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Abstract
Objective—To describe a mixed-methods approach to develop and test a basic behavioral
science-informed intervention to motivate behavior change in three high-risk clinical populations.
Our theoretically-derived intervention comprised a combination of positive affect and self-
affirmation (PA/SA) which we applied to three clinical chronic disease populations.

Methods—We employed a sequential mixed methods model (EVOLVE) to design and test the
PA/SA intervention in order to increase physical activity in people with coronary artery disease
(post-percutaneous coronary intervention [PCI]) or asthma (ASM), and to improve medication
adherence in African Americans with hypertension (HTN). In an initial qualitative phase, we
explored participant values and beliefs. We next pilot tested and refined the intervention, and then
conducted three randomized controlled trials (RCTs) with parallel study design. Participants were
randomized to combined PA/SA vs. an informational control (IC) and followed bimonthly for 12
months, assessing for health behaviors and interval medical events.

Results—Over 4.5 years, we enrolled 1,056 participants. Changes were sequentially made to the
intervention during the qualitative and pilot phases. The three RCTs enrolled 242 PCI, 258 ASM
and 256 HTN participants (n=756). Overall, 45.1% of PA/SA participants versus 33.6% of IC
participants achieved successful behavior change (p=0.001). In multivariate analysis PA/SA
intervention remained a significant predictor of achieving behavior change (p<0.002, OR=1.66,
95% CI 1.22–2.27), controlling for baseline negative affect, comorbidity, gender, race/ethnicity,
medical events, smoking and age.

Conclusions—The EVOLVE method is a means by which basic behavioral science research
can be translated into efficacious interventions for chronic disease populations.

Keywords
Behavioral intervention; behavioral risk reduction; health behavior; mixed methods; translational
research

In 2008, 63% of the 57 million people who died worldwide succumbed to non-
communicable diseases and of these, an astounding 85% of people died from cardiovascular
disease, diabetes, cancer or chronic respiratory diseases (World Health Organization, 2009).
The “slow motion disaster” of chronic illness has become a public health crisis worldwide
(Rosenbaum & Lamas, 2011). Behavior change holds the greatest untapped potential to
reduce risk and extend life, but behavioral health promotion efforts remain greatly
underleveraged. The lack of evidence-based approaches to effectively motivate long-term
behavior change is a significant impediment in this effort (McGinnis, Williams-Russo, &
Knickman, 2002).

Decades of research have been conducted to elucidate the fundamental bases of human
behavior, yet few basic behavioral and social science findings have been translated into
clinical interventions. Thus, there is enormous unmet potential to translate successes from
basic research into applications that can improve outcomes in high-risk clinical populations;
the use of a staged approach applying mixed methods may facilitate this process. To
promote the translation of basic behavioral and social science into applications for clinical
populations, a Broad Agency Announcement (BAA) was released in 2001 by the National
Heart, Lung, and Blood Institute (NHLBI) of the National Institutes of Health (NIH). The
announcement solicited applications to translate innovative, cutting-edge findings from
basic behavioral and social science research to the prevention and management of heart,
lung, blood and sleep diseases and disorders (National Institutes of Health, 2001). This
paper describes the rationale, methods, and outcomes of one of the projects funded in
response to this BAA, entitled the Cornell “Translational Behavioral Science Research
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Consortium” (TBSRC) conducted at Weill Cornell Medical College-New York Presbyterian
Hospital in New York City.

TBSRC used a mixed-methods approach to develop and test a theoretically-derived
intervention in three different chronic disease populations by translating positive affect and
self-affirmation (PA/SA), constructs whose powerful effects on human behavior had been
demonstrated in basic research studies in healthy people. We further describe a process
model (EVOLVE) of sequential mixed methods that we used in designing the PA/SA
intervention for use in people with chronic disease. The intervention was subsequently
implemented and tested at an urban academic medical center in New York City in 756
participants in order to motivate increased physical activity in people with coronary artery
disease who had undergone percutaneous coronary intervention (PCI) and people with
asthma (ASM), and to increase medication adherence in African Americans (AA) with
hypertension (HTN). It is our hope that this paper will provide researchers with one model
for translating promising basic behavioral and social sciences research findings into
behavioral interventions that can aid in managing high-risk clinical populations.

The Emerging Need for Mixed Methods
A myriad of public health issues—including ethnic, cultural and age disparities, seemingly
intractable health behaviors, poor adherence to effective treatments and ongoing inequities
in access to care—accompany the current chronic disease epidemic. Traditional quantitative
methodology is limited in its ability to assess this complexity of public health problems.
Mixed methods research comprises a participant-centered, culturally grounded set of
techniques that employ, in tandem, methodologically rigorous quantitative and qualitative
approaches in an integrated, theory-driven manner (Creswell, Klassen, Plano Clark, & Clegg
Smith, 2011). By integrating qualitative and quantitative methods and findings into the study
design, researchers can gain deeper insight into the participants’ point of view, explore
complex social phenomena and effectively tailor intervention approaches.

Case Study: TBSRC
As an example of basic behavioral science translation, we identified two promising
constructs for translational intervention development: positive affect and self-affirmation.

Positive affect—Positive affect (PA) is a mild feeling state induced by small events, such
as receiving a small, unexpected gift, seeing a few minutes of comedy, or receiving a report
of success on a small task (Ashby, Valentin, & Turken, 2002). PA has been shown to
promote creativity and flexibility in problem-solving, help people to cope effectively and
reduce defensiveness (Aspinwall, 1998; Estrada, Young, & Isen, 1994). Persons
experiencing PA behave more cautiously and are less risk-prone than controls, even though
they are more optimistic about being able to achieve a good outcome (Nygren, Isen, Taylor,
& Dulin, 1996). Research that has specifically studied the impact of PA on health risks
suggests that people can be encouraged to engage in healthier options or to take health
precautions when they think that by so doing they can avoid dangerous risks to their health
(Keller, 1999).

PA also increases specific aspects of motivation. Studies have shown that PA increases
motivation and its cognitive components (Ilgen, Nebeker, & Pritchard, 1981; Kanfer, 1990).
The cognitive components of motivation center on people’s valuation of the end result or
reward, their expectation that achieving an intermediate goal (e.g., increasing physical
activity) will help them achieve the ultimate goal (e.g., improved health), and their
expectation that, if they work hard at something, that effort will help them to achieve the
intermediate goal (e.g., physical activity maintenance will lead to improved fitness, which
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will make walking easier over time) (Erez & Isen, 2002). In addition, research has found
that PA leads people to feel more intrinsically motivated and to find things more enjoyable
(Isen & Reeve, 2002). Finally, a large body of literature indicates that people experiencing
PA are more accepting of trying new things, and demonstrate greater interest in social and
leisure activities (Lyubomirsky, King, & Diener, 2005).

Given this evidence, we believed that positive affect would help to motivate initiation and
maintenance of healthful behavior changes in patients with chronic disease. First, we
thought that induction of PA could help people view their own negative health behaviors as
riskier than controls, and behave accordingly. Second, we believed that induction of PA
could assist people with chronic illness to maintain a more optimistic view of behavior
change, and be intrinsically motivated to make behavior changes. Finally, this body of work
suggests that PA could lead people with chronic illness to be more open to new experiences,
and thus more likely to initiate and maintain healthful behavior changes, such as physical
activity, over time. For all of these reasons, we believed that positive affect would help
people to overcome obstacles and be more successful than controls in initiating and
maintaining behavior change over time.

Self-affirmation—Self-affirmation (SA) theory focuses on people’s sense of feeling
morally and adaptively adequate, with meaning and value in life. In SA theory, the “self-
system” is in a constant state of adaptation to maintain a moral sense and experience of the
self, where the self is perceived as capable, good and able to make decisions with free
choice (Steele, 1988). SA can be elicited when people recall accomplishments or important
beliefs, making them feel proud. SA inductions have been shown to increase self-
confidence, and enhance self-concept and resolve to overcome difficult situations (Steele,
1988).

People who are given personally-relevant health information may perceive it as threatening
and process it in a biased way (Liberman & Chaiken, 1992). However, people who are self-
affirmed respond more positively to information that challenges their beliefs (G. L. Cohen,
Aronson, & Steele, 2000). In addition, women who received SA induction learned health
information faster, were able link health behavior with adverse outcomes and felt more
control over their behavior (Aspinwall, 1999). Similarly, it has also been shown that when
people are presented with personally-threatening health information, SA improves their
ability to process that information and increases behavioral intention (Sherman, Nelson, &
Steele, 2000). For example, people who had SA induction rated themselves as being at
higher risk for HIV and were more likely to purchase condoms and take educational
materials (Sherman et al., 2000). Taken together, these studies indicate that SA induction
could help people with chronic disease process new health information, link health behavior
with an adverse outcome, enhance their sense of control and increase behavioral intention.

Given these findings, we believed that SA could be useful to people with chronic illness,
particularly when receiving health information. Our trials employed SA procedures to help
people with chronic disease overcome negative expectations they might have about their
own ability to engage in a healthy behavior goal. Several reasons underlie our rationale for
selecting SA. First, to the extent that people with chronic illness might feel threatened by
receiving personally-relevant health information, we believed SA techniques could help
them to overcome defensive processing of the information. Second, minority group
members may view themselves as particularly vulnerable. SA techniques have been
demonstrated to assist minority group members in overcoming stereotype threat (Steele &
Aronson, 1995). Third, chronic illness may alter self-concept. SA techniques can enhance
self-concept, and when performed prior to delivering threatening health messages, have been
shown to assist people in processing self-relevant negative information (Aspinwall, 1999).
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Finally, people with chronic illness may have little or no experience with engaging in the
health behaviors presented. Thus, they would have low self-efficacy for engaging in a
behavior. We believed SA could improve confidence and success in making a behavior
change.

The relationship between positive affect and self-affirmation—We hypothesized
that PA/SA would have synergistic effects, because each has been found to increase
peoples’ openness to information, including health information. The evidence was stronger
for positive affect, which included enhanced motivation, flexibility of thinking and reduced
risk taking. However, there was compelling evidence that SA could bolster health
information processing, and importantly, enhance self-concept. Moreover, we believed that
SA could augment our PA intervention and promote behavior change. SA addresses self-
concept specifically and we believed it could also address the challenges that people with
chronic disease might face in making health behavior changes. Finally, we believed that SA
might also induce positive feelings and enhanced self-efficacy, thereby enabling and/or
empowering behavior change.

Rationale for Selecting Cardiopulmonary Disease Participants—Behavioral
change (e.g., smoking cessation, physical activity) has great potential to prevent chronic
illness, reduce the burden of existing disease and decrease risk in patients with
cardiopulmonary disease. We selected three high-risk patient groups with cardiopulmonary
disease in order to test the combined PA/SA intervention.

Coronary artery disease and percutaneous coronary intervention (PCI): The use of
percutaneous coronary intervention for coronary artery disease, introduced in the early
1980s, has since increased over nine-fold and currently over 1.1 million Americans undergo
the procedure annually (National Center for Health Statistics, 2010). After one year, 20–
25% of PCI patients experience major morbidity or mortality (e.g., Javaid et al., 2007).
Engaging in regular physical activity can significantly improve outcomes. For example,
participation in ≥ one year of exercise-based cardiac rehabilitation reduces all-cause and
cardiac mortality by 13% and 26%, respectively (Heran et al., 2011). Nonetheless, most PCI
patients do not maintain changes in physical activity (Dolansky, Stepanczuk, Charvat, &
Moore, 2010).

Asthma (ASM): Asthma prevalence has more than doubled since 1980 and currently
afflicts 8.2% of Americans (Akinbami, Moorman, & Liu, 2011). People with ASM are more
likely to be overweight than the general population, although the mechanisms are not fully
understood (Ford & Mannino, 2005). Many people with ASM are physically inactive
because they are afraid of exacerbating their ASM symptoms (Mancuso et al., 2006).
Chronic ASM can be precipitated or exacerbated by engaging in physical activity (Akinbami
et al., 2011). Engaging in regular physical activity helps people with ASM maintain their
respiratory functioning over time (Hallstrand, Bates, & Schoene, 2000). Conversely,
physical inactivity leads to respiratory deconditioning and is associated with more exercise-
induced asthma symptoms (Hallstrand et al., 2000).

Hypertension (HTN): Hypertension prevalence has increased by 50% since 1980 (U.S.
Census Bureau, 2001), and almost one-third of Americans suffer from the disease. HTN
increases the risk of stroke, renal disease, myocardial infarction and death (Cushman, 2003).
AAs have a higher prevalence compared with whites (Keenan & Rosendorf, 2011). Poor
medication adherence is a major contributor to inadequate blood pressure control; half of
people who take antihypertensive medications are non-adherent, and AAs are less likely to
be adherent than whites (Monane et al., 1996). Blood pressure control significantly reduces
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cardiovascular morbidity and mortality (Officers, Coordinators for the, & Lipid-Lowering
Treatment to Prevent Heart Attack, 2002), thus improving adherence among AAs with HTN
holds great potential.

Specific Aims—Our primary goal was to motivate behavior change over one year in
participants with high-risk cardiopulmonary disease. Specifically, we sought to: 1) increase
physical activity in participants who had recently undergone PCI; 2) increase physical
activity in participants with ASM; and 3) improve medication adherence in AA participants
with HTN.

Methods
In order to translate combined PA and SA to behavior change, we employed a three-phase,
mixed-methods approach whose acronym is EVOLVE—Explore Values, Operationalize and
Learn, and eValuate Efficacy. EVOLVE includes a qualitative phase, a pilot phase and a
randomized controlled trial (RCT) phase (see Figure 1). The studies were conducted with
parallel design at New York Presbyterian Hospital-Weill Cornell Medical Center from 2003
to 2007. The Institutional Review Board approved the qualitative, pilot and RCT study
phases for each of the three clinical populations. Participants in all study phases provided
informed, written consent prior to enrollment.

Participants
Eligible participants were ≥ 18 years old and English speaking. For the PCI study, eligible
participants had undergone a recent PCI and received medical clearance from their physician
to increase physical activity. We excluded people enrolled in other risk-reduction trials. For
the ASM study, eligible participants had mild to moderate persistent ASM. In both the PCI
and ASM studies, we excluded people with comorbidity that limited their ability to engage
in or increase physical activity (e.g., debilitating medical conditions or musculoskeletal
deficits). For the HTN study, eligible participants self-identified themselves as AA or black,
had a diagnosis of HTN and were prescribed at least one antihypertensive medication.

Procedures
Phase I: Qualitative study to Explore Values—The specific aim of Phase I was to
elucidate barriers to and facilitators of behavior change and identify important values,
attitudes and beliefs about living with the chronic illness. The qualitative questions included
items such as: How does [disease] affect your life?; What type of things do you do now that
you may not have done before your [disease]?; and Do you have any advice for people with
[disease]? (Charlson et al., 2007). Responses were used in the subsequent phases to help
tailor the study methods and the intervention. In order to attain a maximally varied sample,
participants were stratified according to racial/ethnic group for the PCI and ASM projects,
with a goal of enrolling 1/3 AA, 1/3 Hispanic and 1/3 Caucasian participants. This approach
enabled the identification of any specific variations in beliefs or perceived barriers that
might be unique to one racial/ethnic group or another, while allowing the identification of
patterns that could be common to all groups. Details of the qualitative methods are described
elsewhere (Boutin-Foster, Ogedegbe, Ravenell, Robbins, & Charlson, 2007; Mancuso et al.,
2006; Peterson et al., 2010).

Phase II: Pilot study to Operationalize and Learn—The aim of Phase II was to pilot
test specific components of the modified intervention and study plan based on the qualitative
results and to test the intervention delivery approach. A significant portion of Phase II was
dedicated to iteratively refining the intervention and its delivery. PA/SA had never been
“induced” in a clinical population, nor used in combination; therefore, we initially tested PA
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and SA individually. Once we had successfully determined the optimal approach to deliver
each intervention (PA alone and SA alone), we then combined them. We also tested a
control condition, and employed a parallel study design across the three clinical groups.
Each study enrolled 40 patients into the following four arms: PA only (n=10), SA only
(n=10), PA/SA combined (n=10), and control (n=10). Therefore, the sampling frame was
identical, as was the intervention that was delivered.

We enrolled participants, administered baseline questionnaires, delivered the intervention,
and then conducted follow-up a week later. During both interviews, we collected
quantitative and qualitative data. We held weekly team meetings during the course of the 4-
month pilot phase and reviewed participant and interviewer feedback. During this phase, we
also developed detailed study protocols, which included staff training and fidelity
monitoring, and procedures for screening and recruiting eligible participants.

Phase III: Randomized controlled trial to eValuate Efficacy—We conducted three
RCTs with parallel study design between 2004 and 2007 in the three clinical chronic disease
populations. A detailed description of the flow of participants from screening to completion
of 12-month follow-up is depicted in the Study Flow Chart (Figure 2). Detailed methods are
available (Charlson et al., 2007; Mancuso et al., 2012; Ogedegbe et al., 2012; Peterson et al.,
2012).

Participants: We approached participants and asked them to provide written, informed
consent at primary care clinics within the New York Presbyterian-Weill Cornell Medical
Center ambulatory network in the ASM and HTN trials. In the PCI trial we enrolled patients
during index hospitalization at New York Presbyterian-Weill Cornell Medical Center.
Inclusion/exclusion criteria were as described above.

Procedure: We randomized participants to the Informational Control (IC) or PA/SA
Intervention with a randomization scheme devised by and known only to the study
biostatistician. We blinded the treating physicians, the principal investigator, research
coordinator and clinical outcome assessors.

IC group: Participants in the IC group received our informational workbook (developed in
the qualitative phase) and behavioral contracting (Lorig & Fries, 1990) for a self-selected
physical activity goal for physical activity (PCI and ASM) or medication adherence (HTN).
Participants in the PCI and ASM groups also received a Yamax Digiwalker pedometer and
logbook.

PA/SA intervention: Participants in the PA/SA group received the IC components (above)
and the bimonthly PA/SA intervention by telephone and mail. To induce positive affect, we
asked participants to “think about small things that make [them] feel good” and to take a
moment to enjoy them each day. We also mailed small gifts (e.g., duffel bag, fleece blanket,
umbrella) to induce PA two weeks prior to each follow-up. PA was also reinforced with an
additional workbook chapter, entitled “Staying Positive.” To induce SA, we asked
participants to recall “proud moments” when they found it difficult to adhere to their
behavior goal. Details of the PA/SA intervention (Charlson et al., 2007) are contained in
Table 1.

Measures: We collected baseline demographics, including age, education and employment.
We documented medical history, including the duration of index medical condition, the
Charlson Comorbidity Index (Charlson, Pompei, Ales, & MacKenzie, 1987) and disease-
specific measures (e.g., Seattle Angina Questionnaire (Spertus et al., 1995), ASM-related
quality of life (Juniper et al., 1992)). All participants completed the following measures at
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baseline and 12 months: the Positive and Negative Affect Schedule (PANAS) (Watson,
Clark, & Tellegen, 1988), Medical Outcomes SF-12 (Ware, Kosinski, & Keller, 1996),
Center for Epidemiologic Studies Depression Scale (CES-D) (Andresen, Malmgren, Carter,
& Patrick, 1994), Perceived Stress Scale (PSS) (S. Cohen, Kamarck, & Mermelstein, 1983),
and the MOS Social Support (Sherbourne & Stewart, 1991).

Surveillance: Participants in both randomization groups received bimonthly follow-up calls
from a trained research assistant. Follow-ups reinforced workbook content and assessed
interval medical events and the health behavior. Interviewers employed a standardized script
and we monitored treatment fidelity.

Outcomes
PCI and ASM: We measured physical activity in kcal/week using the Paffenbarger Physical
Activity and Exercise Index (e.g., Paffenbarger, Wing, & Hyde, 1978), which has
demonstrated validity and reliability (e.g., Jacobs, Ainsworth, Hartman, & Leon, 1993). The
primary physical activity outcome was an increase in within-patient expenditure of ≥336
kcal/week from baseline to 12-months.

HTN: Participants in the HTN study received an electronic pill monitor (Medic-eCap®), the
accepted standard for adherence assessment (Cramer, 1995). We asked participants to self-
monitor one prescribed antihypertensive medication. Adherence rate was calculated as the
number of times the pill bottle was opened divided by the scheduled number of doses per
month. In the original trial, the primary outcome was a continuous variable, mean adherence
at 12 months(Ogedegbe et al., 2012). For the analyses in this paper, we defined a
dichotomous outcome variable in order to compare results across the three clinical
populations. We considered mean adherence of ≥ 80% over 12 months to be “adherent.”
This definition is commonly used in the HTN literature (e.g., Lee et al., 1996).

Sample size: Sample size calculations have been reported (Mancuso et al., 2012; Ogedegbe
et al., 2012; Peterson et al., 2012). We required 242 participants for the PCI trial, 258 for the
ASM trial and 256 for the HTN trial in order to have 90% power.

Statistical Analyses
We analyzed data using SAS version 9.3 and Stata 10, both for Windows. For continuous
variables, we calculated means and standard deviations, and for categorical variables, we
calculated counts and percentages. We used an intention-to-treat analysis, in which all
participants with valid data were included. For those participants who were missing 12-
month outcomes, we used the final time point prior to close-out, dropout, or death. We used
logistic regression to assess the intervention effect, and calculated confidence intervals using
the mid-p exact value (Wells, 2010). We also used univariate logistic regression to analyze
the baseline and interval medical events as predictors of the main study outcomes (≥336
Kcal/week or ≥80% adherence at 12-months). We performed a series of logistic regression
models on the combined trial data using the above dependent variables for physical activity
and adherence. We adjusted all analyses for the following clinical and psychosocial
variables: randomization group, age, baseline comorbidity, chronic disease group and
baseline negative affect. No data were imputed.

Results
Phase I: Qualitative Study to Explore Values

Participant characteristics—Overall, 180 participants were enrolled in the qualitative
phase (60 PCI, 60 ASM and 60 HTN). In the PCI group, the mean age was 64 ± 9 years,
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48% were women, 33% were AA and 33% were Hispanic. 72% completed high school
(Peterson et al., 2010). In the ASM group, the mean age was 45 ± 13 years, 88% were
women, 47% were AA and 20% were Hispanic. Forty percent completed college and 47%
were employed (Mancuso et al., 2006). All participants in the HTN study were AA, 92%
were women and the mean age was 61 years (range 29–84). 88% completed high school
(Boutin-Foster et al., 2007).

Applying qualitative findings—We made changes in three main areas: information and
knowledge, intervention refinement, and recruitment/retention methodology (Table 2).

Information and knowledge: We used our qualitative results to create culturally-relevant,
disease-specific informational workbooks (Allegrante et al., 2004; Boutin-Foster et al.,
2004; Mancuso, Sayles, Robbins, & Allegrante, 2010). The workbooks addressed the
themes that arose for each of the specific disease groups in the qualitative phase. For
example, many participants were not able to provide accurate information about their
disease, its etiology, treatment and the role of behavior changes in risk reduction.
Knowledge deficit about the importance of healthy behaviors in reducing risk and improving
health could have been an important moderator of our subsequent pilot study and efficacy
trials, confounding our results.

We were careful to ensure that we addressed disease- and population-specific issues that
arose in the qualitative interviews in each of the workbooks, and used participant quotes to
illustrate examples. For example, in the HTN group, a participant mentioned that AAs with
HTN are particularly sensitive to salt. This participant’s quote was used, along with his
suggestions for avoiding excess salt intake, including avoiding fast food at lunch and
cooking with herbs and spices instead of salt. In the PCI study, we learned from participants
that undergoing PCI was a “turning point, and a time when they were likely to reprioritize
their lives” (Peterson et al., 2010), which helped them make successful behavior changes.
This was incorporated into the PCI workbook. In the ASM group, participants noted that
medical conditions, and asthma in particular, were a barrier to physical activity. Participants
gave suggestions for physical activity, which we incorporated into the workbook, including
knowing one’s limitations, slowing down or taking a break when symptoms arise and
actively using medications (Mancuso et al., 2010).

Intervention refinement: First, to equalize knowledge and attention, we decided to provide
the informational workbooks to both the intervention and control groups. Second, we
identified core values from the qualitative interviews in order to induce SA that we tested in
the subsequent pilot phase.

Recruitment and retention: Information obtained from the qualitative interviews allowed
us to refine our recruitment and retention methods in the subsequent pilot phase. As noted
above, participants thought that PCI was a turning point, and thus, the immediate post-
recovery period was a “teachable moment” in this population. We decided to focus our
recruitment efforts on enrolling participants early in their recovery period. We also learned
that, when researchers recruited and interviewed participants of the same race or ethnic
group, participants were more likely to consent and to report feeling more comfortable
during interviews. In response, we hired diverse researchers for the subsequent pilot and
RCT phases.

Phase II: Pilot Study to Operationalize and Learn
Participant Characteristics—A group of 131 participants consented and participated in
the pilot phase (44 PCI, 40 ASM, 47 HTN). In the PCI group, 18% of participants were AA,
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9% were Hispanic, 18% were multi-racial and 27% were female. In the ASM group, 40% of
participants were AA, 35% were Hispanic and 85% were female. In the HTN group, all
participants were AA and 57% were female.

Applying pilot findings—We made changes in two main areas as a result of the pilot
study findings: intervention refinement and recruitment/retention methodology (Table 3).

Intervention refinement: The investigative team met weekly throughout the course of the
pilot phase. We tested and refined strategies for participant self-induction of PA and SA
individually and then carefully considered the sequence of delivery of the combined
intervention. We iteratively refined the wording of the intervention script during the 4-
month pilot. We also developed intervention checks to assess the participants’ reactions to
the intervention and its impact on the dependent variables. We reviewed participant
responses with experts in PA (Isen) and SA (Steele and Aronson) theory in order to obtain
their feedback in optimizing the delivery of the intervention.

Based on participant responses, the team explored whether the procedure for behavioral goal
setting was specific enough; for example, early in the Pilot, we asked participants in the PCI
and ASM pilots, “Do you think you can walk more each week? How many blocks more?”
Late in the Pilot, the team decided to add behavioral contracting in order to delineate: 1) in
what behavior a participant would engage; 2) how much they would perform; 3) when they
would do it; and 4) how often (Lorig & Fries, 1990). The team decided to provide
behavioral contracting to both randomization groups. We also tested the use of a pedometer
and a recording logbook in the PCI and ASM participants in the pilot phase. Based on the
pilot results, we added these components to the RCT, in order to provide participants with
objective feedback and reinforcement. The team decided that both the intervention and
control groups would receive pedometers. Finally, the team decided to add a chapter to the
informational workbook for the intervention group only, emphasizing disease-specific and
culturally relevant PA and SA.

Recruitment and retention: We worked with administrative staff at the enrollment sites to
develop strategies to identify eligible participants using existing computer systems. During
the pilot phase, we also developed qualitative questions and reviewed participant responses
regarding length of follow-up, acceptability of the intervention and experience with the
questionnaire battery. Further, we found that it was difficult to contact some of the
participants during weekday/daytime hours and adjusted staff schedules accordingly.

Phase III: Randomized Controlled Trial to eValuate Efficacy
Participant characteristics—A total of 7,062 participants were screened, 2,391 were
found to be eligible and 756 participants were enrolled in the RCT phase; 379 were
randomized to the PA/SA group and 377 were randomized to the IC group. Overall, 94%
(n=356) of PA/SA group and 93% (n=350) of IC group completed 12 months. Detailed
consort diagrams for the 3 RCTs have been published (Mancuso et al., 2012; Ogedegbe et
al., 2012; Peterson et al., 2012). For baseline demographics by disease group see Table 4.

In the PCI study, the mean age was 63±11 years, 30% were women, 11% were AA and 13%
were Hispanic. Sixty-nine percent were married and 55% completed college. Twenty-three
percent had a Charlson Index ≥4 (indicating high burden of chronic disease), 75% were
overweight or obese. In the ASM study, the mean age was 42±12 years, 75% were women,
22% were AA and 31% were Hispanic. Thirty-two percent were married and 61%
completed college. One percent had a Charlson Index ≥4 and 67 % were overweight or
obese. In the HTN study, the mean age was 58±12 years, 80% were women, 100% were AA
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and 3% were Hispanic. Twenty-five percent were married and 26% completed college.
Twenty-three percent had a Charlson Index ≥4 and 64% were overweight or obese.

Primary outcome—Using logistic regression, we evaluated the effect of demographic and
clinical variables and interval medical events on achieving the primary outcome in each of
the three clinical populations (Table 5). When the trials were analyzed individually,
participants in both the PCI and HTN studies who received the PA/SA intervention were
significantly more likely to achieve successful behavior change at 12 months. PCI
participants in the PA/SA group were twice as likely to increase their physical activity
expenditure by ≥336 kcal/week (p=0.004, OR=2.01, 95% CI 1.19–3.39). Fifty-five percent
of PA/SA participants met this outcome at 12 months, compared with 37% of controls
(Peterson et al., 2012). Similarly, HTN participants in the PA/SA group were almost 1.9
times more likely to have an antihypertensive medication adherence rate of ≥ 80% as
compared with controls (p=0.02, OR=1.87, 95% CI 1.03 – 3.40). ASM participants
randomized to the PA/SA group were not more likely to increase their physical activity
expenditure by ≥ 336 kcal/week compared with the IC control Group (p=0.23, OR=1.21,
95% CI 0.75–1.99). (Mancuso et al., 2012).

Cross trial analysis
Achieving the main trial outcome: We next evaluated the effect of the PA/SA intervention
across the three study populations. Overall, 45.1% of PA/SA participants versus 33.6% of IC
participants achieved successful behavior change (p=0.001, OR=1.63, 95% CI 1.21–2.19).
In multivariate analysis, the PA/SA intervention remained a significant predictor of
achieving successful behavior change (p<0.002, OR=1.66, 95% CI 1.22–2.27), controlling
for negative affect, comorbidity, gender, race/ethnicity, interval medical events, smoking,
age and chronic disease group (Table 6). In this analysis, people who were 75 years or older
were significantly less likely to reach the main trial outcome (p=0.03, OR=0.48, 95% CI
0.24–0.95) as were people who experienced an interval medical event (p=0.003, OR=0.52,
95% CI 0.34–0.80).

Achieving behavior maintenance: We next examined predictors of achieving behavior
maintenance, a critical aspect of behavior change. For these analyses, we defined
maintenance as maintaining the behavior for ≥ 6 months. Taking the baseline standard
deviation of the population’s PANAS positive score of 8 points as a clinically important
decline in positive affect from baseline to 12 months, we found that patients with this
decline were significantly less likely to maintain behavior change (p<0.02, OR=0.49, 95%
CI 0.27–0.90) in univariate analysis. In multivariate analysis (controlling for randomization
group, age, baseline comorbidity, chronic disease group and baseline negative affect), those
with a decline in positive affect were significantly less likely to achieve behavior
maintenance (p=0.01, OR=0.29, 95% CI 0.11–0.78). In addition, we found that people who
experienced an interval medical event were significantly less likely to achieve behavior
maintenance (p=0.02, OR=0.59, 95% CI 0.37–0.93). In this model, the interaction between
positive affect decline and randomization to the PA/SA group was associated with achieving
maintenance of behavior change (p=0.09, OR=2.96, 95% CI 0.83–10.54). In other words,
PA/SA intervention appeared to protect patients with declines in positive affect, enabling
them to better maintain behavior change. We found that among patients with a decline in
positive affect, 15% of those in the IC control group achieved maintenance compared to
33% in the PA/SA intervention group (p=0.046) (Figure 3). As shown in Figure 4, among
patients with declines in positive affect, those in the PA/SA group faired significantly better
with respect to physical activity outcomes compared with the IC control group (data
displayed for the PCI and ASM trials). When we examined within-patient change in weekly
kcal expenditure from baseline to 12 months among people with an eight-point decline in
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PANAS positive, those in the PA/SA intervention group had significantly higher
expenditure compared to IC controls (742 ± 1361 vs. −842 ± 2452, p<0.02).

Discussion
In this paper we present a systematic study design and procedures that have been tested in
three different clinical populations and can be replicated in other efforts to translate
promising basic behavioral science to clinical populations with chronic disease. We have
described how the EVOLVE method provided a framework for translating the constructs of
PA and SA from basic psychological science into an intervention approach that motivated
behavior change in patients with chronic disease.

The EVOLVE method enabled us to design: 1) a core behavioral intervention, and 2)
supportive elements that augmented the intervention and its implementation. Several points
about the intervention are worth noting. First, the intervention itself was identical across the
three disease groups and across cultural groups. We found that a range of important
variables, including baseline demographic and clinical characteristics, including race/
ethnicity, older age and comorbidity, did not independently predict the outcome in the
individual RCTs (Table 5). Second, consistency in the delivery of the intervention is critical.
For that reason, we developed a standardized script to deliver the core intervention. Third,
during the pilot phase we reviewed participant responses to the intervention with experts in
PA and SA theory; this was instrumental in modifying the intervention in a manner that
enabled patients to link both PA and SA to their health behaviors goals.

The supportive elements that were added to the core intervention varied across the three
trials. These included design elements such as disease-specific workbooks with participant
quotes and vignettes drawn from the qualitative phase and research staff of the same race/
ethnicity as participants. Intervention customization approaches such as these can enhance
the reach and relevance of interventions in culturally diverse groups (Kreuter, Lukwago,
Bucholtz, Clark, & Sanders-Thompson, 2003).

Our study had several notable strengths, including a large sample size (n=1,056), the use of
sequential mixed methods and parallel study design in three separate chronic disease groups.
There were also several limitations. First, we followed participants for 12 months. Although
behavior change at one year represents an important step, longer-term studies are needed.
Second, we tested the intervention in participants with cardiopulmonary disease, thus,
generalizability to other disease groups is not yet established. However, we are currently
testing the intervention with obese AAs and Hispanics, with promising preliminary results
for physical activity, weight loss and health screening outcomes.

The cross-study analysis demonstrated that the PA/SA intervention is a significant predictor
of behavior change in people with cardiopulmonary disease, controlling for negative affect,
comorbidity, gender, interval medical events, smoking and age. Our analyses also revealed
that people with cardiopulmonary disease who were ≥ 75 years or who had sustained an
interval medical event were significantly less likely to achieve successful behavior change
or maintain behavior change for ≥ 6 months. Nonetheless, in multivariate analysis PA/SA
intervention remained the strongest predictor of achieving successful behavior change
(OR=1.66) (Table 6). Our findings also demonstrate that the PA/SA intervention enabled
people with declines in positive affect to better maintain behavior change (Figures 3 and 4).
This is consistent with a recent cross sectional study that reported that higher positive affect
was associated with greater levels of physical activity in young healthy women (Pasco et al.,
2011). The implications are significant, given the many epidemiologic studies report that
people reporting positive affect have significantly lower risk of mortality (Kubzansky &
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Thurston, 2007; Levy, Slade, Kunkel, & Kasl, 2002; Ostir, Markides, Black, & Goodwin,
2000). We hypothesize that physical activity mediates the relationship between positive
affect and survival.

Although declines in positive affect may seem counterintuitive among people receiving a
positive affect intervention, positive affect can be measured in different ways. In our RCTs,
we used the 20-item PANAS measure, which is among the most widely used measures of
positive and negative affect. The PANAS assesses “activated” positive affect. Indeed, most
work in positive affect has focused on evaluating activated positive affect, that is, emotions
such as feeling interested, proud, enthusiastic or determined. Conversely, the PANAS does
not measure non-activated positive affect, such as feeling calm, at ease, content or satisfied.
These emotions are distinctly different from negative affect (e.g., irritable, hostile, nervous
or jittery). We hypothesize that the PANAS did not completely measure the impact of our
positive affect intervention, because it does not assess non-activated positive affect, which
may have been an important component of our intervention. Moreover, due to the nature of
self-affirmation, after reflecting on proud moments, a logical result would be contentment
and satisfaction with oneself. These emotions are consistent with non-activated positive
affect and are not measured by the PANAS. Nonetheless, although activated positive affect
decreased among some participants in the PA/SA intervention group, health behavior
change was maintained (Figures 3 and 4).

There are several reasons why the EVOLVE method offers advantages in developing
behavioral interventions for use in chronic disease. When an efficacious behavioral
intervention in a controlled setting is implemented in real-world settings, effectiveness is
usually less than original efficacy. This is because an intervention tested under controlled
conditions often lacks relevance to the needs, requirements and inclinations of subcultural
groups (Castro, Barrera, & Holleran Steiker, 2010). Cultural adaptations thus serve to
increase the reach of an intervention; however, there are no fidelity standards for post-hoc
intervention modification, and cultural adaptations of evidence-based interventions have
produced mixed results (Griner & Smith, 2006). The EVOLVE method, which employs
sequential mixed methods as an integral part of intervention development, is one strategy
that can be used to create more broadly applicable evidence-based interventions, thus
limiting the need for later adaptations.

We believe that the implications of the EVOLVE method and the findings we achieved in
the linked trials are significant to behavior change efforts for two reasons. First, despite the
promise of previous achievements in basic behavioral and social science research, there has
been little systematic effort to translate these successes to clinical applications. The trials
presented here demonstrate how the translation of two social psychological constructs, PA
and SA, were utilized to foster clinically meaningful behavioral changes in three chronic
disease populations. Second, the EVOLVE method can be applied to translate other basic
behavioral and social science constructs from the laboratory to high-risk clinical
populations.

Chronic disease prevention and management depend upon the adoption and maintenance of
health behaviors, an area where basic behavioral and social research has much to offer. For
example, cognitive psychologists have investigated “cognitive biases,” or patterns in the
way people typically view the world based on individuals’ needs to organize and make sense
of the environment. Studies show that people tend to categorize objects as starkly black and
white, as dangerous or healthy, with inadequate consideration of exposure or dose
(Redelmeier, Rozin, & Kahneman, 1993). Research on presentation of information has
shown that when information on operative procedures is framed in terms of mortality rather
than survival, patients are more anxious and less likely to elect surgery, even if other
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available choices result in less favorable outcomes (McNeil, Pauker, Sox, & Tversky, 1982).
In addition, the relative effectiveness of gain-framed or loss-framed appeals depends, in part,
on whether a behavior serves an illness-detecting or a health-affirming function (Rothman &
Salovey, 1997). These findings may explain why patients sometimes appear to act against
their own self-interests, such as exhibiting poor adherence to medical and lifestyle
recommendations. They may also suggest why health care providers often fail to implement
evidence-based practice guidelines, because cognitive and affective processes could also be
expected to influence providers’ perceptions of a patient’s degree of risk and decisions
regarding the appropriate course of treatment. These are just a few examples of promising
basic science findings and how they might be applied in clinical populations.

The NIH Office of Behavioral and Social Sciences Research has advocated for formative
and mixed methods research prior to beginning efficacy trials (Creswell et al., 2011). The
success of this project, combined with NIH’s commitment to developing more powerful
health-related behavioral interventions, has inspired a broad effort to promote the translation
of basic behavioral and social sciences research into more effective behavioral interventions.
For example, as part of the Obesity-Related Behavioral Intervention Trials (ORBIT)
program, NIH scientists and researchers at seven sites are developing novel behavioral
interventions to improve obesity-related behaviors (National Institutes of Health - Obesity
Related Behavioral Intervention Trials (ORBIT), 2010). In addition, the NIH has recently
released two funding announcements (PA 11-063 & PAR 11-346) to test novel and
innovative interventions designed to promote adoption or maintenance of health behaviors;
both include the option of using qualitative studies and mixed methods as part of the
intervention development process (National Institutes of Health, 2010, 2011). All of these
efforts, which build on the success of the Cornell TBSRC and its mixed-methods approach,
are important parts of an emerging area of behavioral science: the translation of basic
research findings into promising interventions that are useful in the treatment of clinical
populations.
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Figure 1.
EVOLVE Method for Behavioral Intervention Development.

Peterson et al. Page 19

J Consult Clin Psychol. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
RCT Flow Chart
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Figure 3.
Maintenance of behavior ≥ 6 months according to decline in PANAS positive score at 12
months by randomization group. *p=0.007 #p=0.59
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Figure 4.
Median within-patient change in kcals/week for those with a decline in PANAS positive by
randomization group (ASM and PCI). *p<0.02
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Table 2

Qualitative Findings Applied to the Pilot Phase

Methodology revisions Cultural tailoring

Information/knowledge Develop informational workbooks:

• Interactive format

• Basic level of literacy

• Topics:

– Health behavior and risk
reduction;

– Gaining confidence to control
the disease;

– Partnering with doctor

• Disease-specific informational workbooks

• Disease-specific vignettes drawn from
qualitative phase that include culturally-
specific references to behaviors

• Culturally diverse illustrations

• Behavior change success stories from the
qualitative phase, reflective of the
population.

• Include themes that were important to the
clinical populations (e.g., social support)

Intervention Provide workbooks to control and intervention group Identify population-specific core values for SA
invention.

Recruitment/retention Adjust recruitment strategy (e.g., enrolled immediately
post-PCI)

Research staff of the same race/ethnicity as subjects
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Table 3

Pilot Findings Applied to the RCT Phase

Methodology revisions Cultural tailoring

Intervention • PA/SA induction script

• Develop intervention checks

• Behavioral contracting

• Pedometer and logbook (PCI and ASM
trials only)

• Sequence of questionnaires

• Length of battery

• Ask participants for PA gifts ideas

• Tailor PA chapter to each disease and to ethnic/
racial groups by including qualitative quotes and
depicting diversity

• Ask participants how they linked their Behavior
Goal to PA and SA. Iteratively modify the
interventions based on feedback.

Recruitment/retention • Test and establish efficient screening
and recruitment approaches

• Obtain patient feedback/make revisions
to battery (e.g. questions, length of
interview)

• Adjust research staff days/hours to match patient
availability for recruitment and follow-up

• Hire a minority research coordinator to oversee the
studies in the next phases
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Table 5

Univariate Predictors of Primary Study Outcome in the 3 Groups, OR (95% CI), N=756

Independent variables PCI (n=237) ASM (n=258) HTN (n=244)

Age 0.99 (0.97, 1.01) 1.03 (1.00, 1.05) 1.00 (0.97, 1.02)

Male 1.06 (0.61, 1.84) 1.87 (1.06, 3.30) 1.81 (0.92, 3.56)

< High school 0.93 (0.52, 1.70) 1.28 (0.50, 3.27) 0.83 (0.46, 1.50)

Caucasian 1.45 (0.75, 2.79) 1.40 (0.86, 2.29) --

Black 0.48 (0.20, 1.14) 0.98 (0.54, 1.77) --

Latino 1.75 (0.80, 3.85) 1.24 (0.73, 2.10) --

High comorbidity (Charlson ≥4) 0.75 (0.41, 1.39) 2.29 (0.21, 25.52) 0.98 (0.88, 1.09)

BMI ≥ 30 1.04 (0.61, 1.77) 0.86 (0.52, 1.42) 1.07 (0.59, 1.91)

CES-D ≥ 10 0.77 (0.46, 1.31) 1.45 (0.88, 2.39) 0.47 (0.24, 0.92)

Positive affect 1.00 (0.97, 1.03) 0.97 (0.95, 1.00) 1.04 (1.00, 1.08)

Negative affect 1.01 (0.98, 1.04) 1.01 (0.98, 1.05) 0.97 (0.93, 1.01)

Had any interval medical events 0.27 (0.13, 0.59) 0.89 (0.50, 1.56) 0.28 (0.06, 1.25)

(Random)*(had medical events) 0.33 (0.12, 0.93) 0.87 (0.50, 1.54) 0.67 (0.14, 3.19)

Self-efficacy for behavior goal (1–10) 1.16 (0.97, 1.39) 1.33 (1.05, 1.69) 2.13 (1.20, 3.78)
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Table 6

Multivariate Predictors of Primary Study Outcome in the Combined Data, OR (95% CI), n=733

OR (95% CI) p-value

PA/SA Intervention 1.66 (1.22–2.27) <0.002

Age ≥ 75 years 0.48 (0.24–0.95) 0.03

Male gender 1.39 (0.97–1.99) 0.07

Comorbidity 0.98 (0.91–1.05) 0.53

Interval medical event 0.52 (0.34–0.80) 0.003

Smoking history 0.21 (0.07–0.64) 0.006

Controlling for randomization group, age, baseline comorbidity, chronic disease group and baseline negative affect
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