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worldwide on the integration and application of research findings and practical experience to improve population health.
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and practices with editorial content respected for its integrity and relevance to chronic disease prevention.
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Preventing Chronic Disease (PCD) recognizes that public health 
and clinical interventions are often collaborative, multifaceted, 
multicomponent, and multisite with diverse participants, stake-
holders, and partnerships (1). As such, evaluation of these efforts 
cannot rely solely on linear approaches to assess the complex mix 
of individual, familial, organizational, economic, environmental, 
and other contextual factors that contribute to the success of inter-
ventions. In light of that complexity, it is critically important that 
researchers,  evaluators,  and  program implementers  not  focus 
solely on program outcomes but also spend time to rigorously ex-
amine and describe how the program’s components produced the 

reported outcome (2). It is important that they faithfully execute 
the implementation plan, success being contingent on the “degree 
to which a program is delivered as originally designed” (3) with 
consideration to local context to improve adoptability and sustain-
ability (2). 

In early 2018, PCD addressed these important considerations by 
introducing Implementation Evaluation, a new article type that 
provides the journal’s readers (program planners, policy makers, 
evaluators, researchers, and diverse stakeholders) with informa-
tion on how to refine evaluation methods, make health system im-
provements, strengthen collaborations and partnerships, build or-
ganizational infrastructure, measure return on investments, and en-
hance data collection approaches (www.cdc.gov/pcd/for_authors/ 
types_of_articles.htm). Implementation Evaluation articles provide 
insights into factors that affect the ability of public health practice 
to successfully package and disseminate effective interventions 
implemented and evaluated in real-world settings. PCD’s interest 
in this area extends to research that examines which factors posit-
ively or negatively impact the diffusion of proven interventions 
and the degree of integrity needed to generate success. Specific 
program elements such as “adherence to intervention, exposure, or 
dose, quality of delivery, participant responsiveness and program 
differentiation” are all factors associated with implementation fi-
delity (4). Implementation Evaluation articles published by PCD 
offer  readers  timely research that  examines  in  comprehensive 
ways how evidence-based interventions are implemented in com-
parable real-world settings. 

PCD was fortunate in its inaugural year of introducing this new 
article type to receive many outstanding submissions. The journal 
is excited to present this collection of 5 articles that highlight re-
search findings from implementation evaluation efforts that ad-
dress a variety of topics: 

1. a call to action for public health professionals to advance dis-
semination and implementation science;

2. use of an alcohol surveillance system to assess quality, useful-
ness, and timeliness of data;
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3. the application of a pragmatic framework to guide health care 
systems in assessing implementation and impact of an evid-
ence-based physical activity program; 

4. an assessment of the effectiveness and cost benefit of a pro-
gram for weight loss and diabetes prevention in a rural setting; 
and 

5. an evaluation of activities to reduce the intake of sodium in 
community settings. 

As part of its effort to provide more research on topics related to 
implementation evaluation, PCD has recruited associate editors 
and editorial board members with considerable experience and ex-
pertise in implementation dissemination, implementation science, 
and implementation evaluation. The evolution of work occurring 
in these areas has expanded over the past 25 years, with the funda-
mental goal of better identifying program components in public 
health that contribute to achieving success in population health 
outcomes. A major component of this goal is to find cost-effect-
ive ways to disseminate effective interventions in alignment with 
local context and real-world settings. An essay from authors Es-
tabrooks, Brownson, and Pronk of our editorial board and asso-
ciate editor teams provides an overview of dissemination and im-
plementation science, including a review of frameworks, models, 
theories, concepts, and principles over the past 25 years (5). These 
authors discuss the importance of developing individual and team-
based skills and abilities among public health professionals that in-
crease adoption and scalability of evidence-based interventions. 

Public health surveillance systems are an important aspect of im-
plementation evaluation in collecting and analyzing timely data 
and disseminating findings that guide public health response to 
pressing public health issues (5). Public health surveillance sys-
tems, when developed in with input from stakeholders, can be im-
plemented and sustained on an ongoing basis (6). Hagemery and 
colleagues conducted an assessment of the alcohol surveillance 
system to assess quality usefulness and timeliness of data (7). Re-
searchers completed this assessment through data collection, sys-
tematic literature searches, and an interview with the New Mexico 
Department of Health’s alcohol epidemiologist. Authors assessed 
that the alcohol surveillance system in New Mexico was a useful, 
stable, and acceptable system capable of monitoring trends and 
identifying interventions to reduce the prevalence of alcohol-at-
tributable morbidity and mortality in New Mexico (7). Authors 
discuss how findings from the assessment were used to enhance 
the state’s alcohol-related surveillance efforts. The evaluation pro-
cess used by researchers may be useful to others interested in as-
sessing strengths and areas for improvement regarding alcohol-re-
lated surveillance at the state level. 

In addition to public health surveillance systems, other systems-
based approaches must strike a balance between rigor and relev-
ance in considering ways to evaluate the adoption, scalability, and 
sustainability of interventions (8). Hence, implementation science 
research, evaluation, and practice should use tailored evaluation 
designs that carefully align with the components of the interven-
tion (9). Stoutenberg and coauthors applied the RE-AIM frame-
work, an approach to planning and evaluating factors related to in-
ternal and external validity, to guide health care systems in assess-
ing the implementation and impact of the Exercise is Medicine 
(EIM) program (10). EIM is an initiative that integrates physical 
activity assessment, prescription, and patient referrals as a stand-
ard of care (10). Authors provide recommendations and insights 
into ways the EIM in health systems can be effectively implemen-
ted and evaluated. 

Economic evaluations are another aspect of implementation evalu-
ation that is becoming increasingly helpful in informing decision-
making to operationalize and sustain implementation strategies 
and best practices (11). Economic evaluations are critical to pub-
lic health professionals, health care organizations, and funders in-
terested in deciding how to maximize use of limited fiscal and hu-
man resources (11). McKnight and associates assessed the effect-
iveness and cost benefit of replicating a 12-week wellness pro-
gram targeting adults in 4 rural locations (12). Researchers repor-
ted information on participation, completion, and changes in sev-
eral health outcomes and discussed how a combination of factors 
influenced researchers’ ability to achieve results similar to those 
derived in the original wellness program. 

Finally, the collection includes research on reducing intake of so-
dium in community settings, which has remained a national pub-
lic health issue (13). This public health goal is particularly import-
ant given that diets high in salt are linked to high blood pressure, 
which is a major risk factor for stroke among adults (14). Com-
munity-based salt reduction programs may be effective in a range 
of settings, but more robust evaluation methods are needed. Scal-
ing up these efforts in coordination with national initiatives could 
provide the most effective and sustainable approach to reducing 
population salt intake (15,16). In 2016, the Centers for Disease 
Control and Prevention (CDC) launched the Sodium Reduction in 
Communities Program (SRCP) to help increase consumers’ op-
tions for lower-sodium foods and create healthier food environ-
ments in communities (17). CDC’s SRCP funded and provided 
technical assistance to 8 recipients to increase the availability and 
purchase of lower-sodium food options by implementing 1) food 
service guidelines and nutrition standards, 2) procurement prac-
tices, 3) meal and/or menu modifications, and 4) environmental 
strategies and behavioral economics approaches to increase con-
sumers’ options of lower-sodium foods (17). Long and coauthors 
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present findings generated from baseline and 1-year follow-up 
from the SRCP implemented in Arkansas (18). Researchers de-
scribe  how program staff  worked  closely  with  personnel  in  a 
school district and in a community meal program to implement in-
tervention activities to reduce dietary sodium among the food op-
tions available and served. Researchers reported that mean sodi-
um content of meals was reduced among participants in both the 
schools and the community meal program. 

This collection of articles from PCD’s first year of Implementa-
tion Evaluation articles represents an exciting new area of focus 
for the journal. PCD will continue to identify and publish cutting-
edge implementation evaluation research that helps all popula-
tions benefit from the dissemination of new and proven discover-
ies. Toward that end, the journal seeks to gain a deeper under-
standing of how factors like staffing capacity, economics, leader-
ship support, and intervention fidelity influence scaling up and 
sustaining proven, culturally appropriate, and setting-relevant in-
terventions. PCD is also committed to publishing articles that use 
implementation evaluation findings to identify circumstances un-
der which intervention activities should be reduced or discontin-
ued because of factors such as premature adoption (implementing 
intervention activities before or without having proven evidence of 
effectiveness), harmful effects, or wasteful use of fiscal or human 
resources  (19).  PCD encourages  authors  to  visit  the  Author’s 
Corner section of the journal’s website at www.cdc.gov/pcd/for_ 
authors/index.htm to learn more about requirements for submit-
ting an Implementation Evaluation manuscript for consideration. 
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A Selective Review of the Origins of
Dissemination and Implementation
Science 
Preventing Chronic Disease has a mission to enhance communica-
tion between researchers, public health professionals, and policy 
makers to integrate research and practice experience with a goal of 
improved population health. As a result, those involved in dissem-
ination and implementation (DI) science — a growing field of 
study that examines the process by which scientific evidence is ad-
opted, implemented, and sustained in typical community or clinic-
al settings — have submitted and published their rigorous and rel-
evant work in the journal with a high degree of success. Over the 
previous 2 years, the journal also added a new article type — Im-
plementation Evaluation — to facilitate submission of articles that 
examine the implementation of evidence-based public health inter-
ventions in community and clinical settings. In an effort to contin-
ue the focus on DI, we wrote this commentary with the following 
objectives: 1) to provide a brief DI description, 2) to demonstrate 
the shared systems–based focus of DI science and public health 
practice, and 3) to highlight pathways to move public health–fo-
cused DI science forward. We reflect on our own learnings and by 
doing so hope to motivate more public  health researchers  and 
practitioners to engage in DI research. 

DI research emerged — by name — over the past 25 years (1), but 
its roots can be traced to a much earlier time (2–4). A review of 
current DI research areas likely would not have seemed out of 

place in the 1930s through the 1960s. Some examples include the 
need for clinically relevant and community-relevant research (5), 
engaging systems and communities as partners in the co-creation 
of evidence (6), and examining the characteristics of interventions 
to determine which are more likely to be taken to scale and sus-
tained (7). These topics can be traced back to the origins of action 
research in the 1940s, the push and pull between pure and applied 
research  in  the  1960s,  and  the  diffusion  of  innovations  that 
spanned both those periods. Indeed, the works of Kurt Lewin (8), 
Archie Cochrane (9), and Everett Rogers (3,10) provide a strong 
foundation for DI science. 

Kurt Lewin founded the field of action research (4,8). He and oth-
er scientists of his day struggled against a paradigm that did not 
consider practice professionals in the development, implementa-
tion,  and interpretation of  scientific  studies.  In  a  critique that 
sounds like it  could have come from the last  American Public 
Health Association annual meeting, Lewin criticized the lack of 
integration of science and practice as a lost opportunity to under-
stand group dynamics and organizational change processes while 
also contributing to achieving a community benefit through re-
search. He argued for a pragmatic epistemological approach that 
combined social theory, experimental or quasi-experimental meth-
ods,  and practice perspectives that  could be used for local de-
cision making and contribute to generalizable knowledge. He de-
veloped numerous participatory methods that engaged organiza-
tional  representatives from the settings where social  solutions 
would be applied, members of the population intended to benefit, 
and social scientists to collectively conduct diagnostic, participat-
ory, empirical, and experimental action research (8). Action re-
search, whether described as a systems-based approach, participat-
ory dissemination, community-based participatory research, or in-
tegrated research–practice partnerships, provides a methodologic-
al basis for much of the current DI research. It also underscores 
the ideal outcomes of public health–focused DI research — a bal-
ance of demonstrating local impact while concurrently contribut-
ing to generalizable knowledge on how best to move evidence in-
to practice. 
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Archie Cochrane — the inspiration for the thriving Cochrane col-
laborative (11) and the myriad of systematic reviews developed 
with a goal to provide a summary of evidence that can be used for 
health care practice and decision making — railed against the fo-
cus on pure research over applied research during the course of his 
career (9,12). Indeed, this quote captures his view of the existing 
research paradigm in the late 1940s: “I remember being advised 
by the most distinguished people that the best research should be 
utterly useless” (9 p432). Cochrane’s approach was grounded in 
his  experience  as  a  prisoner  of  war  in  Germany,  where  he 
provided care for thousands of soldiers and was concerned with 
the likelihood that he may have inadvertently provided therapies 
that did more harm than good because of the lack of scientific 
evidence for the medical approaches of the day. As a result, he be-
came an  advocate  for  the  use  of  randomized  controlled  trials 
(RCTs) for practical,  applied research that  could contribute to 
health care practice in a timely manner. By the early 1970s Co-
chrane was advocating for systematic reviews of literature to com-
pile the findings of research studies and allow for guideline and 
policy implementation across medical disciplines (2). Cochrane re-
views  and  other  systematic  review  approaches  (13)  are  used 
broadly in DI and to support evidence-based public health (EBPH) 
practice as an indicator that a given intervention is either appropri-
ate or inappropriate for broad-scale adoption, implementation, and 
sustainability. 

Finally, Everett Rogers could be considered the Father of DI with 
his seminal work published in Diffusion of Innovations from the 
first edition in 1962 through the fifth and final edition in 2003 (3). 
With his roots in rural sociology, Rogers introduced a theoretical 
approach that considered the communication of an innovation, 
over time and through distinct channels, across a social system. He 
also proposed that an innovation could be described as an idea, 
practice, or product that is perceived as new to a social system. 
Rogers’s introduction of the S-shaped curve demonstrated the rel-
ative rate of adoption across early innovators and adopters with a 
slower rate of spread of an innovation followed by a steep in-
crease as the early and late majority take up the innovation, fol-
lowed by a slowing of the rate of adoption when system laggards 
(a term Rogers referred to in personal communications as one for 
which he wished he had come up with a less “inherently negative” 
label) take up the innovation. 

The characteristics of an innovation — compatibility, complexity, 
observability, relative advantage, and trialability (how easily an in-
novation can be tested) — that Rogers proposed are still founda-
tional across the primary theoretical approaches being applied in 
DI research (14–16). In addition to being a foundation of DI theor-
ies, Rogers’s work is the basis of many DI process models (ie, 
models that provide a guiding process for moving an innovation 

into practice) that include stages and focus on providing know-
ledge about the innovation, persuasion based on the innovation 
characteristics, selection of an appropriate innovation, testing the 
innovation through implementation, and confirming whether the 
innovation achieved the desired results for a sustainability or dis-
continuation decision (3,17–19). A simplified description of Ro-
gers’s theory is the application of this decision-making process 
across an S-shaped curve highlighting differences in the rate indi-
viduals or settings adopt a new innovation (ie, innovators, early 
adopters, early majority, late majority, and laggards), where an in-
novation enters a social system based on the activities of innovat-
ors and early adopters and the perceived characteristics of the in-
novation (ie, compatibility, complexity, cost, observability, relat-
ive advantage, and trialability). It is important to note that consid-
eration of innovation characteristics and the applicability of the in-
novation–decision process occurs across and within each adopter 
category in a social system. 

In case you think that these issues are not as relevant today as they 
were three-quarters of a century ago, the promulgation of evid-
ence, the lack of relevance of evidence, and the time and capacity 
needed for public health professionals to adapt and implement new 
interventions has resulted in a considerable evidence–practice gap 
(20). Cochrane would be thrilled with the advances in summariz-
ing research for implementation decisions, but we speculate that 
he would be disheartened to know that it takes 17 years for 14% of 
original research to make its way to practice (21). Furthermore, 
some scientists have posited that the largest return on the public 
and private investment for the approximately $116 billion that is 
spent annually on biomedical research in the United States will be 
from DI research focused on translating currently available re-
search on behavioral contributors to public health — tobacco use, 
dietary intake, and physical activity (22,23). This underscores the 
need for scientific advancement in speeding the translation of pub-
lic health research to EBPH practice. 

Current Dissemination and 
Implementation Theoretical, Process, and
Outcome Models 
The more recent emergence of the DI field can be traced back to 
the early 1990s and the energy focused on developing a myriad of 
DI models to address the evidence–practice gap (17,24–26). To 
guide public health professionals in framing their DI work, a clas-
sification  system was  developed  that  arranged  models  into  3 
primary categories — process, explanatory, or outcome models 
(17). Process models are those that specify steps, stages, or phases 
necessary to speed the adoption, implementation, and mainten-
ance of evidence-based interventions in clinical or community set-
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tings (19). Explanatory models are theoretical approaches to DI 
and specify important constructs that can predict implementation 
outcomes and include propositions that can be tested scientifically 
(3). Outcome models provide a set of potential targets for DI re-
search and allow researchers and public health professionals to 
plan implementation strategies for specific outcomes and to de-
termine the level of success of a given project or initiative (27). 

Most DI researchers use a process model, though few characterize 
the specific steps taken at each phase of a DI project (6). However, 
the recently published Practical Planning for Implementation and 
Scale-up (PRACTIS) guide is a nice example of a process model. 
PRACTIS was explicitly developed to provide a step-by-step ap-
proach for researchers interested in engaging in DI work relative 
to physical activity promotion in clinical and community settings 
(19). The guide directs investigators through 4 overarching steps 
that include 1) identifying and characterizing the implementation 
setting, 2) identifying and engaging key stakeholders across mul-
tiple levels within the implementation setting, 3) characterizing 
barriers and facilitators to implementation, and 4) problem-solv-
ing to address potential  barriers.  Each step includes numerous 
activities to complete with the ultimate goal focusing on co-cre-
ation of implementation strategies and new evidence to support fu-
ture implementation initiatives. An appealing feature of PRAC-
TIS and other process models (28–30) is that they provide a set of 
algorithms and pathways based on if–then questions on potential 
roadblocks that may be encountered during the implementation 
process (19). 

It’s hard not to use Rogers’s Diffusion of Innovations as our ex-
ample of an explanatory model (3). This theory has been applied 
broadly, and despite the label of “diffusion,” it includes many pro-
positions and hypotheses that can be applied to proactive adoption, 
implementation, and maintenance research studies; at the time of 
our writing this article Rogers’s work had been cited nearly 97,000 
times. Diffusion of Innovations concepts have been adapted and 
integrated  into  DI-specific  theories  in  an  effort  to  more thor-
oughly operationalize theoretical constructs and expand them to 
define the uptake, use, and sustainability of evidence-based inter-
ventions. For example, Wandersman et al’s interactive systems 
framework for dissemination and implementation proposes that 3 
systems interact to either facilitate or inhibit research–practice 
translation: a delivery system, a research synthesis and translation 
system, and a translational support system (16). The framework 
provides numerous testable hypotheses, for example, that system-
ic readiness for adoption of an innovation is a function of the un-
derlying motivation for adoption based on perceptions of the in-
novation’s relative advantage and compatibility with systems re-
sources, the general capacity of the system to adopt new innova-
tions (eg, transformational leadership, organizational innovative-

ness), and innovation-specific capacity based on systemic imple-
mentation supports and local expertise relative to the new innova-
tion. Having explanatory theories and applying them is a critical 
component to move, as Lewis and colleagues recently wrote, from 
simply characterizing DI to advancing the understanding of the 
underlying mechanisms of change (25). 

DI outcomes can be generally categorized as implementation, ser-
vice, or client outcomes (31). One of the earliest proposed and 
most cited outcome models was the Reach, Effectiveness, Adop-
tion, Implementation, and Maintenance (RE-AIM) planning and 
evaluation framework published by Glasgow and colleagues in 
1999 (27). RE-AIM’s goal was to provide a framework that would 
balance the focus on internal and external validity to improve the 
translation of public health interventions to practice. Researchers 
were encouraged to consider external validity factors associated 
with the population intended to benefit from the evidence-based 
intervention when planning and evaluating a project, including 
reach (penetration into the population and representativeness of 
those exposed to intervention efforts), effectiveness (changes in 
health outcomes for those exposed to the intervention), and main-
tenance (durability of changes in health outcomes for those ex-
posed to the intervention). Researchers were also encouraged to 
consider contextual factors related to adoption at the staff and set-
ting level (penetration into the population of potential staff and or-
ganizational delivery systems and their representativeness), imple-
mentation (cost, quality, consistency of delivery), and mainten-
ance of implementation at the staff and organization level (durabil-
ity  of  the  quality  and  consistency  of  delivery).  The  RE-AIM 
framework has evolved over 20 years to include consideration of 
qualitative and quantitative data, consideration of cost across RE-
AIM dimensions, and possible combinations of metrics to assess 
public health impact (32–37). 

The Natural Overlap of Public Health
and Dissemination and Implementation
Science: Systems-Based Approaches 
Ultimately,  public  health  practice  is  about  changing  systems 
through the use of an underlying evidence base, documenting out-
comes of systems change, and capturing the underlying reasons 
(ie, mechanisms) of why a systems change occurred to allow for 
replication  within  and  across  public  health  settings  (6).  It  is 
through this lens of systems that we consider a major goal of pub-
lic health practice and DI science: to accelerate the uptake of evid-
ence-based programs, practices, and policies in public health set-
tings. A primary challenge to public health professionals and DI 
researchers alike is relevance of evidence developed through re-
search studies to the contextual reality of practice settings (38). 
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Few evidence-based interventions can be implemented according 
to the same protocol, with the same resources, and the same level 
of expertise when translated from a research setting to a practice, 
system, or policy setting (39,40). Furthermore, top–down rollouts 
of an evidence-based intervention where talented and effective 
professionals are working to achieve population-level impacts can 
possibly inhibit innovation and lead to poor outcomes. 

Systems-based,  collaborative  processes  for  DI  ideally  engage 
practice partners that contribute across the life course of any one 
project and often across multiple projects (6,41,42). These pro-
cesses include generation of the research question, development of 
implementation strategies, adaptation of evidence-based interven-
tions, selection of the research design, implementation of the re-
search, and interpretation of the results. This process evolved from 
the Cochrane era, when limited evidence from different medical 
fields existed and the RCT was promoted as a gold standard. In-
deed, an RCT is often not feasible when applied to DI projects and 
could inhibit intervention adoption (43,44). One characteristic of 
DI work is a reliance on matching research designs to specific 
problems and a focus on pragmatism to answer questions that can 
benefit the system that is partnering on the research (45). Part of 
the legacy of Lewin’s work can be traced to complex systems and 
systems-thinking tools that are foundational areas of learning for 
public health professionals (46). Systems thinking tools such as 
multisector collaboration, iterative learning processes, and trans-
formational leadership require the opportunity for a much broader 
adaptability of evidence-based interventions based on the underly-
ing principles or processes (46). Public health professionals are of-
ten conveners and organizers of a cross section of community 
groups interested in improving population health (47). This con-
vening role may include a horizontal systems approach that en-
gages all stakeholder organizations that could be involved in the 
implementation of an evidence-based approach (eg, employers, 
faith-based organizations, community centers) as well as a vertic-
al systems approach that acknowledges the need to engage both an 
administrative decision maker and staff members who would ulti-
mately be responsible for implementation (48). 

A key systems-thinking tool that is used in DI research and public 
health practice is an iterative learning process that includes the 1) 
identification of priority areas or needs within a system (similar to 
community needs assessments completed by public health depart-
ments), 2) matching of available evidence to the identified need 
(community action plans), 3) piloting or implementing strategies, 
4) evaluating outcomes, and 5) deciding if a strategy should be
sustained, adapted, or abandoned. Within this iterative learning

produced by public health professionals (6). Kohatsu defined this 
EBPH approach as “the process of integrating science-based inter-
ventions with community preferences to improve the health of 
populations” (49 p419). The concept was also expanded to focus 
on evidence-based principles that can be used in the context of 
evidence-informed decision making (50–53). This concept recog-
nizes that public health decisions are based not only on research 
but  also  on the  need to  consider  key contextual  variables  (eg, 
political and organizational factors) (54). 

Evaluation of the application of evidence-based principles and 
processes in the context of real-world systems is key in the iterat-
ive learning process. Often, the focus of evaluation is to provide 
evidence that the contribution of one or a few factors make a dif-
ference among a set of predetermined outcomes while holding all 
other factors constant. A systems-based approach acknowledges 
that in public health practice, all factors, even (or especially) those 
that are not being measured, are dynamic rather than static and in-
fluence the context of the evaluation. In other words, evaluations 
of programs, practices, and policies in the field of health and well-
being are complex. The introduction of complex systems science 
provides an opportunity to consider an approach to evaluation that 
optimizes the context, does not attempt to control variables that 
cannot be controlled, and may be helpful in evolving the field of 
evaluation and pragmatic DI research to become more responsive 
to the needs of practitioners and decision makers (55,56). 

Systems-based  approaches,  by  nature,  cannot  be  completed 
without representation from the system that is intended to change 
(6).  This  approach ensures understanding of  system goals, re-
sources, and structure and is especially critical to decision making. 
This approach also allows for translational solutions to align with 
and be responsive to the organizational context. Alignment with 
organizational practice priorities is paramount, and the inclusion 
of decision makers and implementation staff allows for both a 
consideration of priorities and the practicality of implementation. 
This need for alignment means that communications inside and 
outside  the  organization  need  to  be  kept  simple  and  couched 
deeply in the work so that across all affected, people understand 
each other.  This approach also allows for systems to set mile-
stones and criteria necessary to determine whether a new EBPH 
strategy should be continued, adapted, or discontinued (6). 

A Call to Action for Public Health 
Practice and Dissemination and 
Implementation Science 

process, numerous things need to be considered, and much is re- Throughout this article we have highlighted the sustained relev-lated to how we define evidence and evidence-based practice. Be- ance of the work of some of the giants in our field, provided de-ginning with evidence-based practice, evidence is both used and scriptions of the importance of explanatory, process, and outcome 
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models, and outlined the common systems-focused basis for DI 
science and EBPH. Here, and in the Table, we have generated 
some recommendations and a call to action to align with a de-
tailed scope of EBPH (57) and suggest public health professionals 
should 1) make decisions based on the best available, peer-re-
viewed evidence, 2) use data and information systems systematic-
ally, 3) apply planning frameworks that address population health 
and implementation outcomes, 4) engage community (and when 
feasible, research) partners in decision making, 5) conduct sound 
evaluation across population and implementation outcomes, and 6) 
share what is learned. 

Building and sustaining opportunities for DI science in public 
health practice requires a combined emphasis on developing indi-
vidual and team-based skills and capabilities as well as organiza-
tional capacity (5,58). Individual skills needed cover a range of 
core areas including community assessment, adaptation of evid-
ence-based programs and policies, descriptive epidemiology, im-
plementation and action planning, and evaluation. Team-based 
capabilities include skills to collaborate and the ability to bring to-
gether the necessary individual skills within work groups to optim-
ize efficiency. To complement these individual and team-based 
skills, key organizational capacity includes supervisors’ expecta-
tions to use EBPH, access to information resources (eg, academic 
journals), and a culture and climate supportive of EBPH. 

As the field of DI science continues to mature, there is increasing 
urgency and need for new and expanded approaches for building 
DI research  and  practice  capacity  (59).  Because  many  public 
health researchers and practitioners lack formal training in one or 
more core public health disciplines, on-the-job training is urgently 
needed to improve DI-related skills. In recognition of this need, 
the important role of capacity building (eg, more training and skill 
development among professionals) has been noted as a “grand 
challenge” for public health (60). Capacity for DI research has 
typically been built via some combination of graduate courses, de-
gree programs, training institutes, workshops, conferences, and 
online resources. Using a concept mapping process (61), we iden-
tified a set of 9 essential concept clusters (Table). To apply these 
competencies, several large-scale DI research training programs 
(eg, Dissemination and Implementation Research in Health [62]), 
the Implementation Research Institute [63], Mentored Training for 
Dissemination and Implementation Research in Cancer [64]) and 
smaller scale regional training programs (eg, Great Plains IDeA 
CTR Dissemination and Implementation Research Workshop [65], 
and  the  University  of  Colorado  Designing  for  Dissemination 
Workshop [66]) have been conducted. Similarly, several ongoing 
practitioner training programs support capacity building (57,67). 

For example, the Physical Activity and Public Health Course for 
Practitioners, has shown positive benefits in building capacity to 
design, implement, and evaluate interventions (68). 

Given that the field of DI research is relatively young, many gaps 
exist in the science (69). Some of the most critical issues for prac-
titioners are two closely-related concepts: scalability and sustain-
ability.  Scalability  involves  efforts  to  follow a  systematically 
timed, planned, and graded series of steps that cumulatively ac-
count for the continuously increasing reach or adoption of an in-
tervention until a critical mass is attained the entire target popula-
tion is engaged (70), or the efforts to increase the impact have 
been successfully tested in pilot or experimental projects to foster 
policy and program development on a lasting basis, thus address-
ing population health and inequalities (71). Sustainability has been 
described as the extent to which an evidence-based intervention 
can deliver its intended benefits over an extended period after ex-
ternal support from the donor agency is terminated (72) or as the 
long-term, ongoing support for a program in relation to an accep-
ted value proposition that balances allocated resources against 
generated revenues or benefits and includes the confirmation of 
long-term program support through adequate proof of perform-
ance (70).  A priority area for research focuses on how best  to 
overcome barriers to scalability and sustainability that limit the be-
nefits of evidence-based practices (73). To date, much of DI prac-
tice and research has focused on initial uptake by early adopters of 
one health intervention at a time. Public health professionals are in 
a unique position to address challenges of scalability and sustain-
ability with a systems approach, supporting uptake and mainten-
ance of EBPH in complex community settings that serve vulner-
able populations. 

In summary, a rich body of research knowledge is not moving in-
to the hands of practitioners and policy makers as quickly and effi-
ciently as needed. The DI approaches outlined here can begin to 
speed up this translation. In doing so, we will more effectively ap-
ply EBPH approaches that will use resources more efficiently, ac-
count for dollars spent, and increase impact. We encourage public 
health professionals — in their day-to-day work — to generate 
evidence that is relevant and describes how best to implement new 
evidence-based  strategies,  report  on  the  reasons  why  those 
strategies worked, and track the effect of those strategies on imple-
mentation and population health. 
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Table 

Table. Recommendations for Public Health Professionals to Engage in Dissemination and Implementation Research 

Recommendation Action Steps 

Leverage existing system drivers to
provide opportunities to advance DI
science 

• 

• 

• 

• 

Study the process of adoption, implementation, and sustainability of new initiatives to integrate evidence-based 
principles/practice within your organization. 
When adaptations are made to existing evidence-based approaches, report on the reasons for adaptation and the 
resulting characteristics of the newly adapted strategy. 
Keep field notes to track the process of implementation, from the selection of an evidence-based approach to the 
testing of the impact of the approach, and share your results as public health DI case studies or implementation 
evaluations. 
Partner with researchers whose mission is to move science forward in a way that will concurrently fulfill public health 
system needs (eg, establish academic health departments). 

Focus on pragmatic evaluation • 

• 

• 

• 

Use existing measures as a cornerstone of an iterative learning approach to document the success (or not) of new 
evidence-based strategies. 
Use principles of evaluability when assessing new interventions that have not been previously evaluated (74). 

Identify and use an explanatory, process,
and outcome model in your work 

Include, but move beyond, reporting on the effectiveness of your strategy to include a description of, if it worked, 
why it worked, and how you did it. Using consistent models across projects will allow for comparisons important in 
practice but will also provide research to move the DI field forward. 
Use mixed methods and present the best data available to you. Qualitative data on outcomes, mechanisms that led 
to the outcomes, and processes that were used for implementation can move the field forward. 

Develop key competencies related to DI
science 

Seek out opportunities to develop capacity in the 9 key competencies for public health research and practice 
professionals 
•
•
•
•
•
•
•
•
•

Communicate research findings 
Improve practice partnerships 
Make research more relevant 
Strengthen communication skills 
Develop research methods and measures 
Consider fit between evidence and practice settings 
Enhance fit between evidence and practice settings 
Increase capacity for practical research 
Understand multilevel context 
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Abstract 

Purpose and Objectives 
Prevalence of excessive alcohol use and alcohol-attributable mor-
tality is much higher in New Mexico than in other US states. In 
2010, excessive alcohol use cost the state roughly $2.2 billion. 
Moreover, age-adjusted deaths from alcohol-related chronic liver 
disease increased 52.5% from 14.1 cases in 2010 to 21.5 cases in 
2016. In 2017, the New Mexico Department of Health piloted the 
Recommended Council of State and Territorial Epidemiologists 
(CSTE) Surveillance Indicators for Substance Abuse and Mental 
Health, using 5 indicators to monitor alcohol use and health con-
sequences. The purpose of this study is to evaluate the alcohol sur-
veillance system implemented in New Mexico to ensure that the 
system yields useful, timely data that can help create effective 
public health interventions and that resources required for surveil-
lance are adequate. 

Intervention Approach 
CSTE alcohol surveillance system data come from existing nation-
al and state-based surveys and vital statistics. 

Evaluation Methods 
This evaluation assessed attributes defined in Evaluating Behavi-
oral Health Surveillance Systems and Centers for Disease Control 
and Prevention guidelines for evaluating public health surveil-
lance systems. Assessment was informed through data collection, 
systematic literature review searches, and an interview with the al-
cohol epidemiologist at New Mexico Department of Health. 

Results 
The CSTE alcohol surveillance system in New Mexico is a useful, 
stable, and accepted system with good representativeness and pop-
ulation coverage. Data sharing and collaboration between centers 
within New Mexico Department of Health are well-established, 
making data access easy and timely. Lastly, the resources required 
for data collection are accountable and adequate. 

Implications for Public Health 
The CSTE alcohol surveillance system brings together informa-
tion (alcohol consumption behaviors and associated morbidity, 
mortality, and policy-related measures) necessary to show a clear 
picture of the alcohol effects in New Mexico. This information 
yields useable, timely data from which the state can monitor trends 
and develop interventions to reduce the prevalence of alcohol-at-
tributable morbidity and mortality. 

Introduction 
In the United States, excessive alcohol use accounts for more than 
80,000 deaths annually, making it the third leading cause of pre-
ventable death (1) and a significant contributor to alcohol-related 
injury, disease, and death. Binge drinking, the most frequent and 
deadly type of excessive alcohol use (1–3), costs the US nearly 
$200 billion annually, including decreased workplace productiv-
ity losses and health care and criminal justice expenses (4). In 
2016, the US age-adjusted liver disease and cirrhosis mortality 
rate per 100,000 people was 10.8, ranging from 6.7 (Maryland) to 
24.9 (New Mexico) (5). 

New Mexico has disproportionately higher excessive alcohol use 
and alcohol-attributable deaths compared with other US states. In 
2010, excessive alcohol use cost the state roughly $2.2 billion (4). 
New Mexico has the highest  age-adjusted alcohol-attributable 
death rate in the nation (1). The age-adjusted rate of alcohol-re-
lated chronic liver disease deaths in New Mexico increased 52.5% 
from 14.1 cases in 2010 to 21.5 cases in 2016, making it the lead-
ing cause of alcohol-attributable death in the state (6). 
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In response to substance abuse and mental health problems in the 
nation,  the  Council  of  State  and  Territorial  Epidemiologists 
(CSTE) established a workgroup to develop behavioral health in-
dicators in the domains of alcohol, other drugs, and mental health 
using a consensus methodology (7,8). After consensus by stake-
holders at the 2016 CSTE Annual Conference, CSTE members re-
commended regular collection of the 18 indicators to measure and 
monitor substance abuse and mental health (SA/MH indicators) in 
state, territorial, local, and tribal surveillance. While many indicat-
ors already may be examined in a piecemeal fashion, consensus 
indicators provide an integrated view of the burden of behavioral 
health conditions, comparable across time and across jurisdictions 
(8). 

On June 15, 2016, CSTE released a request for proposals for state 
and local jurisdictions to pilot the SA/MH indicators. The New 
Mexico Department of Health (NMDOH) was subsequently awar-
ded funding from CSTE to implement the collection and reporting 
of key surveillance indicators to monitor alcohol use and other re-
lated measures: 1) adult binge drinking, 2) youth binge drinking, 
3) alcohol-related crash deaths, 4) liver disease and cirrhosis mor-
tality, and 5) state alcohol excise tax, herein collectively referred
to as the CSTE alcohol surveillance system. Data collection took
place from January to June 2017.

Evaluating public health surveillance systems is critical to ensure 
that  resulting data  are  timely and useful  for  actionable  public 
health interventions and that resources required for surveillance 
are adequate (9). Existing guidelines for evaluating public health 
surveillance systems are used generally for infectious diseases but 
present challenges for use with behavioral health surveillance sys-
tems (10,11). To address this gap, CSTE formed a workgroup to 
revise and adapt the existing guidelines to evaluate behavioral 
health  surveillance  systems  (9).  These  revisions,  along  with 
guidelines from the Centers for Disease Control and Prevention 
(CDC) (10,11) were used to qualitatively and quantitatively evalu-
ate the CSTE alcohol surveillance system implemented in New
Mexico. The evaluation presented here took place from October
through December 2017.

Purpose and Objectives 
Factors considered in the development of the SA/MH indicators 
are published in Recommended CSTE Surveillance Indicators for 
Substance Abuse and Mental Health (7,8). The purpose of this 
study was to evaluate the CSTE alcohol surveillance system im-
plemented in New Mexico to ensure that the system yields useful, 
timely data that can help create effective public health interven-
tions and that resources required for surveillance are adequate. 

Intervention Approach 
The recommended CSTE surveillance indicators for SA/MH are 
designed for state-level data collection and draw from 7 existing 
data sources. Ultimately, all states will collect and report uniform 
data  based on the  specified  indicator  definitions  and methods 
(7,8). The goal of this national surveillance system is to facilitate 
sharing data between public health authorities at the state and fed-
eral level, with stakeholders, and with the public. These data can 
be used to inform prevention and control and to evaluate public 
health programs. This article reports on an evaluation of the CSTE 
alcohol surveillance system implemented in New Mexico, based 
on data  from the Behavioral  Risk Factor  Surveillance System 
(BRFSS) (2014), the Youth Risk Behavior Surveillance System 
(YRBS) (2015), the Fatality Analysis Reporting System (FARS) 
(2014), New Mexico vital records (2014), and the Alcohol Policy 
Information System (APIS) (2016). 

Surveillance system description 

CDC’s BRFSS is an annual cross-sectional telephone survey that 
collects health risk behavior information from US resident adults 
aged 18 years or older (12,13). Several alcohol measures are cap-
tured in the survey, including CSTE’s alcohol surveillance indicat-
or adult binge drinking, defined as men having 5 or more drinks 
on 1 occasion and women having 4 or more drinks on 1 occasion. 

The YRBS is national, state, territorial, tribal, and local school-
based cross-sectional surveys that collect information on 6 areas of 
priority health-risk behaviors among high school youths (14). Sev-
eral other alcohol measures are captured in the survey, including 
CSTE’s  alcohol  surveillance  indicator youth  binge  drinking, 
defined (before 2017) as 5 or more drinks of alcohol in a row, 
within a couple of hours (15). 

The National Highway Traffic Safety Administration (NHTSA) 
maintains FARS, a standardized web database containing data 
from motor vehicle crashes that occur on public traffic ways res-
ulting in at least 1 death within 30 days from the crash (16,17). 
FARS provides information on several alcohol-related measures, 
including CSTE’s alcohol surveillance indicator alcohol-related 
crash deaths by highest blood alcohol concentration (BAC) in the 
crash and highest driver BAC in the crash. Highest BAC in the 
crash is defined as the highest BAC recorded among tested indi-
viduals involved in the crash, including drivers and nonmotorists 
(eg, pedestrians, bicyclists); highest driver BAC in the crash is 
defined as the highest BAC recoded among tested drivers (16). 

According to New Mexico State Statute, a funeral service practi-
tioner has the responsibility to obtain demographic data from the 
next of kin, obtain the medical certificate of cause of death, and 
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file the death certificate for deaths occurring in the state (18). A 
death certificate for each death in the state is stored with the NM-
DOH, Epidemiology and Response Division, Bureau of Vital Re-
cords and Health Statistics. For New Mexico residents who die 
outside of the state, death certificate data can be obtained through 
the  State  and  Territorial  Exchange  of  Vital  Events  (STEVE). 
These data include information on several alcohol-related death 
measures, including CSTE’s alcohol surveillance indicator liver 
disease and cirrhosis mortality, defined as an underlying cause of 
death with an International Statistical Classification of Diseases 
and Related Health Problems (ICD-10) code of K70.x, K73.x, or 
K74.x. 

APIS, sponsored by the National Institute of Alcohol Abuse and 
Alcoholism (NIAAA), is updated annually to provide information 
on 33 alcohol-related policies in the United States (19), including 
CSTE’s alcohol surveillance indicator state alcohol excise tax, re-
ported for beer, wine, and spirits. Specific excise taxes are taxes 
charged per gallon either at the wholesale or retail level. An ex-
ception to reporting is made when a state acts as a control state, 
meaning that the “state sets the prices of and gains direct profit 
from wholesale and/or retail off-premises sales” (20). 

Evaluation Methods 
For pilot collection and reporting of the SA/MH indicators, the 
CSTE alcohol surveillance system was implemented in New Mex-
ico and evaluated by using attributes defined in CSTE and CDC 
guidelines (9,10), using both qualitative and quantitative evalu-
ation methods. Because the data for the CSTE alcohol surveil-
lance system come from existing data sources,  attributes are a 
function of those data sources. In these instances, each data source 
will be discussed alongside the CSTE alcohol surveillance system. 
Using both evaluation frameworks (9,10), system attributes were 
assessed as follows: 

1. Usefulness was assessed by determining whether the system 
describes the public health impact of alcohol consumption at 
the state level and how that information assists the NMDOH in 
prevention and intervention efforts. Specifically, we calcu-
lated the average scores of perceived usefulness of each alco-
hol indicator, based on a scale of 1 to 5, from a structured in-
terview with the alcohol epidemiologist in New Mexico. 

2. Simplicity was assessed by investigating how the NMDOH 
collects and accesses the data for each alcohol indicator. 

3. Stability was assessed for each alcohol indicator based on the 
respective system’s operations availability and reliability in 
New Mexico, including the ability to collect, manage, and pro-
duce data useful to inform interventions. 

4. Flexibility was assessed by determining how easily the CSTE 
alcohol surveillance system adjusts to a new demand (ie, 
adding or modifying a question). 

5. Data quality was assessed in terms of the validity and com-
pleteness of data, reported in the existing literature, for each 
alcohol indicator in New Mexico. 

6. Acceptability was assessed in terms of persons’ and groups’ 
willingness to participate in data collection and reporting for 
the CSTE alcohol surveillance system. 

7. Representativeness was assessed by determining if the popula-
tion under surveillance is representative of the overall popula-
tion in New Mexico at risk for the respective behavior, risk 
factor, or health event. 

8. Population coverage was assessed by determining if the popu-
lation under surveillance accurately describes the base popula-
tion the system was designed to survey. 

9. Timeliness was assessed by the amount of time it took the 
NMDOH to access the appropriate database, abstract and pro-
cess the data, and produce interpretation and report. 

Data from 4 of the 5 alcohol indicators — adult binge drinking, 
youth binge drinking, alcohol-related crash deaths, and state ex-
cise tax — were accessed and collected according to specifica-
tions in Recommended CSTE Surveillance Indicators for Sub-
stance Abuse and Mental  Health (7,8).  Information from pub-
lished literature was used to analyze the flexibility, data quality, 
acceptability, representativeness, stability, and population cover-
age of each alcohol indicator. Additionally, a structured interview 
with the alcohol epidemiologist at the NMDOH was conducted to 
inform much of the previously described attribute assessments for 
the liver disease and cirrhosis mortality indicator and the overall 
CSTE alcohol surveillance system. 

Results 
Usefulness 

The CSTE alcohol surveillance system implemented in New Mex-
ico combines key indicators collected from various data sources, 
described previously, to assess alcohol measures at the state level. 
The system incorporates morbidity, mortality, and policy-related 
indicators to help paint a more complete picture of the alcohol-at-
tributable burden in New Mexico, of which the piecewise indicat-
ors are incapable. The alcohol indicator system helps estimate the 
magnitude of behavioral health measures such as binge drinking 
(adults and youths) as well as the morbidity and mortality of ex-
cessive alcohol consumption in the population. Additionally, this 
surveillance system may enable detection of trends in excessive al-
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cohol use and the morbidity and mortality associated with excess-
ive alcohol use. Moreover, it will be possible to assess how alco-
hol-related policy, specifically state excise tax, may affect excess-
ive alcohol consumption. 

Results from the structured interview in New Mexico determined 
that the usefulness of the CSTE alcohol surveillance system rated 
4.4, where 1 is not useful and 5 is very useful. The individual in-
dicators were rated as follows: adult binge drinking, youth binge 
drinking, and liver disease and cirrhosis mortality rate were rated 
5, while state excise tax was rated 4 and alcohol-related crash 
deaths was rated 3. Unfortunately, APIS does not report excise tax 
for microbreweries in New Mexico, which is an important aspect 
to consider. In New Mexico, the excise tax on beer is $0.41 per 
gallon, with the exception of beer produced in microbreweries that 
are taxed at  $0.08 per gallon for the first  310,000 gallons and 
$0.28 per gallon thereafter (21). The indicator for alcohol-related 
crash deaths, as written in 2016 (original document not available) 
was not a useful indicator because the definition was confusing 
and the desired information was difficult to locate in FARS. The 
NMDOH reports these collected indicators in New Mexico’s In-
dicator-Based  Information  System (NM-IBIS),  in  community 
presentations, and in publications including the New Mexico Sub-
stance Abuse State Epidemiology Profile and the New Mexico Al-
cohol Fact Sheet (6,22). 

Simplicity 

The CSTE alcohol surveillance system implemented in New Mex-
ico is moderately simple, despite the fact that it uses multiple in-
formation sources. Data sources used are routinely collected and 
reported to public health authorities. Moreover, the intradepart-
mental relationships that NMDOH has cultivated facilitates data 
accessibility for binge drinking and liver disease and cirrhosis 
mortality. On the other hand, the original CSTE definition of alco-
hol-related crash deaths was not easily interpreted nor obtainable. 
Terms used in the CSTE definition were not consistent with those 
published in FARS nor was it possible to directly abstract the in-
dicator from crash fatality reports published in FARS. Rather, the 
indicator measure would require either 1) downloading a SAS 
(SAS Institute, Inc) data set and analyzing the data, or 2) access-
ing the FARS query system, a multistep process that may produce 
data of poor quality. 

Stability 

The CSTE alcohol surveillance system implemented in New Mex-
ico is stable; data come from well-established systems, most of 
which are federally funded. For example, BRFSS has been used in 
New Mexico since 1986 (23), and is the gold standard of behavi-
oral health surveillance among adults (12). New Mexico has con-

ducted the Youth Risk and Resiliency Survey (YRRS) as a substi-
tute for the YRBS since 1991 (24,25). In addition to behavioral 
health questions, the YRRS includes questions that assess resili-
ency factors (25). CDC provides fiscal and technical support for 
both the BRFSS and the YRBS/YRRS (26,27), while state co-
ordinators have access to the BRFSS and YRRS data for New 
Mexico. 

Another example is FARS, a very stable system in place since 
1975 (16). Data, collected daily by FARS analysts, are used at the 
local, state, and federal levels as well as within public and private 
organizations to answer a wide range of questions. Data can be ac-
cessed through the FARS query system (1994–2016) or down-
loaded through NHTSA. 

New Mexico death certificate data are also stable, as their collec-
tion is written into law. These data are housed within the NM-
DOH, Epidemiology and Response Division, Bureau of Vital Re-
cords and Health Statistics. 

Finally, APIS is a stable system, funded by NIAAA and updated 
yearly. Data are available for most alcohol-related policies since 
1998,  and state  excise  tax information is  available  from 2003 
through 2016 (19,28). 

Flexibility 

The CSTE alcohol surveillance system implemented in New Mex-
ico is a moderately flexible system. Though all states are expected 
to eventually adopt and report core alcohol indicators, each state 
has the autonomy to add indicators that may be particularly im-
portant to monitor over time in their jurisdiction. Additionally, 
CSTE subcommittees and workgroups may choose to add, modify, 
or omit core indicators. 

Data quality 

The data quality of the CSTE alcohol surveillance system imple-
mented in New Mexico is determined by the quality of the indi-
vidual data sources from which the information is acquired. Ques-
tions on the BRFSS assessing alcohol and substance abuse have 
moderate reliability and validity (29). Binge drinking in particular 
yields lower but comparable estimates to both the National Health 
Interview  Survey  and  the  National  Survey  on  Drug  Use  and 
Health (29). Similarly, a study that assessed the 1999 YRBS con-
cluded that it had good test–retest reliability (30). 

However, data quality of FARS is low without correction for miss-
ing BAC data that vary by state. In 2016 in New Mexico, 45% of 
drivers involved in a fatal crash had known BAC test results (31). 
To address this underreporting, the reports published by NHTSA 
use a validated multiple imputation method (32). Unfortunately, 
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imputed calculations for BAC data are not included in the FARS 
query system, yielding results that may be biased. The FARS sys-
tem provides  quality  control  by  using  range  and  consistency 
checks. Other quality control measures for timeliness, accuracy, 
and completeness are conducted intermittently. The data quality of 
death certificate data in New Mexico is high. Death certificates 
filled out in the state undergo extensive edits for completeness and 
consistency (18). Additionally, staff who file death certificates are 
offered training annually. NMDOH is also able to capture data for 
deaths  occurring outside  of  the  state  through STEVE (33,34). 
Lastly, the quality of data on state alcohol excise tax in New Mex-
ico reported on APIS is moderate. While APIS collects and re-
ports tax information and alcohol-related policies nationwide (20), 
it does not report the subtle differences in state policies. As previ-
ously mentioned, New Mexico excise tax for beer produced in mi-
crobreweries is unavailable. 

Acceptability 

The CSTE alcohol surveillance system has been accepted by NM-
DOH, 1 of the first 4 states to pilot collection and reporting of the 
SA/MH indicators, as an integral part of their annual substance ab-
use and mental health surveillance efforts. NMDOH has collected 
most of these measures for several years to inform the New Mex-
ico Substance Abuse Epidemiology Profile published annually 
(22). The NMDOH state epidemiologist and alcohol epidemiolo-
gist also participated in the CSTE workgroup that identified and 
edited the recommended indicators (7). 

In addition to assessing the acceptability of the CSTE alcohol sur-
veillance system as a whole, we evaluated the acceptability for 
each data source (BRFSS, YRRS, FARS, and vital records). Each 
of these data sources are well-established and accepted systems 
among participants  and/or data collectors and users.  The New 
Mexico BRFSS response rate in 2014 was 52.8% and in 2015 was 
52.5%, higher than the US average in both years (47.0% in 2014 
and 47.2% in 2015). In 2015, the overall response rate for the New 
Mexico YRRS was 73%, with a school response rate of 94% and 
the student response rate of 78% (15). For comparison, the overall 
response rate for the 2015 national YRBS was 60%, while the 
school response rate was 69% and the student response rate was 
86%. Similarly, FARS data collection and reporting is well estab-
lished and accepted. State employees, in cooperative agreement 
with NHTSA, are formally trained as FARS analysts to gather data 
from state sources and report pertinent information into the stand-
ardized FARS web database daily (16). Lastly, the acceptability of 
death  certificate  data  falls  under  the  New  Mexico  Statute 
24–14–20, which mandates the responsible party and timeline for 
death certificate reporting. 

Representativeness 

The CSTE alcohol surveillance system is representative, based on 
the representativeness of component data systems. While people 
without a landline or cellular phone are systematically excluded 
from the BRFSS, advanced weighting procedures make it repres-
entative of the state’s general population (12). State-administered 
YRBS/YRRS are considered state-representative data for school-
aged youths attending public schools (15). This survey does not 
include information on those youths in juvenile detention centers 
or private schools or those who are home-schooled. According to 
the American Community Survey, in 2015 in New Mexico, 92.1% 
of high school youths attended public school while 7.9% attended 
a private school. Though FARS does not collect information on 
fatal crashes on private property, it is still considered representat-
ive of the overall state population (35). Lastly, New Mexico death 
certificate data are representative. Not only does a death certific-
ate have to be completed for each death in the state, STEVE al-
lows NMDOH to access death certificate data for residents who 
died outside of the state. 

Population coverage 

The CSTE alcohol surveillance system has good population cover-
age, based on the population coverage from each data system it in-
volves. The target population of the BRFSS is all resident adults 
aged 18 years or older with a landline or cellular telephone in the 
state. While refusal to participate may affect the population cover-
age, response rates for the survey are respectable. In regard to pop-
ulation coverage, the YRBS/YRRS cannot capture information on 
students who were absent on the day of the survey or on students 
who did not receive parental consent to participate. Additionally, 
youths who dropped out of public school are also missed by this 
survey; NM-IBIS indicates that the 2015–2016 graduation rate 
was 71%. High school dropouts and youths who skipped school 
may have a disproportionately higher affinity to binge drink given 
their risk behaviors (36). Additionally, population coverage might 
be affected if schools do not agree to participate in the YRBS/ 
YRRS nonrandomly.  The  FARS database  is  a  census  of  fatal 
traffic  crashes  occurring  on  public  traffic  ways  in  the  United 
States, collected at the state level daily. Although unlikely, a fatal 
crash may not be reported. New Mexico death certificate data have 
good population coverage; a death certificate is completed for 
each death in the state. New Mexico also has access to death certi-
ficates for residents who died elsewhere. The system would miss 
only deaths that go unreported, which is unlikely. 

Timeliness 

The CSTE alcohol surveillance system implemented in New Mex-
ico is moderately timely in the sense that most of the data can be 
collected quickly once they become available from the respective 

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

www.cdc.gov/pcd/issues/2018/18_0358.htm • Centers for Disease Control and Prevention  5 

http://www.cdc.gov/pcd/issues/2018/18_0358.htm


PREVENTING CHRONIC DISEASE VOLUME 15, E161 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2018 

 

 

 

 
 
 

 

 

 

 
 

 
 

 

 
 

 

 

 
 

 

 

 

 
 

 

data sources. Data for binge drinking may be abstracted directly 
through the corresponding CDC webpage (BRFSS for adults [37], 
YRBS/YRRS for youths [38]) or accessed by requesting record 
level access from the New Mexico BRFSS and YRRS coordinat-
ors. Collecting information directly from the CDC webpage takes 
approximately 30 minutes. However, a long lag may occur among 
data collection, analysis, and final reports; for example, data col-
lected in 2015 are released in the fall of 2016. Alternatively, after 
data collection and cleaning, record-level access can be requested 
from the respective coordinator. In New Mexico, data access is 
usually granted from the corresponding data steward within 1 hour 
of  request.  Subsequent  analyses  and  reporting  of  BRFSS and 
YRRS would take approximately 1 hour. 

Similarly, alcohol-related crash deaths and the liver disease and 
cirrhosis mortality rate can be reported from either a query system 
or record-level data. While the FARS query can be completed in a 
fraction of the time with respect to record-level data, users are ad-
vised to interpret results with caution because of missing BAC 
data.  Unfortunately,  downloading  FARS data,  which  imputes 
missing BAC data, to conduct analyses would be time intensive as 
the user would need to become familiar with the FARS data set, 
the multiple imputation methods used, and SAS coding. The liver 
disease and cirrhosis mortality rate can be reported from the NM-
IBIS (unfortunately, the latest data available in the query system 
are from 2013) or through CDC WONDER (CDC Wide-ranging 
Online Data for Epidemiologic Research), which too has limita-
tions including timeliness and granularity. Alternatively, the meas-
ure can be reported directly from death certificate data. The NM-
DOH, Epidemiology and Response Division, Bureau of Vital Re-
cords and Health Statistics, houses New Mexico death certificate 
data. Once a data request is made, full record-level access is usu-
ally  granted  within  1  day.  Subsequent  analysis  and  reporting 
would take approximately 2 hours. 

Implications for Public Health 
While existing data are used for New Mexico’s alcohol surveil-
lance system, the CSTE system concurrently monitors behavioral 
health measures (binge drinking), policy measures (state alcohol 
excise tax), and the associated adverse consequences (alcohol-re-
lated crash deaths and liver disease and cirrhosis mortality) in a 
new context. Viewing these indicators together provides a more 
complete and holistic understanding of the public health impact of 
excessive alcohol consumption and its health consequences. Rela-
tionships among the indicators may become apparent (eg, the as-
sociation of excise taxes and binge drinking). In addition, the 2 
evaluation frameworks used (9,10) aid in the understanding of this 
complex behavioral context in New Mexico, thus facilitating the 
development of effective interventions. 

Data sharing and collaboration between centers within the NM-
DOH and among federal partners are well established. These long-
standing relationships have made the collection and reporting of 
the CSTE alcohol surveillance system feasible in New Mexico. 
Therefore, the amount of time and resources needed to collect this 
information are minimal and adequate. These indicators will yield 
useable and timely data from which the state can monitor trends 
and develop interventions if necessary. Anecdotally, state behavi-
oral health departments and bureaus in the United States often 
work independently from health departments, making it difficult to 
understand behavioral health as whole. The use of the SA/MH in-
dicators represents a great example of how to integrate existing be-
havioral health systems. These integrations aid the understanding 
of the complex nature of alcohol behaviors in New Mexico, and 
results could drive interventions to decrease alcohol-attributable 
deaths in New Mexico. 

Through this evaluation, we learned that the CSTE definition for 
alcohol-related crash deaths needs to be redefined. The first ver-
sion of the CSTE definition, published in 2016, did not use terms 
consistent with those from NHTSA nor was the requested inform-
ation easily reported. As a result of this evaluation, the definition 
was updated in the second version of the Recommended CSTE 
Surveillance Indicators for Substance Abuse and Mental Health, 
published in 2017 (7). 

This evaluation is informed through the data collection process, 
interviews,  and published literature  and is  the first  evaluation 
study to use the newly published Evaluating Behavioral Health 
Surveillance Systems (9), which reframes existing public health 
surveillance system evaluation criteria for evaluation of behavior-
al health surveillance. In behavioral health surveillance, sensitiv-
ity is closely related to completeness of data (ie, data quality at-
tribute) (9), therefore sensitivity was not directly assessed in this 
evaluation. Although the new revised evaluation framework (9) 
provides alternative ways to evaluate sensitivity, this was not pos-
sible because of the lack of a gold standard. 

The indicators included ICD-10 codes K70.x, K73.x, and K74.x; 
however, only K70.x codes are alcohol-related. The K73 and K74 
codes are specified as not alcohol-related causes of death, with the 
exception of K74.6 and K73.9 which are “unspecified causes.” 
This might result in an over-estimation of liver and cirrhosis mor-
tality related to alcohol use. CSTE will examine this potential bias 
in any upcoming revision of the indicators. 

Of the 9 items in the evaluation framework, only the usefulness in-
dicator was scored because of its nature of being objective and in-
terpretable. In future evaluation activities, scoring will be investig-
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ated for other system attributes. The evaluation of timeliness con-
cerned the time needed to retrieve, analyze, and interpret the data 
and is closely related to feasibility. Because of use of existing 
data,  time  lag  and  year  of  occurrence  may  differ  among data 
sources. 

Liver disease is the only mortality indicator represented in the al-
cohol surveillance system evaluated here; one objective of indicat-
or selection was to include a range of data sources and look at 
various types of  impact  (morbidity and mortality)  for  alcohol, 
drugs, and mental illness or self-harm, while balancing the burden 
of reporting. Among the 18 indicators (7), few rely on death data. 
In addition, the system does not include measurement of morbid-
ity indicators to represent the cost of a chronic condition. 

New Mexico’s intradepartmental relationships and data sharing 
practices could serve as a model for other states. This evaluation 
did not address feasibility and cost of implementation in jurisdic-
tions not using these indicators because this evaluation was con-
ducted by a health department that was 1) involved in developing 
the indicators and 2) already collecting or using most of these in-
dicators. An ongoing economic evaluation of 15 states piloting the 
indicators  indicates  that  New Mexico’s  cost  was  high  (about 
$1,110 per year) compared with the overall range of $20.24 to 
$4,065.78, an average of $697. While it is true that New Mexico 
was involved in the development of the indicators, staff who parti-
cipated in the evaluation were not involved in development; fur-
thermore, all states were thoroughly involved with ratification and 
adoption of the indicators. Thus, it would not have been possible 
to conduct the evaluation in a state totally blinded to indicator de-
velopment. 
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Abstract 

Introduction 
Exercise is Medicine (EIM) is an initiative that seeks to integrate 
physical activity assessment, prescription, and patient referral as a 
standard in patient care. Methods to assess this integration have 
lagged behind its implementation. 

Purpose and Objectives 
The purpose of this work is to provide a pragmatic framework to 
guide health care systems in assessing the implementation and im-
pact of EIM. 

Evaluation Methods 
A working group of experts from health care, public health, and 
implementation science convened to develop an evaluation model 
based on the RE-AIM (Reach, Effectiveness, Adoption, Imple-
mentation,  and  Maintenance)  framework.  The  working  group 
aimed to provide pragmatic guidance on operationalizing EIM 
across the different RE-AIM dimensions based on data typically 
available in health care settings. 

Results 
The Reach of EIM can be determined by the number and propor-
tion of  patients  that  were  screened for  physical  inactivity, re-
ceived brief counseling and/or a physical activity prescription, and 
were referred to physical activity resources. Effectiveness can be 
assessed through self-reported changes in physical activity, cardi-
ometabolic biometric factors, incidence/burden of chronic disease, 
as well as health care utilization and costs. Adoption includes as-
sessing the number and representativeness of health care settings 
that adopt any component of EIM, and Implementation involves 
assessing the extent to which health care teams implement EIM in 
their clinic. Finally, Maintenance involves assessing the long-term 
effectiveness (patient level) and sustained implementation (clinic 
level) of EIM in a given health care setting. 

Implications for Public Health 
The availability of a standardized, pragmatic, evaluation frame-
work is critical in determining the impact of implementing EIM as 
a standard of care across health care systems. 

Introduction 
Physical  activity prevents,  delays,  or  is  used to manage many 
chronic conditions, such as diabetes, high blood pressure, and car-
diovascular diseases (1,2). Yet, in 2014, only 21.5% of American 
adults met both aerobic and muscle strengthening guidelines (3). 
Although this percentage reflects an increase from 15.1% in 2000, 
these physical activity levels are still well below the recommen-
ded levels necessary to achieve population health benefits. Insuffi-
cient physical activity is estimated to account for 11.1% of aggreg-
ated health care expenditures in the United States, which trans-
lates to $117 billion, or slightly more than $1,300 per capita for in-
active, versus active, persons (4). 
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www.cdc.gov/pcd/issues/2018/17_0344.htm
http://www.cdc.gov/pcd/issues/2018/17_0344.htm
https://doi.org/10.5888/pcd15.170344
https://doi.org/10.5888/pcd15.170344


PREVENTING CHRONIC DISEASE VOLUME 15, E54 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY MAY 2018 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 
 

  

 
 

 

 

 

 
 

  

 
 

Numerous reports have advocated for a collaborative approach to 
improving physical activity levels across multiple sectors of soci-
ety (5,6). Given that more than 75% of all US adults had contact 
with a health care professional from 2013 to 2015 (7), multiple 
calls to action have advocated for the health care sector to take on 
a greater role in promoting physical activity at a population level 
(8–10). In 2014, the US Preventive Services Task Force recom-
mended that adults with cardiovascular disease risk factors should 
be referred to intensive behavioral counseling interventions to pro-
mote physical activity and healthful diet (11). 

During the past several decades, several studies have evaluated 
single-level interventions to integrate physical activity into health 
care settings, such as physician counseling (12,13), assessing pa-
tient physical activity levels (14,15), and providing patients with a 
physical activity prescription (16,17). A small number of multi-
level interventions have been conducted in health care settings to 
support physicians in their physical activity counseling efforts 
(18,19). Meta-analyses and systematic reviews show that physi-
cian counseling and exercise referral systems lead to improve-
ments  in  patient  physical  activity  levels  for  up  to  12  months 
(20,21). Furthermore, physical activity counseling and referral 
schemes can provide early return on investment because of lower 
health care utilization and costs (22,23).  However, few efforts 
have evaluated the potential  for large-scale implementation of 
these referral schemes in clinical practices across larger health 
care systems. 

Simultaneously, we are witnessing a rapid transformation in clin-
ical practice within health systems with the goal of achieving the 
new “quintuple” aim of health care: improving the health of popu-
lations, improving the patient experience, increasing patient en-
gagement, reducing the per capita cost of health care, and improv-
ing the work–life balance of health care providers (24). Integral to 
achieving these aims are strategies that 1) aggregate and analyze 
patient data, 2) identify at-risk patient groups, 3) develop risk-spe-
cific action plans, and 4) create patient-engagement tools (25). To 
incorporate these strategies in a systematic approach to integrat-
ing physical activity into health systems, Exercise is Medicine 
(EIM) was launched by the American College of Sports Medicine 
(ACSM) in 2007. The goal of EIM is to make physical activity a 
standard in patient health care for the prevention and treatment of 
chronic diseases (26). To date, EIM has been adopted in more than 
40 countries worldwide (27), as well as in clinic settings (28) and 
entire health care systems (29) in the United States. 

Purpose and Objectives 
Despite  greater  reliance  on  data-driven  approaches  to  patient 
health, methods to assess the integration of physical activity into 

typical health care practices — across both patient and organiza-
tional indicators — has lagged behind its implementation. The 
complex processes and multilevel factors associated with imple-
mentation need to be formally assessed to inform future efforts. 
Developing data collection and evaluation strategies that extend 
beyond traditional markers of efficacy or effectiveness is critical 
in providing more generalizable evidence for physical activity ini-
tiatives in health care settings (30). At the same time, it is essen-
tial to develop pragmatic evaluation strategies that take into con-
sideration the barriers experienced by health care providers (31), 
that account for the realities and constraints of the current health 
care environment, and that are feasible in real-world settings (32). 

Our understanding of the implementation of physical activity in-
terventions in health care settings is limited by a lack of compre-
hensive evaluation frameworks. Recognizing this limitation, AC-
SM convened a working group to develop a pragmatic framework 
for evaluating the implementation of EIM as a standard of care in 
health systems that can be used by researchers, clinicians, and 
policy makers around the world. 

Evaluation Methods 
A working group of 7 experts from health care, public health, fam-
ily and sports medicine, and implementation science, convened to 
develop a model for evaluating the implementation of the EIM 
Solution in health care systems. The EIM Solution is the strategic 
implementation of physical activity in health care settings that in-
volves a series of discrete steps designed to create clinical–com-
munity linkages to engage patients in sustained physical activity 
(26). In the clinic setting, the first 3 steps of the EIM Solution in-
clude 1) systematically assessing and recording patient physical 
activity levels, 2) providing patients with brief physical activity 
counseling and/or a physical activity prescription, and 3) referring 
patients to a network of physical activity resources for guidance 
and support (Figure 1). In some health systems, an intervention 
advisor, a role filled by a person in the health system, such as a 
care manager, nurse practitioner, or a health coach, is necessary to 
facilitate the referral process by providing basic behavioral coun-
seling and connecting patients to appropriate physical activity re-
sources. 
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resources, including 
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Figure 1. The clinical phase of the EIM Solution. Steps 1 through 3 of the EIM 
Solution take place primarily in the clinic setting and involve patients having 
their  physical  activity  levels  assessed,  receiving  brief  counseling  from a 
member of the health care team and/or receiving a semi-customized physical 
activity prescription, and receiving a referral to EIM network of physical activity 
resources. In some health systems, patients may also interact with, or be 
referred to, an intervention advisor. The role of the intervention advisor could 
include behavior change counseling and connecting the patient to the EIM 
network of physical activity resources. Dashed lines indicate an indirect or 
alternative pathway. The gray box indicates the community phase of the EIM 
Solution. Abbreviation: EIM, Exercise is Medicine. 

When identifying potentially eligible patients to engage in the 
EIM Solution, health systems adopting the EIM Solution should 
aim to assess the physical activity levels of most of their patients 
(step 1). Assessing physical activity levels should be conducted as 
if it were a vital sign (8) in the electronic medical record (EMR), 
similar to body weight or blood pressure, with all patients in the 
health system, except for patients for whom it is clearly not relev-
ant (ie, patients with acute illness). It is recommended that the 
Physical Activity Vital Sign (PAVS), a brief, pragmatic assess-
ment tool that has been tested and validated in several health sys-
tems (33,34), be used to capture data on patient physical activity 
levels to standardize measures across different health systems. The 
PAVS can be administered, typically in 30-seconds or less, by any 
member of the health care team, and has good face validity in 
identifying  people  not  meeting  national  physical  activity 
guidelines (35). People not engaging in 150 minutes of moderate-

intensity physical activity per week are then eligible to receive a 
physical activity prescription and/or brief counseling (step 2), fol-
lowed by a referral to a network of physical activity resources 
(step 3). 

The fourth step of the EIM Solution involves the development of 
EIM networks consisting of physical activity programs, places and 
professionals capable of receiving patients referred from health 
care providers (Figure 2). EIM networks may include 1) self-dir-
ected, b) internal (ie, within the health system), or c) external (ie, 
community-based) physical activity resources. Self-directed re-
sources include internet-based programs or smart-phone apps that 
support patient autonomy in becoming more physically active. In-
ternal resources include physical therapists, wellness programs 
and facilities, and rehabilitation programs available to patients in a 
health system. An internal network may be a compilation of exist-
ing resources or comprise a more formal, standardized process to 
ensure a consistent level of quality and performance. Internal EIM 
networks will likely not have sufficient capacity to accommodate 
all referred patients. Therefore, referrals will also need to link pa-
tients to external resources located in the community, such as loc-
al places (eg, YMCAs), evidence-based programs, and creden-
tialed exercise professionals (36). For quality control purposes, the 
programs, places and professionals in an external network may be 
required to meet established standards to receive patients from a 
health care system. 

Figure 2. The “community” phase of the EIM Solution. The fourth step of the 
EIM Solution involves the linkage of patients from health care systems to a 
supportive network of physical activity programs, places, and professionals. 
These  EIM  networks  may  be  developed  by  using  existing  programs  and 
professionals internally within a health system or externally in the community 
setting or connecting patients to resources for self-directed management. The 
dashed lines indicate alternative pathways. Abbreviation: EIM, Exercise is 
Medicine. 

The working group first met in-person in January 2016 to develop 
an outline for the evaluation framework. Further communications 
refined the framework, which was presented at the 2016 ACSM 
annual meeting. The goals of the working group were to provide 
1) pragmatic guidance on operationalizing and evaluating the im-
plementation of the EIM Solution using data that is typically avail-
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able in health care settings, and 2) recommendations for assessing 
additional indicators where existing data may not be readily avail-
able. The working group also identified indicators for the com-
munity settings (step 4 of the EIM Solution) to evaluate patient en-
gagement and participation in internal and external EIM networks. 

The RE-AIM (Reach, Effectiveness, Adoption, Implementation, 
and Maintenance) framework informed the development of the 
evaluation model. RE-AIM was selected because of its ability to 
provide an approach to  planning and evaluation that  balances 
factors related to both internal and external validity while focus-
ing on patient and organization level outcomes.  At the patient 
level, RE-AIM assesses the degree to which EIM reaches a large 
and representative proportion of at-risk (ie, physically inactive) 
patients and effectively produces and maintains changes in their 
health. At the organizational level, RE-AIM determines the ease 
and degree to which EIM is adopted by health systems, implemen-
ted with high fidelity, and sustained long-term (37). RE-AIM has 
been used in evaluating diabetes prevention and weight loss pro-
grams, and nutrition interventions (38,39). 

Results 
A consensus was reached by the working group for the develop-
ment of an evaluation model that relies on readily available data 
that are collected as a part of routine clinical practice. The model 
provides guidance for an array of health systems — from smaller 
practices to large, clinically integrated health systems or networks 
— while allowing for basic comparisons across these different set-
tings. The working group considered measures to be pragmatic if 
they could be collected as a part of standard practice, are inexpens-
ive, actionable, placed a low burden on staff, and are sensitive to 
change over time (32). Given the availability of pragmatic data in 
health systems via EMRs, the working group focused on the clin-
ical care components of the EIM Solution (steps 1–3), rather than 
patient engagement and participation (step 4), where pragmatic 
data are often not readily accessible to a health care system and/or 
evaluation team. The working group also provided recommenda-
tions for additional (or expanded) indicators that could be reason-
ably collected and assessed where existing health system data are 
not currently available. 

Evaluating the EIM Solution in clinical care settings 

Reach 
Reach can be assessed by estimating the number of patients that 
were 1) screened for their current physical activity levels, 2) re-
ceived brief counseling and/or a physical activity prescription, and 
3) were referred to physical activity programming. The proportion
of participants reached can be estimated by dividing the number of
patients receiving each of these steps over the pool of potentially

eligible patients. Those eligible to receive physical activity coun-
seling and/or a physical activity prescription (step 2) and a refer-
ral to physical activity programming (step 3) include patients not 
meeting national aerobic activity recommendations based on their 
physical activity assessment. The representativeness of patients 
engaged is determined by comparing characteristics (ie, age, body 
mass index [BMI], race/ethnicity, payer status) of those reached 
(numerator) to all eligible patients (denominator) for each of the 
first 3 steps of the EIM Solution. 

For health care organizations that use an internal or external EIM 
network (step 4), an expanded reach indicator is used to collect in-
formation on the number and proportion of referred patients that 
participate in the EIM networks. Representativeness is determined 
by comparing the characteristics of patients who receive a referral 
and participate in an EIM network compared with 1) eligible pa-
tients who did not receive a referral and 2) eligible patients who 
received a referral but did not attend a physical activity program. 

In most cases, data for assessing the reach of the EIM Solution 
should be available through the patient EMR. Notes in the EMR 
(ie, drop down menu options or manually entered notes) can be 
used to record physical activity counseling, provision of physical 
activity prescriptions, and referral to physical activity resources. 
For systems that do not have EMRs, health care teams can record 
results from the physical activity assessment, as well as notes for 
brief counseling and provision of physical activity prescriptions 
and referrals, on paper-based patient records. 

Effectiveness 
The effectiveness of integrating the EIM Solution into health care 
systems should be evaluated across each of  the 3 clinic-based 
steps. Measures of effectiveness should include changes in 1) self-
reported physical activity or, as technology advances, physical 
activity objectively assessed by wearable devices, 2) cardiometa-
bolic biometric values, and 3) the incidence of chronic disease, 
disease burden, and/or disease complications. The impact of phys-
ical activity assessment, providing brief counseling and/or physic-
al activity prescriptions, and giving physical activity referrals on 
each of these outcomes can be compared with patients that did not 
receive any of these steps. 

Data for assessing the effectiveness of the EIM Solution should be 
available through the EMR and include data on patient physical 
activity levels and cardiometabolic biometric values, such as body 
weight, BMI, waist circumference, systolic and diastolic blood 
pressure,  lipid  concentrations,  triglyceride  levels,  and  fasting 
blood glucose levels. Data on disease incidence, burden, and com-
plications may include disease rates (ie, diabetes, cardiovascular 
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diseases) and chronic disease complications (ie, the Charlson Co-
morbidity Index) calculated from existing tools and/or captured in 
the EMR. Data from paper-based health records can also be used 
when EMR data are not available. 

An expanded measure of effectiveness is to assess differences in 
health care utilization and costs between patients exposed, versus 
those not exposed, to any of the EIM Solution steps. Health care 
utilization and costs, such as the number of annual physician or 
emergency department visits, are considered expanded measures 
because these data may not be readily obtained from the EMR. A 
second expanded measure is to examine the dose response, based 
on whether a patient receives 1, 2, or all 3 steps of the EIM Solu-
tion, and measures of effectiveness. Similarly, the frequency with 
which patients receive steps of the EIM Solution over a defined 
period of time (ie, all visits within a calendar year) and how fre-
quency affects patient outcomes (listed above) can also be ex-
amined. 

Adoption 
The adoption of the EIM Solution can be assessed at  both the 
health care system and provider levels. At the system level, adop-
tion includes the number and proportion of health settings that ad-
opt any or all of the steps of the EIM Solution. Representativeness 
can be determined by comparing characteristics of the health set-
tings (ie, number of providers, payer-mix ratio, support-staff-to-
provider ratio) that adopt components of the EIM Solution with all 
other health settings that had the opportunity, but did not adopt the 
EIM Solution. Similarly, adoption can be assessed by determining 
the number, proportion and representativeness (ie, sex, age, spe-
cialty) of health care providers that adopt any of the clinical steps 
of the EIM Solution in their practices compared with peers in the 
same health setting that do not adopt the EIM Solution. A final ad-
option indicator is to characterize the extent to which EIM intern-
al/external networks are developed by a clinic for use with their 
patients. 

Implementation 
Implementation assesses the extent to which the EIM Solution is 
carried out as intended in the clinic setting. Implementation can be 
assessed by determining the extent to which all 3 steps are conduc-
ted with each eligible patient (ie, the 3 steps of the EIM Solution 
are delivered to 40% of eligible patients). The level of implement-
ation can also be examined as the extent, or proportion, to which 
health care providers implement 1, 2, or all 3 clinic-based com-
ponents of the EIM Solution with their eligible patients. Charac-
teristics of health care providers that implement the EIM Solution 
with a high proportion of their  patients can be compared with 
those that implement it with a low proportion of their patients. 
Baseline  implementation  levels  can  serve  as  benchmarks  (ie, 

health care providers delivered all 3 steps of the EIM Solution to 
50% of their eligible patients) so that incremental goals for im-
provement can be adjusted over time. Expanded assessments of 
implementation can be obtained through surveying patients to de-
termine the number, proportion, and representativeness of those 
who receive 1, 2,  or all  3 of the clinic-based steps of the EIM 
Solution. Finally, the use of checklists by a member of the health 
care team or an evaluation team can be used to ensure fidelity in 
the delivery of the EIM Solution. 

Maintenance 
Indicators of maintenance should be assessed at both the patient 
and organizational  level.  At the patient  level,  maintenance in-
cludes the effects of physical activity assessment, counseling and/ 
or prescription, and referral on long-term (6, 12, 24, 36 months) 
patient outcomes. Patient physical activity levels and other effect-
iveness outcomes over time can be compared with eligible pa-
tients that did not receive the EIM Solution. At the institutional 
level, indicators of maintenance include the long-term institution-
alization and sustained delivery (6, 12, 24, 36 months) of the EIM 
Solution. This can be assessed by examining the rate of using the 
EIM Solution by health care teams over time. An expanded indic-
ator would be to examine patient maintenance (ie, long-term phys-
ical activity levels) by the dose of the EIM Solution (ie, number of 
times physical activity levels were assessed) received. 

Evaluating physical activity referrals to internal and
external EIM networks 

The fourth step of the EIM Solution is the development and utiliz-
ation of an EIM network consisting of physical activity resources 
located either internally within a health system or externally in the 
community. Evaluating the utilization of EIM networks in com-
munity settings poses a unique set of challenges because of a lack 
of integration with health systems. This lack of integration makes 
the transfer of patient information from one setting to another (ie, 
participation rates in community programs integrated into EMRs) 
difficult. Many of the implementation indicators for the utilization 
of EIM networks relies upon this integration and, therefore, are 
not considered a part of the pragmatic framework, but as part of 
our expanded model. 

When examining referrals to an EIM network, the number and 
proportion of referred patients that interact with either an interven-
tion advisor or an exercise professional or attend a physical activ-
ity program in the EIM network should be quantified. The referral 
success rate will quantify the number of patients participating in at 
least 1 session (numerator) over all patients referred to an EIM 
network (denominator). Characteristics of participating patients 
can be compared with 1) patients who did not receive a referral or 
2) patients who received a referral but did not attend. An expan-
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ded reach indicator is to compare the number and representative-
ness of patients who attend 25%, 50%, and 75% of planned ses-
sions with those who attend a lesser number, or none, of the ses-
sions. 

For effectiveness, outcomes for patients receiving counseling by 
intervention advisors, working with exercise professionals, or at-
tending programs in an EIM network can be compared with re-
ferred patients who do not attend, or attend a fewer number of, 
sessions. To optimally assess both reach and effectiveness, sum-
mary data for attendance at programs in an EIM network need to 
be captured and available for analysis. This may be achieved by 
automatically migrating data on patient attendance to EMR files or 
through third-party software solutions. An expanded effectiveness 
indicator involves assessing the dose–response relationship of the 
number of physical activity sessions attended compared with im-
provements in patient outcomes. 

The number of physical activity resources (ie, intervention ad-
visors, programs, places, and professionals) that participate in an 
EIM network can serve as an indicator of adoption. Describing 
these resources available in an EIM network and their capacity to 
provide physical activity opportunities for referred patients is an 
essential component of adoption. An expanded adoption indicator 
is to examine the proportion and characteristics (ie, size of pro-
grams, target population) of physical activity resources that parti-
cipate in an EIM network compared with 1) existing programs and 
professionals that were approached but did not participate and 2) 
all existing programs and professionals in a community regardless 
of whether or not they were approached to participate in the net-
work. By considering all programs in a community, stakeholders 
will get a true indication of adoption rates and the level of penetra-
tion of the EIM network. 

All measures of implementation for using EIM networks are con-
sidered  expanded  measures  because  these  data  are  often  not 
routinely collected. A first recommended implementation indicat-
or is to examine the extent to which intervention advisors adhere 
to their training protocol and procedures in guiding patients to 
physical activity resources. Other implementation indicators in-
clude the extent to which exercise professionals adhere to training 
protocols in offering the physical activity programs as originally 
designed. Implementation measures, as described above, can be 
evaluated via checklists that monitor (ie, through direct observa-
tion) the fidelity with which intervention protocols are implemen-
ted by intervention advisors and exercise professionals. Finally, 
the costs to the physical activity programs, places, and profession-
als to participate in an EIM network and offer programming to pa-
tients should be recorded on an ongoing basis. 

Maintenance of EIM networks should be examined at both the pa-
tient and the organizational level. The long-term (6, 12, 24, and 36 
months) effects of referring patients to an intervention advisor, or 
directly to an EIM network, can be assessed by examining changes 
in physical activity levels and health outcomes compared with 
baseline levels. These long-term changes can be compared with 
patients who did not interact with an intervention advisor or parti-
cipate in an EIM network, either by choice or because they did not 
receive a referral. This information can be obtained via review of 
patient data from their EMR or notes in paper-based records, com-
bined with information on their participation in the EIM network. 
At the organizational level, the continuity of maintaining updated 
internal and external resources in the EIM network, as well as the 
length of time, number of programs and professionals, and the sus-
tained delivery of programs and professionals in an EIM network 
should be assessed over time. 

Costs of implementing the EIM Solution 

A final component of the evaluation framework is to evaluate the 
costs of implementing the various components of the EIM Solu-
tion. Data on costs should be captured for each indicator in the 
RE-AIM framework. First, as a part of evaluating the effective-
ness of the EIM Solution, data on changes in health care utiliza-
tion costs, as well as laboratory and prescription drug expendit-
ures, should be captured through insurance and billing charges. 
Second, the costs of adopting methods to 1) integrate physical 
activity assessment into the EMR, 2) provide patients with physic-
al activity counseling and/or prescriptions, and 3) provide physic-
al activity referrals should be collected. These adoption costs will 
typically appear as 1-time fixed expenditures. When evaluating the 
costs to implement the EIM Solution, it is necessary to track per-
sonnel costs, such as the training of providers and the time that 
they spend implementing the EIM Solution. Costs associated with 
personnel time spent implementing the EIM Solution in a clinic 
setting is an indirect process that is difficult,  but necessary, to 
quantify. Long-term costs include expenses associated with main-
taining the systems that support the EIM Solution in a health sys-
tem (ie,  updating software systems and programs).  Finally,  an 
overlooked expense includes the funds necessary to provide ongo-
ing evaluation (ie, data extraction and analytics) of the EIM Solu-
tion. 

For step 4 of the EIM Solution it is important to track the costs as-
sociated with developing and maintaining EIM networks, such as 
ongoing staff hiring and training. In internal EIM networks, data 
on these costs will be available through the health system and their 
accounting records. In external EIM networks, the costs of physic-
al activity programs, places, and professionals participating in an 
EIM network and offering physical activity programming should 
be recorded on an ongoing basis. 
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Implications for Public Health 
With the increasing adoption of physical activity assessment, pre-
scription, and referral by health care systems, there is a need to de-
velop a comprehensive evaluation framework that clearly defines 
the types of evaluations necessary, key concepts to measure, and 
the steps involved with evaluation process. The evaluation frame-
work described in this article is similar to other efforts that ad-
vance the evaluation of health disparities research (40), sustain 
community health initiatives (41), use health information systems 
and technology in complex health systems (42), and evaluate dia-
betes prevention and management initiatives (43). These evalu-
ation approaches, much like ours, focus on a multitude of inter-
vention outcomes, such as rates of participation and utilization of 
available  resources.  Our  pragmatic  evaluation  framework ac-
counts for individual and organizational factors related to patients 
receiving the appropriate level and type of physical activity assess-
ment,  counseling,  prescription,  and  referral  to  supportive re-
sources to reduce physical inactivity for the prevention and man-
agement of chronic health conditions. 

Efforts to evaluate the EIM Solution in health care systems are 
likely  to  occur  in  real  time  alongside  implementation  efforts, 
rather than being carefully planned ahead of time (40). To prepare 
for this, we described a road map for evaluating the implementa-
tion of the EIM Solution in a health care system. Furthermore, 
many health clinics and systems may not have dedicated research 
or evaluation staff to plan a detailed evaluation plan or control 
timing of the implementation effort (44). Our fully defined frame-
work can be used concurrently with implementation efforts to al-
low for an efficient evaluation process, while providing guidance 
on the roles and responsibilities of involved staff members. 

A strength of our work originates from the pragmatic nature of this 
evaluation framework. Most of our recommendations can be ex-
ecuted with existing resources, independent of external or addi-
tional personnel. The use of the RE-AIM framework allows for the 
comparison of equivalent indicators across different health sys-
tems and clinics, providing greater generalizability of results when 
implementing the EIM Solution from one setting to the next. This 
framework also provides flexibility for cultural, contextual, and 
practical modifications in health settings. As health care leaders 
make choices about which components of the EIM Solution to im-
plement in their health system, evaluators will be able to select the 
most relevant portions of this framework to develop a customized 
evaluation plan. 

validity (ie, utilization of unbiased control groups). Instead, our in-
tent is to outline strategies to capture system-level information on 
whether the EIM Solution is being implemented as intended using 
existing resources for data collection and analysis. Our evaluation 
framework provides the foundation for basic data collection that 
can be used in ongoing quality improvement efforts and as a part 
of future comprehensive analyses seeking to identify potential 
causal relationships. In health systems that adopt the EIM Solu-
tion, patient exposure (ie, quantity and quality) to the EIM Solu-
tion will likely vary. External evaluation teams may use various 
analytic approaches (ie, matched cohort studies, interrupted time 
series designs) to examine differences in health outcomes in pa-
tients receiving varying levels of care (or no care at all), as well as 
the potential impact of different covariates, just as they would for 
any other clinical information available in EMRs. 

Although our framework provides guidance in evaluating the im-
plementation of the EIM Solution in health systems, several chal-
lenges remain. Administrative hurdles and technological barriers, 
such as retrieving data from the EMR and accessing patient in-
formation and claims data (ie, ethical standards), may impede even 
the best-laid plans. Furthermore, some metrics valued by investig-
ators for advancing the scientific field may not be as important to 
health  care  administrators,  necessitating clear  communication 
among involved parties in establishing a consensus on essential in-
dicators to track. Whereas a research team may want to focus on 
characteristics of adoption to enhance scaling up in other health 
systems, administrators may be more interested in addressing low-
performing providers or clinics and maximizing the return on their 
investment. 

Even though we endeavored to develop a pragmatic evaluation 
model, the expanse of these recommendations can result in a com-
plicated process if not carefully organized. We described several 
expanded metrics that investigators may want to consider if they 
have additional funding and resources when developing their eval-
uation plans. These expanded metrics might also serve as trouble-
shooting mechanisms if the desired outcomes are not achieved. 
Lastly, one of the most important metrics may be the cost of im-
plementing the EIM Solution in a health system across each of the 
RE-AIM indicators. Costs estimates, particularly as they relate to 
physical  activity counseling and promotion,  are not  pragmatic 
measures regularly tracked or readily available in a health system. 
In determining the long-term value of the EIM Solution to health 
systems, these cost values must become a standardized, pragmatic 
measure. 

This evaluation framework is not intended to describe robust ana- We described a roadmap for assessing the implementation of the 

lytic approaches (ie, consideration of clustering, control of con- EIM Solution that can be used across a spectrum of health sys-
founding factors and covariates) or strategies to ensure internal tems. As physical activity is increasingly integrated into health 

care systems, our pragmatic evaluation framework will be critical 
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in determining the impact of the EIM Solution as a standard of 
care. This evaluation framework allows for the collection of data 
across multiple levels in a health system (patient, provider, and 
clinic settings) in a standardized format that can be compared with 
similar efforts taking place in other health settings. When using 
this framework, evaluation teams should ensure that the data be-
ing collected aligns with the mission of the health system and in-
cludes key metrics  desired by clinicians and administrators  to 
maximize the utility of the evaluation process for the health care 
system, and even more importantly, in support of improving pa-
tient health outcomes. 
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Abstract 

Introduction 
Obesity is a top public health priority in the United States. This 
article reports on the Fit For Life (FFL) health education program 
designed to address the determinants of obesity in rural settings 
and help participants lose weight. 

Purpose and Objectives 
We evaluated the implementation of the original FFL program, a 
replication program, and a diabetes-focused program. 

Intervention Approach 
The original FFL program (2006 to 2012) was a 12-week session 
of classes meeting once weekly. Lecture topics included stress 
management, nutrition, healthy eating, reading food labels, fitness, 
disease prevention, and healthy aging. The replication program, 
conducted in 4 locations from 2012 to 2015, helped determine if 
the FFL program could be implemented on a larger scale, with 
outcomes similar to the original program. The longer, more-in-
tensive FFL diabetes prevention program, conducted in 2016 and 
2017, sought to reduce the number of rural adults at risk for dia-
betes. 

Evaluation Methods 
We evaluated  FFL participation  and outcome data  from 2009 
through first quarter 2017. We calculated rates of course partici-
pation and completion and measured changes in several health in-
dicators. We constructed a linear regression model to examine the 
impact of health behaviors on weight loss and calculated program 
cost-effectiveness. 

Results 
From 2009 to 2017, FFL was delivered to over 1,200 people; 82% 
of participants completed the program. Completing participants 
lost an average of 2.7 kg or 3% of their total weight. Overall, 68% 
of participants said they exercised more per week at the end of the 
program than at the beginning. Estimated cost per kilogram lost 
for replication sites was between $73 and $101 for original FFL, 
in line with other programs. The more resource-intensive diabetes 
prevention program cost per kilogram lost was $151 to $171. 

Implications for Public Health Practice 
Weight loss and lifestyle management are major ways to counter-
act obesity. Improving program options, especially in rural locales, 
should be a key policy priority. These programs should be con-
sidered for population-based expansion, perhaps by health depart-
ments or public–private health care consortiums. 

Introduction 
Obesity and other lifestyle-related chronic diseases are a top US 
health policy priority (1–3). Obesity costs the United States at 
least $147 billion annually in direct healthcare costs and $4 bil-
lion in other costs, including lost productivity (4–6). Obesity dra-
matically  affects  the  largest  areas  of  spending — on diabetes 
($237 billion) and ischemic heart disease ($88 billion) (7). Obesity 
and overweight are drivers of heart disease–related and other cir-
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culatory-related deaths, which are now the leading cause of death 
in the United States (8). 

The  policy  priority  for  reducing  obesity  and  improving  heart 
health has driven the creation of initiatives, both large and small 
(9–12). From the Million Hearts Initiative to proprietary health 
improvement programs, the United States is now awash in poten-
tial interventions to fight obesity and improve heart health. A ma-
jor class of programs includes lifestyle interventions, also known 
as behavioral weight loss interventions or weight management 
programs, whereby individuals are educated and motivated to im-
prove their own health through behavior change (13). These pro-
grams usually include modifications to diet and exercise regimens. 
A 2017 systematic review from Sun et al showed that 64 studies of 
dietary  interventions  all  demonstrated  statistically  significant 
weight loss, ranging from −1.17 kg to −3.15 kg (13). Internet- or 
computer-based interventions also showed some promise as an ef-
fective modality (14). That review included few robust findings in 
rural settings. A recent study by Radcliff et al found better cost-ef-
fectiveness for telephone-based programs ($33/kg) versus face-to-
face programs ($47/kg) in a rural setting, although face-to-face 
participants lost more weight, on average (15). 

This article aims to contribute to the gap in the literature on the ad-
option of rural weight loss programs and lifestyle interventions. It 
relays the experience of a lifestyle intervention delivered in per-
son, specifically focused on assessing the effectiveness, replicabil-
ity, and cost-effectiveness of lifestyle changes for weight loss, as 
implemented in a rural Appalachian county. 

Purpose and Objectives 
Tuscarawas County is an Appalachian county located in east cent-
ral Ohio. The county is home to about 92,000 people, of whom 
97% are non-Hispanic white. About 86% of the population have 
graduated from high school, and 14% have a bachelor's degree or 
higher (compared with 26% in Ohio and 30% nationwide). About 
9% of Tuscarawas County residents do not have health insurance. 
The median household income in the county is just over $45,000 
(compared with $49,000 statewide and $54,000 nationwide). Thir-
teen percent of the population lives in poverty (16). Tuscarawas 
County ranks in the middle of the pack for health outcomes and 
behaviors — about 35% of residents have obesity, compared with 
30% statewide (17). 

In 2006, Trinity Hospital Twin City received funding from the US 
Department of Health and Human Services (HHS), Health Re-
sources and Services Administration (HRSA), Office of Rural 
Health Policy (ORHP) Rural Health Outreach Grant Program to 

offer the Fit For Life (FFL) program in Tuscarawas County, Ohio. 
IRB approval was not sought because analyses were performed on 
de-identified secondary data. 

After the pilot program (2006–2009), HRSA supported growth of 
the FFL program and systematic data collection on health out-
comes associated with the program. Health outcomes were pre and 
post measures of weight, total cholesterol, high-density lipopro-
tein  (HDL),  low-density  lipoprotein  (LDL),  triglycerides,  and 
blood pressure (systolic/diastolic).  In 2012, for the replication 
study, pre- and post-program surveys were administered to parti-
cipants, focusing largely on individual health behaviors. In 2015, 
with the diabetes prevention (DP) program, HbA1c was added as a 
pre/post  measurement  and a  repeat  measurement  was added 3 
months after conclusion of the 12-week program. 

Intervention Approach 
Original FFL program 

Trinity Hospital Twin City’s original FFL Program (from 2006 to 
2012) provided health education and promotion through FFL cur-
ricula on wellness and disease prevention in classes designed spe-
cifically for adult men and women. In a 12-week session of classes 
that met once weekly for 90 minutes, students heard lectures on 
stress management, nutrition, healthy eating, reading food labels, 
fitness, disease prevention, healthy aging, and more (18). In the 
program, lectures and health education were provided by the Pro-
gram Director (a medical doctor and Board Certified Family Prac-
titioner). Additional FFL professional presenters often included 
chiropractors,  health coaches,  fitness instructors,  and wellness 
educators. In 2012, HRSA provided funding to begin FFL replica-
tion studies; in 2015, HRSA funded a diabetes-specific prevention 
program. 

Replication program 

The primary aim of the Fit For Life Replication Project was to as-
sess whether the original program could be implemented on a lar-
ger scale with similar clinical outcomes. The replication project 
sought to provide a multi-agency approach to reduce the number 
of adults with overweight or obesity in rural Tuscarawas County, 
Ohio and replication sites in the bordering Appalachian counties 
of Carroll,  Harrison, Holmes, and Jefferson. Effectiveness and 
sustainability were primary outcomes of interest, leading to an in-
creased number of sites and, ultimately,  individuals served by 
FFL. The curriculum taught at the replication sites was the same as 
taught in the original FFL project, though different trainers were 
used. The replication project used a train-the-trainer approach, 
with  4  replication  sites  offering  services  in  their  respective 
counties after being trained by staff from the original site. In the 

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2018/17_0479.htm 2  

http://www.cdc.gov/pcd/issues/2018/17_0479.htm


PREVENTING CHRONIC DISEASE VOLUME 15, E98 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2018 

 

 
 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 

 
 

first year, 2 half-day trainings were held, and for the last 2 years, 1 
half-day training was held each year.  A standardized trainer’s 
manual with a step-by-step guide about how to set up an FFL pro-
gram was developed. Evaluators participated in the replication site 
courses to ensure fidelity to the curriculum. Two replication sites 
left after year 1 of the 3-year project and were replaced in year 2 
by other partners. The sites that ceased operation of FFL did so be-
cause of staffing constraints and resourcing issues. Of the 4 replic-
ation sites, 2 were physician-led, 1 was led by a master’s level 
health educator, and 1 was co-led by a chiropractor and a master’s 
level health educator. All other aspects of the program remained 
the same. 

Diabetes prevention program 

The most recent evolution of FFL is in prediabetes management. 
Interventions for prediabetes are critical, but consistent evidence is 
lacking about the effectiveness of such programs (19,20). The FFL 
Diabetes Prevention (DP) program was designed as a time- and re-
source-intensive intervention to help those at risk for type 2 dia-
betes, as defined by hemoglobin A1c (HbA1c) ≥5.7% or a BMI
≥25). The aim of the DP program was to reduce the number of 
adults at risk for diabetes – measured through weight loss or BMI 
change and changes to HbA1c. Like the original FFL program, this
curriculum also involved the foundational 12-week session that 
met once a week for about 90 minutes, and it added 3 classes that 
met once a month. FFL DP students also had access to 3 individu-
al counseling sessions and 3 personal training sessions at no addi-
tional cost. This program was conducted at the original FFL site in 
Tuscarawas County, beginning in late 2015. 

Evaluation Methods 
Data management 

General health outcomes data were aggregated, by year, for FFL 
participants. The health outcomes data set and the health behavior 
survey data set were linked through a participant ID number. No 
names or contact information were included in analytic data sets. 
Outcomes  were  organized  by  FFL project  type:  original  FFL 
(classes ending in 2010–2012), FFL replication (2013–2015), and 
FFL DP (2016 and 2017). 

Measures 

The primary outcome of interest was change in weight. Other out-
comes were changes in BMI (measured as weight in kg divided by 
height in m2), cholesterol, triglycerides, blood pressure, and, for
the  DP program,  HbA1c.  Individual  health  behaviors  were as-
sessed, including intake of sugar-sweetened beverages, use of Nu-
trition Facts labels, and exercise (days per week), all of primary 
interest in this analysis. Additional variables examined were daily 

servings of fruit and vegetables, daily servings of whole grains, 
avoidance of trans fats, and how often the individual ate outside 
the home. Age and gender were also accounted for. Anyone who 
signed up for the program became a participant; no exclusion cri-
teria were used. Completion of the program was defined as a parti-
cipant attending 7 or more classes (minimum dosing requirement) 
and not missing more than 3 classes in a row (sequential require-
ment). Completions were only counted once per person for the 
years analyzed. 

Analytic / Evaluation approach 

Measures of change were of primary interest in the FFL program, 
the replication project,  and the DP project.  Data from the first 
years of the post-pilot project (2009 through 2012) are presented 
as summary measures only, because the program was still in de-
velopment and only historical summary measures existed (ie, ag-
gregate information only, no individual record data sets remain). 
For 2013–2017, individual-level pre/post records are available. 
We describe changes to health outcomes, focusing especially on 
weight loss and, for the DP program, changes to HbA1c measures
pre and post FFL. Outcomes by replication site were examined 
and pairwise mean comparisons were conducted to examine site 
outcome variations, by using the Tukey test for multiple comparis-
ons. Similar comparisons were conducted for years 1 and 2 of the 
DP program. 

In addition to descriptive analyses, we constructed a linear regres-
sion model by using robust variance estimators. Weight change in 
kilograms was the primary dependent variable. Independent vari-
ables included baseline information: weight, age, gender, days of 
exercise per week, consumption of any sugar-sweetened bever-
ages in a week (yes/no), and whether the individual used Nutri-
tion Facts labels “most of the time” or “always.” The model also 
controlled for  program iteration and FFL site.  Other variables 
were examined for inclusion, including baseline daily servings of 
fruit and vegetables, daily servings of whole grains, avoidance of 
trans  fats,  and how often the  individual  ate  outside  the  home. 
These variables were excluded from the final model because of 
high correlation with other covariates (as measured through vari-
ance inflation factor analysis). 

The analytic data set used in the regression consisted of pre/post 
measurements from participants who completed FFL, the replica-
tion project, or the DP project. Respondents were excluded from 
overall analyses if they did not complete the program. We also 
conducted a cost-effectiveness analysis in an effort to quantify po-
tential utility of FFL if replicated more broadly. HRSA and Trin-
ity Hospital Twin City have made substantial investments in the 
program’s creation since 2006.  However,  replication program 
costs (ie, educational materials, site, staffing, and incentives) are 
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relatively modest. We conducted cost-effectiveness analyses for 
potential replication sites for both original FFL and FFL DP, us-
ing cost per kilogram (kg) lost as the primary outcome of interest. 
This is in line with previous examinations of the cost-effective-
ness of weight management interventions (13). We estimated cost-
effectiveness by number of students graduated, assuming approx-
imately 20% of FFL participants drop out. This is based on pro-
grammatic data for FFL in 2013–2017. Costs were based on actu-
al program costs from 2016–2017. Using results from the original 
FFL and FFL DP alongside estimated cost for delivering the ser-
vice, we estimated cost per kg lost among completing participants 
for class sizes of 30 and 50. Size estimates are based on average 
class size (ie, 30) and the largest size we believe to be reasonable 
(ie, 50). We did not include non-service delivery costs (eg, travel, 
conferences, program administrator) as these costs are not neces-
sary to deliver the FFL program in replication sites. Additionally, 
we did not include the cost of the curriculum, as it is a one-time 
purchase. For the original FFL session, we used site data from the 
replication study in 2012–2015. Data were managed and analyzed 
in Stata 13.1 (StataCorp LP, College Station, Texas). 

Results 
Demographics and program characteristics 

Between 2009 and 2017, FFL was delivered to over 1,200 people 
in 3 distinct iterations. First, between 2009 and 2012, FFL was de-
livered at its primary site. Second, between 2012 and 2015, FFL 
was delivered at 4 replication sites. Third, in 2016 and 2017, FFL 
was delivered at its primary site in an expanded format to indi-
viduals at risk for diabetes (the DP program). Overall, more wo-
men than men participated – 74% versus 26% (Table 1). Most par-
ticipants were aged between 45 and 64 years. Overall, about 43% 
of respondents said their household income was below $51,000. 
Among the FFL DP participants who completed bloodwork (n = 
108 in 2016 and 2017), the mean and median HbA1C value was 
5.7. The 25th and 75th percentiles were 5.4 and 6.0, respectively. 
The mean and median BMI were 36 and 34, respectively. 

Since 2009, FFL completion rates have been tracked by session 
and delivery site. Table 2 shows overall completion rates and pro-
gram outcomes for 2009, 2013, and 2017. In total, 82% of parti-
cipants completed FFL in 2009–2017, almost 1,100 in total. On 
average, participants lost 2.7 kg, or 3% of their total weight, from 
the beginning of the 12-week program to the end, and 1.25 points 
of BMI. This amount increased during the course of the program, 
with average weight loss increasing from 1.4 kg in 2009–2012 to 
2.7 kg in 2013–2015 to 6.1 and 5.0 kg in 2016 and 2017, respect-
ively. 

During 2013–2015, participants’ weight changed: 
20% lost more than 5 kg 
29% lost between 2.5 and 5 kg 
34% lost between 0 kg and 2.5 kg 
15% gained between 0 and 2.5 kg, and 
2% gained more than 2.5 kg. 

Overall, 52% of individuals in 2013–2015 lost 3% or more of their 
bodyweight, and 27% lost 5% or more. Comparatively, for the 
2016 and 2017 FFL DP, 74% of individuals lost 3% or more of 
their total weight, and 48% lost 5% or more. 

In FFL DP during 2016 and 2017, participants’ weight changed: 
41% lost more than 5.0 kg 
28% lost between 2.5 kg and 5.0 kg 
20% lost between 0 kg and 2.5 kg 
9% gained between 0 and 2.5 kg, and 
2% gained more than 2.5 kg. 

At the 3-month post-intervention follow-up, FFL DP participants 
(n = 62) had lost 6.1 kg on average, representing further weight 
loss after the conclusion of the 12-week program (median = 5.5 
kg). The median weight regain from the end of the 12-month pro-
gram to 3-month follow-up was 0 kg. Among those further losing 
weight (n = 31), the average was an additional 3.3 kg. Among 
those regaining weight (n = 31), the gain was 2.0 kg, representing 
a net decrease of 1.3 kg from the beginning of the program for 
these participants. 

On average, not only weight, but also blood pressure, total choles-
terol, and triglycerides were reduced. Between original FFL and 
FFL DP, the change in systolic blood pressure was not substantial 
or statistically different (−4.4 vs −3.4 points, P = .6), although dia-
stolic was (−0.94 vs −3.5 points, P = .02). Cholesterol (total, HDL, 
and LDL) and triglycerides were not statistically different between 
the 2 programs. 

The replication study included the primary site and 4 additional 
sites. After the first year of the replication study, 2 sites discontin-
ued the program and 1 new site began offering the program. The 
primary  site  had  253  total  participants  during  the  replication 
project period and Sites 1, 2, 3, and 4 had 13, 12, 84, and 61 parti-
cipants, respectively. Course completion for the primary site was 
83% and for Sites 1, 2, 3, and 4 completion rates were 85%, 75%, 
75%, and 62%, respectively. 

Weight change was comparable across sites (Figure 1). Although 
the primary site showed a larger average change in weight during 
the replication study period (mean, 3.0 kg, standard error [SE], 
0.25 kg), these differences were not statistically significant com-
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pared with all replication sites (mean = 2.3, SE = 0.26, P = .08). 
All sites had participants whose weight change was negative. The 
null  hypothesis was that the program would have no effect  on 
weight change. 

Figure 1. Weight and BMI changes by primary and ancillary replication sites, 
Trinity Hospital Twin City FFL Program, 2013–2015. Outcomes are shown as 
average weight (kg) and BMI lost, with 95% confidence intervals. 

Abbreviations: BMI, body mass index; FFL, Fit For Life Program. 

Participants at the primary site lost 3 kg on average (n = 187 
completing measurements, standard deviation [SD] = 3.47, P < 
.001). 
At Site 1, participants lost 1.9 kg on average (n = 11, SD = 3.2, 
P = .08) 
At Site 2, participants lost 2.7 kg on average (n = 9, SD = 2.9, P 
= .023) 
At Site 3, participants lost 2.1 kg on average (n = 52, SD = 2.7, 
P < .001) 
At Site 4, participants lost 2.7 kg on average (n = 35, SD = 0.4, 
P < .001). 

Improvements in health behaviors were noted at the replication 
sites and in the FFL DP. At the beginning of the 12-week pro-
gram, 46% of participants who completed the survey (n = 347) 
said they exercised 0 times per week, 37% said 1–3 times, and 
17% said 4–7 times. At the end of the program, 11% said they ex-
ercised 0 times per week, 49% said they exercised 1–3 times, and 
39% said they exercised more than 4 times. Overall, 68% of parti-
cipants said they exercised more per week at the end of the pro-
gram than at the beginning. Among these individuals, average in-

crease in weekly exercise was 2.6 times per week (median 2, SD 
1.4). Similar positive changes in health behaviors were observed 
with eating fruit  and vegetables (67% improved habit),  eating 
whole grains  (54%),  avoiding trans  fats  (54%),  avoiding high 
fructose corn syrup (59%), and using Nutrition Facts labels (56%, 
Figure 2). Among DP program participants, 54% saw HbA1c val-
ues improve about 1.5% on average. Overall, about 34% of parti-
cipants whose HbA1c was 5.7% or higher at the beginning of the 
FFL diabetes prevention program decreased it to normal levels by 
the end of the program. 

Figure  2.  Health  behavior  outcomes  among  replication  study  sites  and 
diabetes prevention site, Trinity Hospital Twin City FFL Program, 2013–2015. 

We conducted a linear regression, modeling weight loss in kgs for 
participants in the replication study and the DP group (Table 3). 
After controlling for weight and age, gender, days of exercise by 
the end of the program period, consumption of sugar-sweetened 
beverages by the end of the program period, using nutrition labels 
by the end of the program period, and the program type (original 
FFL versus FFL DP) all  had statistically significant effects on 
weight loss. Each additional day of exercise per week was associ-
ated with a 0.4 kg decrease in weight over the 12-week period, all 
else equal (P = .001). Being in the FFL DP program was associ-
ated with greater weight loss compared with the original FFL pro-
gram (2.4 kg, P < .001). 

Estimating cost-benefit 

We estimate program costs at $5,750 for original FFL and $7,188 
for the longer FFL DP (Table 4). This is equivalent to $192 per 
participant in a original FFL program with a class size of 30 parti-

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

www.cdc.gov/pcd/issues/2018/17_0479.htm • Centers for Disease Control and Prevention  5 

http://www.cdc.gov/pcd/issues/2018/17_0479.htm


PREVENTING CHRONIC DISEASE VOLUME 15, E98 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2018 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 
 

 

 
 

 

 

 

 

 

cipants completing the program (assuming 80% of the original 
class completes the program). Add to this the variable cost per 
person (including incentives, workbooks, and other supplies) for 
the original FFL program, and a class of 30 completing students 
costs about $261 per person, or $279 per completing student as-
suming an 80% completion rate. The DP program has somewhat 
higher fixed costs (for 3 extra sessions), but substantially higher 
variable costs — as participants had access to personal training 
sessions and counseling. As such, cost per completed student is 
significantly higher in the DP program. However, because parti-
cipants tended to lose substantially more weight on that program, 
per kg costs were more modest. From a purely cost-effectiveness 
perspective, original FFL performs better (incremental cost-effect-
iveness ratio, $178–$184, depending on class size, comparing ori-
ginal FFL with FFL DP). Cost based on the number of comple-
tions with a 3%+ and 5%+ weight loss are even higher: $544 per 
student with weight loss of 3% or more (FFL) and $1,029 (DP), 
and $1,056 and $1,587 per student with weight loss of 5% or more 
(FFL and FFL DP, respectively). 

Implications for Public Health Practice 
The FFL programs showed consistent, statistically, and clinically 
significant  weight  loss  results  between 2009 and 2017. Parti-
cipants in the original FFL program lost 2.7 kg and 3.2% of their 
BMI on average, and participants in the FFL DP program lost 4.8 
kg and 4.8% of BMI. Cholesterol improved (ie, was lower) by 
3.6%, blood pressure by 2.3% (systolic) and 1.4% (diastolic), and 
triglycerides by 4.8% on average. Moreover, participants, on aver-
age, said they exercised more, ate more fruits and vegetables, and 
employed more healthy behaviors after completion of FFL com-
pared with before initiating the program. 

Estimates for cost-effectiveness for original FFL ranged between 
$73 and $101 per kg lost among completing students, contingent 
on class size. This is in line with findings from a recent meta-ana-
lysis on the cost and effectiveness of similar lifestyle interven-
tions (13,15,21–26). The program was lower cost than commer-
cial  weight  loss  interventions,  the least  expensive of  which is 
around $155 per kg lost (95% CI, $110–$218) and pharmaceutical 
interventions, the least expensive of which is $204 per kg (21). 
The FFL program is considerably less expensive and more effect-
ive than more expensive interventions (eg, $2,204 per kg lost in 
the Be Fit Be Well program) (27). However, several interventions 
were more effective (13) and cost-effective (lowest cost was $34 
per kg lost). Additionally, a small number of interventions includ-
ing technology, like multi-sensor armbands, were more cost-ef-
fective ($51/kg) (23). 

In the higher-risk and higher-cost population — those in the DP 
program — estimates of cost effectiveness ranged from $150 to 
$170 per kg lost, based on class size. As the United States spends 
$237 billion a year in direct medical care for diabetes (28), FFL 
DP may be a cost-effective alternative. We posit this may be espe-
cially true in rural areas (16). Beyond weight loss or improved 
heart health, FFL and similar lifestyle interventions have other po-
tential benefits that are more difficult to quantify (22), such as re-
duced personal healthcare costs from improved health. In the ex-
perience of FFL staff, participants often dramatically reduce the 
number of medications they take after experiencing weight loss 
and improved heart health. Moreover, healthy eating and lifestyle 
choices may spill over to a participant’s family and friends. 

In our view, cost-benefit and cost-utility analyses of lifestyle inter-
ventions and other weight-loss interventions must be expanded to 
include the broader set of benefits that participants realize (29,30). 
Although it is beyond the scope of this article to propose alternat-
ive measures of cost-benefit analyses, we do support moving bey-
ond facile cost-per-kilogram approaches to evaluation. We recog-
nize the importance of the use of a simple, universal comparator, 
but, from a policy perspective, do not think that cost-per-kilogram-
lost is the best choice. 

Implementing a replication program and a diabetes
prevention intervention: lessons learned 

The replication of FFL into other jurisdictions was successful; res-
ults were relatively consistent across sites, and all experienced 
reasonable participation rates. However, 2 sites did discontinue 
participation early on in the process. Circumstances at the sites 
themselves caused these changes, not the FFL program. In the 
withdrawal letter from 1 organization, a newly appointed leader 
cited the need to discontinue participation because of the organiza-
tion’s small staff and the need to shift priorities to other projects 
within their jurisdiction; the project was something he “inherited” 
with the retirement of the prior leader, with whom Trinity Hospit-
al Twin City had an excellent working relationship. The second 
site that discontinued participation was a critical access hospital. 
In their withdrawal letter, the CEO indicated a lack of staffing and 
resources  for  the  program  because  the  doctor  who  had  been 
trained by Trinity Hospital Twin City was about to take maternity 
leave. About a year after the critical access hospital discontinued 
participation in FFL, the hospital experienced significant financial 
trouble which led to its sale. It  is our belief that the hospital’s 
broader staff shortage and financial situation also played a role in 
the decision to discontinue. Successful partnerships in the replica-
tion phase required good institutional support from partners and 
ongoing technical assistance and collaboration from the primary 
site. 
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We view the FFL DP program as a modest success. Because of the 
high number of Tuscarawas County adults at  risk for diabetes, 
Trinity Hospital Twin City created FFL DP to target more spe-
cifically those at highest risk for diabetes (ie, only adults with pre-
diabetes and high diabetes risk factors such as obesity, family his-
tory, and elevated HbA1c levels were accepted into the DP pro-
gram, as opposed to original FFL, which was open to anyone in 
the community). HRSA’s funding created the opportunity for the 
hospital to make the DP program affordable; however, for cost-ef-
fectiveness reasons, the program will be sustained beyond grant 
funding by returning to an adapted original FFL curriculum. The 
following adaptations will be made to the original FFL as a result 
of the success of the DP program: there will be continued involve-
ment of the counseling and fitness professionals on a smaller scale 
by providing some services in-kind during class time and the 3 
monthly  classes  will  likely  continue  after  the  initial  12-week 
course is  completed.  We believe this maximizes sustainability 
while still using successful components of the DP program. 

Limitations 

Analyses presented in this article are subject to numerous ques-
tions related to both external and internal validity. Most important 
is the potential critique of generalizability. Fundamentally, indi-
viduals participate in FFL because of some desire to effect behavi-
or change. Although over half of FFL participants said they had 
“recently” or “this month” resolved to have a healthier lifestyle, 
FFL participants are inherently a motivated group of individuals or 
are brought to the class by a friend or family member who is. It 
seems, then, that FFL participants ought not be generalized to the 
general public – merely those considering a lifestyle intervention 
or weight-management program. Measurement error is always a 
threat to internal validity. To address this, equipment was calib-
rated, the same equipment was used for all repeated measures, and 
all clinical diagnostic tests were conducted by certified laboratory 
staff.  A final  consideration  is  post-intervention  measurement. 
Three-month follow-ups were conducted starting in 2016, with 
about 60% of those who completed the program participating in 
the follow-up. Long-term weight regain remains a valid concern. 
Our experience with weight regain is limited by those participat-
ing in the study — about half continue to lose weight, and half re-
gained some (although net weight loss remained). 

Conclusion 

From a policy perspective, funding these types of weight manage-
ment and lifestyle interventions, especially in rural jurisdictions, 
could prove extremely productive and cost-effective. Rather than 
Medicaid or other publicly subsidized insurance paying to man-
age multiple chronic conditions or an individual dealing with the 
health and economic ramifications of diabetes, primary preven-
tion is both the prudential and cost-effective alternative. As such, 
jurisdictions,  especially  rural  ones,  should  consider  offering 
weight management and other lifestyle interventions for interested 
parties. Our work with governmental public health agencies in the 
replication studies suggests public health departments may be a 
natural ally of local hospitals and clinics on this particular topic. 

Regardless of location or particular curriculum, lifestyle interven-
tion programs and other behavioral interventions must come to 
form a foundation of universal access to health education and nu-
trition assistance. The programs are relatively inexpensive and rel-
atively effective (31). Individual behaviors account for 30% of an 
individual’s health outcomes (32), so cost-effectively motivating 
individual behavior change must remain a top research and policy 
priority. 
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Tables 
 

Table 1. Demographics of Participants in the Trinity Hospital Twin City Fit For Life Weight Loss and Diabetes Prevention Programs, Rural Ohio, 2009–2017 
 

Demographic Original FFL Replication Study Diabetes Prevention Program Total 

Year 2009 2010 2011 2012 2013 2014 2015 2016a 2017a – 

Participants (n) 134 335 116 71 86 147 195 55 92 1231 

Returned Surveys (n) 127 305 107 64 68 97 85 42 70 965 

Gender (%) 

Female 71 76 63 73 74 82 69 70 83 74 

Male 28 23 36 27 26 18 31 30 17 26 

Missing 1 1 1 0 0 0 0 0 0 0 

Age Group, y (%) 

18–44 26 25 35 17 10 19 13 15 18 22 

45–64 58 67 51 67 60 60 68 54 66 62 

≥65 16 8 14 16 30 21 19 30 16 16 

Missing 0 0 0 0 0 0 0 0 0 0 

Household Income, $ (%) 

0–30,999 25 12 17 14 11 11 14 27 12 15 

31,000–50,999 24 24 27 27 31 38 26 44 37 28 

≥51,000 36 56 48 48 53 41 51 26 46 48 

Declined to answer 14 9 8 11 4 9 9 3 4 9 

Abbreviation: FFL, Fit For Life. 
a Fit For Life Diabetes Prevention Program, full course. 
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Table 2. Health Outcomes for Select Years, Trinity Hospital Twin City Fit For Life Weight Loss and Diabetes Prevention Programs, Rural Ohio, 2009–2017 
 

Health Measure 2009 2013 2017 

No. of Participants 134 86 92 

% completing 91 79 78 

% of completions participating in final measurements 80 100 99 

% of class participating in final laboratory measurements 70 96 97 

Weight loss, kg 

Total weight lost 173 191 302 

Avg. loss 1.2 2.8 4.3 

Avg. % of weight loss 3 3 4 

BMI averages 

BMI lost 1.1 1.0 1.6 

% of BMI 2 3 4 

Blood pressure, average change 

Systolic 3.5 6.0 2.2 

Diastolic −2.7a 0.2 3.3 

Lipids, average change 

Cholesterol 10.3 11.0 7 

HDL 0.0 −0.6 a −0.7 a 

LDL 8.1 8.7 4.8 

Triglycerides 5.6 17.3 14 

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
a Negative numbers reflect gains. 
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Table 3. Regression Results, Trinity Hospital Twin City Fit For Life Weight Loss and Diabetes Prevention Programs, Rural Ohio, 2009–2017 
 

Variable Coefficient (weight loss, kg) 95% CI P value 

Exercise (days per week) −0.39 (−0.61 to −0.17) .001 

≥1 sugar-sweetened beverage per week 1.05 (0.21–1.9) .014 

Use Nutrition Facts panel/label 

Never/Rarely/Sometimes [Reference]   

Most of the time/always −1.23 (−2.18 to −0.28) .011 

FFL program type 

Original/replication study [Reference]   

Diabetes prevention −2.44 (−3.51 to −1.37) <.001 

Controls 

Weight (kg) −0.05 (−0.06 to −0.03) <.001 

Age (years) 0.05 (0.02–0.08) .003 

Female 1.06 (0.15–1.97) .022 
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Table 4. Estimating Cost-Benefit for a Replication Site, Trinity Hospital Twin City Fit For Life Weight Loss and Diabetes Prevention Programs, Rural Ohio, 2009–
2017 

Cost Factor Original FFL 3 months (12 sessions)a Diabetes Prevention 6 months (15 sessions)b 

Fixed cost ($) 

Facilitatorc ($313 per session) 3,750 4,688 

Staff coordinatorc ($75 per session) 900 1,125 

Space rental ($50 per session) 600 750 

Contracted speaker (2 at $250 per class) 500 625 

Subtotal (fixed costs)d 5,750 7,188 

Variable cost per person ($)e 

Supplies/Workbooks 20 20 

Incentives 20 20 

Blood drawsf 30 30 

Counseling – 300 

Fitness training – 100 

Subtotal (variable costs) 70 470 

Cost per completed students ($)g 

30 per class 279 827 

50 per class 203 731 

Cost per kilogram lost among completed students ($) 

30 per class 101 (95% CI, 89–117) 170 (95% CI, 146–205) 

50 per class 73 (95% CI, 65–85) 151 (95% CI, 129–181) 

Average weight loss post intervention (kg) 2.75 (95% CI, 2.4–3.1) 4.8 (95% CI, 4.0–5.7) 

Abbreviations: CI, confidence interval; FFL, Fit For Life. 
a Assumes 80% completion. 
b Provided at a substantial discount to FFL participants. 
c Includes 25% fringe benefits. 
d Estimates do not include one-time purchase cost of curriculum (approximately $2,000). 
e Cost per person assumes students who do not complete course still consume all variable goods/services. 
f Provided at discount from the hospital. 
g Cost for c completed students for n total students calculated as (Fixed cost + (variable costs×n))÷c. 
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Abstract 

Purpose and Objectives 
The Centers for Disease Control and Prevention’s Sodium Reduc-
tion in Communities Program (SRCP) aims to reduce dietary sodi-
um intake through policy, systems, and environmental approaches. 
The objective of this study was to evaluate and document the pro-
gress  of  the  first  year  of  a  5-year  SRCP project  in  northwest 
Arkansas. 

Intervention Approach 
In collaboration with 30 partner schools and 5 partner community 
meals  programs,  we  sought  to  reduce  dietary  sodium  intake 
through increased implementation of 1) food service guidelines, 2) 
procurement practices, 3) food preparation practices, and 4) envir-
onmental strategies. 

Evaluation Methods 
We collected daily menus, information on nutritional content of 
meals, and procurement records and counted the number of people 
served in partnering schools and community meals programs. We 

used a pretest–posttest quantitative evaluation design to analyze 
changes in the sodium content of meals from baseline to Year 1 
follow-up. 

Results 
From baseline to Year 1 follow-up, participating schools lowered 
the mean sodium content served per lunch diner from 1,103 mg to 
980 mg (−11.2%). The schools also reduced the mean sodium con-
tent of entrées offered (ie, entrées listed on the menu) from 674 
mg to 625 mg (−7.3%) and entrées served from 615 mg to 589 mg 
(−4.2%). From baseline to follow-up, participating community 
meals  programs  reduced  the  mean  sodium  content  of  meals 
offered (ie, meals listed on the menu) from 1,710 mg to 1,053 mg 
(−38.4%). The community meals programs reduced the mean so-
dium  content  of  meals  served  from  1,509  mg  to  1,258  mg 
(−16.6%). 

Implications for Public Health 
In both venues, our evaluation findings showed reductions in sodi-
um served during the 1-year evaluation period. These results high-
light the potential effectiveness of sodium reduction interventions 
focused on food service guidelines, procurement practices, food 
preparation practices, and environmental strategies for schools and 
community meals programs. 

Introduction 
The 2015–2020 Dietary Guidelines for Americans recommends 
that daily dietary sodium intake not exceed 2,300 mg for people 
aged 14 years or older (1). However, people in the United States 
consume  more  sodium  than  is  recommended  (2–4).  Among 
Americans aged 2 years or older in 2013–2014, males consumed a 
mean of  3,915 mg of  sodium per  day,  and females  consumed 
2,920 mg (5). 
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Approximately 25% to 30% of US adults have hypertension (6,7). 
Hypertension is strongly associated with risk for cardiovascular 
disease (8), the leading cause of death in the US population (6). 
Consensus on dietary sodium intake is that sustained excessive so-
dium intake is associated with hypertension and increased risk for 
cardiovascular disease and that reducing excessive sodium intake 
has a direct effect of lowering blood pressure (9–14). Across a 
range of approaches, health impact assessment models consist-
ently predict sizeable health benefits of reduced sodium intake 
(15). An analysis published in 2017 indicated that a 10% reduc-
tion in sodium intake worldwide over 10 years would avoid 5.8 
million disability-adjusted life years (16). 

The Centers for Disease Control and Prevention (CDC) implemen-
ted the Sodium Reduction in Communities Program (SRCP) to 
achieve the benefits of reduced dietary sodium intake across large 
populations in the United States by reducing sodium intake to re-
commended levels (17,18). Program awardees are charged with 
increasing access to healthy, lower-sodium foods in venues that 
serve food to relatively large numbers of community members 
(19). Program activities focus on increasing the number of lower-
sodium foods offered rather than restricting food choices. Pro-
gram venues include correctional facilities, early childhood educa-
tion centers, institutions of higher learning, hospitals, worksites, 
and others (18). Each awardee is required to evaluate the effective-
ness of the strategies in its targeted venues (19). 

Purpose and Objectives 
In  2016,  the  University  of  Arkansas  for  Medical  Sciences 
(UAMS) received a 5-year SRCP award to implement sodium re-
duction strategies in northwest Arkansas in public school cafeteri-
as and in community meals programs (programs that offer free 
meals to low-income patrons). UAMS and local stakeholders se-
lected these venues because they serve populations in northwest 
Arkansas at  elevated risk for  hypertension,  namely Pacific Is-
lander, low-income, and food-insecure populations (6,7,20). This 
project presented a unique opportunity to evaluate the effects of 
the simultaneous implementation of multiple sodium reduction 
strategies in 2 venues. The objective of our study was to describe 
the  strategies,  intervention,  and  outcomes  during  Year  1  of 
UAMS’s SRCP project. 

Before applying for an SRCP award, UAMS assembled an intern-
al team of researchers, a registered dietician, policy experts, and 
staff with experience in implementing health-related interventions 
in food system venues. UAMS also engaged key stakeholders in 
northwest Arkansas. These stakeholders represented local com-
munity meals programs, school districts, large employers, vendors, 
community groups, and a center for culinary arts. Stakeholders en-

gaged in quarterly group meetings and monthly one-on-one meet-
ings with UAMS. These meetings focused on discussions about 
their interest in and capacity to support an SRCP project in vari-
ous potential venues. UAMS and stakeholders agreed that school 
districts and community meals programs should be selected as 
venues. 

School districts 

The public school districts in northwest Arkansas serve food daily 
to more than 100,000 students and staff (21). Several school dis-
tricts were particularly enthusiastic about participating in SRCP 
because of planned changes to the US Department of Agriculture’s 
(USDA’s) school lunch policy. The USDA’s proposed standards 
required schools participating in the National School Lunch Pro-
gram to comply with reduced sodium standards.  For  example, 
standards for high school cafeterias reduced the allowable amount 
of sodium in lunches from an average of 1,588 mg to 1,420 mg or 
less in 2014 and — if implemented as scheduled — will further re-
duce the allowable amount of sodium to 740 mg or less in 2022 
(22). 

UAMS selected the public school district in Springdale, Arkansas, 
as the first school district partner for project implementation be-
cause of its socioeconomic and health-related challenges. In 2017, 
Springdale school district cafeterias served more than 24,000 stu-
dents and staff daily (23). Among Springdale’s more than 20,000 
students, the prevalence of overweight/obesity was 43% in school 
year 2016–2017 (24). Many of Springdale’s students came from 
low-income households and were Pacific Islanders; both groups 
are associated with an increased risk for hypertension (6,7). Ap-
proximately 71% received free or reduced-price lunch (25), high-
er than the prevalence observed in the United States (51.8%) and 
Arkansas  (62.3%)  (26).  Approximately  13%  of  the  school 
district’s students were Marshallese (Pacific Islander) (27). 

Community meals programs 

In 2016, northwest Arkansas community meals programs served 
approximately 4,000 people daily. These community meals pro-
grams included free community meals served on site (eg, in soup 
kitchens) and weekend food bags for children to supplement their 
weekend meals. These programs were selected because many of 
their patrons have health challenges associated with food insecur-
ity, homelessness, poverty, and unemployment. Food insecurity 
and low income are associated with increased risk for hyperten-
sion (6,20).  Five community meals programs were selected as 
Year 1 partners for project implementation. These programs were 
selected on the basis of the following 4 criteria: 1) their reach (ie, 
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the programs’ self-reported collective reach was ~3,000 meals per 
day), 2) their diversity of approach (eg, 3 programs served meals 
on site and 2 programs provided weekend food bags for children), 
3) their diversity of location (ie, throughout northwest Arkansas), 
and 4) their willingness to participate. 

Intervention components 

Intervention components at each venue were based on increased 
implementation of 4 broad strategies recommended by SRCP: 1) 
food service guidelines that discuss sodium, 2) procurement prac-
tices to reduce sodium content in foods and ingredients purchased, 
3) food preparation practices to reduce sodium content of menu 
items and meals, and 4) environmental strategies that encourage 
reductions in dietary sodium intake. The effectiveness of these 4 
components was evaluated at each venue according to the follow-
ing 4 evaluation questions, common to all SRCP projects: 

1. How and to what extent have sodium reduction interventions 
been implemented in specific venues and entities? 

2. How and to what extent has the food environment changed 
since the implementation of sodium reduction interventions, 
specifically addressing availability of lower-sodium food 
products? 

3. To what extent have lower-sodium food products been pur-
chased or selected by either consumers or larger service pro-
viders? 

4. What promising and innovative sodium reduction strategies 
have been found effective that could be replicated by similar 
communities (28)? 

Intervention Approach 
Upon  notification  that  UAMS’s  application  was  successful, 
UAMS  convened  a  food  policy  committee  for  each  venue 
(Figure). For the school district, the food policy committee con-
sisted  of  child  nutrition  administrators,  and  they  scheduled 
monthly meetings; however, they met 7 times during Year 1. For 
the community meals programs, the committee consisted of staff 
responsible for administration, procurement, operations, and food 
preparation for each program. The community meals committee 
initially met monthly but then changed to bimonthly after feed-
back from committee members; they met 10 times during Year 1. 

Figure. Overview of implementation of the Sodium Reduction in Communities 
Program, Arkansas, 2016–2017. Abbreviations: UAMS, University of Arkansas 
for Medical Sciences. 

To prepare for each committee meeting, SRCP staff researched 
potential implementation strategies, prepared materials, and de-
veloped examples of how each venue could implement each of the 
4  SRCP strategies.  During  committee  meetings,  project  staff 
presented and discussed this information. For example, during an 
initial meeting with the school food policy committee, project staff 
proposed options for environmental strategy implementations (eg, 
hanging posters featuring sodium reduction messages in food pre-
paration areas of school cafeterias, rearranging dipping sauces on 
the lunch line to make lower sodium options more accessible), and 
the committee selected the options they wanted to implement. 
Topics at subsequent food policy meetings included targeting and 
modifying high-sodium recipes to reduce sodium and identifying 
educational materials most suitable for each location. All imple-
mentation of intervention strategies in both venues resulted from 
decisions made in committee meetings. In addition, food policy 
committees could choose to reject, partially implement, or delay 
activities until Year 2 or later (Table 1). 

During food policy committee meetings, project staff discussed 
implementation challenges and successes, solicited committee’s 
feedback on implementation progress, and collaborated with com-
mittee members to identify potential improvements. Project staff 
aimed to minimize the time and effort required from committee 
members by limiting meetings to approximately 1 hour. 

Intervention activities in the school district 

At the project’s beginning, UAMS’s registered dietitian and other 
UAMS staff engaged school district personnel in discussions to 
augment existing school district nutrition policies to include sodi-

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, 

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. 

www.cdc.gov/pcd/issues/2018/18_0310.htm • Centers for Disease Control and Prevention  3 

http://www.cdc.gov/pcd/issues/2018/18_0310.htm


PREVENTING CHRONIC DISEASE VOLUME 15, E160 

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2018 

 

 

 
 

 

 
 

 
 

 

 

 

 

 

 

 
 

 
 
 

 

 

 

 

 

 

um-focused annual health and nutrition training to all cafeteria 
staff. This intervention activity provided a policy foundation for 
other intervention activities. The school district’s Child Nutrition 
Department  centrally  managed  the  district’s  child  nutrition 
policies,  procurement,  and  food  preparation  practices,  so  any 
changes implemented by the Child Nutrition Department would 
affect almost all food served in the district’s 29 cafeterias. One of 
the district’s 30 schools, a stand-alone prekindergarten facility, did 
not have on-site lunch preparation and was unable to participate in 
Year 1 activities, although students and staff did have access to 
lunch prepared at participating schools. 

Throughout the year, UAMS staff engaged school district person-
nel to implement procurement practices to reduce sodium content 
in foods and ingredients purchased by the school district.  The 
school district personnel involved in implementing these practices 
included the Child Nutrition Director, Child Nutrition cafeteria 
managers, and food service staff. Procurement practices to be im-
plemented included 1) developing a standardized purchasing list to 
increase ordering of lower-sodium items, 2) focusing the school 
district’s USDA Foods commodity orders on low-sodium and no-
sodium items, and 3) identifying and purchasing lower-sodium al-
ternatives for products and ingredients. To encourage procure-
ment  of  lower-sodium  foods  and  ingredients,  the  UAMS re-
gistered dietitian and a registered nutrition and dietetic technician 
taste-tested lower-sodium recipes with district personnel. 

At the same time, UAMS staff worked with school district person-
nel to implement food preparation practices to reduce sodium con-
tent  of  menu items and  meals.  Food preparation  practices in-
cluded 1) collaborating with students from a local center for culin-
ary  arts  to  develop  lower-sodium  recipes  for  higher-sodium 
entrées identified by school district personnel and 2) modifying 
the menu cycle to add new lower-sodium entrées. Entrées were 
classified  by  school  district  personnel  as  food  that  met  the 
USDA’s definition of “meat/meat alternate” and was served as a 
main dish (29). UAMS and school district personnel aimed to re-
duce sodium content of all entrées on the lunch menu to 480 mg or 
less by Year 5 and adopted the USDA’s Smart Snacks in School 
sodium guideline for entrées as a target (30). In addition, UAMS 
staff worked with school district personnel to implement environ-
mental strategies that encourage reductions in dietary sodium in 
school lunches. Environmental strategies included 1) an educa-
tional campaign that placed posters featuring sodium reduction 
messages in dining areas of school cafeterias, 2) an educational 
campaign that placed posters featuring sodium reduction mes-
sages in food preparation areas of school cafeterias, 3) a monthly 
newsletter of sodium reduction tips sent by UAMS staff to venue 

personnel, and 4) implementation of flavor stations in junior high 
school  and  high  school  cafeterias,  presenting  diners  with  the 
choice to add a range of low-sodium and no-sodium seasonings to 
their meals. 

Intervention activities in community meals 
programs 

In the community meals programs, intervention activities were 
similar to activities in the school district. However, in contrast to 
the centralized organizational structure of the school district, each 
community meals program had its own organizational structure, 
policy environment, and operating procedures. To encourage shar-
ing of knowledge among the community meals programs and to 
facilitate  communication  between  the  UAMS team and com-
munity meals program staff, representatives from all 5 programs 
were invited to semi-annual peer learning-exchange meetings hos-
ted at UAMS. These meetings included lower-sodium food prepar-
ation  demonstrations,  lower-sodium product  taste-testing  (eg, 
lower-sodium versions of ranch dressings, salsas, and marinara 
sauces), and data sharing between UAMS staff and community 
meals program staff. 

At  the  project’s  beginning,  UAMS staff  engaged  community 
meals program staff in discussions to either establish nutrition 
policies or augment existing policies to incorporate food service 
guidelines that discuss sodium. At each program, the UAMS re-
gistered dietitian and other UAMS staff collaborated with com-
munity meals program personnel to develop a work plan and com-
prehensive food service guidelines that include sodium reduction. 
As with the school district, this intervention activity was intended 
to provide a unifying rationale for the other intervention activities 
in the community meals programs. 

Throughout the year, UAMS staff engaged community meals pro-
gram staff to implement procurement practices to reduce sodium 
content in foods and ingredients. The UAMS registered dietitian 
and other UAMS staff encouraged personnel at each program to 
create  a  standardized food purchasing list,  and the UAMS re-
gistered dietitian and registered nutrition and dietetic technician 
identified the most commonly purchased ingredients and presen-
ted and taste-tested lower-sodium alternatives with community 
meals program staff. 

UAMS staff also worked with the food service staff (sometimes 
including food service volunteers) at each community meals pro-
gram to implement food preparation practices to reduce sodium 
content of menu items and meals. For example, a policy to elimin-
ate “free salting” (ie, adding unmeasured quantities of salt at the 
end of meal preparation) was encouraged. Also, after UAMS staff 
identified that restaurant-donated foods were a primary contribut-
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or to the highest-sodium meals served at the venue, the UAMS re-
gistered dietitian worked with community meals program staff to 
develop recipes for lower-sodium menu items that incorporated 
restaurant-donated foods (eg, lowering sodium by adding cooked 
dry black beans and rice to restaurant-donated “chicken burrito 
bowls”). In addition, UAMS staff worked with community meals 
program staff to implement environmental strategies that encour-
aged reductions in dietary sodium in the meals served. Environ-
mental strategies to be implemented included 1) consultation with 
venue staff  to create and place multilingual (ie,  English, Mar-
shallese, and Spanish) educational signs and table tents that ad-
dressed sodium reduction and health concerns common to patrons 
and 2) moving salt shakers from the dining tables to a location 
across the dining room. 

Methods 
SRCP requires annual evaluation of project progress. To meet this 
requirement, we used a pretest–posttest quantitative evaluation 
design at each venue. We selected this design because it facilit-
ated monitoring progress toward project objectives (eg, reduction 
in  community  members’  sodium intake)  at  each venue,  and it 
provided standardized quantitative indicators that 1) can be collec-
ted repeatedly across the life of the project, 2) were responsive to 
each evaluation question, and 3) can be aggregated by CDC across 
projects in its overall evaluation of SRCP. In addition, this ap-
proach saved costs by leveraging nutrient data, daily diner counts, 
procurement records, and daily food production records that the 
schools were required to collect as part of other regulatory obliga-
tions. 

We collected data at each venue immediately before intervention 
implementation and again 10 or 11 months later, minimizing vari-
ability due to seasonal factors (eg, seasonal changes in availability 
of fresh fruits and vegetables). In the school district, we collected 
baseline data during 2 consecutive weeks of meals in December 
2016 and follow-up data during 2 consecutive weeks of meals in 
October 2017. In the community meals program, we collected 
baseline data during 4 consecutive weeks of  meals  in January 
2017 and follow-up data during 2 consecutive weeks of meals in 
October 2017. 

We included in evaluation data  collection all  schools  or com-
munity meals programs that implemented sodium reduction inter-
ventions. The data sources for the schools venue evaluation in-
cluded annual procurement records, daily food production records, 
daily counts of people served per school, menu item nutrient re-
ports, and the UAMS team’s implementation records. Food pro-
duction records, counts of people served, and menu item nutrient 
reports were generated for each school by school district staff us-

ing PrimeroEdge school nutrition software (Cybersoft Technolo-
gies, Inc) and shared with the UAMS team. Daily sodium informa-
tion for each menu item at baseline and follow-up was included as 
part of the menu item nutrient report and was based on USDA’s 
Child Nutrition database (31). 

The data sources for the community meals venue evaluation in-
cluded the UAMS team’s implementation records and each pro-
gram’s weekly or monthly procurement records, daily menus, and 
daily counts of people served. In addition, the UAMS registered 
dietitian and other UAMS staff visited each program each day it 
was open during the data collection period, observing and docu-
menting how food was prepared by community meals program 
staff. The documentation process included recording amounts of 
each ingredient used (weight or volume, depending on the ingredi-
ent and method of preparation), names of all food products used, 
pictures of food product labels, and menu item serving sizes. The 
UAMS registered dietitian calculated the daily sodium value for 
each menu item at baseline and follow-up by entering ingredient 
and serving size data into Nutritionist Pro software (Axxya Sys-
tems, LLC), which hosts a database of nutritional information for 
more than 80,000 foods. 

For the schools venue, we evaluated point-of-service and sodium 
data from 193,232 diners served during 12 days at 28 schools dur-
ing baseline data collection. During follow-up data collection, we 
evaluated point-of-service and sodium data from 173,087 diners 
served during 10 days at 29 schools. (We excluded 1 school from 
baseline calculations because of differences in menus, purchasing, 
and food preparation compared with other cafeterias in the district; 
at follow-up, the school had standardized its menus to match those 
of the other schools in the district and was included in follow-up 
calculations. We excluded the standalone pre-kindergarten site 
from both baseline and follow-up calculations because it did not 
have on-site lunch preparation.) 

For the community meals venue, we evaluated point-of-service 
and sodium data from 13,319 meals served to diners during 12 
days at all 5 programs during baseline data collection. During fol-
low-up data collection, we evaluated point-of-service and sodium 
data from 10,136 meals served during 6 days. 

We did not conduct power calculations because the evaluation 1) 
focused on descriptive analyses for outcomes and 2) sampled the 
entire population of participating entities in each venue. Statistical 
analyses were conducted in SPSS Statistics version 25 (IBM Corp) 
and Microsoft Excel version 15.0 (Microsoft Corp). Missing data 
were  minimal,  and  we  did  not  impute  missing  values.  In  the 
schools venue, data from only 2 (0.3%) of the 626 lunch services 
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across the included cafeterias during the data collection periods 
were not recorded by cafeteria staff. In the community meals ven-
ue, no data were missing. 

For each venue, we prepared data sets by aggregating all data from 
each entity without any weighting, allowing calculation of venue-
level totals for number of diners served, mg sodium served, num-
ber  of  entrées  offered,  and other  measures.  For  categorical  or 
count variables, we tabulated venue-level counts and percentages. 
For continuous variables for which sodium mg was the unit of 
measure, we tabulated results as venue-level means. For example, 
in each venue, we calculated mean sodium mg served per diner by 
dividing the total sodium mg served across all participating entit-
ies  during  the  data  collection  period  by  the  number  of  diners 
served across all participating entities during the data collection 
period. 

The evaluation was ruled exempt by UAMS’s institutional review 
board. 

Results 
Schools venue 

Approximately 24,000 diners (~20,000 students and ~4,000 staff 
members or visitors) were exposed to the sodium reduction inter-
vention in the schools venue daily during the school year. In gen-
eral, 29 of 30 schools (96.7%) implemented the sodium reduction 
interventions (Table 2). Across the schools venue, the amount of 
sodium served per lunch diner during the evaluation period de-
creased 11.2%, from 1,103 mg at baseline to 980 mg at follow-up 
(Table 3). The schools also reduced the mean sodium content of 
entrées offered (ie, entrées listed on the menu) from 674 mg to 625 
mg (−7.3%) and entrées served from 615 mg to 589 mg (−4.2%). 

The recipes of 7 (2.5%) of the schools’ 277 lunch menu items 
were modified to reduce sodium content. For example, by using 
no-salt-added tortilla chips in place of regular tortilla chips, the so-
dium content of the taco salad entrée was reduced from 818 mg at 
baseline to 543 mg at follow-up, and the sodium content of the 
cheesy nachos entrée was reduced from 806 mg at baseline to 609 
mg at follow-up. Twelve (4.3%) lunch menu items were modified 
through ingredient or product substitution to reduce sodium con-
tent. For example, by replacing breaded pork patties with pork pat-
ties made with a whole-grain breading that was lower in sodium, 
the schools reduced the sodium content of their pork sandwiches 
from 603 mg at baseline to 203 mg at follow-up. 

Community meals venue 

Approximately 3,100 unique diners per day were exposed to the 
sodium reduction intervention in the community meals venue dur-

ing the year. Adoption of sodium reduction intervention activities 
varied among sites; only 2 programs implemented standardized 
purchasing lists with lower sodium items, but all 5 programs re-
ceived newsletters of sodium reduction tips sent by UAMS (Table 
2). 

The amount of sodium served per diner during the evaluation peri-
od decreased 16.6%, from 1,509 mg to 1,258 mg (Table 3). From 
baseline to follow-up, participating community meals programs 
reduced the mean sodium content of meals offered (ie, meals lis-
ted on the menu) from 1,710 mg to 1,053 mg (−38.4%). Because 
each community meals program served identical meals to all of its 
diners  on  a  given  day  (ie,  did  not  allow  diners  choices),  the 
amount of sodium served per diner was equivalent to the mean so-
dium content of meals served. 

The recipes of 6 (4.1%) of the community meals programs’ 148 
menu items were modified to reduce sodium content. For example, 
one community meals program replaced canned corn with frozen 
corn, which reduced the sodium content of the corn from 320 mg 
per serving (1/2 cup) at baseline to 0 mg per serving at follow-up. 
Two (1.4%) menu items were  modified  through ingredient  or 
product substitution to reduce sodium content. For example, one 
community meals program stopped purchasing ranch salad dress-
ing and began making honey mustard dressing on site. This substi-
tution reduced the sodium content of dressing from 260 mg per 
serving (2 tablespoons) at baseline to 15 mg per serving at follow-
up. 

Implications for Public Health 
The northwest Arkansas SRCP project intervention yielded reduc-
tions in the amount of sodium served per diner during the evalu-
ation period, reducing the amount sodium served to thousands of 
diners across the year in local schools and community meals pro-
grams. These results highlight the potential effectiveness of sodi-
um reduction interventions focused on food service guidelines, 
procurement practices, food preparation practices, and environ-
mental strategies for schools and community meals programs. 

Overall, the evaluation findings address each SRCP evaluation 
question. Collectively, the findings establish evidence of the ef-
fectiveness of SRCP interventions in reducing the amount of sodi-
um served in schools and community meals, contributing to the 
evidence base established by evaluations of SRCP activities in 
other venues in other communities (32–34). A key characteristic 
underlying the effectiveness of SRCP interventions is likely their 
comprehensive approach to sodium reduction, implicating food 
service guidelines, procurement practices, food preparation prac-
tices, and environmental strategies. 
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However, the comprehensive nature of the intervention is also a 
potential weakness. For example, intervention implementation was 
time  and  staff-intensive,  relying  on  technical  expertise  of re-
gistered dietitians and experienced implementation staff, as well as 
intensive collaboration with venue personnel. Results in one com-
munity for one venue may not be easy to replicate in a similar ven-
ue in a different community. In addition, the comprehensive nature 
of the intervention makes it difficult to determine whether certain 
components of the intervention were more effective or less effect-
ive than others. 

An additional limitation of the study is the evaluation approach it-
self. The intensive nature of negotiating access to data, data collec-
tion, and data processing for each participating site precluded the 
use of control groups. The lack of control groups leaves open the 
possibility  of  a  general  trend toward sodium reduction across 
schools and community meals, whether they had participated in 
the intervention or not. Similarly, the evaluation focused on meas-
ures  of  food served rather  than food consumed.  Although our 
study was designed to evaluate changes in the amount of sodium 
served  to  diners,  it  does  not  provide  precise  measures  of  the 
amount of sodium consumed or the ratio of sodium served to sodi-
um consumed, which could have varied in unexpected ways from 
baseline to follow-up. Likewise, the decision to rely on nutrient 
databases rather than laboratory analysis of foods served raises the 
possibility of error based on discrepancies between the database 
entries  and  what  was  actually  served  to  diners.  However,  a 
strength of the use of nutrient databases was that evaluation res-
ults included every food item served, which would have been pro-
hibitively time-consuming and expensive had we used laboratory 
analysis. 

Limitations notwithstanding, our evaluation study sampled the en-
tire population of diners and meals served in participating schools 
and community meals programs and showed an 11.1% to 16.6% 
reduction in sodium per  diner  per  school  lunch or  community 
meal. These percentages are consistent with health impact assess-
ment models that predict sizeable health benefits of reduced sodi-
um intake (15). These levels of sodium reduction suggest that SR-
CP’s policy, systems, and environmental approaches to interven-
tion have promise in schools and community meals programs, in-
cluding those that serve racial/ethnic minority, low-income, and 
food-insecure populations at risk for hypertension. 

Although these initial results are promising, evaluation of Years 2 
to 5 of the project will demonstrate whether reduction in daily so-
dium intake is sustained, is improved, or erodes. In Years 2 to 5, 
UAMS will implement additional intervention components in both 
venues to promote even greater sodium reduction. For example, 
UAMS will implement product placement interventions in school 
cafeterias, moving unflavored (ie, lower-sodium) milk to the front 

of beverage coolers. Likewise, UAMS will offer training in knife 
skills and fruit and vegetable preparation to food service staff in 
both venues to increase feasibility of incorporating fresh, low-so-
dium ingredients in meals. In addition, UAMS will seek partner-
ship opportunities to implement sodium reduction interventions 
with additional school districts and community meals programs 
and has begun work in a third venue, early childhood nutrition 
programs operated by the Arkansas Department of Human Ser-
vices. 
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Table 1. Rejected, Partially Implemented, or Delayed Intervention Activities Presented to the Food Policy Committees at Schools and Community Meals Programs 
Participating in the Sodium Reduction in Communities Program, Northwest Arkansas, 2016–2017 

 
Intervention Strategies and Activities 

Food Policy Committee 
Decisiona 

 
Reason for Decision 

Schools 

Procurement practices to reduce sodium content 

Form a purchasing cooperative with neighboring school 
districts to negotiate favorable prices for lower-sodium 
products and ingredients 

Reject Districts were served by different vendors and had very different menus 
and student populations 

Remove high-sodium items from the menu, including pizza 
and cookies 

Reject District personnel indicated that these items were popular with students 

Food preparation practices to reduce sodium content of menu items and meals 

Implement recipe modifications developed by students at 
local center for culinary arts 

Partially implement Many proposed recipes were impractical because of expense and 
number of ingredients and use of uncommon or noncommodity 
ingredients 

Increase use of fresh ingredients (eg, herbs, vegetables) to 
add flavor in place of salt 

Delay Food preparation staff lacked time to devote to preparing additional 
fresh ingredients; insufficient number of staff with sufficient knife skills 

Environmental strategies that encourage reductions in dietary sodium intake 

Place posters featuring sodium reduction messages in student 
dining areas of cafeterias 

Delay District personnel wanted to delay implementation to generate student 
enthusiasm by placing posters at the beginning of a new school year 

Re-order list of menu items on digital menus to highlight lower- 
sodium items 

Delay Staff lacked time and knowledge to reprogram digital signage 

Rearrange drinks in coolers to promote lower-sodium options Delay Some coolers (eg, those with fixed shelving) could not be reconfigured to 
highlight lower-sodium options 

Purchase and implement upgraded displays (eg, fruit baskets) 
to promote lower-sodium options 

Delay The 2015–2016 equipment purchasing cycle had ended 

Community Meals Programs 

Procurement practices to reduce sodium content 

Reduce the amount of high-sodium–donated restaurant food 
served 

Reject Community meals programs expressed concern that they could not 
afford to purchase enough lower-sodium food to replace high- sodium–
donated restaurant food 

Replace canned vegetables at 1 program with lower-sodium 
frozen vegetables 

Reject Community meals program indicated it lacked sufficient freezer space 
(freezer space was filled with donated restaurant food) 

Remove donuts from meals at 1 program Reject Community meals program indicated that donuts were popular with 
diners 

Implement new lower-sodium recipes Partially implement Community meals programs expressed concern about the expense and 
difficulty of acquiring several lower-sodium ingredients from vendors and 
stores 

Food preparation practices to reduce sodium content of menu items and meals 

Increase use of fresh ingredients (eg, herbs, vegetables) to 
add flavor in lieu of salt 

Delay Food preparation staff lacked time to devote to preparing additional 
fresh ingredients; staff lacked consistent access to low-cost fresh 
ingredients 

Replace prepackaged salad dressings with lower-sodium 
dressing made on site 

Reject One community meals program indicated that salad dressing was often 
received as a donation, so they did not want to spend budget to make 
their own 

a “Reject” indicates that the food policy committee declined to implement the activity. “Partially implement” indicates that the food policy committee implemented 
some components of the activity but not all. “Delay” indicates that the food policy committee decided to delay implementation of the activity until project Year 2 or 
later. 

(continued on next page) 
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(continued) 

Table 1. Rejected, Partially Implemented, or Delayed Intervention Activities Presented to the Food Policy Committees at Schools and Community Meals Programs 
Participating in the Sodium Reduction in Communities Program, Northwest Arkansas, 2016–2017 

 
Intervention Strategies and Activities 

Food Policy Committee 
Decisiona 

 
Reason for Decision 

Environmental strategies that encourage reductions in dietary sodium intake 

Implement flavor stations in dining areas to replace salt 
shakers 

Reject Community meals programs expressed concerns about food safety and 
disruption of the flow of diners through the serving area while using 
flavor stations 

a “Reject” indicates that the food policy committee declined to implement the activity. “Partially implement” indicates that the food policy committee implemented 
some components of the activity but not all. “Delay” indicates that the food policy committee decided to delay implementation of the activity until project Year 2 or 
later. 
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Table 2. Sodium Reduction Intervention Activities Implemented by Schools and Community Meals Programs Participating in the Sodium Reduction in Communities 
Program, Northwest Arkansas, 2016–2017 

Intervention Strategies and Activities No. (%) at Follow-Upa 

Schools (n = 30) 

Food service guidelines that discuss sodium 

Implemented comprehensive food service guidelines that include sodium reduction standards and practices 29 (96.7) 

Procurement practices to reduce sodium content 

Implemented standardized purchasing lists with lower-sodium items 29 (96.7) 

Focused USDA Foods commodity orders on low-sodium or no-sodium items 29 (96.7) 

Identified and purchased lower-sodium alternatives for products and ingredients 29 (96.7) 

Participated in taste-tests of lower sodium ingredients for program staff 29 (96.7) 

Food preparation practices to reduce sodium content of menu items and meals 

Developed and served lower sodium recipes for higher sodium entrées 29 (96.7) 

Modified the menu cycle to add new lower sodium entrées 29 (96.7) 

Environmental strategies that encourage reductions in dietary sodium intake 

Placed posters featuring sodium reduction messages in food preparation areas 29 (96.7) 

Received monthly newsletters of sodium reduction tips sent by UAMS staff 29 (96.7) 

Implemented flavor stations in junior high and high school cafeterias 7 (23.3) 

Community Meals Programs (n = 5) 

Food service guidelines that discuss sodium 

Implemented comprehensive food service guidelines that include sodium reduction standards and practices 3 (60.0) 

Procurement practices to reduce sodium content 

Implemented standardized purchasing lists with lower sodium items 2 (40.0) 

Participated in taste-tests of lower sodium ingredients for program staff 4 (80.0) 

Food preparation practices to reduce sodium content of menu items and meals 

Implemented policy to eliminate “free salting” 3 (60.0) 

Developed and served recipes for lower sodium menu items that incorporate restaurant-donated foods 3 (60.0) 

Environmental strategies that encourage reductions in dietary sodium intake 

Placed posters featuring sodium reduction messages in food preparation areas 3 (60.0) 

Placed multilingual educational signs and dining table tents that address sodium reduction in dining areas 3 (60.0) 

Received monthly newsletters of sodium reduction tips sent by UAMS staff 5 (100.0) 

Moved salt shakers away from dining tables to locations across the room 3 (60.0) 

Abbreviations: USDA, US Department of Agriculture; UAMS, University of Arkansas for Medical Sciences. 
a Data were collected at each venue immediately before intervention implementation and again 10 or 11 months later. In the school district, we collected baseline 
data during 2 consecutive weeks of meals in December 2016 and follow-up data during 2 consecutive weeks of meals in October 2017. In the community meals 
program, we collected baseline data during 4 consecutive weeks of meals in January 2017 and follow-up data during 2 consecutive weeks of meals in October 
2017. At baseline, none of the activities had been implemented at any of the venues. 
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Table 3. Baseline and 1-Year Follow-Up Outcome Measures for Sodium Reduction Interventions at Schools and Community Meals Programs Participating in the So- 
dium Reduction in Communities Program, Northwest Arkansas, 2016–2017 

Outcomes Baseline Follow-Up Percentage Change 

Schools (n = 30)a 

Sodium per entrée offered, mg 674 625 −7.3 

Sodium per entrée served, mg 615 589 −4.2 

Entrées offered with ≤480 mg of sodium, no. (%) 26 (24.3) 38 (32.8) +46.2 

Sodium served per lunch diner, mg 1,103 980 −11.2 

Community meals programs (n = 5) 

Sodium per meal offered, mg 1,710 1,053 −38.4 

Sodium per meal served, mg 1,509 1,258 −16.6 

Sodium served per diner, mg 1,509 1,258 −16.6 
a Calculations at baseline and follow-up are based on data from 28 and 29 schools, respectively. One school was excluded at baseline because of differences in 
menus, purchasing, and food preparation compared with other cafeterias in the district; at follow-up, the school had standardized its menus to match those of the 
other schools in the district and was included in calculations. A stand-alone prekindergarten site was excluded from both baseline and follow-up calculations be- 
cause it did not have on-site lunch preparation. 
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