what one
chooses as the control group, how onerous
the measurement schedule it, and other such
factors that reflect only the arbitrary research
decisions of the study researchers. Similarly
retention can sometime reflect efficacy of
treatment as well as the skill of the research
staff.

f. Approach 6:  I like the  concept, but this ap-
pears to mix together many very different con-
ceptual issues. I’m not sure how this would
help with the problems addressed by the other
approaches.

g. Approach 7:  This seems a tough one, since
waiting until all subject die to get mortality
data is a tough and often impossible task.
Using mortality figures from other studies may
confuse the issue, since whether the other
studies sampled the same populations you
did in your various studies would be difficult
to guarantee.

h. Approach 8:  Seems more reasonable. How-
ever, those who were randomly assigned to
treatment (or control) who did not comply with
treatment (or control) also have a QALY and
costs and effectiveness. From a pragmatic
point of view why would you need complete
adherence?

6. Site Differences: Here “sites” are studies, and
differ not only in geographical location (and all
that goes with that), but apparently in various
details of the design:  sampling frame, inclusion/
exclusion criteria, type of treatment, assessment
battery etc. For that reason, you should never
“muddle” the results, i.e., throw data from vari-
ous sites together and treat the data as if they
came from one site. There is a considerable lit-
erature on Simpson’s Paradox that delineates the
types of statistical artifacts that might result.
(Bickel, Hammel, & O’ Connell, 1975; Blyth, 1972;
Hand, 1979; Kraemer, 1978; Paik, 1985; Wagner,
1982).

7. The analysis should be handled via Meta Analy-
sis methods. Whatever the research question, it
should be asked separately at each site, and only
at those sites where the sample, treatment, as-
sessments are appropriate to ask that question.
Thus some sites may be excluded from certain
questions. Once the effect is estimated at each
site, a test is done for homogeneity across sites.
If there is no evidence of heterogeneity (say
p>.10), the effects can be pooled (not muddled).
If there is evidence of heterogeneity, sources of
such heterogeneity should be sought.

8. As you know, Steve Belle and I disagree com-
pletely on aspects of this issue. I’ll let Steve ar-
gue his case. However, I feel strongly that the
research question is primary. That is, one first
formulates a research question, then one tries to
find data appropriate to answer that research
question. To try to formulate research question to
fit the available data is, I think, bound to lead to
serious errors. Thus, if the research question re-
lates to “fruit salad”, one seeks studies of fruit
salad. One does not mix studies, one related to
apples, one related to oranges. The answers from
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mixing such studies may not relate to fruit salad,
any more than to apples or oranges. That is why
the criteria for selecting and deselecting studies
from the published literature for meta analysis
have undergone such scrutiny: Meta Analysis:
Meta Garbage?

Back to site differences. The IHDP reference I
alluded to is (IHDP, 1990). The above reference
to the MTA study also included considerations of
site differences. There they found major, strong,
main effects of site, but no site x treatment inter-
actions.
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