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Abstract

The National Heart, Lung, and Blood Institute and the
National Institutes of Health Office of Disease Prevention
convened a meeting on August 29-30, 2013 entitled
“Obesity Intervention Taxonomy and Pooled Analysis.”
The overarching goals of the meeting were to understand
how to decompose interventions targeting behavior
change, and in particular, those that focus on obesity and
to combine data from groups of related intervention
studies to supplement what can be learned from the
individual studies. This paper summarizes the workshop
recommendations and provides an overview of the two
other papers that originated from the workshop and that
address decomposition of behavioral change
interventions and pooling of data across diverse studies
within a consortium.
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INTRODUCTION

The National Institutes of Health (NIH) and the Cen-
ters for Disease Control and Prevention (CDC) have
each funded consortia of intervention studies. These
consortia include multiple studies, each testing distinct
interventions but having a common topic or goal.
Examples in the arena of obesity research include
the Practice-Based Opportunities for WEight Reduc-
tion (POWER) Trials [1], the Early Adult Reduction
of weight through LifestYle intervention (EARLY)
Trials [2], the Childhood Obesity Prevention and
Treatment Research (COPTR) consortium [3], the
Lifestyle Interventions for Expectant Moms (LIFE-
Monms), the Obesity Related Behavioral Intervention
Trials (ORBIT) [4], and the Childhood Obesity Re-
search Demonstration (CORD) projects [5]. Previous-
ly funded multiple study consortia targeted smoking
and other behaviors [6, 7] or caregiver burden [8].
These studies are typically funded via the Cooperative
Agreement mechanism and include as a goal
performing cross-study analyses in an effort to learn
more about intervention effects than is possible from
individual studies. For example, combining informa-
tion across studies would increase sample sizes such

Implications

Researchers: Use the behavioral change techni-
ques (taxonomy approach) that decompose each
intervention component and determine interven-
tion dose when combining information from stud-
ies that employ similar interventions.

Practitioners: Use information from multiple
studies rather than individual studies to provide
better information regarding behavior change.

Policymakers: Take advantage of information that
comes from several studies for data-driven policy
decisions.

that it may be possible to gain information on sub-
groups that are too small in individual studies to ob-
tain meaningful results or to examine effects on less
common outcomes than are scientifically justified
within individual studies due to limited numbers of
outcomes. However, inasmuch as these consortia are
constructed such that interventions, target popula-
tions, and methods differ by site within a consortium,
the use of typical methods for combining information
across studies (see, for example, Bangdiwala et al. in
this issue) needs to be critically examined or, poten-
tially, other methods need to be applied. With these
methods, attention needs to be paid to homogeneity
among the studies to be combined with respect to,
e.g., eligibility criteria, data collection, and the partic-
ular interventions tested within each study. For the
EARLY Trials [2], COPTR [3], CORD [9, 10], LIFE-
Moms, POWER [1], and REACH [8], substantial
effort was put into agreeing upon several protocol
issues including common eligibility criteria, measures,
and data collection timepoints prior to intervention
start with the goal to enhance homogeneity to facilitate
cross-study analyses.

Furthermore, by combining information across
studies, it may be possible to understand what specific
components of a wide variety of complex behavioral
interventions lead to favorable outcomes, with the
goal to optimize such interventions. One approach
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has been demonstrated in the past [11, 12], and the
manuscript by Tate et al. in this issue describes an
alternative approach to decomposing interventions in
an effort to ascertain whether particular aspects of
multi-component interventions that are associated
with outcome can be identified. Unlike those methods
for which interventions should be similar for combin-
ing to be meaningful, this method accounts for hetero-
geneity such that both “active” and “control” inter-
ventions are decomposed.

The context for this meeting, then, was the existence
of NIH- and CDC-funded consortia comprised of sev-
eral intervention studies with some common features
but with different interventions, populations, and hy-
potheses under investigation. The meeting, which in-
cluded investigators from EARLY, COPTR, ORBIT,
LIFE-Moms, and CORD, addressed several research
questions including the following:

1. Can ataxonomy be developed across diverse inter-
ventions to facilitate analysis of common measures
and enable better understanding of how complex
multi-component intervention content relates to
effectiveness?

2. What analytical approaches can be used and how
can data be combined across different interven-
tions, populations, and settings?

3. Can data be compared for obesity prevention and
treatment studies?

4. What are the best methods for testing differences in
subgroup responses to interventions?

The consortia represented at the meeting, briefly
described below, are comprised of intervention studies
with some commonalities, for example, a common
theme is that all are complex, behavioral interventions
targeting weight (see Tables 1, 2, 3, 4, and 5).

Early Adult Reduction of weight through LifestYle intervention
(EARLY) Trials

This program consists of seven studies that have 17
interventions across the studies, and a Research
Coordinating Unit (RCU). The studies are individ-
ually funded within a cooperative agreement which
includes the NIH. All of the studies are two-phase
clinical research studies to refine and test innova-
tive behavioral approaches for weight control in
young adults 18-35 years of age at high risk for
weight gain. There is also a Resource Coordination
Unit to facilitate cross-study activities including
logistical and analytical activities. During the first
phase of the studies, formative research was con-
ducted to refine the proposed intervention, recruit-
ment, retention, and adherence strategies targeted
to young adults. The second phase of each study
consisted of a randomized controlled trial to test
the efficacy of the interventions. These interven-
tions address weight loss, prevention of weight
gain, or prevention of excessive weight gain during
pregnancy. Specific target populations include

pregnant and postpartum women, community col-
lege or university students, and young adults trying
to quit smoking. Most of the interventions are
technology-driven using novel methods such as
mobile phones, social networks, and web-based
curricula. EARLY studies are funded by the Na-
tional Heart, Lung and Blood Institute (NHLBI)
and the Eunice Kennedy Shriver National Institute
of Child Health and Human Development
(NICHD).

Childhood Obesity Prevention and Treatment Research
Consortium

The purpose of this program is to create and test
intervention approaches to prevent excess weight
gain in non-overweight and overweight youth and
to reduce weight in obese youth. Two obesity
prevention trials (University of Minnesota and
Vanderbilt University), which target preschoolers
(2-5 year olds), are developing and testing
approaches that target home, community, and pri-
mary care settings for preschool children living in
low-income and ethnically diverse neighborhoods.
Two obesity treatment trials (Stanford University
and Case Western Reserve), which target pre-
adolescents or adolescents, are examining novel
intervention modalities in overweight and obese
children 7-15 years old in school and home set-
tings in collaboration with local youth organiza-
tions or schools. A Coordinating Center at the
University of North Carolina, Chapel Hill, coor-
dinates the functions of the Consortium. The pri-
mary outcome is children’s body mass index
(BMI); secondary outcomes include waist circum-
ference, body fat, diet, physical activity, psychoso-
cial measures, and cost-effectiveness. COPTR
studies are funded by the NHLBI, NICHD, and
the NIH Office of Behavioral and Social Sciences
Research (OBSSR)

Lifestyle Interventions for Expectant Moms
The LIFE-Moms Consortium is targeting appropri-
ate gestational weight gain among overweight and
obese women and is a collaboration of seven inde-
pendent clinical trials, a Research Coordinating
Unit, and the NIH. Each trial is testing a lifestyle
intervention designed to control gestational weight
gain in overweight or obese women. The primary
outcome for the LIFE-Moms Consortium is gesta-
tional weight gain above the 2009 Institute of Med-
icine’s guidelines for overweight and obese preg-
nant women. Secondary outcomes include mater-
nal and neonatal infant anthropometric measures,
physical activity, sleep, and complications of preg-
nancy and delivery. In each trial, weight and met-
abolic outcomes are being assessed in both moth-
ers and offspring for a minimum of 12 months
postpartum. LIFE-Moms is funded by several
NIH Institutes and Centers, including the National
Institute of Diabetes and Digestive and Kidney
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Disease (NIDDK), NHLBI, NICHD, the Office of
Behavioral and Social Sciences Research (OBSSR),
the Office of Research in Women’s Health
(ORWH), and the National Center for Comple-
mentary and Integrative Health (NCCIH).

Obesity Related Behavioral Intervention Trials

The goal of ORBIT is to translate findings from
basic research on human behavior into more ef-
fective clinical, community, and population inter-
ventions to reduce obesity. Investigators are de-
veloping innovative obesity-reducing strategies
that show promise in small-scale early phase trials.
Target populations include children and their fam-
ilies, Latino and African-American adults, African-
American adolescents, low-income populations,
pregnant women, and women in the menopausal
transition. The interventions being developed in-
clude creative new approaches to promote aware-
ness of specific eating behaviors, decrease respon-
siveness to high-calorie foods, reduce stress-
related eating, increase motivation to adhere to
weight loss strategies, engage individual’s social
networks and communities to encourage physical
activity, improve sleep patterns, and change habit-
ual dietary behaviors. A Resource and Coordina-
tion Unit (RCU), located at Northwestern Univer-
sity, facilitates collaboration across the studies.
ORBIT is funded by NHLBI with co-funding
from the National Cancer Institute (NCI),
NIDDK, NICHD, and OBSSR.

Childhood Obesity Research Demonstration projects
The CDC Childhood Obesity Research and Dem-
onstration (CORD) project builds on existing com-
munity efforts to support children’s healthy eating
and active living and support obesity prevention.
Efforts focus on children 2-12 years old who are
eligible for the Children’s Health Insurance Pro-
gram (CHIP). Innovative approaches include com-
bining changes in preventive care at doctor visits
with supportive changes in schools, child care cen-
ters, and community venues. Community health
workers provide a bridge between families and
resources in their communities. Overall, the grant-
ees” work focuses on strategies that improve child-
ren’s health behaviors by involving the children
themselves, their parents and other family mem-
bers, and the communities in which they live. Pro-
cess, outcome, and sustainability measures are col-
lected. Examples are BMI, behavioral change,
quality of life, satisfaction with care, and cost.
The three CORD research sites are the University
of Texas, Houston; San Diego State University;
and the Massachusetts State Department of Health.
The Evaluation Center is at the University of
Houston. CORD is funded by the Centers for
Disease Control and Prevention (CDC).
Investigators within each consortium agreed up-
on some common features including outcomes and

other measures, inclusion/exclusion criteria, and
follow-up timepoints (Tables 1, 2, 3, 4, and 5).
However, because the component studies within
each consortium were separately designed, several
differences remain. While the overall goals of the
interventions were similar, there were differences
with respect to study-specific design issues (e.g.,
study-specific inclusion/exclusion criteria), target
populations, recruitment strategies, intervention
content, data collection, and how the interventions
were delivered.

The Working Group built on the experience of
the Resources Enhancing Alzheimer’s Caregiver
Health (REACH) consortium which addressed
the issue of combining information in a meaning-
ful way across several related studies. This group
published articles on the methodology used [11]
and the results of the analysis [12]. REACH was
comprised of six randomized controlled studies
which tested nine “active” interventions against
two types of control conditions for family mem-
bers of people with Alzheimer’s Disease or a
related disorder with the goal of reducing care-
giver burden [8]. Because the REACH interven-
tions, like those represented at the Workgroup
meeting, were complex behavioral interventions,
REACH investigators wondered whether all com-
ponents of their multi-faceted interventions were
necessary to have an effect on the outcome. This
is a question that could be answered across stud-
ies, inasmuch as not all interventions had the
same components, but not within a study since
it is the interventions as a whole that are being
compared by each study. The approach adapted
by REACH investigators was to decompose the
complex interventions, examining who (caregiver,
care-recipient, social, or physical environment)
and what (knowledge, behavior, skills, affect) the
intervention targeted. The combination of the
three “whos” and four “whats” resulted in 12
components (e.g., caregiver affect, care-recipient
behavior, knowledge about the social environ-
ment). Each intervention was “scored” on the
basis of these 12 components, and relationships
between the components and outcome were ex-
amined. As a result, a new intervention (REACH
IT) was designed that emphasized the components
identified as being associated with outcome and
subsequently tested in a multi-center randomized,
controlled trial [16].

In the process of developing the decomposition
methodology, the REACH investigators identified
a gap in the literature with respect to how inter-
ventions are described and information that is
needed to enable the decomposition process to
proceed. Thus, an expansion of existing taxono-
mies for characterizing interventions was pro-
posed [17]. Furthermore, it has been long recog-
nized that the lack of a common nomenclature to
describe techniques for behavior change has lim-
ited behavior change intervention science [18].
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There has been substantial progress in attempting
to establish a common language in behavior
change intervention research which has resulted
in identifying and defining 93 techniques devel-
oped by international consensus that have been
grouped into 16 higher order domains [19].

Thus, substantial groundwork has been laid to facil-
itate cross-study intervention research in behavior
change, making timely this meeting to discuss the
application of a taxonomy and methods for combining
information across studies that target obesity. The
meeting was initiated with remarks describing re-
search priorities at the National Institutes of Health
(NIH) and strategic plans. Two keynote speakers dis-
cussed methodologies used to combine results across
diverse interventions and a taxonomy that had been
developed to describe behavior change techniques.
The workgroup members were charged with develop-
ing recommendations regarding methods for develop-
ing intervention taxonomy and analytical methods for
combining data across interventions within a consor-
tium. Keynote speakers met with the represented con-
sortia in breakout groups and the final recommenda-
tions were derived by consensus.

The manuscripts that follow address two topics crit-
ical for combining information across studies that ad-
dress behavior change. Tate et al. describe the ratio-
nale for decomposing interventions, issues that arise
when applying the decomposition process to behav-
ioral interventions, and the need for further develop-
ment of a common language or taxonomy. In the
manuscript by Bangdiwala et al., analytical approaches
for combining data across studies are discussed.

The meeting attendees concluded that an invest-
ment of time and personnel for developing and
applying decomposition methods for cross-study
analyses could lead to important information and
crucial insights for developing effective interven-
tions. The attendees came to consensus on recom-
mendations to address the research questions artic-
ulated above. In general, attendees agreed that a
common taxonomy for describing interventions
would be useful to better understand those inter-
ventions, in particular, aspects of interventions that
are related to intervention goals. Several analytical
approaches for combining information across
interventions, both within a consortium and across
consortia, or for investigating treatment response
in subgroups, were discussed and are the topic of
another manuscript in this issue (Bangdiwala et
al.). Attendees agreed that by decomposing inter-
ventions (see Tate et al. in this issue) and properly
selecting measures, it would be possible to com-
bine data from obesity prevention and treatment
studies. The meeting attendees made the following
recommendations:

Taxonomy-related recommendations
* Decompose and code content of each intervention
utilizing established theory or taxonomy. Examples

of taxonomies include behavior change techniques
(BCTs) and more extensive taxonomies that ad-
dress other aspects of studies, such as populations
studied, mode of intervention administration, train-
ing, measures used, timing of measures, interven-
tion adaptability, and interventionist characteristics.

e If established theory or taxonomy is amended,
there should be appropriate scientific rigor to jus-
tify the change(s), e.g., calculate inter-rater
reliability.

* Determine the intervention components and
dose intended to be delivered (according to pro-
tocol) per each intervention component (e.g.,
BCT).

* Determine the intervention components and dose
actually delivered per each intervention compo-
nent (e.g., BCT).

* Determine the intervention components (e.g.,
BCTs) and dose actually received by participants.

Analysis methodology related recommendations

The methodology should take into account relevant
theory and be driven by the research question(s).
Issues to consider include variable selection and
interactions.

* Pooling results across studies, within or among
consortia, must account for heterogeneity among
studies.

* In general, pooling is used for exploratory analyses
to help identify intervention components (e.g.,
BCTs) that may work better than others and to
identify subsets of participants across studies in
which particular components work better. As such,
these analyses are not to replace the standard anal-
ysis plan for each study. If the analyses were not
specified in advance, analyses of pooled data are
viewed as “post-hoc” exploratory analyses. If such
analyses are to be performed, split-sample or cross-
validation techniques should be employed.

* Pooling may also be performed to test hypotheses
which were specified a priori.

* Approaches to consider:

— Traditional meta-analysis, with or without meta-
regression. Including only study-level covariates
in meta-regression limits the number of observa-
tions. Using participant level covariates in meta-
regression is recommended to the extent
possible.

- Ignoring randomization but utilizing intervention
components and, potentially, other study or inter-
vention level data rather than indicator(s) of inter-
vention. Participant level covariates should be in-
cluded with this approach.

* Methodologies to consider

- Linear mixed-effects models (multi-level analysis)
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- Non-linear models and approaches (e.g.,
classification/regression trees/forests)

— Multi-group structural equation modeling

- Latent class models

In conclusion, this paper presents an overview of the
workgroup meeting that was convened to discuss, and
make recommendations regarding, a taxonomy for
obesity intervention research and issues to consider
and methods to employ for cross-study analyses. The
other two manuscripts in this series (Tate et al,
Bangdiwala et al) elaborate on meeting findings and

recommendations and together provide useful infor-
mation to investigators conducting multi-site trials that
have different intervention modalities but common
primary outcomes.
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