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Abstract

Background/Purpose: Growing evidence suggests behavioral interventions that
target a few key behaviors may be effective at improving population level health
outcomes, health status indicators, social, economic, physical environments, personal
capacity and biological outcomes. A theoretical framework that targets both social and
cognitive mechanisms of behavioral interventions is outlined as critical for understanding
“ripple effects” of behavioral interventions on influencing a broad range of outcomes
associated with improved health and wellbeing. Methods/Results: Evidence from
randomized controlled trials is reviewed and demonstrates support for “ripple effects” —
the effects that behavioral interventions have on multiple outcomes beyond the intended
primary target of the interventions. These outcomes include physical, psychological and
social health domains across the lifespan. Conclusions: Cascading effects of behavioral
interventions have important implications for policy that argue for a broader
conceptualization of health that integrates physical, mental, and social wellbeing

outcomes into future research to show the greater return on investment.



Behavioral Medicine in the Age of Specialization

Could the dominant approach to behavioral medicine have been somewhat
misguided? Much of biomedical research places the emphasis on understanding very
specific mechanisms associated with very specific defects. For example, the National
Institutes of Health (NIH) defines personalized medicine as “the science of individualized
prevention and therapy” (1). Furthermore, the NIH and FDA have announced a new
collaboration on translational science to accelerate research into medical products and
therapies (2). The intention is to work with academic experts, companies, doctors,
patients, and the public to make personalized medicine a reality. The notion of
personalized medicine may offer promise of genetic medicine, rapid paced sequencing
technology, informatics, and computer science to enhance the care of patients in an
individualized approach. Although there may be promise for personalized medicine, there
is growing evidence that suggests the field of behavioral medicine is moving beyond
personalized medicine in the coming decade to address population health.

Improving the quality of the healthcare experience and focusing on population
health, has recently been embraced by leaders at the Institute of Healthcare Improvement,
and across many public health and healthcare organizations (3, 4). Population health has
generally been defined as the health outcomes of groups of individuals as well as the
distributions of health outcomes within a group (5-7). These outcomes are influenced by
patterns of health determinants and policies, and interventions that link determinants to
policies to improve entire population health and to reduce inequalities between
populations (5). Rather than providing a single behavioral intervention based on a

behavioral deficit or personal characteristic evidence increasingly suggests that



behavioral interventions that target a few key behaviors may be effective at improving
population level health outcomes, health status indicators, social, economic, physical
environments, personal capacity and biological outcomes (5, 6). Relative cost-
effectiveness of resource allocation to multiple determinants has also been included as a
specific measure of population health (8). The purpose of this paper, based on my
presidential address, is to argue for a more comprehensive approach of conceptualizing
evidence-based interventions for improving population level health outcomes and quality

of life.

“The Part Can Never Be Well Unless the Whole is Well”

Plato

This idea that a more comprehensive conceptualization of health is essential for
wellbeing dates back to the beginning of the inception of the field of behavioral
medicine. In 1948 the World Health Organization defined health as “a state of complete
physical, mental, and social well-being, and not merely the absence of disease or
infirmity” (9). Consistent with these early conceptions of health and wellbeing, the
Society of Behavioral Medicine was established in 1979 as a multidisciplinary field
“dedicated to promoting the study of the interactions of behavior with biology and the
environment, and applying that knowledge to improve the health and wellbeing of
individuals, families, communities, and populations.” Thus, these early definitions of the
field continue to reflect a need for a broader perspective of understanding health

behaviors and outcomes relevant to overall quality of life and wellbeing.



This paper will argue that there is a strong evidence base that demonstrates that
behavior change interventions work to improve the health and longevity of individuals,
families, communities, and populations. The following review almost exclusively focuses
on results from accumulating systematic randomized controlled trials to demonstrate that
there is a compelling case for adopting a more comprehensive or multi-behavioral model
of behavioral medicine (see Electronic Supplement Materials (ESM) for slides from
Presidential Address).

Behavioral Clusters and Ripples

The United States has the highest costs associated with health care expenditures
per capita (Figure 1) (10) and among the poorest health outcomes compared to other
countries (11). Individuals with multiple chronic conditions are now estimated to include
more than one-quarter of all adults in the United States and by age 65 most individuals
will have at least two or more chronic conditions (Figure 2) (12). Furthermore, evidence
suggest that addressing multiple health behaviors may have additive effects on reducing
mortality rates at a population level (13). Matheson and colleagues evaluated the
associations between healthy lifestyle habits and mortality in a large, population-based
sample stratified by body mass index. The hazard ratios for all cause mortality decreased
for individuals who adhered to one or more healthy habits. Even more importantly, in a
pooled analysis it was shown that the adoption of each additional healthy habit decreased
all-cause mortality between 29 -85% (13). These findings are important because they
demonstrate the additive effect of engaging in multiple healthy lifestyle behaviors on

increasing longevity rates at a population level.



According to the Oxford Alliance for Health, it has been suggested that most
chronic diseases are linked to a limited number of health behaviors and that chronic
diseases cluster (8). The benefits of preventive health behaviors and the adverse effects of
risky health behaviors on morbidity and mortality have been a strong focus of previous
research (14). In particular the co-occurrence of lifestyle patterns has been shown to
have synergistic effects beyond the expected added effects of separate behaviors on
morbidity and mortality (15-17). These synergistic effects have most strongly been
shown to increase risk of premature mortality from engaging it high-risk behaviors such
as smoking and excessive alcohol use (15-17). Thus, there is a growing attention to
managing multiple health-risk behaviors as opposed to single risk factors to increase the
effectiveness and decrease the costs of intervention for improving population health
outcomes (18).

Indeed, a growing literature has also shown that intervening on preventive health
behaviors has substantial “ripple effects” on improving multiple outcomes such as
physical, mental and social health, and wellbeing. Thus, the substantial effects on
population health may be achieved without a complex level of differential diagnoses as is
required in contemporary molecular medicine. In short, the notion that behaviors cluster
and show “ripple effects” has important implications for the field of behavioral medicine;
and suggests that interventions that target a relatively small number of behaviors may be
cost-effective for both people with illness and those who hope to prevent illness.

Many health and social behaviors cluster, and are often driven by common
underlying psychological attributes. In youth, health behaviors have been shown to

cluster not only with other health behaviors but also with mental and social factors



associated with improved quality of life. The complexity of clustering patterns between
physical activity, sedentary behaviors and diet was shown in a recent review by Leech et
al. (19) and is somewhat difficult to interpret in that sedentary behavior and physical
activity are sometimes positively associated. However, large-scale studies in youth that
integrate a broader range of physical, mental and social domains have more clearly
shown that both risk-taking (20) and mental health factors (21, 22) clustered in the
expected directions with eating unhealthy diets and engaging in less physical activity.
Problem behavior theory has also shown that risk taking, drug use, and poor diet cluster
and are driven by common underlying psychological and social attributes (i.e. risking
taking, unconventional social behaviors) (20, 21, 23, 24). Furthermore, social factors
such as parental social support and supervision have been shown to be positively
associated with improved physical and mental health wellbeing in youth (25). Overall,
these studies demonstrate that physical, mental and social behaviors cluster in youth.
Clustering of physical, psychological and social factors has also been examined
across the lifespan in young, middle-aged, and older adults. In a study by Grant and
colleagues (26) of college-age adults across 21 countries, it was found that life
satisfaction- a construct defined as positive subjective wellbeing and characterized by
positive hedonic affect- was positively associated with multiple health behaviors such as
not smoking, engaging in physical activity, using sun protection, eating fruit and limiting
fat intake (after adjusting for age, gender and data clustering). In a recent study by Griffin
et al. (27) a cluster analysis was applied in a cohort study involving over 96,000 adults
ages 45 years and older. Results demonstrated three dominant clusters related to smoking

status, cancer screening and physical activity behaviors. In the high health-risk cluster



there were stronger associations with being male, living alone, having low income, living
in a poor neighborhood, being psychologically distressed and experiencing low quality of
life. Consistent with these findings a population study of over 4,000 adults aged 65 or
older showed that more women than men engaged in a higher number of healthy lifestyle
behaviors (28). Men in particular who were physically active and drank less alcohol
were most likely to engage in these behaviors if they were also non-smokers (28).

Taken together these clustering studies across the lifespan demonstrate that health
behaviors cluster with mental and social wellbeing (as well as environmental and social
conditions). Thus, developing interventions that intentionally target physical,
psychological and social outcomes related to wellbeing may be a cost-effective approach
for improving population health.

Mechanisms Underlying Ripple Effects

A key question arises from clustering studies - what are the underlying
mechanisms that could be targeted to impact a broad range of outcomes related to
wellbeing and improved quality of life? Self-Determination Theory (29) argues that all
humans have three basic psychological needs that include autonomy (feeling like you
have input), competence (feeling effective), and relatedness (feeling understood and
cared for by others) that lead to long-term motivation and self-regulation of healthy
lifestyles and overall wellbeing. Targeting these three needs are essential for the
development of positive psychological growth, integrity, and wellbeing of individuals
and for having a high potential to impact multiple behaviors long-term. For example, in a
recent meta-analysis of 184 studies this approach was shown to effectively improve a

broad range of both mental and physical health outcomes (Figure 3) (30) . Consistent



with Self-Determination Theory, a recently conducted meta-analysis of 19 behavioral
change frameworks by Michie and colleagues, showed that all the basic frameworks can
be reduced to a few common domains (Figure 4) (31). Most importantly the three
essential intervention elements identified as most relevant in this meta-analysis were
capability (behavioral skills), opportunity (environmental conditions) and motivation
(drive). These core constructs map onto interventions that either promote behavioral
skills or social conditions for shaping health behavioral changes that can be targeted for
individuals, families, communities, and population level outcomes. Given the strong
theoretical support that behavioral interventions can impact a broad range of outcomes
related to wellbeing it is important to understand if these effects occur consistently across
a range of systematic randomized trials.

Based on the integration of theoretical frameworks presented above, both
cognitive and social mechanisms may be important in understanding “ripple effects”.
There is growing support that shows that cognitive-behavioral interventions lead to
increases in domain specific cognitive constructs related to self-regulation across a
variety of domains (including adherence with medical regimens, increasing physical
activity) which in turn lead to improvements in both physical and mental health outcomes
which are mediated by improvements in overall self-worth and general self-esteem (32-
35). Specifically, interventions that target domain specific self-efficacy have been shown
to cascade on improving global constructs of self-worth and overall wellbeing that in turn
leads to improved mental and social health outcomes. For example, a growing number of
studies have demonstrated that cognitive mechanisms are associated with or act as

mediators in understanding the effects of physical activity on decreasing depression in
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both youth and adults. These studies (which include both cross sectional as well as
randomized controlled trials) show that both specific self-efficacy for physical activity as
well as global self-worth and self-esteem mediated the effects of physical activity on
reducing depression (33, 36-39).

A growing evidence-base has also shown that social mediators are also
instrumental in achieving “ripple effects”. Interventions based on our work have shown
in the Active by Choice Today (ACT) trial (40-42) that a social climate-based
intervention (autonomy-supportive) increased minutes of physical activity in intervention
versus comparison schools in a large randomized trial during the afterschool hours.
Increases in physical activity were also associated with improvements in motivation and
perceptions of support from afterschool staff. Interestingly in a follow-up qualitative
study, improvements in the quality of student and teacher relationships were reported
among intervention schools which was an unexpected social outcome (43). More
recently, van Stralen et al. (44) showed that in a school-based multicomponent
intervention to increase sports participation in youth, self-efficacy, social support and
habit strength were positively associated with increases in sport participation. In
addition, changes in social support, self-efficacy, perceived planning skills, enjoyment
and habit strength were positively associated with improvements in out-door play. In
another study by Eather and colleagues (45), Fit-4-Fun, elementary aged youth
participated in an intervention that targeted improving the social support from teachers
and the school environmental for physical activity. Both teacher support and the
perceived school environment mediated the effect of the intervention on improving

physical activity in youth at a 6-month follow-up.
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In summary, there is growing support that demonstrates from a theoretical
perspective that targeting both cognitive and social mediators within the context of
behavioral interventions for individual, family, community or populations- will be most
efficacious. Thus, investigators should intentionally integrate cognitive and social
elements into their behavioral interventions for long-term lifestyle change to be more
cost-effective rather than utilizing intervention approaches that target only a single
outcome.

Evidence of Intervention Effects

A crucial question still remains- is there evidence that behavioral interventions
have spill over- “ripple effects” -beyond their intended primary target? Evidence-based
trials show not only that interventions are effective but that there are “ripple effects”.
Because of the benefits of “ripple effects”, some of the advantages of behavioral
interventions might be underestimated. To elucidate the mechanisms of “ripple effects”
it is important to understand the essential elements of effective evidence-based
interventions. Two types of “ripple effects” are included in this review. First,
interventions that target a specific outcome may have an unintended “ripple effect” in
which the intervention impacts one or more outcomes beyond the originally intended
target. Secondly, and most importantly, investigators that target cognitive and social
mediators of behavioral change have the ability to deliberately impact multiple outcomes.
In this review of “ripple effects”, systematic evidence is reviewed across the lifespan
from primarily randomized controlled trials of health behavior interventions that show

effects for at least a 1 year duration or longer (see ESM for slides).
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Children and Adolescent Populations. “Ripple effects” have been demonstrated
in pediatric randomized controlled trials across a variety of health behavior interventions.
In the obesity area, research by Epstein and colleagues (46) and by Robinson (47) have
shown that by simply limiting the amount of time that youth are offered screen time
while still allowing for choice of viewing content results in reducing screen time (the
intended outcome of interest). While changes in weight related outcomes were also
intended outcomes in these studies, additional unintended ripple effects were found
which included reduced energy intake (46) and eating fewer meals in front of the
television (47).

Both randomized controlled laboratory and school-based studies that include large
samples of youth have shown that interventions which integrate behavioral skill building
approaches and teacher support for increasing physical activity have additional benefits
on improving spelling and math skills as well as cognitive functioning (48-50).
Laboratory studies involving elementary through high school age youth have shown that
increases in the dose of physical activity resulted in the target behavior of increasing
physical activity (48). However, “ripple effects” also showed significant improvements
in memory, attention, and executive functioning such as improved ability for planning
and decision-making. School-based studies by Donnelly and colleagues (49) have further
shown that teacher support and skill building interventions that promote positive youth
engagement in the target behavior of physical activity also showed “ripple effects” on
improving spelling and math skills specifically. Furthermore, work by Hillman and
colleagues (50) has shown that acute exercise activates brain regions related to improving

executive functioning and more complex cognitive processing such as planning and
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decision making (using measures of neuroelectric changes during cognitive performance
tasks). In particular, acute exercise in Hillman and colleague’s study improved response
accuracy in incongruent tasks and reading comprehension relative to resting states.
These increases in higher level cognitive functioning are critical to self-regulation
processes that have been linked to long-term adherence for engaging in healthy lifestyle
behaviors.

More evidence of the “ripple effect” comes from the drug prevention literature.
Botvin’s Life Skills Training (LST) program is an effective school-based drug prevention
program that was intentionally designed to target both cognitive and social mechanisms
to lead to improved outcomes across a range of health risk behavior outcomes (51-53).
For example, the LST programs specifically target social resistance skills (resisting peer
pressure) and social and personal competence skills (positive decision making and
improving interpersonal communication skills) and have been shown to result in
numerous long-term benefits on targeted behaviors such as preventing smoking, alcohol
intake and illicit drug use in youth. In addition these interventions show “ripple effects”
on improving social norms, attitudes and self-esteem related to drug use behaviors. The
LST curriculum has also been adapted for violence prevention programs (e.g., targeting
anger management, conflict resolution skills) and has shown additional benefits on
decreasing target behaviors such as verbal and physical aggression as well as broader
“ripple effects” on decreasing delinquency. These studies also demonstrate the
importance of how the LST school-based interventions can be designed to impact
multiple systems including individual level psychological and social outcomes such as

improving self-esteem and social norms for resisting drug use (53). At the school level,
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these programs have led to improvements in the culture for resisting drug use through
social climate-based approaches that shift peer norms and psychological skills for
resisting drug use (53).

In summary, the trials reviewed above provide selective examples of well-
designed systematic evidence that “ripple effects” occur across both health promotion
and risk prevention behaviors in youth and that these effects are long-term- lasting at
least 1 year or longer.

Adult Populations. A variety of randomized controlled trials have also shown
“ripple effects” of behavioral interventions on improving multiple health, psychological,
and social health outcomes in young, middle-age and older adults. For example, in a
study by Werch and colleagues (54), an intervention approach was used to target the
mechanisms underlying multiple health outcomes in young college-age adults. The
intervention was based on the “behavior-image” model. This approach argues that
activating or creating new social images and prototypes of possible selves can motivate
change in divergent health risk and health promoting behaviors based on self-regulation
theory. Participants were given feedback to encourage public commitment to multiple
concrete goals. The effects of this intervention showed a cascading of intended beneficial
outcomes including decreasing alcohol intake, increasing fruit and vegetable intake, and
increasing relaxation activities. This study also showed support for the cognitive
mediation of the intentional cascading of the effects such that self-efficacy was shown to
mediate both the intervention effect on increasing fruit and vegetable intake as well as the

intervention effects on increasing engagement in relaxation activities.
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“Ripple effects” have also been demonstrated in trials that target weight control
and smoking cessation in women and ethnic minorities. A randomized controlled trial by
Mata and colleagues (55) examined whether exercise specific motivation could transfer
to eating regulation behaviors during a lifestyle weight control program for women. The
intervention was designed to increase general motivation for behavioral changes for
weight management as well as autonomous exercise motivation. The trial showed a
significantly greater effect of the intervention as compared to control group on the
targeted outcomes of increasing physical activity and reducing weight over 12 months.
However, even more interesting was the “ripple effects” of the intervention such that both
general self-determination and autonomous exercise motivation predicted improvements
in multiple eating self-regulation outcomes such as eating self-efficacy, eating restraint,
eating disinhibition, external eating and emotional eating. In another controlled trial to
reduce smoking, African Americans adults were randomized to either a brief motivational
interview approach or a brief behavioral educational approach to reduce smoking over 12
months (56). Both interventions successfully reduced smoking at 12 months.
Interestingly, secondary data analyses were conducted to evaluate the impact of the
interventions on reducing binge drinking. A “ripple effect” demonstrated that the
interventions were effective in reducing binge drinking at 6 months although the effects
diminished over 12 months. Perhaps intentionally targeting binge drinking in addition to
smoking reductions could have led to greater long-term impact in this trial.

Another example of a system related “ripple effect” comes from several large
trials such as the Look AHEAD (Action for Health in Diabetes) trial (57) and the

Women’s Health trial (58). Although neither trial showed effects on primary endpoints of
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reduced events or mortality, both trials evaluated the effects of these programs on weight
loss and dietary change in both treated and untreated spouses. While treated spouses in
the Look AHEAD trial showed the intended targeted effects on weight loss, interestingly
untreated wives and husbands in the Look AHEAD trial also showed significant
decreases in weight if their spouses participated in the intensive lifestyle condition over
12 months as compared to the control condition. In the Women’s Health Trial while the
treated wives showed reductions in energy and fat intake, the “ripple effect” on untreated
husbands also showed improvements in reducing energy intake and fat intake as
compared to untreated spouses in the control condition. Interestingly improvements in
treated wives attitudes for healthy eating and availability of foods in the home were key
mechanisms underlying the positive dietary changes seen in the untreated spouses in the
Women’s Health Trial (58).

A growing number of studies in adults provide evidence supporting the “ripple
effect” of increasing physical activity on improving mental health outcomes such as
depression. In the trial by Kerr et al. (59), women were either randomized to a behavioral
intervention that targeted increasing motivation and social support for physical activity or
a control condition. The effects of the intervention not only increased the targeted
outcome of physical activity from baseline to 12-months but also demonstrated a “ripple
effect” on decreasing depression from baseline to 6- and 12-months of treatment
participants as compared to those in the control group.

As individuals transition into later adulthood and older age there are a number of
large scale trials that have shown the benefits of behavioral interventions on impacting

more than one chronic disease condition through “ripple effects”. For example, in a trial
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by Power et al. (60) a self-regulation intervention that was delivered over the phone by
nurses resulted in not only decreasing blood pressure, which was the intended targeted
outcome, but also led to a unintended improvements in HbAlc outcomes in those patients
who also were diagnosed with diabetes. Work by Lorig and colleagues over several
decades has also utilized an innovative behavioral intervention that targets self-efficacy
and peer norms as underlying mechanisms for deliberately influencing an array of
physical, psychological and social outcomes related to overall wellbeing (61). In a
number of randomized controlled trials that implemented a comprehensive self-regulation
approach targeting skill mastery, reinterpretation of negative symptoms, modeling and
group persuasion, results showed effects on a variety of positive outcomes (e.g.,
improved self-reported health status, physical activity, stretching exercises, relaxation
exercises, communication with physicians, self-efficacy) and interestingly showed a
“ripple effect” on decreasing health care utilization (62).

In summary this selective review of studies that focus on young, middle-aged, and
older adults across the lifespan provides strong support for both intentional and
unintentional “ripple effects”. Furthermore, the effectiveness of the behavioral
interventions that target both cognitive and social mechanisms led to broader impacts on
physical, mental and social outcomes.

Conclusions

In this article, I have reviewed the evidence for conceptualizing a new model of
behavioral medicine that may lead to improvements in population health. A general
approach to behavioral medicine that focuses on proven interventions for a small number

of behaviors might have substantial effects on population health outcomes. This review
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has demonstrated that there is a compelling case for adopting a more comprehensive or
multi-behavioral model of behavioral medicine. By intentionally developing
interventions that target underlying cognitive and social mechanisms we will more likely
see cascading effects across physical, mental and social outcomes of wellbeing which
will ultimately lead to a higher return on our investment.

As communities consider early interventions with significant “ripple effects”, they
are challenged in finding the budgetary support and rationale for implementing them.
This reflects a series of practical issues related to the United States health policy
decision-making. For example, policy makers look for a "return on investment" from
social programs, not just in terms of the more abstract improvement of quality of life or
productivity, but in real savings to other government programs. Yet, by definition, early
intervention may well show a very long-term return on investment. How we can change
and build evidence to impact decision makers is a critical area of investigation. Future
research is needed to demonstrate both the cost-effectiveness of behavioral interventions
and the cost-savings to society.

Finally, often, interventions with significant “ripple effects” may be multi-faceted
in nature. As investigators and communities seek to develop these interventions, they
must braid together multiple funding streams (often originating at the federal level) to
create sufficient resources for the intervention to be successful. This braiding often
occurs informally, with localities having to manage different grant requirements (from
performance measures to financial accounting). But more systematic approaches need to
be undertaken for interventions that have long-term impact on health and wellbeing. In

general, funding challenges will continue to be important to advance this more
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comprehensive model of multi-behavioral approach in the field of behavioral medicine.
Funding agencies will need to provide more collaborative and integrated mechanisms
rather than silo funding for impacting only single disease outcomes. Researchers and
behavioral scientists will need to consider being creative in bridging partnerships and
funding sources to compare innovative approaches to better understand how to enhance

the cascading effects of behavioral interventions.
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Figure 1. Healthcare spending per capita
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Figure 2. Multi-morbidity by age

Patients (%)

100

90+

80

70+

60

50 -

40+

30

204

[ odisorders
[ 1disorder
[ 2 disorders
[ 3 disorders
4 disorders
[ 5 disorders
[ 6 disorders
I 7 disorders
Il =8 disorders

X .9 & O & O
Q’(..,\VQ,N‘&,‘»Q,'\«(_),'\v

N 9 S K S B B AN O
> 5 » P S O > A
A A A »P'b?éo & b°§° g g

Age group (years)

D (,;
& °



Figure 3. Self-Determination Theory
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Figure 4. Behavior Change Wheel
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Figure 4. Behavior Change Wheel
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