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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrg.gov/reference/purpose.cfm

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an e-
mail list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Richard G. Kronick, Ph.D. David Meyers, M.D.
Director Acting Director, Center for Evidence and
Agency for Healthcare Research and Quality Practice Improvement

Agency for Healthcare Research and Quality

Stephanie Chang M.D., M.P.H. Aysegul Gozu, M.D., M.P.H.
Director, EPC Program Task Order Officer

Center for Evidence and Practice Center for Evidence and Practice
Improvement Improvement

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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the end-users of research. The EPC sought the Key Informant input on the priority areas for
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and/or conclusions do not necessarily represent the views of individual Key Informants.
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following peer-review
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questions, design, methodologic approaches, and/or conclusions do not necessarily represent the
views of individual technical and content experts.

Technical Experts must disclose any financial conflicts of interest greater than $10,000 and
any other relevant business or professional conflicts of interest. Because of their unique clinical
or content expertise, individuals with potential conflicts may be retained. The TOO and the EPC
work to balance, manage, or mitigate any potential conflicts of interest identified.

The list of Technical Experts who participated in developing this report follows: to be
inserted following peer-review

Peer Reviewers
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Behavioral Programs for Diabetes

Structured Abstract

Objectives. To conduct a systematic review of the effectiveness of behavioral programs for type
1 diabetes (T1DM), and to identify factors contributing to program effectiveness for type 2
diabetes (T2DM).

Data Sources. MEDLINE®, Cochrane Central Register of Controlled Trials, EMBASE,
CINAHL®, PsycINFO, and PubMed® (January 1,1993 to early June, 2014); conference
proceedings (2011- Spring 2014); reference lists of relevant studies.

Methods. Two reviewers independently assessed studies for fit with predetermined selection
criteria and assessed risk of bias. One reviewer extracted data, with verification by a second
reviewer. For TLDM, we conducted pair-wise meta-analysis to assess program effectiveness;
subgroup analyses to examine patient variables (e.g., age, race/ethnicity, glycemic control); and
meta-regressions to assess potential moderators of effectiveness, such as program components
(i.e. diabetes self-management education [DSME], DSME plus support, lifestyle), intensity,
delivery format, and personnel. For T2DM, we conducted network meta-analysis to assess
potential moderation of program effectiveness, and subgroup analyses to assess the impact of
patient variables. Strength of the body of evidence (SOE) for key outcomes in TIDM was
assessed to determine our confidence in the results.

Results. The searches identified 45,075 citations, of which we included 32 studies for TLDM
and 123 RCTs for T2DM. All trials had a medium or high overall risk of bias.

For T1DM, there was moderate SOE showing greater reductions in HbA;¢ at 6-month
postintervention followup for individuals receiving a behavioral program compared with usual
care (0.33 percent HbA;.) or an active control (0.43); both were statistically significant and the
latter was considered clinically important based on our prespecified threshold of >0.4 unit
change in percent HbA;.. There was low SOE showing no difference in HbA;.at end of
intervention and at 12-month or longer followup. There was either low SOE of no difference, or
insufficient SOE, for all other outcomes including self-management and lifestyle behaviors, body
composition, quality of life, and complications. There were no conclusive findings from
subgroup analyses. None of the program factors were shown to significantly influence the
effectiveness of behavioral programs.

For T2DM, effect sizes for all minimally intensive (<10 contact hours) DSME programs
were not considered clinically important for glycemic control. DSME, DSME plus support, and
lifestyle programs having greater effect on HbA;. were more often delivered in person. For body
mass index, lifestyle programs provided the largest effect sizes. Variability in effectiveness was
shown across subgroups, with more benefit for participants with suboptimal glycemic control
(=7 percent HbA1.), adults <65 years, and minority participants (=75 percent nonwhite).
Conclusion. Behavioral programs for TLDM offer some benefit for glycemic control when
followup extends to 6 months, but more evidence is required to draw conclusions about long-
term effects. More evidence is required to determine the effects for other key outcomes. For
T2DM, our analyses showed limited benefit in glycemic control from DSME programs offering
<10 hours of contact with delivery personnel, and suggested that in-person delivery of behavioral
programs is more beneficial than incorporation of technology. Behavioral programs seem to
benefit individuals having suboptimal or poor glycemic control more than those with good

control. Tailoring programs to ethnic minorities appears beneficial. Prospero Registration No.
CRD42014010515
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Executive Summary

Introduction

The high burden of diabetes necessitates careful attention to factors contributing to optimal
diabetes care and self-management including lifestyle behaviors and medication adherence. Over
the past few decades, much of the care and education of people with diabetes in the United States
has transferred from hospitals to outpatient settings, and several guidelines and diabetes
management programs have been developed to improve diabetes care in the community.
However, an evaluation of initiatives to implement guidelines and processes of care in
community health centers did not find improved glucose control, reflected in reduced
hemoglobin A (HbA;) levels, for patients with diabetes.?

Approaches for supporting diabetic patients to change behaviors include interventions such
as diabetes self-management education (DSME) with or without support, lifestyle interventions,
and medical nutrition therapy. Interventions vary widely in terms of content, duration, intensity,
and delivery methods. The effectiveness of these interventions for patients with type 1 diabetes
(T1DM) has not been evaluated in recent years and the few existing reviews have been
inconclusive.®” In contrast, there is a diverse evidence base supporting effectiveness of these
approaches for type 2 diabetes (T2DM). However, it is unknown what combination(s) of
program components and delivery mechanisms are most effective for the success for T2DM.

Epidemiology and Burden of Disease

In 2012, 29.1 million Americans had diabetes (diagnosed and undiagnosed). This represents
9.3 percent of the entire population and 12.3 percent of the adult population (20 years or older).?
About 208,000 Americans younger than 20 years had diagnosed diabetes in 2012.% Older adults
are disproportionately affected with diabetes; 25.9 percent of people over the age of 65 years
have diabetes. African Americans, Hispanic Americans, American Indians and Alaska Natives,
and some Asian Americans have a higher risk of diabetes compared to non-Hispanic whites.®
Specific to TLIDM, non-Hispanic white youth are affected more often than all other racial or
ethnic groups.®

Diabetes-related care accounts for 11 percent of all U.S. health care expenditure’® equating to
$245 billion in total costs in 2012.% Average medical expenses are more than twice as high for a
person with diabetes as they are for someone without diabetes.'* Complications from diabetes
include cardiovascular disease, retinopathy, neuropathy, nephropathy, and cerebrovascular
disease, as well as comorbidities such as depression and other mental health conditions.*?

Diabetes Care and Self-Management

The mainstay of treatment for TLDM is lifelong insulin therapy. In order to achieve optimal
glycemic control, people with TLDM (and especially those on multiple-dose insulin or insulin
pump therapy) should self monitor their blood sugar levels frequently during the day and adjust
their insulin dose, diet and/or physical activity accordingly.™® The benefit of intensive control of
glycemia in reducing the incidence and progression of micro- and macrovascular complications
was clearly demonstrated in the Diabetes Control and Complications Trial and its related
longitudinal (EDIC) study.*** Recently, these findings have extended to demonstrate reduced
mortality.'® Although these findings are promising, a meta-analysis of 12 trials (2,230
participants) of intensive versus conventional glucose control in TLDM only confirmed the
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reduction in development (but not progression) of microvascular complications, and stressed that
the benefits should be weighed against the risks of severe hypoglycemia.'’

People with T2DM are often treated progressively through diet (e.g., calorie and fat reduced
while controlling carbohydrate intake) and then, if needed, one or more oral hypoglycemic
medications. Many T2DM patients eventually require the addition (or sole use) of insulin to
obtain good blood glucose control. The importance of tight glycemic control for reducing the
risk of microvascular complications in T2DM was shown in the United Kingdom Prospective
Diabetes Study.'® ** As with TLDM though, a meta-analysis pooling results from 28 trials
(34,912 participants) of intensive control in T2DM found no significant differences for all-cause
mortality or cardiovascular deaths, or for macrovascular complications including non-fatal
myocardial infarction.?

Reducing the risk for diabetes-related complications often requires lifestyle and/or
pharmacological management of body weight, blood pressure, and cholesterol levels.'* ?"%* For
instance, intensive lowering of blood pressure has shown to reduce major cardiovascular events
by 11%.2* The responsibility for this extensive, multicomponent disease management falls to
both the diabetes health care team and, most notably, the patient. Patients are encouraged to
adopt and adhere to several self-care or self-management and lifestyle behaviors.? %
Additionally, findings from two large cross-national (Diabetes, Attitudes, Wishes, and Needs
[DAWN]) studies have demonstrated the importance to address other outcomes of importance
for patients such as diabetes-related distress and depression.?’

A critical element of diabetes care is education and support to enable patients to engage in
self-care and self-management behaviors. Because knowledge acquisition alone is not enough for
behavioral changes,?® ° the focus of many national and international guidelines and
recommendations for DSME has shifted from traditional didactic educational services to more
patient-centered methodologies incorporating interaction and problem-solving.*>** In addition,
the national standards for DSME developed by the American Association of Diabetes Educators
and the American Diabetes Association have incorporated the provision of ongoing diabetes self-
management support “...to encourage behavior change, the maintenance of healthy diabetes-
related behaviors, and to address psychological concerns.”° In addition to DSME, a diverse
range of interventions and programs have been developed that focus more on supporting
patients’ efforts in changing lifestyle behaviors in order to better manage glycemia and prevent
complications.®*

Despite the availability of new medications and treatment devices (e.g., insulin pumps,
continuous glucose monitoring), several standards for care management and DSME programs,
and implementation of lifestyle interventions, the National Health and Nutrition Examination
Survey found that 45 percent of adults with diabetes in the United States do not achieve glycemic
targets> and few (as low as 16 percent®®) patients carry out all self-management
recommendations.

Rationale for Evidence Review

Health providers working in outpatient and primary care settings in the community struggle
with how to best support, educate, and work with patients with diabetes to improve their disease
control. To date, it is not clear whether there is (or what constitutes) a set of best practices
associated with behavioral programs that can be implemented in community health settings. For
the purpose of this review, community health settings include ambulatory care (i.e., outpatient)
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clinics, primary care clinics, family physician clinics, and federally qualified health centers (i.e.,
Community Health Centers, and Rural Health Centers).

Self-management and lifestyle interventions have been shown to improve glycemic control
for T2DM to a clinically significant extent at least in the short term;*”** the evidence for these
programs in T1DM is less conclusive and based on older literature. Many previous systematic
reviews on topics relevant to this review for T2DM have included studies evaluating a broad
scope of interventions, some of which fall short of meeting current recommendations, and others
which incorporate some enhancement of medical management which may confound the effects
of the behavioral program. Many reviews have also included studies evaluating interventions
targeted at a single behavior/component (e.g., diet) rather than multiple behaviors as seems
necessary for optimal disease self-management. Moreover, few assessed factors contributing to
the success of the interventions,®” % #3546 and even fewer analyzed the data in a manner to
assess multiple factors simultaneously*>—the moderating effects of program content and
characteristics have therefore not been fully investigated.

Our focus for TLDM was to determine the effectiveness of behavioral programs. For T2DM
we built upon previous systematic reviews by identifying factors contributing to the effectiveness
of multicomponent programs. We investigated a range of outcomes and conducted a network
meta-analysis (enabling simultaneous assessment of multiple variables and a wide variety of
comparisons) to analyze potential moderation of effectiveness, by factors such as delivery
personnel, effective community linkages, and demographics. This review will help inform
decisions regarding what combination of program components and delivery methods are most
effective for implementation of these programs in community health settings.

Scope and Key Questions

For the purpose of this review we developed an operational definition of behavioral programs
that encompasses DSME as well as other programs incorporating interactive components that
target multiple important behavioral changes (e.g., diet and physical activity). Our operational
definition of a behavioral program is as follows.

An organized, multicomponent diabetes-specific program with repeated interactions by one
or more trained individuals, with a duration of >4 weeks, to improve disease control and/or
patient health outcomes, and consisting of at least one of: a) DSME; or b) a structured dietary
intervention (related to any of weight loss, glycemic control, or reducing risk for complications)
together with one or more additional components; or ¢) a structured exercise or physical activity
intervention together with one or more additional components. Additional components for (b)
and (c) above may include interventions related to: diet or physical activity; behavioral change
(including but not limited to goal setting, problem solving, motivational interviewing, coping
skills training, cognitive behavioral therapy strategies); relaxation or stress reduction; blood
glucose regulation; medication adherence; or self-monitoring for diabetic complications (foot,
eye and renal tests).
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We addressed the following six Key Questions (KQs):

Key Question 1. For patients with TLDM, are behavioral programs implemented in a
community health setting effective compared with usual or standard care, or active
comparators in

a. improving behavioral, clinical, and health outcomes,

b. improving diabetes-related health care utilization,

c. achieving program acceptability as measured by participant attrition rates?

Key Question 2. For patients with T1DM, do behavioral programs implemented in the
community health setting differ in effectiveness for behavioral, clinical, and health
outcomes, their effect on diabetes-related health care utilization, or program
acceptability, for the following subgroups of patients?

a. Age (children and adolescents [£18 years] and their families, young adults [19-30
years], adults [31-64 years], older adults (=65 years])
Race or ethnicity
Socioeconomic status (e.g., family income, education level, literacy)
Time since diagnosis (<1 year vs. >1 year)
e. Level of glycemic control (HbA;c <7 vs. 27 percent])

oo

Key Question 3. For patients with TLDM, does the effectiveness of behavioral
programs differ based on the following factors?
a. Program components
b. Intensity (i.e., program duration, frequency/periodicity of interactions)
c. Delivery personnel (e.g., dietitian, exercise specialist, physician, nurse
practitioner, certified diabetes educator, lay health worker)
d. Method of communication (e.g., individual vs. group, face-to-face, interactive
behavior change technology, social media)
e. Degree of tailoring based on needs assessment (e.g., educational/behavioral
deficits, age or other demographics, readiness to change)
f. Level and nature of community engagement

Key Question 4. For patients with TLDM, what are the associated harms (i.e., activity-
related injury) of behavioral programs implemented in a community health setting
compared with usual care, standard care, or active comparators?

Key Question 5. Among behavioral programs targeted at adults with T2DM
implemented in a community health setting, what factors contribute to a) their
effectiveness for behavioral, clinical, and health outcomes; b) their effect on diabetes-
related health care utilization; and c) program acceptability as measured by participant
attrition rates? Factors include the following:

a. Program components

b. Program intensity

c. Delivery personnel

d. Methods of delivery and communication

e. Degree of tailoring

f. Community engagement
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Key Question 6. Do the factors that contribute to program effectiveness for patients
with T2DM vary across the following subpopulations?

Age (young adults [19-30 years], adults [31-64 years], older adults [265 years])
Race or ethnicity

Socioeconomic status (e.g., family income, education level, literacy)

Time since diagnosis (<1 year vs. >1 year)

Level of glycemic control (HbA;. <7 vs. 27 percent)

Pooop

Analytical Frameworks

We developed two analytic frameworks to guide the systematic review process (Figure A and
Figure B). The figures illustrate the populations of interest and the outcomes that we reviewed.
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Figure A. Analytic framework for behavioral programs for type 1 diabetes mellitus
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Figure B. Analytic framework for behavioral programs for type 2 diabetes mellitus
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Methods

Literature Search Strategy

We used the same approach and search strategies for TIDM and T2DM. Our research
librarian searched the following bibliographic databases from 1993 to May 2014: Ovid
MEDLINE and Ovid MEDLINE® In-Process & Other Non-Indexed Citations, Cochrane Central
Register of Controlled Trials via Cochrane Library, EMBASE® via Ovid, CINAHL Plus with
Full Text via EBSCOhost, PsycINFO® via Ovid, Scopus®, and PubMed® via the National
Center for Biotechnology Information Databases. We limited the search to prospective controlled
studies published in English.

We reviewed the reference lists of relevant systematic reviews and of all included studies.
We searched the following trial registries: metaRegister of Controlled Trials (includes
ClinicialTrials.gov, the International Standard Randomised Controlled Trial Number Register,
Action Medical Research, the Wellcome Trust, and UK Trials) and the World Health
Organization International Clinical Trials Registry Platform. We searched the conference
proceedings from the American Diabetes Association, American Association of Diabetes
Educators, National Institute of Diabetes and Digestive and Kidney Diseases, Canadian Diabetes
Association, European Association for the Study of Diabetes, International Diabetes Federation,
Society of Behavioral Medicine, and International Society for Behavioral Nutrition and Physical
Activity.

Eligibility Criteria

The research team developed eligibility criteria with respect to populations, interventions,
comparators, outcomes, timing and setting (PICOTS). For both TIDM and T2DM, we included
studies conducted in the United States or other highly developed countries,*’ published in the
English language after 1993. For T1DM, we included prospective comparative studies (i.e.,
RCTs, nonrandomized controlled trials [non-RCTs], prospective cohort studies, controlled
before-after studies). For T2DM, we included RCTs.

For T1DM, we included studies of patients (any age) diagnosed with TLDM and who had
undergone basic diabetes education. For T2DM, we included studies of adults with T2DM who
had undergone basic diabetes education.

For behavioral programs, we included studies of interventions that met the criteria included
in our operational definition. The comparators were usual care (i.e. usual medical management),
an active comparator (i.e., an intervention not meeting our definition of a behavioral program,
such as basic education, or a dietary or physical activity intervention), or another behavioral
program. When two or more behavioral programs were compared we considered this an
evaluation of comparative effectiveness.

Study Selection

Two reviewers independently screened all titles and abstracts using broad inclusion criteria.
We retrieved the full text of any publications marked for inclusion by either reviewer. Two
reviewers independently assessed the full texts using a priori inclusion criteria and a standard
form. We resolved disagreements by consensus or consulting a third member of the review team.
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Risk of Bias

Two reviewers independently assessed the risk of bias of included studies. Discrepancies
were resolved through discussion and consensus. We assessed the internal validity of RCTs and
non-RCTs using the Cochrane Risk of Bias tool.”® The tool examines seven domains of potential
bias (sequence generation, concealment of allocation, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and
“other” sources of data), and a categorization of the overall risk of bias. Each domain was rated
having “low,” “unclear (medium),” or “high” risk of bias.

We assessed the risk of bias for prospective cohort studies and controlled before-after studies
using the Newcastle-Ottawa Scale.*® This tool uses a star system to assess methodological
quality across three categories: selection of participants, comparability of study groups, and
ascertainment of the outcome of interest. The star rating indicates the quality of a study with a
maximum assessment of nine.

Data Extraction

We used structured data extraction forms to gather pertinent information, including
characteristics of study populations, settings, interventions, comparators, and outcomes, study
designs, and methods. We extracted data directly into the Systematic Review Data Repository™
(SRDR; http://srdr.ahrg.gov/).>® One reviewer extracted data, and a second reviewer checked the
data for accuracy and completeness. We resolved disagreements through consensus or by
consulting a third member of the review team.

Data Synthesis

We analyzed data separately for TLDM and T2DM with different approaches for each KQ as
outlined below. For each condition we summarized the characteristics of included studies
qualitatively and presented important features of the study populations, interventions, and
comparators in summary tables. All outcome data were extracted and reported in figures of meta-
analyses (if pooled) or outcomes tables.

We focused on the following key outcomes: HbA, quality of life, development of micro-
and macrovascular complications, all-cause mortality, adherence to diabetes self-management
behaviors, change in body composition, change in physical activity or fitness, and change in
dietary or nutrient intake. For key outcomes we defined a threshold for clinical importance when
there was literature to provide guidance. For HbA;., we used a difference of 0.4 unit change in
percent HbA. (e.g., 7.6% vs. 8.0%).%" For quality of life measures and other subjective
outcomes reported using a continuous scale, we used a value of one-half standard deviation (0.50
standard deviation).* 3

With input from our Technical Expert Panel, we categorized various components and
delivery methods as outlined in Table 3. Many behavioral programs comprised DSME with or
without the addition of a support component; those programs not considered DSME were
considered as “lifestyle” programs.
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Table A. Categorization of program components and delivery factors

Program Factors

Categories and Description Variables

Program Components

DSME

DSME + Support: DSME plus an added phase to extend program duration and
support; often clinically focused but may be psychosocial, educational or behavioral
Lifestyle programs: Behavioral programs focused on diet and/or physical activity rather
than on diabetes-specific self-management behaviors; may also include other
components as long as does not meet the criteria for DSME with emphasis on
education/training

Duration of program

No categories; duration was used as a continuous variable for the regression analyses
for KQs 3 and 6

Intensity* (contact hours;
where contact hours could
not be calculated, we used
#contacts as a proxy)

<10h
11 to 26h (e.g., weekly for up to 6m)
227h (allowing for monthly followup for 1yr)

Frequency of contacts

No categories; this was a composite variable combining duration and intensity (h/m);
the continuous variable was used for the regression analyses for TLDM

Method of communicationf

In person only
Mixture of in person and technology
All technology with minimal interaction with providers

Method of deliveryf

Individual
Mixed individual and group
Group

Delivery personnel§

Delivered entirely by non-health professional (e.g., lay/community health worker,
undergraduate students) after training and under some supervision

One health professional for large majority (>75%) of delivery

Provision by multidisciplinary team of health professionals

Degree of tailoring”

None/Minimal — none or only small portion is tailored (e.g., personalized diet
prescription in otherwise highly structured lifestyle program or delivery based on
flexible hours but same content for all)

Moderate/maximum — most of program has content and/or delivery tailoring (e.g.,
topics are based on needs assessment and delivery timing/duration/location is based
participant’s schedule/needs/location preferences)

Level and nature of
community engagement

Present, e.g., peer delivering program or peer support groups for support stage, use of
community resources (infrastructure) for delivery or maintenance stages

Absent, e.g., nothing reported or, at most, providing written information about
community resources

Presence of support
persontt

Family or parent involved in >1 session
No family or parent involvement in sessions

“for network meta-analysis in KQ 5 and 6 only; t 2 and3 were combined for analysis; 11 and 2 were combined for analysis; §2
and 3 were combined for KQ 5 and 6; **used in summary tables and the analysis for TIDM; {+for TIDM only

DSME = diabetes self-management education; h = hour; m = month; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes

mellitus; yr = year

Synthesis for TIDM (KQs 1-4)
For each comparison of interest, we conducted a pair-wise meta-analysis when two or more

eligible trials were sufficiently similar on the basis of study design and clinical homogeneity. We
present both pooled and subgroup analysis based on age when there was more than one trial in
each age category at any timepoint. We used the Hartung-Knapp-Sidik-Jonkman random effects
model®* *° for all meta-analyses using Stata 11.2 and Excel 2010 software. We calculated pooled
mean differences, standardized mean differences, and risk ratios with corresponding 95% Cls, as
appropriate. We analyzed outcomes at different postintervention time points.

For KQ 2, we searched for subgroup analyses reported by individual trials that focused on
whether a particular behavioral program was more or less effective for the outcome with the
most data (i.e., HbA;.) based on variables of interest (see Figure A). We also compared
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subgroups of studies, for example when the mean age of participants fell within one of the age
categories.

To assess whether the effectiveness of behavioral programs differed based on various
program component or delivery factors (KQ 3), we performed univariate meta-regressions for
comparisons between behavioral programs and usual care for HbA;. from each study’s longest
followup timepoint. Each behavioral program was coded using the categorization scheme in
Table 3 and these variables were used in the analysis. For harms (i.e., activity-related injury)
(KQ 4) we planned to descriptively summarize all outcomes presented in studies.

Synthesis for T2DM (KQs 5-6)

Before synthesizing findings to answer KQs 5 and 6, we performed pair-wise meta-analyses
for all outcomes identified in the PICOTS using the same analytical approach described for KQ
1. To answer KQs 5 and 6 we performed network meta-analyses for key outcomes having
enough data (HbA:. and BMI). A network meta-analysis allows for simultaneous evaluation of a
suite of comparisons and considers both direct and indirect evidence. A network of different
comparisons is constructed (with “nodes” representing groupings of sufficiently similar
interventions and comparators). We grouped the behavioral programs into nodes based on the
categories of program factors described in Table 3. We also formed three categories for the
comparator groups: usual care, active “non-DSME education” control (i.e. basic education not
meeting our criteria for DSME), and active “other” control (e.g. stand-alone dietary or physical
activity interventions). The analysis was conducted using a Bayesian network model. Results are
presented as estimates of the treatment effects (MD) relative to usual care with 95 percent
credibility intervals, as well as the rank probabilities for each behavioral program strategy (e.g.,
probability that a particular combination of components and delivery methods for a behavioral
program is the “best program™).

Key Question 6 focused on whether variability between population groups affected the role
of potential factors moderating the effectiveness of behavioral programs for key outcomes with
the most data (i.e., HbA;c). We first conducted subgroup analyses of the pair-wise meta-analysis
results for HbA;. for behavioral programs compared with usual care and active controls at
longest followup; subgroups based on baseline glycemic control (HbA,.), age, and ethnicity were
performed. For glycemic control and age, we then performed subgroup analysis of the network
meta-analysis used for KQ 5. For subgroups based on race/ethnicity (>75 vs. <75 percent
nonwhite), the number of trials in either subgroup was not sufficient to perform a meaningful
network meta-analysis so we conducted a set of univariate meta-regressions using the variables
in Table 3 and methods outlined for KQ 2.

Strength of the Body of Evidence

We followed the Methods Guide®® to evaluate the strength of evidence (SOE) for KQ 1 for
all health outcomes (i.e., quality of life, development of micro- and macrovascular
complications, all-cause mortality) and select behavioral and clinical outcomes (i.e., glycemic
control, adherence to diabetes self-management behaviors, change in body composition, change
in physical activity or fitness, and change in dietary or nutrient intake). SOE assessments were
based on evidence from trials. The body of evidence was graded by one reviewer, and reviewed
by a second reviewer. Disagreements were resolved through discussion or by consulting with a
third reviewer, as needed.
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For each outcome, we assessed five core domains of most relevance to reviews of RCTs
(anticipated to be the large majority of included studies): risk of bias (rated as low, medium, or
high), consistency (rated as consistent, inconsistent, or unknown), directness (rated as direct or
indirect), precision (rated as precise or imprecise), and reporting bias (rated as suspected or
unsuspected). A precise estimate is one that allows for a clinically useful conclusion. The overall
SOE was graded as high, moderate, low, or insufficient. High, moderate, and low SOE reflect the
confidence we have in the effect estimate and the likelihood that the estimate will change with
further research. Insufficient SOE implies that we are unable to estimate an effect due to no or
very little evidence.

Applicability
We assessed applicability of the body of evidence following guidance from the Methods
Guide.*® We used the PICOTS framework to explore factors that may affect applicability.

Results

Searches of all sources identified a total of 45,075 citations. For TIDM, we included 32
studies described in 42 publications; there were 28 RCTs, 1 non-RCT and 3 controlled before-
after studies. For T2DM, we included 123 RCTs described in 151 publications. Figure 3
describes the flow of literature through the screening process.

Type 1 Diabetes Mellitus: Description and Risk of Bias of Studies

Twenty-three studies were conducted in youth; nine were conducted in adults. Most trials
were two-arm trials comparing DSME to usual care.

The total duration of the behavioral programs for youth ranged from 1.5-25 months
(median=6). The number of contact hours ranged from 2-48 hours (median=8). Five trials
delivered the programs to youth only; 16 delivered the programs to both youth and their parents
or family members. There was a mixture of delivery to individuals and to groups, and programs
were delivered by a variety of personnel with seven trials not using health care professionals.

In studies on adults, the total duration of the behavioral programs ranged from 1.5-12 months
(median=6 months), and the number of contact hours ranged from 9-52 hours (median=16).
There was a mixture of individual and group formats. All trials were provided by health care
professionals; one used a peer who served as coleader.

All trials were assessed as having a moderate of high overall low risk of bias. For objective
outcomes (e.g., HbA1.), 55 percent of trials had a medium (unclear) risk of bias and 45 percent
had a high risk. The assessment of high risk was largely driven by incomplete outcome data (i.e.,
loss to followup). For subjective outcomes (e.g., health-related quality of life [HRQL]), all but
two trials had a high risk of bias (93 percent). This was primarily due to lack of blinding of
participants, study personnel, and outcome assessors.
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Figure C. Flow diagram of study retrieval and selection
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Type 1 Diabetes Mellitus: Results for Key Questions 1-4

A summary of the key findings and SOE assessments for behavioral programs compared
with usual care and active controls are presented in Tables B and C, respectively.

There was moderate SOE showing reduction in hemoglobin A;; (HbA;.) at 6-month
postintervention followup with percent HbA;. reduced by 0.33 for individuals who were enrolled
in behavioral programs compared with those receiving usual care. For all other timepoints, there
was no significant difference in HbA;.; the SOE was low due to risk of bias and imprecise effect
estimates. For followup timepoints of 12 months or longer, the 95% Cls included our threshold
for clinical importance such that we cannot rule out benefit for behavioral programs based on the
available evidence. For individuals who were enrolled in behavioral programs compared with
those receiving an active control, there was moderate SOE showing a clinically important
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reduction in HbA. of 0.43 percent at 6-month postintervention followup. There was no

difference in HbA,. at other timepoints, however the SOE was low and we cannot rule out a
benefit for behavioral programs.
There was low SOE showing no difference in adherence to diabetes self-management (i.e.
frequency of blood glucose checks or overall self-management behaviors) at end of intervention
and 6-month followup for comparisons with usual care; for comparisons with active controls

there was insufficient SOE for adherence to diabetes self-management at any followup

timepoint. For generic health-related quality of life, there was low SOE of no difference at the

end of intervention. There was insufficient SOE for other key outcomes (i.e., micro- or

macrovasular complications, changes to body composition, changes to dietary intake or physical

activity).

Evidence was insufficient to determine whether behavioral programs increased or decreased
the number of diabetes-related hospital admissions, emergency department admissions, episodes
of severe hypoglycemia, or episodes of severe hyperglycemia. Behavioral programs appear to be
acceptable to patients with TIDM; our meta-analysis found a 17 percent increased risk of
attrition for individuals receiving usual care compared with those receiving the behavioral

program.

Table B. Type 1 diabetes: Summary of key findings and strength of evidence for behavioral
programs compared with usual care

Outcome Outcome # Trials Mean Difference or Standardized Strength of
Timing (# Subjects); Tool if Mean Difference Evidence
Applicable
HbA1c EOI 15 (1,097) MD, -0.11; 95% CI, -0.35 t0 0.13 Low for no
difference
HbA1c 6m followup 11 (1,316) MD, -0.33; 95% CI,-0.51 to -0.15 Moderate for
benefit
HbA1c 12m followup 6 (1,186) MD, -0.21; 95% CI, -0.54 to 0.12 Low for no
difference
HbA1¢ 212m 4 (1,138) MD, -0.40; 95% CI, -0.92 t0 0.12 Low for no
followup (>12m, <24m) difference
MD, -0.08; 95% ClI, -1.96 to 1.8
(224m)
Adherence to EOI 4(282); SMBG MD, 0.15; 95% Cl, -0.54 to 0.84 Low for no
diabetes self- 1 (74); SDSCA MD, 1.4 days; 95% ClI, 0.35 t0 2.43 difference
management 1 (54); DSMP MD, 5.00; 95% CI, 0.60 to 9.40
1 (74); DSCI MD, 0.22; 95% ClI, -0.60 to 1.04
Adherence to 6m followup 5 (252); SMBG MD, 0.40; 95% ClI, -0.36 to 1.16 Low for no
diabetes self- 1 (244); SDSCA MD, -0.06; 95% ClI, -0.60 to 0.48 difference
management 2 (471); DSMP No difference (different measures)
Adherence to 12m followup 1 (54); DSMP MD, 4.00; 95% CI, -1.69 to 9.69 Insufficient
diabetes self- 1 (180); skipping one or OR, 0.82; 95% CI, 0.48 t0 0.1.38
management more doses in past
month
Adherence to >12m 1 (390); SMBG MD, -0.36; 95% ClI, -0.69 to -0.03 Insufficient
diabetes self- followup 1 (190); skippingone or  (224m)
management more doses in past OR, 1.30; 95% ClI, 0.78 to 2.17 (24m)
month
Change in body EOI 1 (60) MD, 0.08; 95% ClI, -0.35 to 0.51 Insufficient
composition (BMI)
Change in body 6m followup 1 (227) MD, -0.21; 95% ClI, -0.62 to 0.20 Insufficient
composition (BMI)
Change in body EOI 1(61) MD, -0.50; 95% ClI, -5.69 to 4.69 Insufficient
composition (kg)
Change in EOI 1(43) MD, 0.59; 95% ClI, 0.22 to 0.96 Insufficient

physical activity
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Outcome Qutcome # Trials Mean Difference or Standardized Strength of

Timing (# Subjects); Tool if Mean Difference Evidence
Applicable

(fitness — VO3

max)

Change in EOI 2(91) SMD, 0.16; 95% ClI, -0.25 to 0.57 Insufficient

physical activity

(intensity/duration)

Change in 6m followup 2 (272) SMD, -0.26; 95% ClI, -1.00 to 0.49 Insufficient

physical activity

(intensity/duration)

Change in dietary  EOI 1(61) MD, -247.10; 95% Cl, -281.7 to - Insufficient

or nutrient intake 212.5

(kcal/day)

Change in dietary  EOI 1(61) MD, -1.80; 95% ClI, -3.53 to -0.07 Insufficient

or nutrient intake

(saturated fat)

Generic HRQL EOI 6 (419) SMD, 0.15; 95% Cl, -0.16 to 0.46 Low for no

difference

Generic HRQL 6m followup 1(53) SMD, -0.29; 95% ClI, -0.83 to 0.26 Insufficient

Generic HRQL 12m followup 2 (405) SMD, 0.02; 95% ClI, -0.11 to 0.15 Insufficient

Generic HRQL 212m 1(291) SMD, -0.04; 95% ClI, -0.27 to 0.19 Insufficient
followup

Diabetes-specific EOI 1(26) SMD, -0.77; 95% ClI, -1.57 to 0.04 Insufficient

quality of life

Diabetes-specific EOI 1(131) SMD, 0.44; 95% CI, 0.08 to 0.81 Insufficient

quality of life

BMI = body mass index; Cl = confidence interval; DSMP = Diabetes Self-Management Profile; EOI = end of intervention;
HbA;. = hemoglobin A;.; HRQL = health-related quality of life; MD = mean difference; SDSCA = Summary of Diabetes Self-
Care Activities; SMBG = self-monitoring of blood glucose (frequency); SMD = standardized mean difference

Table C. Type 1 diabetes: Summary of key findings and strength of evidence for behavioral
programs compared with an active control

Outcome Outcome Timing  # Trials (# Mean Difference Strength of
Subjects); Evidence
Tool if
Applicable
HbAc EOQI 4 (566) MD, -0.32; 95% Cl, -0.78 to 0.14 Low for no
difference
HbA1c 6m followup 4 (504) MD, -0.43; 95% ClI, -0.62 to -0.24 Moderate for
benefit
HbA1¢ 12m followup 3(342) MD, -0.34; 95% ClI, -0.71 to 0.03 Low for no
difference
Adherence to EOI 1 (54); DSMP MD, 2.40; 95% ClI, -2.46 to 7.26 Insufficient
diabetes self- 1(149); DBRS No data reported; those in behavioral
management program did more poorly
Adherence to 6m followup 1(149); SMBG MD, -0.20; 95% ClI, -0.76 to 0.36 Insufficient
diabetes self- 1(149); DBRS No data reported; those in behavioral
management program did more poorly
Adherence to 12m followup 1 (54); DSMP MD, 2.00; 95% ClI, -3.78 to 7.78 Insufficient

diabetes self-
management

1 (149); DBRS

No data reported; those in behavioral
program did more poorly

ClI = confidence interval; DBRS = Diabetes Behavior Rating Scale; DSMP = Diabetes Self-Management Profile; EOIl = end of
intervention; HbA;. = hemoglobin A;.; MD = mean difference; SMBG = self-monitoring of blood glucose (frequency); SMD =
standardized mean difference

For KQ 2, the effectiveness of behavioral programs compared with usual care for HbAlc
appeared higher for adults than for youth at end of intervention. The effectiveness of behavioral
programs compared with active controls appeared higher for youth than for adults at12-month
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followup, but few studies were included in the pooled results for these subgroups. One trial
reported results separately for youth with baseline HbA1c>8 percent and found favorable results
for this subgroup; no other subgroup analysis was conducted because the majority of trials
enrolled participants with poor control (HbA1lc >8.5 percent). No trials reported on HbAlc by
race or ethnicity, socioeconomic status, or time since diagnosis.

For KQ 3, none of the program factors (e.g., intensity, delivery personnel) was shown to
significantly influence the effectiveness of behavioral programs compared with usual care on
HbA1c. No studies reported on the associated harms (i.e. activity-related injury) of behavioral
programs (KQ 4).

Type 2 Diabetes Mellitus: Description and Risk of Bias of Studies

The majority of RCTs were two-arm trials, with many comparing DSME with usual care (51
trials) or an active control (7 trials); 15 two- and three-arm trials were included, as were several
trials comparing two different behavioral programs (20 trials). Trials were conducted in 16
countries but the majority (63 percent) were undertaken in the United States. Several trials
evaluated more than one behavioral program; there were 156 intervention arms in total. The
mean age of the participants was between 45 and 72 years (median=58). Baseline HbA;; was
between 6.3 and 12.3 percent (median=8 percent). Median duration of diabetes was 8.1 years
(range 1-18 years).

Overall, median program duration was 6 months (range 1-96) and median number of contact
hours was 12 (range 1-208). Fifty nine programs were delivered to individuals only, 54 to
groups only, and 42 had some mixture of individual and group delivery. A small majority of
programs were delivered by one health care professional, with or without the assistance of a non-
health care professional; other programs were delivered by a multidisciplinary team, or solely by
non-health care professionals.

None of the trials were assessed as having an overall low risk of bias. For objective outcomes
(e.g., HbA1(), 42 percent of trials had a medium (unclear) risk of bias and 58 percent had a high
risk. The assessment of high risk was largely driven by incomplete outcome data (i.e., loss to
followup). For subjective outcomes (e.g., HRQL), 14 percent had a medium risk of bias; the
remainder (86 percent) had a high risk of bias. This was primarily due to lack of blinding of
participants, study personnel, and outcome assessors.

Type 2 Diabetes Mellitus: Overall Effectiveness of Behavioral
Programs, and Results for Key Questions 5 and 6

Effectiveness of Behavioral Programs Across Outcomes

There is evidence showing a beneficial effect of behavioral programs, compared to both
usual care and other active interventions, in the short-term (up to 6 months) for glycemic control;
however, results at 12-month followup were not statistically significant and none of the results
were considered to be clinically important based on our identified threshold of a 0.4 percent
change in HbA,.. There was substantial statistical heterogeneity in these pairwise meta-analyses,
supporting our subsequent analysis for KQs 5 and 6 to determine which program factors, and
population characteristics, moderate the effects.

Behavioral programs showed some benefits in terms of reducing BMI (0.2-0.9 kg/m?to 12-
month followup, weight (1.4-1.9 kg) and waist circumference (3cm) [short-term], and daily
energy intake (120 kilocalories per day at 6 months)—mainly when compared with usual care.
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There was little evidence around the outcomes related to changes in physical activity and
medication adherence, and findings were consistently of no difference.
Health-related quality of life was reported by fewer studies than anticipated. Results for
Diabetes Distress favored behavioral programs compared with usual care at end of intervention
but not at longer followup. Effects on diabetes complications were only reported for one study.
Diabetic retinopathy was reduced by 14% in participants receiving a >8 year-long intensive
lifestyle program compared with didactic education and support in the largest trial, conducted by
the LookAHEAD research group.>’ Mortality between behavioral programs and active control
groups (4 RCTs; 5,949 participants) was 14 percent lower for those receiving behavioral
programs (RR, 0.86; 95% ClI, 0.77 to 0.96). There was no difference for comparisons with usual
care (20 RCTs, 4,775 participants; RR, 1.32; 95% CI, 0.82 to 2.21).

KQ 5. Potential Moderation of Effectiveness for T2DM: Components,
Intensity, Delivery Personnel, Method of Communication, Degree of
Tailoring, and Level of Community Engagement

In a network meta-analysis with usual care serving as the main reference, programs
demonstrating effect sizes for HbA,; above our threshold for clinical importance (i.e. 0.4
percent) represented all three major program component categories of DSME, DSME and
support, and lifestyle. The effect sizes of all minimally intensive DSME programs (<10 contact
hours) were less than our threshold for clinical importance, but were all higher than that of
educational interventions not meeting our criteria for a behavioral program (e.g., didactic
education programs). Programs having higher effect sizes were more often delivered in person
rather than including technology; the effective programs incorporating technology were all of
moderate or high intensity (>10 contact hours). Table D summarizes the results of the network
meta-analysis for HbA.

Table D. Results of the network meta-analysis for HbAlc: Nodes in rank order with description of
associated program factors and mean differences in effect relative to usual care

Category of Node |Intensity | Method of Delivery Delivery Rank MD, 95%
Components Communication Method Personnel | Orderin | Credibility Interval
NMA (%HbA1c)

DSME 15 [=227h In person Group only | HCP 1 -1.35 [-2.07, -0.65]

Lifestyle 32 |227h In person Individual NA 2 -1.14[-1.92, -0.38]
& mixed

Lifestyle 30 |11-26h Some technology | Individual NA 3 -0.90 [-1.75, -0.05]
& mixed

DSME + Support 24 | 227h In person Group only | NA -0.89 [-1.89, 0.12]

DSME 13 [ 11-26h Some technology | Individual Non-HCP -0.78 [-1.61, 0.06]
& mixed

DSME + Support 21 |11-26h In person Group only | NA 6 -0.74 [-1.59, 0.10]

DSME 14 | =227h In person Individual HCP 7 -0.73 [-1.92, 0.47]
& mixed

DSME + Support 17 |=10h In person Individual NA 8 -0.70 [-1.86, 0.46]
& mixed

Lifestyle 29 | 11-26h In person Group only | NA 9 -0.67 [-1.27, -0.08]

DSME + Support 23 |227h In person Individual NA 10 -0.54 [-1.32, 0.24]
& mixed
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Lifestyle 28 |11-26h In person Individual NA 11 -0.47 [-1.01, 0.08]
& mixed

DSME 16 |227h Some technology | Individual HCP 12 -0.46 [-1.71, 0.80]
& mixed

Lifestyle 26 |<10h In person Group only | NA 13 -0.44 [-1.41, 0.52]

DSME + Support 20 [11-26h In person Individual NA 14 -0.40 [-1.77, 0.97]
& mixed

DSME + Support 22 |11-26h Some technology | Individual NA 15 -0.39[-1.11, 0.31]
& mixed

Active comparator 3 NA NA NA NA 16 -0.38 [-0.93, 0.16]

(e.g., dietary or

physical activity

intervention)

DSME + Support 19 |<10h Some technology | Individual NA 17 -0.38 [-1.02, 0.26]
& mixed

Lifestyle 34 | 227h Some technology | Individual NA 18 -0.31 [-1.16, 0.52]
& mixed

DSME 4 <10h In person Individual HCP 19 -0.30 [-0.66, 0.06]
& mixed

DSME 11 | 11-26h In person Group only | Non-HCP 20 -0.28 [-0.79, 0.24]

DSME 12 |11-26h Some technology | Individual HCP 21 -0.25 [-0.82, 0.32]
& mixed

DSME 10 |11-26h In person Group only | HCP 22 -0.24 [-0.55, 0.08]

DSME 5 <10h In person Group only | HCP 23 -0.22 [-0.63, 0.19]

Lifestyle 31 |11-26h Some technology | Group only | NA 24 -0.20 [-1.34, 0.93]

DSME 8 <10h Some technology | Individual Non-HCP 25 -0.15 [-0.55, 0.23]
& mixed

DSME 7 <10h Some technology | Individual HCP 26 -0.15 [-0.63, 0.31]
& mixed

DSME 9 11-26h In person Individual HCP 27 -0.15 [-0.83, 0.53]
& mixed

DSME 6 <10h In person Group only | Non-HCP 28 -0.05 [-1.32, 1.23]

Lifestyle 33 |227h In person Group only | NA 29 0.08 [-0.71, 0.87]

Active comparator 2 NA NA NA NA 30 0.14 [-0.24, 0.52]

(non-DSME)

Lifestyle 25 |<10h In person Individual NA 31 0.21 [-0.53, 0.96]
& mixed

Lifestyle 27 |<10h Some technology | Individual NA 32 0.26 [-1.14, 1.66]
& mixed

DSME + Support 18 |[<10h In person Group only | NA 33 2.80[1.14, 4.48]

The nodes (representing groupings of programs) are sorted by rank order (highest to lowest effect sizes), and each node is
categorized by the components and features of the programs evaluated by the associated trials. The highlighted nodes have a rank
order of <14 and effect sizes at or above our threshold for clinical importance. When choosing which variables to consider for
creating the nodes, we used a hierarchical approach based on the categories in Table A. Dividing the data by the first variable of
program components (DSME, DSME and support, and lifestyle) resulted in a relatively large number of DSME comparisons. For
this group, we decided to use four additional variables (i.e. intensity, method of communication, delivery method, and delivery
personnel) to create 24 potential nodes (16 which contained data from comparisons). We did not capture the variable of delivery
personnel for the DSME and support, and lifestyle groups because most nodes would in this case contain at most one comparison.

DSME = diabetes self-management education; h = hours; HbA,. = hemoglobin A;;; HCP = health care professional; MD = mean
difference; NA=not applicable; NMA = network meta-analysis
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For the network meta-analysis of BMI, we created nodes using four variables (i.e. program
component, program intensity, method of communication, and method of delivery). Behavioral
programs changed BMI by -1.75 kg'm2 to 3.31 kg-m2. Lifestyle programs resulted in the highest
effect sizes for BMI. Program intensity appeared less important than method of delivery;
providing some in-person delivery appears beneficial.

KQ 6. Subgroups for Factors Moderating Effectiveness in T2DM

In terms of overall effectiveness at longest followup for HbA, participants with suboptimal
glycemic control (>7 percent HbA 1) appear to benefit more than those with good control (<7
percent) from behavioral programs when compared to usual care and active controls. The effect
sizes were not clinically important for either group. Few differences were evident when
evaluating (via a network meta-analysis) potential moderation by program factors in a subgroup
of studies having participants with suboptimal baseline glycemic control.

Older adults (>65 years) did not benefit at longest followup in terms of reduction in HbA ¢
from behavioral programs in comparison with usual care or active controls. In adults <65 years,
the effect size for behavioral programs compared with active controls at longest followup was
clinically important. There was little change in the findings of the network meta-analysis when
based on the studies where the mean age was <65 years.

Programs offered to predominantly minority participants (> 75 percent nonwhite) appear to
provide more benefit than those offered to populations with a lower proportion (<75 percent) of
nonwhite individuals. The effect size for minority participants reached clinical importance. None
of the program factors (e.g., intensity, delivery personnel) reached statistical significance for
influencing the effectiveness of behavioral programs compared to usual care on HbA;. In line
with our results for KQ 5, results for the variable of program intensity approached statistical
significance (p=0.082).

Discussion

Type 1 Diabetes

Overall, behavioral programs have some benefit in TLDM for reducing HbA;. when
followup extends beyond the immediate postintervention period up to 6 months. The delay in
benefit likely in part reflects the time required for this marker of glycemic control, indicating
control over the past 2 to 3 months, to demonstrate change. Another contributor may be that a
period of time is needed to integrate newly learned self-management behaviors into one’s life;
however, our findings of no difference in self-management behaviors at any followup timepoint
do not support this hypothesis. These beneficial findings for HbA;. appear to be tempered by
those of no difference at longer followup timepoints (=12 months), although we are unable to
confidently rule out benefit at long-term followup.

Our findings may underestimate the effect of these programs should they be implemented in
routine practice. The usual care group in several studies received some form of attention from the
investigators (e.g. periodic telephone calls to maintain contact and encourage study
participation), which may have resulted in improved glycemic control for the comparator group
and reduced the relative effects observed for the behavioral program. Participants, or their
providers, in the usual care or active control groups (not being blinded to group assignment in
most studies) may have become more motivated to practice better self-management (including
blood glucose regulation using insulin titrations), which could also attenuate differences between
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groups. Differences in the “usual care” provided may have also played a role, although this affect
may be minimal considering recent evidence that variations in standard care in studies of
behavioral interventions for youth with TIDM did not significantly impact study results.>®

Our finding of a statistically significant and clinically important reduction by 0.43 percent
HbA. at 6-month followup for comparisons between behavioral programs and active controls is
notable. By offering an intervention to both study arms, these studies may also have introduced
less potential bias from lack of allocation concealment and blinding. Although quite promising,
when drawing conclusions regarding the overall benefits of behavioral programs, this finding
needs to be interpreted in light of results showing no differences in HbA;. at other timepoints,
and the lack of sufficient evidence supporting conclusions for many other outcomes.

Many of the included studies were directed at adolescents. Self-management of TIDM
during adolescence is complex, often characterized by personal challenges and uncertainty,
transitions to adult care, less frequent health care visits, and diminished parental involvement;
consequently, glycemic control deteriorates over the course of childhood and adolescence for
many youth with TIDM.>*®? For these reasons, many of the studies included in this review
aimed to prevent deterioration of glycemic control rather than to improve it. The clinically
important reductions in HbA at 6- and 12-month followup (0.60 and 0.54 percent, respectively)
when behavioral programs were compared with active controls in youth lend substantial support
for these programs.

Due to insufficient data, we were unable to examine the difference between educational and
lifestyle programs, or the addition of a support component to DSME programs.

Type 2 Diabetes

Moderate and high intensity (=11 hours contact time) programs appear to be necessary to
provide individuals with clinically important effects on glycemic control. This outcome may also
benefit from in-person delivery rather than incorporating technology. For BMI, providing some
individual delivery, rather than solely relying on group formats, appears beneficial.

Lifestyle programs—not specifically training people in diabetes related self-care behaviors
but focusing more on weight reduction and increases in physical activity—may provide similar
or more benefit than DSME programs for improving glycemic control for individuals with
T2DM. Our review also confirms previous suggestions that programs with an interactive nature,
employing behavioral approaches and covering multiple behaviors, are beneficial when
compared with didactic educational interventions. While some of our findings may not result in
clinically important changes at an individual level, the burgeoning growth of this disease means
that even small gains in glycemic control from behavioral programs may serve as a substantial
benefit for public health.

Our network meta-analysis results suggest that both individual and group delivery of
programs is beneficial. In contrast, our pair-wise meta-analysis of three RCTs (701 subjects)
comparing group to individual program delivery favored group therapy. Delivery format may be
highly dependent upon the population served and program content. Studies having high effect
sizes which offered programs in groups tended to be those offered to minorities where support
from peers was incorporated as a key program feature.

We were unable to draw any conclusions about the choice of delivery personnel from the
network meta-analysis. Drawing from the pair-wise meta-analysis of five RCTs (647 subjects)
comparing two or more interventions, there may be no difference when program delivery is
conducted by heath care professionals or by lay providers (e.g., peers with diabetes, community
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health workers). One reason why programs delivered by health care professionals were not
superior may be that physicians, nurses, and dietitians receive little or no training in behavioral
techniques as part of their formal education.

Our findings suggest that people with suboptimal, or poor, baseline glycemic control (>7
percent HbA;.), younger age (<65 years), and racial/ethnic minority status may benefit the most
from behavioral programs. Because there were apparent differences in baseline glycemic control
between subgroups of ethnicity (i.e., 8.8 percent HbA¢ in the >75% minority group vs. 7.6
percent in the HbA. <75% minority group), it is hard to distinguish if ethnicity or glycemic
control is more likely to have the greater influence in moderating program effectiveness. There is
some evidence that ethnicity may be an independent predictor, based on genetic and contextual
factors. Many investigators enrolling a large proportion of ethnic minorities in the trials included
in this review also adapted programs in ways to make them more culturally and linguistically
acceptable—often including peers in the delivery or social support groups—which appeared to
enhance their effectiveness. Ethnic minority groups have also been shown to have higher Hb A,
levels than Caucasian groups; this finding holds after adjusting for factors affecting glycemic
control (i.e. age, sex, BMI, duration of disease, mean plasma glucose) and thus may not be
influenced by behavioral programs.®*Our reliance on study-level data to create subgroups (i.e.,
the entire study population was minorities) may have limited our ability to capture differences in
effects from programs delivered to a wider population base, which may reflect routine practice in
many community health settings.

Applicability

Type 1 Diabetes

For most studies (70 percent), the mean HbA;. was over 8.5 percent; therefore, the results of
this report may be most applicable to individuals with poor glycemic control. Nevertheless,
clinicians may view this as highly relevant to their patient population of which many—
particularly in their pubertal years—are struggling to achieve optimal control. For studies
targeting youth, the mean age across most studies ranged from 12 to 15 years; therefore, the
results should be generally applicable to older children and adolescents. For studies targeting
adults, the mean age across studies ranged from 30 to 49 years. No studies specifically targeted
older adults (>65 years).

The mean duration of diabetes ranged from 2.7 to 7.3 years among studies that targeted
youth, and 2.5 to 23 years for those targeting adults. It is unclear whether the results are
applicable to youth or adults with recently diagnosed TIDM. We did not find evidence to
confirm or refute whether behavioral programs are more or less efficacious for other subgroups,
including sex or racial or ethnic minorities.

All of the studies targeting adults were conducted in the United Kingdom, Europe, or New
Zealand. It is unclear whether the results from these studies are applicable to community health
settings in the United States. For youth, most studies (73 percent) were conducted in the United
States; the remaining studies were conducted in Europe. Despite potential differences in settings
and health systems, results were similar across the studies. The studies were conducted primarily
in outpatient diabetes clinics affiliated with a secondary or tertiary care hospital. Our findings are
generally applicable to these settings in the United States.
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Type 2 Diabetes

The range of baseline HbA; in the included RCTs was 6.3-12.3 percent (median=8) which
would appear to make the results applicable to the majority of people enrolling in behavioral
programs. Subgroup analyses based on baseline glycemic control (< vs. >7 percent HbA )
provided some insight into the relative effectiveness based on this patient variable; behavioral
programs appear to be more effective for people with suboptimal or poor glycemic control.

The range of mean ages in the included studies was 45 to 75 years (median=58), therefore the
results are most applicable to middle- and older-aged adults. Subgroup analyses based on age
(<65 vs. >65 years) provided some data on the relative effectiveness for these age groups; adults
>65 years of age do not seem to obtain as much benefit in glycemic control as do younger adults.
Our exclusion criteria related to duration of diabetes (mean <1 year)—implemented in order to
capture programs providing training in ongoing self-management and lifestyle behaviors—Ilimits
the relevance of this review for newly diagnosed patients. The mean duration of diabetes ranged
from 1-18 years with a median of 8.1 years. No study performed subgroup analysis based on
duration of diagnosis (<1 vs. >1 year) and we were unable to perform this at the study level
because the mean in all cases was above 1 year. The results appear to be applicable to both men
and women, and for people on a variety of diabetes treatment regimes (19.2 percent were on
insulin). Overall, there was fairly good representation of individuals reporting a minority
racial/ethnic background. Subgroup analysis for race/ethnicity (21 comparisons for <75
minorities vs. 31 comparisons for > minorities) showed that minorities may benefit more for
glycemic control.

The results seem applicable to community health settings in the United States. The
majority (63 percent) of trials were conducted in the United States, and based on our inclusion
criteria related to Human Development Index*’ all studies were performed in countries of similar
development status. Although reported inconsistently, health systems differences (i.e. usual care)
may vary widely between study populations and could potentially influence the results from
behavioral programs. The effect from this difference should be minimal for this review, since we
limited our results to changes from baseline between groups randomly assigned and judged to
receive similar medical care.

Limitations of the Comparative Effectiveness Review

This review followed rigorous methodological standards, which were detailed a priori.
Nevertheless, several limitations are inherent within systematic reviews in general.

First, there is a possibility of selective reporting bias (e.g., researchers only reporting positive
outcomes) and publication bias, whereby unexpectedly strong results from large trials are
selectively reported. In terms of selective outcome reporting, we were able to locate several trial
registries and protocols to compare planned and published outcome reporting; most studies
included in this review were judged as having low bias in this respect. Our pre-specified tests for
publication bias provided no significant indication of bias. Selected studies were confined to the
English language because we felt that these reports would be most applicable to the end-users of
this review who create recommendations or implement programs for people with diabetes within
the United States. Moreover, effect sizes in language restricted reviews have shown to not differ
significantly (overestimating effect sizes by 2 percent) from those not having restrictions.®*
Study selection bias was limited by having two independent reviewers perform screening and
selection; we feel confident that study exclusion was based on explicit and appropriate reasoning
which was clearly understood by reviewers.
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The interventions evaluated in the included trials were highly diverse in their content,
delivery, and setting. Some of our statistical analyses indicated substantial heterogeneity, and
this supported our analyses in KQs 5 and 6 to determine some of the factors leading to variability
in success for behavioral programs.

Cost analysis of implementing differing behavioral programs was not addressed in this
review.

Limitations of the Evidence Base

The evidence base was inadequate to fully answer the Key Questions, particularly with
respect to the limited number of outcomes evaluated in several studies. We were unable to fully
evaluate all outcomes of interest for several KQs. For KQ 1 for T1IDM, there was limited data
available to assess the strength of evidence for many outcomes, including behavioral outcomes
related to changes in dietary intake or physical activity, and clinical and health outcomes apart
from HbA/.. No studies contributed data for our assessment of harms (KQ 4). Our assessment of
factors contributing to effectiveness of behavioral programs for TIDM (KQ 3) was limited to the
outcome of HbA. and to univariate meta-regressions.

For KQs 5 and 6 related to T2DM, our network meta-analysis allowed for multiple
comparisons (i.e., no restriction to usual care or active control comparators) but there were still
too few studies reporting on outcomes besides HbA;cand BMI. The meta-regressions used for
the subgroup analysis on ethnicity in KQ 6 are limited by comparator (only usual care) and did
not allow us to capture multiple variables in a single analysis. Several outcomes of importance to
patients and policymakers, such as quality of life, development of complications, and health care
utilization, were reported by too few studies to confidently support conclusions of effect, or to
analyze in terms of moderation by program factors.

Many trials had methodological limitations introducing some risk of bias. Blinding of
participants and personnel, or outcome assessors, was rarely reported or sufficient. These two
domains resulted in medium or high risk of bias being assigned for most trials for their subjective
outcomes. For both subjective and objective outcomes, medium or high risk of bias was assigned
in many cases from lack of intention-to-treat analysis (e.g., only reporting on results for
completers) and/or from high participant attrition. Some studies had small sample sizes and
accordingly failed to achieve baseline comparability in their samples. Although we analyzed
change from baseline scores when able, the differential effect of behavioral programs based on
these baseline imbalances (e.g., HbA;., age)—as suggested by our subgroup analyses—cannot be
ruled out.

Research Gaps
Table E highlights some potential research needs based on our KQs.

Table E. Potential research needs, by Key Question

KQ Potential Research Needs

1 There was limited data for assessing the SOE for behavioral programs for TLDM at durations of
followup beyond 6 months. Future studies should strive to assess outcomes at longer term followup, to
better determine the effects of these programs for periods of time that may better influence long-term
outcomes of complications and quality of life.

1 There was insufficient evidence to demonstrate whether lifestyle programs are effective for TLDM.
Many individuals with TIDM under good glycemic control may have other risk factors (e.g.,
overweight, hyperlipidemia, hypertension) for which these programs may be warranted. Trials of
lifestyle programs enrolling people with both types of diabetes should undertake subgroup analysis.
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KQ

Potential Research Needs

1&3

The effectiveness of a support component added to programs in TLDM is unknown. These may be
useful for more fully address some of the psychosocial aspects of the disease (particularly in
adolescents), thereby increasing the effectiveness of behavioral programs.

Only one study in TADM compared behavioral programs delivered in person with those delivered via
some form of technology allowing for interaction between the provider and patient. Transitioning
individuals with diabetes between pediatric and adult care facilities and providers can be challenging,
hampered by the scheduling structure of traditional clinics at a time in life when contact information
and location of home, work and education is often changing frequently. As a result further research on
providing behavioral programs via technology or creative scheduling is warranted for adolescents and
young adults with diabetes.

Several studies for T2DM included a small subsample of people with TLDM. Trials of lifestyle
programs that incorporate exercise need to perform subgroup analysis by type of diabetes particularly
when evaluating the outcome of glycemic control; adjustment of insulin in individuals with T1DM for
exercise can be challenging and could result in differential effects of lifestyle programs on glycemic
control depending on the type of diabetes and medical management of the participants.

3&5

There was large diversity in the reporting and use of behavior change techniques employed within the
programs. An evaluation of the effects of different strategies may shed additional light on the factors
(within components) determining effectiveness for behavioral programs.

The correct mix of providers (e.g., physician, nurse, dietitian, pharmacists, social workers,
psychologist, and trained lay individuals) for implementation of behavioral programs for T2DM
deserves further evaluation.

The impact of training level for health care professionals—apart from clinical psychologists—on
outcomes from behavioral programs employing advanced behavioral approaches needs further
investigation.

Few trials directly compared interactive programs delivered in person to those delivered via
technology. Because a technology-based approach may lessen resource burden and help to reach
patients living in rural areas, its effectiveness needs further evaluation.

Trials including populations of diverse ages and ethnic backgrounds should perform subgroup analysis
based on age and ethnicity to further explore outcomes for these groups from programs that are not
designed specifically for them, as might be common in most community health settings.

All

Few trials evaluated outcomes important to patients and decisionmakers (e.g. quality of life, micro-
and macrovascular complications, health care utilization) in a manner that allowed pooling of results
across studies. Use of widely accepted generic quality of life measures would be beneficial.

All

Study attrition rates affected the overall risk of bias substantially; more research on methods for
maintaining study participation is required.

All

The risk of bias from participant and personnel blinding was high in most trials. Although many trials
compared behavioral programs to active controls (limiting risk of bias due to blinding) comparisons
with usual care requires some mechanism to blind participants from the study hypothesis. Blinding of
outcome assessors should always be attempted for subjective outcomes.

All

There is a need for consensus in the field on what constitutes clinically important differences for
patient important outcomes in the context of behavioral programs, such that outcomes can be
interpreted in meaningful ways for clinicians, patients, and other decisionmakers.

Conclusions

This systematic review suggests that behavioral programs (essentially DSME) for TLDM
have some benefit on glycemic control when followup extends to 6 months after the program,
but that more, god quality evidence is required to draw conclusions about long-term effects. The
results showed no difference in generic quality of life at end of intervention, or for self-
management behaviors at up to 6-month followup, although the SOE for these findings was low
suggesting that results may change with additional research. Data was insufficient to draw
conclusions for other outcomes including diabetes-specific quality of life, change in body
composition or lifestyle behaviors, micro- and macrovascular complications, and mortality.
Based on current evidence, it is unclear whether encouraging patients with TLDM to participate
in behavioral programs will yield important benefits for most outcomes.
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For T2DM, our analyses showed limited benefit in glycemic control from DSME programs
offering <10 hours versus >10 hours of contact with delivery personnel, and suggested that in-
person delivery of behavioral programs is more beneficial than incorporation of technology.
Whether the behavioral program is delivered by a health care professional or a trained lay
person, or via individual or group format appears less important. Behavioral programs appear to
benefit individuals having suboptimal or poor glycemic control more than those with good
control. Tailoring programs to ethnic minorities—such as incorporating group interaction with
peers—appears beneficial. While efforts should be made to provide culturally sensitive
programs, community health settings that serve populations that are diverse in language and
ethnicity may not have the opportunity to provide this flexible programming to meet each
group’s needs.

Efforts at integrating behavioral programs into care settings that incorporate the latest
treatment guidelines should be prioritized. Program evaluation is an important component to
build into the implementation of any behavioral program for diabetes, to ensure that it is the
correct fit to be effective for the population that it is attempting to serve. At this time, there
remains a need for clinicians to evaluate each patient’s success after participating in these types
of programs, should additional means be necessary to control their disease more adequately to
prevent devastating complications.
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Introduction

Background

The high burden of diabetes necessitates careful attention to factors contributing to optimal
diabetes care and self-management including lifestyle behaviors and medication adherence. Over
the past few decades, much of the care and education of people with diabetes in the United States
has transferred from hospitals to outpatient settings, and several guidelines and diabetes
management programs have been developed to improve diabetes care in the community.
However, an evaluation of initiatives to implement guidelines and processes of care in
community health centers did not find improved control of hemoglobin A;c (HbA1.) levels for
patients with diabetes.?

Approaches for supporting diabetic patients to change behaviors include interventions such
as diabetes self-management education (DSME) with or without added support, lifestyle
interventions, and medical nutrition therapy. Interventions vary widely in terms of content,
duration, intensity, and delivery methods. The effectiveness of these interventions for patients
with type 1 diabetes (T1LDM) has not been evaluated in recent years and the few existing reviews
have been inconclusive.>” In contrast, there is a diverse evidence base supporting moderate
effectiveness of these approaches for type 2 diabetes (T2DM). However, it is unknown what
combination(s) of program components and delivery mechanisms are most effective for the
success for T2DM. Health providers struggle with how to best support, educate, and work with
patients to improve their disease control. To date, it is not clear whether there is (or what
constitutes) a set of best practices associated with behavioral programs that could be
implemented in community health settings.

Pathophysiology

The American Diabetes Association defines diabetes mellitus as “... a group of metabolic
diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin
action, or both.”® TIDM and T2DM are the major classes of diabetes although several others
exist. TLDM accounts for 5-10 percent of cases of diabetes and usually results when the body’s
immune system destroys the beta cells of the pancreas, the only cells that make insulin.® The
incidence of T1DM peaks in adolescents although it can occur at any age.

T2DM accounts for 90-95 percent of cases of diabetes. It usually begins with insulin
resistance in which it takes more than the usual amount of insulin to achieve a given degree of
glucose regulation. T2DM occurs if, over time, the pancreas is progressively less able to secrete
enough insulin to normalize blood glucose.® ° T2DM is associated with obesity, family history of
diabetes, history of gestational diabetes, impaired glucose metabolism, physical inactivity, and
nonwhite race or ethnicity.

Epidemiology and Burden of Disease

In 2012, 29.1 million Americans had diabetes (diagnosed and undiagnosed). This represents
9.3 percent of the entire population and 12.3 percent of the adult population (20 years or older).’
About 208,000 people younger than 20 years had diagnosed diabetes in 2012.° Older adults are
disproportionately affected with diabetes; 25.9 percent of people over the age of 65 years have
diabetes. African Americans, Hispanic Americans, American Indians and Alaska Natives, and
some Asian Americans have a higher risk of diabetes compared to non-Hispanic whites.’
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Specific to TIDM, non-Hispanic white youth are affected more often than all other racial or
ethnic groups.*®

In addition to disparities in disease prevalence, several subpopulations are considered
vulnerable to poor health care access and outcomes for a variety of individual and social reasons.
Race or ethnicity and socioeconomic considerations including literacy, educational levels, and
household income have been shown to be associated with sub-optimal care® ** and poorer
diabetes outcomes for both TIDM and T2DM. *#*4

Diabetes-related care accounts for 11 percent of all U.S. health care expenditure®® equating to
$245 billion in total costs in 2012.° Average medical expenses are more than twice as high for a
person with diabetes as they are for someone without diabetes.™®

Complications from diabetes include cardiovascular disease, retinopathy, neuropathy,
nephropathy, and cerebrovascular disease, as well as comorbidities such as depression and other
mental health conditions.” In adults, the most frequent first-listed diagnoses among hospital
discharges in 2010 were diseases of the circulatory system (24 percent) and diabetes (12
percent). Between 5 and 11 percent of emergency department visits are for diabetes-related
complications.® For children and adolescents in 2009, 74 percent of hospital discharges and 42
percent of emergency visits had diabetes listed as the first diagnosis. About 64 percent of these
discharges and 46 percent of the emergency visits were for diabetic ketoacidosis.’

Diabetes Care and Self-Management

The mainstay of treatment for TLDM is lifelong insulin therapy. In order to achieve optimal
glycemic control, people with TIDM (and especially those on multiple-dose insulin or insulin
pump therapy) should self monitor their blood sugar levels frequently during the day and adjust
their insulin dose, diet and/or physical activity accordingly.*® The benefit of intensive control of
blood glucose in reducing the incidence and progression of micro- and macrovascular
complications was clearly demonstrated in the Diabetes Control and Complications Trial
(DCCT) and a related longitudinal (EDIC) study.™® ?° Recently, these findings have extended to
demonstrate reduced mortality.?* Although these findings are promising, a meta-analysis of 12
trials (2,230 participants) of intensive versus conventional glucose control in TLDM only
confirmed the reduction in development (but not progression) of microvascular complications,
and stressed that the benefits should be weighed against the risks of severe hypoglycemia.?

People with T2DM are often treated progressively through diet (e.g., calorie and fat reduced
while controlling carbohydrate intake) and then, if needed, one or more oral hypoglycemic
medications. Many T2DM patients eventually require the addition (or sole use) of insulin to
obtain good blood glucose control. The importance of tight glycemic control for reducing the
risk of microvascular complications in T2DM was first shown in the United Kingdom
Prospective Diabetes Study.?*?* As with TLDM though, a meta-analysis pooling results from 28
trials (34,912 participants) of intensive control in T2DM found no significant differences for all-
cause mortality or cardiovascular deaths, or for macrovascular complications including non-fatal
myocardial infarction.?®

Reducing the risk for diabetes-related complications often requires lifestyle and/or
pharmacological management of body weight, blood pressure, and cholesterol levels.™ 2628 For
instance, intensive lowering of blood pressure has shown to reduce major cardiovascular events
by 11%.% The responsibility for this extensive, multicomponent disease management falls to
both the diabetes health care team and, most notably, the patient. Patients are encouraged to
adopt and adhere to several self-care or self-management and lifestyle behaviors.*> ** For many,
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a key behavior may be self-regulation of carbohydrate intake, physical activity and/or medication
doses based on results of monitoring of blood glucose. In addition, lifestyle interventions
targeted at weight loss, diabetes nutrition, and physical activity recommendations have been
shown to be associated with weight control and improved glycemic control.*>** Additionally,
findings from two large cross-national (Diabetes, Attitudes, Wishes, and Needs [DAWN])
studies have demonstrated the importance to address other outcomes of importance for patients
such as diabetes-related distress and depression.*

A critical element of diabetes care is education and support to enable patients to engage in
self-care and self-management behaviors. DSME is designed to “reduce the burden of diabetes
on individuals, families, communities and healthcare systems, and, by supporting good health,
prevent or delay the onset of diabetes-related long-term complications.”®’ Because knowledge
acquisition alone is not enough for behavioral changes,® * the focus of many national and
international guidelines and recommendations for DSME has shifted from traditional didactic
educational services to more patient-centered methodologies incorporating interaction and
problem-solving.*” *®*? In addition, the national standards for DSME developed by the American
Association of Diabetes Educators and the American Diabetes Association have incorporated the
provision of ongoing diabetes self-management support “...to encourage behavior change, the
maintenance of healthy diabetes-related behaviors, and to address psychological concerns.”™ In
addition to DSME, a diverse range of interventions and programs have been developed that focus
more on supporting patients’ efforts in changing lifestyle behaviors in order to better manage
glycemia and prevent complications.*

Despite the availability of new medications and treatment devices (e.g., insulin pumps,
continuous glucose monitoring), several standards for care management and DSME programs,
and implementation of lifestyle interventions, the National Health and Nutrition Examination
Survey found that 45 percent of adults with diabetes in the United States do not achieve glycemic
targets* and few (as low as 16 percent*®) patients carry out all self-management
recommendations of their health care provider. Further, the Centers for Disease Control and
Prevention’s Behavioral Risk Surveillance System found that 36 percent of adults diagnosed
with diabetes reported no physical activity in the past 30 days.'® Other reported risk factors for
diabetes-related complications included smoking (20 percent), self-reported overweight or
obesity (86 percent), hypertension (58 percent), and high cholesterol (58 percent).®

Rationale for Evidence Review

Health care providers working in outpatient and primary care settings in the community
struggle with how to best support, educate, and work with patients with diabetes to improve their
disease control. To date, it is not clear whether there is (or what constitutes) a set of best
practices associated with behavioral programs that can be implemented in the community health
setting. For the purpose of this review, community health settings include ambulatory care (i.e.,
outpatient) clinics, primary care clinics, family physician clinics, and federally qualified health
centers (i.e., Community Health Centers, and Rural Health Centers).

Self-management and lifestyle interventions have been shown to improve glycemic control
for T2DM to a clinically significant extent at least in the short term.**? The evidence for these
programs in T1DM is less conclusive. Many previous systematic reviews on topics relevant to
this review for T2DM have included studies evaluating a broad scope of interventions, some of
which fall short of meeting current recommendations (e.g., didactic educational interventions
focused on relaying information without some form of interactive or collaborative training), and
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others which incorporate some enhancement of medical management (e.g., treatment algorithms)
which may confound the effects of the behavioral program. Many reviews have also included
studies evaluating interventions targeted at a single behavior/component (e.g., diet) rather than
multiple behaviors as seems necessary for optimal disease self-management. Moreover, few
assessed factors contributing to the success of the interventions,*> *’+>% %354 and even fewer
analyzed the data in a manner to assess multiple factors simultaneously®*—the moderating
effects of program content and characteristics have therefore not been fully investigated.

Our focus for TLDM was to determine the effectiveness of behavioral programs. For T2DM
we built upon previous systematic reviews by identifying factors contributing to the effectiveness
of multicomponent programs. We investigated a range of outcomes and conducted network
meta-analysis (enabling simultaneous assessment of multiple variables and a wide variety of
comparisons) to analyze potential moderation of effectiveness, by factors such as delivery
personnel, effective community linkages, and demographics. This review will provide
information regarding the effectiveness of behavioral programs (T1DM), and what combination
of program components and delivery methods are most effective for implementation of these
programs in community health settings (T2DM).

Scope of Review and Key Questions

A member of the public nominated this topic; the nominator wanted to know whether there is
a set of best practices associated with behavioral interventions for diabetes that could be
replicated in community health centers in the United States. The nominator commented that
while diabetes behavioral programs that promote self-management have demonstrated various
benefits, the efforts of community health centers to improve their patients’ diabetes control have
achieved poor results.

To address these issues, we conducted a systematic review and meta-analysis of the
effectiveness of behavioral programs for diabetes. For the purpose of this review we developed
an operational definition of behavioral programs that encompasses DSME as well as other
programs incorporating interactive components that target multiple important behavioral changes
(e.g., diet and physical activity) (see Appendix A). This definition focuses on programs, defined
as “...a plan of action for an event or sequence of actions over a period that may be short or
prolonged.... A health program is generally long term and often multi-faceted, whereas a health
project is usually short-term and narrowly focused.” Our operational definition of a behavioral
program is as follows.

An organized, multicomponent diabetes-specific program with repeated interactions by one
or more trained individuals, with a duration of >4 weeks, to improve disease control and/or
patient health outcomes, and consisting of at least one of: a) DSME; or b) a structured dietary
intervention (related to any of weight loss, glycemic control, or reducing risk for complications)
together with one or more additional components; or c) a structured exercise or physical activity
intervention together with one or more additional components. Additional components for (b)
and (c) above may include interventions related to: diet or physical activity; behavioral change
(including but not limited to goal setting, problem solving, motivational interviewing, coping
skills training, cognitive behavioral therapy strategies); relaxation or stress reduction; blood
glucose regulation; medication adherence; or self-monitoring for diabetic complications (foot,
eye and renal tests).

We include contact with those delivering the program, rather than relying solely on
“interactive behavior change technology” (e.g., patient-centered websites, automated telephone
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calls, and touch screen kiosks). While these tools show great promise for helping health systems
meet the growing demand for diabetes management and support, they have been shown to be
most effective when they support human contact.*

We address the following six Key Questions (KQs):

Key Question 1. For patients with T1LDM, are behavioral programs implemented in a
community health setting effective compared with usual or standard care, or active
comparators in

a. improving behavioral, clinical, and health outcomes,

b. improving diabetes-related health care utilization,

c. achieving program acceptability as measured by participant attrition rates?

Key Question 2. For patients with T1DM, do behavioral programs implemented in the
community health setting differ in effectiveness for behavioral, clinical, and health
outcomes, their effect on diabetes-related health care utilization, or program
acceptability, for the following subgroups of patients?

a. Age (children and adolescents [£18 years] and their families, young adults [19-30
years], adults [31-64 years], older adults (=65 years])
Race or ethnicity
Socioeconomic status (e.g., family income, education level, literacy)
Time since diagnosis (1 year vs. >1 year)
e. Level of glycemic control (HbA;c <7 vs. 27 percent)

aoo

Key Question 3. For patients with T1DM, does the effectiveness of behavioral
programs differ based on the following factors?
a. Program components
b. Intensity (i.e., program duration, frequency/periodicity of interactions)
c. Delivery personnel (e.g., dietitian, exercise specialist, physician, nurse
practitioner, certified diabetes educator, lay health worker)
d. Method of communication (e.g., individual vs. group, face-to-face, interactive
behavior change technology, social media)
e. Degree of tailoring based on needs assessment (e.g., educational/behavioral
deficits, age or other demographics, readiness to change)
f. Level and nature of community engagement

Key Question 4. For patients with TLDM, what are the associated harms (i.e., activity-
related injury) of behavioral programs implemented in a community health setting
compared with usual care, standard care, or active comparators?

Key Question 5. Among behavioral programs targeted at adults with T2DM
implemented in a community health setting, what factors contribute to a) their
effectiveness for behavioral, clinical, and health outcomes; b) their effect on diabetes-
related health care utilization; and c) program acceptability as measured by participant
attrition rates? Factors include the following—

a. Program components

b. Program intensity

c. Delivery personnel

d. Methods of delivery and communication

e. Degree of tailoring

f. Community engagement



Key Question 6. Do the factors that contribute to program effectiveness for patients
with T2DM vary across the following subpopulations?
a. Age (young adults [19-30 years], adults [31-64 years], older adults [265 years])
b. Race or ethnicity
c. Socioeconomic status (e.g., family income, education level, literacy)
d. Time since diagnosis (<1 year vs. >1 year)
e. Level of glycemic control (HbA;c <7 vs. 27 percent)

Analytic Frameworks

We developed two analytic frameworks to guide the systematic review process. The figures
illustrate the populations of interest and the outcomes that we reviewed. Figure 1 for TLDM
notes four KQs. KQ 1, KQ 2, and KQ 4 address the potential benefits and harms of behavioral
programs. The overarching boxes (components, program features) address KQ 3 related to how
program components and features contribute to the effectiveness of behavioral programs. Figure
2 for T2DM notes KQ 5 and KQ 6 that address how program components and features contribute
to the effectiveness of behavioral programs.

Organization of This Report

The remainder of the report describes our methods in detail and presents the results of our
synthesis of the evidence with key points and detailed syntheses. For KQ 1 we also present our
assessment of the strength of evidence. The results section is organized by type of diabetes—
T1DM (KQs 1-4) and T2DM (KQs 5-6). The discussion section offers our conclusions,
summarizes our findings, and provides other information relevant to the interpretation of this
work for clinical practice and future research. References and a list of abbreviations and
acronyms follow the discussion section.

The report includes a number of appendices to provide further detail on our methods, the
studies assessed, and the results not presented in the text. There is also reference to a
supplementary file which may be accessed for additional information on the methods for study
selection and risk of bias assessment, and for the syntheses of outcomes for T2DM which were
not directly applicable to our KQs. The appendices and supplementary file are as follows:

e Appendix A: Operational Definitions
Appendix B: Literature Search Strategies
Appendix C: Very High Human Development Index
Appendix D: Excluded Studies
Appendix E: Risk of Bias Assessments
Appendix F: Summary Tables of Studies and Interventions
Appendix G: Observational Study Results for TL.DM
Appendix H: Strength of Evidence Tables for TADM
Appendix I: Effectiveness of Behavioral Programs for T2DM Across Comparators and
Outcomes
e Appendix J: Network Meta-analysis Results for Glycemic Control and Age Subgroup

Analyses
e Supplementary File: Full Text Screening Form, Risk of Bias Tools, and Results of Meta-

analyses for T2DM Across Outcomes



Figure 1. Analytic framework for behavioral programs for type 1 diabetes mellitus
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Methods

The methods for this review of behavioral programs for diabetes mellitus are based on the
methods specified in the Agency for Healthcare Research and Quality (AHRQ) Methods Guide
for Effectiveness and Comparative Effectiveness Reviews (Methods Guide).>” The main sections
in this chapter reflect the elements of the protocol established for the review.”® The methods and
analyses were determined a priori, except where otherwise specified.

Topic Refinement and Review Protocol

The Centers for Disease Control and Prevention (CDC) are partners with AHRQ in this
review. During the topic development and refinement processes, we developed draft versions of
the analytic frameworks, Key Questions (KQs), and inclusion/exclusion criteria in the form of
PICOTS (populations, interventions, comparators, outcomes, timing, settings). The processes
were guided by the information provided by the topic nominator, a scan of the literature, and
discussions with methods and contents experts, and Key Informants (Kls); we worked with CDC
and nine Kls during topic refinement. Subsequently, the analytic frameworks, KQs and PICOTs
were posted for public comment on AHRQ’s Effective Health Care Web site from January 8
through January 27, 2014. After consultation with AHRQ and responding to the public
comments, we engaged representatives from CDC and a Technical Expert Panel (TEP)—
including two of the Kis—to develop the systematic review protocol. Conference calls and
discussions through email were undertaken to review the analytic framework, KQs, PICOTS,
and operational definition of a behavioral program (Appendix A), and to gain input on
categorizing the interventions based on the various program components and delivery methods.
The final protocol was posted on AHRQ’s Effective Healthcare Web site on June 12, 2014.%®
The protocol was registered with the PROSPERO database (No. CRD42014010515) on July 11,
2014.

Literature Search Strategy

We used the same approach and search strategies for type one diabetes mellitus (T1DM) and
type two diabetes mellitus (T2DM). Our research librarian searched the following databases
from 1993 to May 2014: Ovid MEDLINE and Ovid MEDLINE® In-Process & Other Non-
Indexed Citations, Cochrane Central Register of Controlled Trials via Cochrane Library,
EMBASE® via Ovid, CINAHL Plus with Full Text via EBSCOhost, PsycINFO® via Ovid,
Scopus®, and PubMed® via the National Center for Biotechnology Information Databases.

We limited the search to prospective controlled studies published in English. Search
strategies included a combination of subject headings and keywords for diabetes, behavioral
interventions, and diabetes education. We applied a validated search filter for randomized
controlled trials (RCTs) and a search filter to identify prospective comparative studies.>® The
search strategy was developed in MEDLINE, peer reviewed by a second librarian, and adapted to
accommodate the controlled vocabularies and search languages of the other databases. Appendix
B presents the full search strategy for each database.

We reviewed the reference lists of relevant systematic reviews and of all included studies.
We searched the following trial registries: metaRegister of Controlled Trials (includes
ClinicialTrials.gov, the International Standard Randomised Controlled Trial Number Register,
Action Medical Research, the Wellcome Trust, and UK Trials) and the World Health
Organization International Clinical Trials Registry Platform. We hand searched the conference
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proceedings from the American Diabetes Association, American Association of Diabetes
Educators, National Institute of Diabetes and Digestive and Kidney Diseases, Canadian Diabetes
Association, European Association for the Study of Diabetes, International Diabetes Federation,
Society of Behavioral Medicine, and International Society for Behavioral Nutrition and Physical
Activity from 2011 to 2014 (where available). When a protocol or abstract met our screening
criteria, we contacted the authors to enquire whether a report was available to undergo full-text
screening.

We used EndNote® database (Thomson Reuters, New York, NY) to manage the results of
our literature searches.

Inclusion and Exclusion Criteria

The eligibility criteria are outlined in the PICOTS for TLDM and T2DM for the KQs (Tables
1 and 2). For both TIDM and T2DM, we included studies conducted in the United States or
other high-income countries (Appendix C) and published in the English language.®® We included
studies conducted in high-income countries because we believed that the results would be more
relevant to community health settings in the United States. We included English-language
publications because we believed it was unlikely that we would miss important data reported in
non-English articles. The earliest publication date for studies was 1993. This date was chosen
because of changes to usual care/medical management (the comparator in most cases in this
review) resulting from the findings of landmark trials published from this date onwards.* 2% ¢

For T1DM, we included prospective comparative studies (i.e., RCTs, nonrandomized
controlled trials [non-RCTs], prospective cohort studies, controlled before-after studies).®* For
T2DM we included RCTs. RCTs are the gold standard for determining the effectiveness of
interventions particularly when there are multiple potential confounding patient and intervention
factors that may bias the results.®® Our preliminary searches during topic refinement identified
over 400 potentially relevant RCTs involving patients with T2DM and we believed that there
would be sufficient trials and variability with respect to program factors to address the relevant
KQs. We did not have a minimum sample size for inclusion, or a threshold for extent of
incomplete followup or participant attrition.

We included a broad range of comparators to behavioral programs and categorized them as
follows. Usual (standard) care control arms consisted of usual medical management of study
participants, whether this was provided by the study investigators or other health care
professionals; because medical care is so diverse between settings, these groups could receive a
minimally intensive intervention such as provision of pamphlets or one individual session with
an educator. Controls that were beyond usual care but not meeting our operational definition of a
behavioral program were considered active controls (e.g., dietary intervention, basic education
program of short duration or not including behavioral approaches). We categorized some control
arms as attention control, when the group received similar contact time as the intervention arm
but no intervention hypothesized to promote behavioral change. These arms were grouped with
usual care arms for analysis and sensitivity analysis was conducted (i.e. removal of these arms)
when the heterogeneity in the meta-analysis was substantial (see Data Synthesis). All trial arms
that met our definition of a behavioral program were considered “interventions”; when two
intervention arms were compared “head-to-head” we considered this to evaluate their
comparative effectiveness.

To help distinguish between the effects of behavioral programs (targeting patient behaviors)
and other interventions, we excluded studies where the intervention was a disease/care
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management program (e.g., consisting of one or more interventions actively adjusting diabetes-
related medications, monitoring patient medical data, or coordinating care provision)®* or other
quality improvement programs that incorporate strategies targeting health systems or providers.®
This criterion was further refined after the protocol was published. Specifically, usual medical
management (usual care) of all study participants needed to be stated by the authors or judged by
the reviewers to be similar; for example, studies were excluded if the intervention arm(s)
received stricter targets for glycemic control or more intensive medication regimes than the
control arm. Additionally, studies investigating behavioral programs as one component of
innovative medical care models (e.g. group appointments, pharmaceutical care) were only
included if the effect of the behavioral program could be isolated. Other exclusion criteria
included: 1) studies focusing exclusively on newly diagnosed patients, who do not represent our
target population; 2) reports of studies where the outcomes were not of interest to this review
(e.g., short-term effects on glucose sensitivity, C-reactive protein), or when the only difference
between the study groups was a factor outside of the review’s scope (e.g., two intervention arms
differing only by diet composition rather than delivery method, personnel etc.); 3) studies
evaluating behavioral programs targeted at hospital inpatients; 4) studies evaluating community-
based programs that were not implemented in affiliation with a community health setting (e.g.,
school-based programs); 5) studies published exclusively in abstract form (e.g., conference
abstracts). Where relevant abstracts were identified we searched for a complete report including
contacting authors, as needed.

Table 1. Inclusion criteria for Type 1 diabetes (Key Questions 1-4)

Population e Patients with TLDM (any age) who have undergone basic diabetes education

Interventions ¢ Multicomponent behavioral program that includes at least one of:

- Diabetes self-management education; OR

- Structured dietary intervention (related to any of weight loss, glycemic control, or reducing
risk for complications) together with one or more additional components; OR

- Structured exercise/physical activity intervention together with one or more additional
components.

- Additional components may include interventions related to: diet or physical activity,
behavioral change (including but not limited to: goal setting, problem solving, motivational
interviewing, coping skills training, cognitive behavioral therapy strategies), relaxation or
stress reduction, blood glucose awareness, medication adherence, or self-monitoring for
diabetic complications (foot, eye, and renal tests).

e Repeated provision by one or more trained individuals
e Duration of intervention: minimum 4 weeks

Comparators o Usual or standard care (i.e., medical management provided to all study participants), an active
control (i.e., intervention in addition to usual care but not meeting our operational definition of
behavioral program), or another behavioral program

o Delivery methods (personnel, intensity, communication methods etc.) as reported for studies

Outcomes e Behavioral outcomes
- Self-regulation of insulin based on diet, physical activity, and glucose monitoring results
- Change in physical activity (e.g., volume of activity per week) or fitness (e.g.
cardiorespiratory fitness, strength)

- Change in dietary or nutrient intake (i.e., energy intake, saturated fat consumption)
- Adherence to treatment, including self-monitoring and medication

¢ Clinical outcomes
- Glycemic control (HbA1c)
- Change in body composition (i.e., weight, BMI, waist circumference, % body fat)
- Episodes of severe hypoglycemia
- Treatment for hyperglycemia (ketoacidosis)
- Control of blood pressure and lipids
- Development or control of depression or anxiety

¢ Health outcomes
- Quality of life (e.g., validated tools for health-related quality of life, life satisfaction,

11



psychosocial adaptation to iliness, patient satisfaction)

- Development of micro- and macrovascular complications (i.e., retinopathy, nephropathy,
neuropathy, cardiovascular outcomes)

- Mortality (all-cause)

Diabetes-related health care utilization

- Hospital admissions

- Length of stay in hospital

- Emergency department admissions

- Visits to specialist clinics

Program acceptability as measured by participant attrition rates

Harms from program as reported for studies
- Activity-related injury

Timing .

Any length of post-intervention followup

Study design .

Prospective comparative studies using a best evidence approach based on hierarchy of
evidence: randomized controlled trials, nonrandomized controlled trials, prospective cohort
studies, controlled before-after studies

Settings o

Community health setting (i.e. ambulatory care clinics, outpatient clinics, primary care clinics,
family physician clinics, Community Health Centers, Rural Health Centers)
United States or other high-income countries with a very high Human Development Index®

Language .

English

BMI = body mass index; HbA;. = hemoglobin A;.; TLDM = type 1 diabetes

Table 2. Inclusion criteria for Type 2 diabetes (Key Questions 5-6)

Population .

Adults (=18 years) with T2DM who have undergone primary diabetes education

Interventions .

Multicomponent behavioral programs that include at least one of:

- Diabetes self-management education; OR

- Structured dietary intervention (related to any of weight loss, glycemic control, or reducing
risk for complications) together with one or more additional components; OR

- Structured exercise/physical activity intervention together with one or more additional
components.

- Additional components may include interventions related to: diet or physical activity,
behavioral change (including but not limited to: goal setting, problem solving, motivational
interviewing, coping skills training, cognitive behavioral therapy strategies), relaxation or
stress reduction, blood glucose awareness, medication adherence, or self-monitoring for
diabetic complications (foot, eye, and renal tests).

Repeated provision by one or more trained individuals
Duration of intervention: minimum 4 weeks

Comparators .

Usual or standard care (i.e., medical management provided to all study participants), an active
control (i.e. intervention in addition to usual care but not meeting our operational definition of
behavioral program), or another behavioral program

Delivery methods (personnel, intensity, communication methods etc.) as reported for studies

Outcomes .

Behavioral outcomes
- Change in physical activity (e.g., volume of activity per week) or fithess (e.qg.,
cardiorespiratory fitness, strength)
- Change in dietary or nutrient intake (i.e., energy intake, saturated fat consumption)
- Adherence to medication
Clinical outcomes
- Glycemic control (HbA1c)
- Change in body composition (i.e., weight, BMI, waist circumference, % body fat)
- Control of blood pressure and lipids
- Sleep apnea or sleep quality
- Development or control of depression or anxiety
Health outcomes
¢ Quality of life (e.g., validated tools for health-related quality of life, life satisfaction,
psychosocial adaptation to iliness, patient satisfaction)
¢ Development of micro- and macrovascular complications (i.e., retinopathy, nephropathy,
neuropathy, cardiovascular outcomes)
o Mortality (all-cause)
Diabetes-related health care utilization
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- Hospital admissions
- Length of stay in hospital
- Emergency department admissions
- Visits to specialist clinics
Program acceptability as measured by patrticipant attrition rates

Timing Any length of post-intervention followup

L]
L]
Study design e Randomized controlled trials
Settings ¢ Community health setting (i.e., ambulatory care clinics, outpatient clinics, primary care clinics,
family physician clinics, Community Health Centers, Rural Health Centers)
e United States or other high-income country with a very high Human Development Index®®

Language e English

BMI = body mass index; HbA;. = hemoglobin A;.; T2DM = type 2 diabetes

Study Selection

Two members of the research team independently screened all titles and abstracts (when
available) using broad inclusion/exclusion criteria (Tables 1 and 2). We retrieved the full text of
any publications marked for inclusion by either reviewer. Two reviewers independently assessed
the full texts using a standard form that outlined the inclusion and exclusion criteria (see
Supplementary File 1). The reviewers resolved any disagreements through consensus or by
consulting a third member of the review team.

We used an internally developed online tool to manage the title and abstract screening and
full text review. The results from the full text review were then exported to an EndNote®
database. We recorded the principal reason for excluding full text publications that did not
satisfy the eligibility criteria.

Data Extraction

We extracted data directly into the Systematic Review Data Repository (SRDR™), One
reviewer extracted data, and a second reviewer checked the data for accuracy and completeness.
We resolved disagreements through consensus or by consulting a third member of the review
team. We extracted the following data: author identification, year of publication, source of
funding, study design, population (i.e., inclusion and exclusion criteria, number of participants
enrolled, study withdrawals, duration of followup), baseline characteristics (e.g., age, duration of
diabetes, HbA., race, ethnicity, weight, body mass index), details of the interventions and
comparators, and outcomes. When more than one publication reported the results of a single
study, we considered the earliest published report of the main outcome data to be the primary
publication. We extracted data from the primary publication first and then any additional data
reported in the associated publications. We only extracted outcome data at or after the end-of-
intervention timepoint; interim results prior to the end of any intervention contact were not
included. We recorded intention-to-treat results, if possible. Other decision rules were developed
for extraction of outcome data: 1) when both subjective and objective assessment was performed
for change in dietary or nutrient intake, or physical activity (e.g. exercise duration/intensity via
self-report and accelerometer) we only extracted the objective data; and 2) for clinical or health
outcomes relying on questionnaires (e.g. depression, anxiety, quality of life) we only extracted
data when composite or component scores were provided.

For studies where it was unclear whether patients had TILDM or T2DM, we developed
decision rules based on mean age of study population, duration of diabetes, and treatment. In
studies where both types of patients were included and results were not reported separately, if
more that 75 percent were one type of diabetes we included the study with that disease group.
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Risk of Bias Assessment of Individual Studies

Two reviewers independently assessed the risk of bias of the included studies. Discrepancies
were resolved through discussion and consensus.

We assessed the internal validity of RCTs and non-RCTs using the Cochrane Risk of Bias
tool.®” The tool examines seven domains of potential bias (sequence generation, concealment of
allocation, blinding of participants and personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and “other” sources of data), and a categorization of
the overall risk of bias.

Each domain was rated as having “low,” “unclear (medium),” or “high” risk of bias. We
assessed blinding and incomplete outcome data separately for subjective outcomes (e.g., quality
of life) and objective outcomes (e.g., HbA;¢). We reported any additional sources of bias, such as
baseline imbalances or design-specific risks of bias, in the “other” sources of bias domain.

We created decision rules for consideration of blinding of participants, personnel, and
outcome assessors (see Supplementary File). Examples which met the criteria for low risk of bias
for these domains include: 1) for participants, when the comparator was an attention control,
active control, or another behavioral program, if the authors reported some mechanism for
blinding the participants from the study hypothesis; 2) for personnel, if they followed a standard
protocol and received structured training in program delivery; and 3) for outcome assessment,
double blinding of participant and outcome assessor was deemed not necessary for subjective
outcomes if the participants were blinded (as above) and independently completed
questionnaires.

The overall risk of bias assessment was based on the responses to individual domains. If one
or more individual domains had a high risk of bias, we rated the overall score as high risk of
bias. We rated the overall risk of bias as low only if all components were assessed as having a
low risk of bias. In all other situations, the overall risk of bias was rated as medium.

We assessed the risk of bias for prospective cohort studies and controlled before-after studies
using the Newcastle-Ottawa Scale (see Supplementary File).% This tool uses a star system to
assess methodological quality across three categories: selection of participants, comparability of
study groups, and ascertainment of the outcome of interest. The star rating indicates the quality
of a study with a maximum assessment of nine. If a study scored eight or nine, we rated the
overall risk of bias as low. We rated the overall risk as medium if the score was between five and
seven. For scores below five, the overall risk of bias was rated as high.

Data Synthesis

We analyzed data separately for TLDM and T2DM with different approaches for each KQ as
outlined below. For each condition we summarized the characteristics of included studies
qualitatively and presented important features of the study populations, interventions, and
comparators in summary tables. Outcome data are reported in figures of meta-analyses (if
pooled) or outcomes tables. We calculated mean differences (MD) or standardized mean
differences (SMD) for continuous variables, and risk ratios (RR) for dichotomous data. The
findings represent differences between the intervention and comparator arm. When possible we
used (or computed) change from baseline data; otherwise final values were used. If standard
deviations were not given, they were computed from p-values, 95% confidence intervals, z-stats,
or t-stats. If computation was not possible they were estimated from upper bound p-values,
ranges, inter-quartile ranges, or (as a last resort) by imputation from similar studies. When
computing standard deviations for change from baseline values, we assumed a correlation of 0.5,
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unless other information was present in the study that allowed us to compute it more precisely.
Results are reported with accompanying 95 percent confidence intervals (95% CIs).

The focus of our analysis (and for determining which outcomes to grade for strength for
evidence for KQ 1 [see relevant section in this chapter]) rested on outcomes we considered most
clinically relevant or important to patients; we refer to these as “key outcomes”. Included in this
category were all health outcomes (i.e., quality of life, development of micro- and macrovascular
complications, all-cause mortality) and selected behavioral and clinical outcomes (i.e., glycemic
control, adherence to diabetes self-management behaviors, change in body composition, change
in physical activity or fitness, and change in dietary or nutrient intake). Where guidance from the
literature was available, we defined a minimum clinically significant difference (i.e., the smallest
difference between groups that can be considered clinically significant); we refer to this in the
results and discussion chapters by commenting on whether results were clinically important. For
HbA;., we used a difference of 0.4 units in percent HbA (e.g., 7.6% vs. 8.0% HbA;.), which is
based on the value used by the U.S. Food and Drug Administration.®® For quality of life
measures and other subjective outcomes represented by continuous data, we used a difference of
one-half standard deviation (0.50 SD) based on the data from the studies, which has been shown
to represent a universal, conservative estimate of a meaningful difference.®® "

With input from the TEP, we categorized various components and delivery mechanisms (e.g.,
program intensity, method of communication, presence of community engagement) as outlined
in Table 3. The categories were used in the summary tables to describe the behavioral program(s)
for each study and for coding the variables used for the regression and network meta-analyses for
KQs 3, 5, and 6 (described later in this section). For the network meta-analyses performed for
KQs 5 and 6, the categories were used to define groups (nodes) of interventions that were
“sufficiently similar” in terms of the factors of interest. Table 3 also indicates that actual values
were used for program duration and frequency of contacts where suitable (i.e., regression
analyses for KQs 3 and 6). When calculating contact hours, we assumed telephone calls (when
described in number and serving as more than a reminder/basic followup) would be 10 minutes
each if their duration was not reported. Care was taken to avoid counting time/contacts required
solely for research purposes (e.g., consent, outcome assessment). Initially, the program
components category included more items (i.e., diet plus additional component, physical activity
plus additional component; see Appendix A for operational definitions) but because there were
very few studies evaluating these categories we collapsed all programs that were not DSME into
a “lifestyle” category which largely contained programs focusing on diet and physical activity.
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Table 3. Categorization of program components and delivery factors

Program Factors

Categories and Description Variables

Program Components

DSME

DSME + Support: DSME plus an added phase to extend program duration and
support; often clinically focused but may be psychosocial, educational or behavioral
Lifestyle programs: Behavioral programs focused on diet and/or physical activity rather
than on diabetes-specific self-management behaviors; may also include other
components as long as does not meet the criteria for DSME with emphasis on
education/training

Duration of program

No categories; duration was used as a continuous variable for the regression analyses
for KQs 3and 6

Intensity” (contact hours;
where contact hours could
not be calculated, we used
#contacts as a proxy)

<10h
11 to 26h (e.g., weekly for up to 6m)
227h (allowing for monthly followup for 1yr)

Frequency of contacts

No categories; this was a composite variable combining duration and intensity (h/m);
the continuous variable was used for the regression analyses for TLDM

Method of communicationf

In person only
Mixture of in person and technology
All technology with minimal interaction with providers

Method of deliveryi

Individual
Mixed individual and group
Group

Delivery personnel§

Delivered entirely by non-health professional (e.g., lay/community health worker,
undergraduate students) after training and under some supervision

One health professional for large majority (>75%) of delivery

Provision by multidisciplinary team of health professionals

Degree of tailoring”

None/Minimal — none or only small portion is tailored (e.g., personalized diet
prescription in otherwise highly structured lifestyle program or delivery based on
flexible hours but same content for all)

Moderate/maximum — most of program has content and/or delivery tailoring (e.g.,
topics are based on needs assessment and delivery timing/duration/location is based
participant’s schedule/needs/location preferences)

Level and nature of
community engagement

Present, e.g., peer delivering program or peer support groups for support stage, use of
community resources (infrastructure) for delivery or maintenance stages

Absent, e.g., nothing reported or, at most, providing written information about
community resources

Presence of support
personit

Family or parent involved in >1 session
No family or parent involvement in sessions

“for network meta-analysis in KQ 5 and 6 only; T 2 and3 were combined for analysis; $1 and 2 were combined for analysis; §2
and 3 were combined for KQ 5 and 6; **used in summary tables and the analysis for TIDM; 1tfor TIDM only

DSME = diabetes self-management education; h = hour; m = month; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes

mellitus; yr = year

Synthesis for TIDM (KQs 1-4)

KQ 1: Behavioral Programs and Behavioral, Clinical, and Health Outcomes;
Diabetes-related Health Care Utilization; and Program Acceptability

For each comparison of interest, we conducted a pair-wise meta-analysis when two or more
eligible trials were sufficiently similar on the basis of study design, clinical homogeneity of
patient populations, interventions, comparators, outcomes, and timepoints. Because we assumed
that behavioral programs for TIDM would be sufficiently different when developed for and
studied in children and adolescents (“youth”) compared with adults, we present both pooled and
subgroup analysis based on age when there was more than one trial in each age category at the
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relevant timepoint. We used the Hartung-Knapp-Sidik-Jonkman random effects model for all
meta-analyses using Stata 11.2 and Excel 2010 software.”"® We calculated pooled MD, SMD,
and risk ratios with corresponding 95% Cls, as appropriate. We analyzed outcomes at different
postintervention timepoints using strata: end of active intervention-<Imonth, 1-<6 months, >6-12
months, >12-24 months, and >24 months. If a study included more than one followup timepoint
in each strata, we used data from the longer followup. We did not include the results of
observational studies in any of the pooled analyses.

Sensitivity analyses (including leave-one-out analyses, assuming a fixed effects model, re-
analyses after excluding a group of studies) were undertaken where appropriate (e.g., in the
presence of studies with outlying effect sizes, for studies rated as high risk of bias in some
domains such as incomplete [<70%] outcome data, to examine the effects from combining usual
care and attention control groups). Heterogeneity was considered substantial when the I statistic
(the proportion of variation in study estimates attributable to heterogeneity) was greater than 50
percent.”* We explored between-study heterogeneity using subgroup and meta-regression
analyses where there were at least 10 studies.”® Planned subgroups are listed in KQs 2 and 6.
Publication bias was assessed both visually and quantitatively using Egger’s test for the outcome
with the greatest amount of data.”®

KQ 2: Subgroups for Effectiveness in TLDM

We searched for subgroup analyses reported by individual trials that focused on whether a
particular behavioral program was more or less effective for the outcome with the most data (i.e.,
HbA;) based on age (children and adolescents [<18 years], young adults [19-30 years], adults
[31-64 years], older adults >65 years]), race or ethnicity, socioeconomic status, time since
diagnosis (<1 year vs. >1 year), and level of glycemic control (HbAj. <7 vs. >7 percent). We
also considered the studies themselves as units for possible subgroup analysis, for example when
the mean age of participants fell within one of the age categories, or the majority (=75 percent)
of the participants were stated as racial/ethnic minorities (i.e., nonwhite).

KQ 3: Potential Moderation of Effectiveness for TLDM: Components, Intensity,
Delivery Personnel, Method of Communication, Degree of Tailoring, and Level of
Community Engagement

To assess whether the effectiveness of behavioral programs differed based on various
potential moderating factors, we performed univariate meta-regressions for comparisons between
behavioral programs and usual care. We performed the analyses for HbA;., which was the only
outcome reported by at least 10 studies, and used data from each study’s longest followup
timepoint. There were insufficient studies to perform multivariable analysis. The following
covariates were considered: program duration, program intensity (contacts per month), delivery
mode, delivery personnel, presence of supports (e.g., family members), and community
engagement. Each behavioral program was coded using the categorization scheme in Table 3.

KQ 4: Harms
For harms (i.e., activity-related injury) we planned to descriptively summarize all outcomes
presented in studies. We did not plan to conduct any quantitative analysis for this outcome.

Synthesis for T2DM (KQs 5-6)
Before synthesizing findings to answer KQs 5 and 6, we performed pair-wise meta-analyses
for all outcomes identified in the PICOTS. This served to summarize the findings on outcomes
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not reported by enough studies to contribute to the analyses for KQ 5 or 6, and to provide
information when interpreting the results of the subsequent analyses. We used the same
analytical approach described for KQ 1.

KQ 5: Potential Moderation of Effectiveness for T2DM: Components, Intensity,
Delivery Personnel, Method of Communication, and Level of Community
Engagement

To answer KQs 5 and 6 we performed network meta-analyses for key outcomes having
enough data. Rather than providing a simple pair-wise comparison of similar comparisons (e.g.,
a group of interventions versus usual care) through standard meta-analysis, a network meta-
analysis allows for simultaneous evaluation of a suite of comparisons. A network of different
comparisons is constructed (with “nodes” representing groupings of sufficiently similar
interventions and comparators) to consider both direct evidence from comparisons of similar
interventions/nodes and indirect evidence from comparisons where one intervention is in
common, but not all (e.g., intervention A vs. usual care, and intervention A vs. intervention B
infer knowledge about intervention B vs. usual care). Because numerous nodes can be created,
this approach can be useful when a diverse range of interventions and comparators are being
considered—the nuances of the various interventions can be captured.

The grouping of behavioral programs into nodes was based on the categories in Table 3. We
also formed three categories for the comparator groups: usual care, active “non-DSME” control
(i.e., basic education not meeting our criteria for DSME; see Appendix A), and active “other”
control (e.g., stand-alone dietary or physical activity intervention). For the intervention arms
(behavioral programs), we identified all plausible nodes differing by only one variable (e.g., a
level within the intensity category) to assess the variation in effectiveness based on the potential
moderating factors of interest for this review. We then coded all interventions and comparators
into the various nodes (i.e., not all plausible nodes ended up containing data). Based on the
number of comparisons studied in the trials for each key outcome and the diversity of variables
within the behavioral programs, we used as many variables as possible when creating the nodes.
The analysis was conducted for HbA;. and body mass index; because of the relatively low
amount of outcome data for other key outcomes, only one or two variables could be considered
and this was deemed to offer insufficient meaning.

The analysis was conducted using a Bayesian network model to compare all interventions
simultaneously and to use all available information on treatment effects in a single analysis.”” ®
Mean differences were modeled using noninformative prior distributions. A normal prior
distribution with mean 0 and large variance (10,000) was used for each of the trial means,
whereas their between study variance had a uniform prior with range 0 to 2. These priors were
checked for influence with sensitivity analyses. Markov Chain Monte Carlo simulations using
WinBugs software were carried out to obtain simultaneous estimates of all interventions
compared with placebo, as well as estimates of which interventions were the best. A burn-in
sample of 20,000 iterations was followed by 300,000 iterations used to compute estimates.
Analysis was checked for consistency by contrasting direct and indirect estimates in each
triangular loop using the methods described by Vernoiki.” Results are presented as estimates of
the treatment effects (MD) relative to usual care, 95 percent credibility intervals, as well as the
rank probabilities for each behavioral program strategy (i.e., probability that a particular
combination of components and delivery methods for a behavioral program is the “best
program’).
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KQ 6: Subgroups for Factors Moderating Effectiveness in T2DM

This KQ focused on whether variability between population groups affected the role of
potential factors contributing to effectiveness of behavioral programs for key outcomes with the
most data (i.e., HbA1.). Similar to KQ 2, we searched for subgroup analyses reported by
individual trials that focused on whether a particular behavioral program was more or less
effective in reducing HbA based on age (young adults [19-30 years], adults [31-64 years], older
adults >65 years]), race or ethnicity, socioeconomic status, time since diagnosis (<1 year vs. >1
year), and level of glycemic control (HbA;c <7 vs. >7 percent). This approach did not yield any
appropriate data. We then considered the studies themselves as units for possible subgroup
analysis.

As a starting point, we conducted subgroup analyses of the pair-wise meta-analysis results
for HbA, for behavioral programs compared with usual care and active controls at longest
followup. When enough comparisons existed within an identified subgroup to maintain the
structure of the network used for analysis of HbA;. for KQ 5, we then performed subgroup
analysis of this network. This was possible for studies with baseline HbA;; >7 percent and with a
mean participant age <65 years; the subgroups with baseline HbA;; <7 percent and age >65 years
were too small for their own network analysis. For subgroups based on race/ethnicity (>75 vs.
<75 percent nonwhite), the number of trials in either subgroup was not sufficient to perform a
meaningful network meta-analysis, so we conducted a set of univariate meta-regressions within
each subgroup using the variables in Table 3 and methods outlined for KQ 2.

Strength of the Body of Evidence

We followed the Methods Guide®” to evaluate the strength of evidence (SOE) for KQ 1 for
all health outcomes (i.e., quality of life, development of micro- and macrovascular
complications, all-cause mortality) and selected behavioral and clinical outcomes (i.e., glycemic
control, adherence to diabetes self-management behaviors, change in body composition, change
in physical activity or fitness, and change in dietary or nutrient intake). SOE assessments were
based on evidence from trials. The body of evidence was graded by one reviewer, and reviewed
by a second reviewer. Disagreements were resolved through discussion or by consulting with a
third reviewer, as needed.

We examined the five core domains most relevant to reviews of RCTs (anticipated to be the
large majority of included studies): risk of bias, consistency, directness, precision, and reporting
bias. We defined the risk of bias (low, medium, or high) on the basis of study design and
methodological quality. We rated consistency (consistent, inconsistent, unknown [if there is only
one study]) by assessing the direction, magnitude, and statistical significance of all studies. We
assessed directness of the evidence (direct or indirect) on the basis of the use of surrogate
outcomes or the need for indirect comparisons. We assessed precision (precise or imprecise) on
the basis of the degree of certainty surrounding the effect estimate. A precise estimate is one that
allows for a clinically useful conclusion. Reporting bias (suspected or unsuspected) was
evaluated with respect to publication bias, selective outcome reporting bias, and selective
analysis reporting bias. For selective reporting and analysis biases, we evaluated the results
across studies qualitatively on the basis of completeness of reporting for individual studies and
reporting patterns across studies. We rated the body of evidence using four SOE grades which
indicate our level of confidence that the evidence reflects the true effect for the major
comparisons of interest:
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e High. Very confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has few or no deficiencies; the findings are stable, i.e.,
another study would not change the conclusions.

e Moderate. We are moderately confident that the estimate of effect lies close to the true
effect for this outcome. The body of evidence has some deficiencies; the findings are
likely to be stable, but some doubt remains.

e Low. We have limited confidence that the estimate of effect lies close to the true effect
for this outcome. The body of evidence has major or numerous deficiencies (or both);
additional evidence is needed before concluding either that the findings are stable or that
the estimate of effect is close to the true effect.

e Insufficient. We have no (or very little) evidence, we are unable to estimate an effect, or
we have no confidence in the estimate of effect for this outcome. No evidence is available
or the body of evidence has unacceptable deficiencies, precluding reaching a
conclusion.>

We did not assess SOE for the other KQs. KQ 4 assesses harms, which was a minor focus of
this review. The other KQs explore factors that may be associated with the effectiveness of
behavioral programs; there is no precedent for SOE assessments for these types of questions.

Applicability

We followed the Methods Guide to evaluate the applicability of the evidence to the delivery
setting of interest (i.e., community health settings).>” We considered important population
characteristics, behavioral program characteristics, and delivery settings that may limit
applicability of the findings. Factors that may limit the applicability include narrow eligibility
criteria, components or delivery elements of behavioral programs that may not be feasible in
some settings, and health system differences.

Peer Review and Public Commentary
[To be completed following peer review and public posting]
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Results

This chapter begins with a summary of our literature search. We then present the findings
separately for type 1 diabetes mellitus (T1LDM) and type 2 diabetes mellitus (T2DM). Within
each section we present a general description of the included studies followed by our findings by
Key Question (KQ). Specific details for the organization of the sections for TLDM and T2DM
are included below.

Literature Search and Screening

Searches of all sources identified a total of 45,075 citations. For TIDM, we included 32
studies described in 42 publications. For T2DM, we included 123 studies described in 151
publications. Figure 3 describes the flow of literature through the screening process. Appendix D
provides a complete list of articles excluded at the full-text screening stage, with reasons for
exclusion.

Figure 3. Flow diagram of study retrieval and selection

Records identified through Recordsidentified through gray
electronic database literature searches (trial registries
searching and conference proceedings)
n=61.262 n=2513

| |

Records after duplicates
removed
n=45075
J/ Records excluded after
screening
Rec'ir:dzgcﬂr?gned n= 44 497
\l/ Number of full text articles
Full text articles assessed excluded n =394
for e"%‘?g'ty Reasons for exclusion:
n —
Design: 36
J, Duration: 14
Recordsincluded from Interventpn: 240
Language: 2

reference lists of
systernatic reviews and
included studies

QOutcomes: 39
Population: 19
Publication type: 26

i Setting/Country: 18
Studies included for T1DM Studies included for T2DM
Primary reparts = 32% Primary reports = 123
Associated publications = 10 Associated publications = 27

* One study was included forboth TIDM and T2DM
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Type 1 Diabetes Mellitus

This section begins with the results of our literature search, a general description of all
included studies, separate summaries of studies that focused on youth followed by those that
focused on adults, and a summary of the risk of bias (ROB) assessment. We then present results
by KQ. We begin with results of behavioral programs compared with usual care, followed by
studies comparing behavioral programs with an active control, and then by those comparing two
or more behavioral programs (i.e. comparative effectiveness). The results are grouped first by
outcome (e.g., HbA;) and then by follow-up timepoint. For each outcome results are presented
by age groups (youth and adults), where appropriate. We present results as mean differences
(MD), standardized mean differences (SMD), or risk ratios (RR), with 95 percent confidence
intervals (95% CI) as figures with meta-analyses or in summary tables. Where statistical
heterogeneity was considered substantial (>50 percent) we report the 1% Statistic (12%).

For each KQ, we give the key points and then present a detailed synthesis of the evidence.
Appendix E (Table E2) includes the ROB assessments for each trial. Summary tables describing
studies are found in Appendix F (Tables F1 and F2); they are organized alphabetically by author.
For observational studies, we present a narrative summary of the results for HbA;.. Other
outcomes from the observational studies are documented in Appendix G. For KQ 1, we
summarize the strength of evidence (SOE) assessments, which are provided in detail in
Appendix H.

Literature Search and Screening

For T1DM, we included 32 studies described in 42 publications (Figure 3). Primary reports
were identified for 28 randomized controlled trials (RCT),2*%" 1 non-RCT,*® and 3 controlled
before-after studies.'®**! Ten additional publications contributed information related to the
study methodology, outcomes, or descriptions of the interventions.**** One of the studies
included both T1DM (49 percent) and T2DM (51 percent) patients; results were reported for
each patient group and the study is included in both TLDM and T2DM of this review.®

Characteristics of Included Studies

The majority of studies (28 trials, 2 observational studies) examined diabetes self-
management education (DSME); two studies (1 RCT,*® 1 observational study'°) focused on
lifestyle programs (see Appendix A for operational definitions). For DSME, most trials (n=21)
were two-arm trials comparing DSME to usual care. Three two-arm RCTs compared DSME to
an active control .2 # % The active controls included telephone support®™ and basic education.®*
% Three RCTs were three-arm trials with one having two active control arms'®® and the other two
each had a usual care and an active control arm.®* 1% For one, the authors combined the usual
care and active control arms.®* For the other two, we analyzed the control arms separately.'® 1%
One RCT evaluated the comparative effectiveness of the same DSME program delivered in
person compared with delivery by internet-based videoconferencing (Skype™).% Two
observational studies compared DSME with usual care.'® ***

Both studies focusing on lifestyle programs compared them with usual care. One was a two-
arm RCT*® and the other was an observational study.**
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Youth

Clinical Trials

Twenty-one RCTs® 88 %0, 91,94-102, 104,106 o gjx associated publications
examined the effectiveness of behavioral programs among youth. Most RCTs were two-arm
trials and focused on DSME compared with usual care. One RCT compared a DSME program
delivered in person compared with delivery using Skype®® and another compared delivery of
DSME in person compared with a telephone support active control.2> Two three-arm trials
compared a DSME program with usual care and an active control (basic education program),®"
106 although the authors of one combined the two control groups for their analyses.®! Fifteen trials
were conducted in the United States; - 82 84-86. 88, 90,94-98, 101,102, 106 o5 \vere conducted in
Europe.83' 87,91, 99, 100, 104

The mean age of the youth participants ranged from 9.7-15.4 years (median=13.4). One
study did not report age.*® The percentage of males ranged from 5-63 percent (median=47). The
proportion of nonwhite participants was between 2—82 percent (median=23.5); seven trials did
not present information on race or ethnicity.% %% %99 1% £or most trials, the mean HbA . was >7
percent and ranged from 7.4-15.7 percent (median=9.5 percent). One trial did not report absolute
baseline HbA .2

All trials in youth recruited patients/families from outpatient clinical settings providing usual
care throughout the study period. Clinical settings mostly consisted of diabetes/endocrinology
clinics located at university-affiliated hospitals, and care was commonly described to include
quarterly clinic visits with a multidisciplinary team of providers offering education and
additional consults as needed. One study’s usual care included eight visits over a one-year
period.” Some studies reported additional components including: regular adherence
assessments,®" *® in-clinic goal setting and a daily phone hour with education provided between
visits,®® ® access to an emergency hotline,®” and basic care coordination with clinic reminders
and assistance with scheduling appointments.® 1% Three trials reported that usual care included
more advanced education,® 8 1% and one multicenter trial’s exclusion criteria for study centers
included the availability of a group education program.®®

A basic description of the behavioral programs delivered to youth is provided in Appendix F
(Table F1). Although all studies included in the review evaluated programs which, as reported,
met our operational definition of a behavioral program, there was considerable diversity in terms
of the program content and delivery. Some programs were designed to coincide with office/clinic
visits; however, there was variability in the degree of integration with medical care and in
program intensity. Some programs were fully integrated into the clinic visit and were delivered
by the clinic’s health care personnel.” %1% Other programs were delivered by non-clinic staff
(e.g., trained research assistant, internists) either prior to or after the patient was seen by the
health care team.®" %% %102 5ne study combined in-clinic goal setting with automated weekly
delivery of tailored education and support messages.®” Two office-based programs had relatively
high intensity with more than 10 contacts.®™ ** The majority of office-based programs were
delivered to the family, with a focus on family teamwork, conflict, and coping.®* - 94 96,99, 100. 102
Programs that did not coincide with clinic/office visits largely consisted of weekly or monthly
sessions incorporating various behavioral approaches such as problem-solving, coping, and
empowerment training.2% 8 95 97. 98,101, 104 game a5 offered a more therapeutic approach
together with some degree of self-management training (i.e., behavioral family systems
therapy,®® " 1% motivational enhancement therapy combined with solution-focused therapy,®
and multisystemic therapy® ). Many programs were targeted at adolescents, 8- 8>-83. 90. 91, 95,97,
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100, 101, 104, 106 83, 94, 96, 99, 102

while others were tailored to children,’® or offered to mixed age groups.
Below, we present a summary of implementation factors.

The total duration of the behavioral programs ranged from 1.5-25 months (median=6). The
number of contact hours ranged from 2-48 hours (median=8). Four trials did not report enough
information to calculate the number of contact hours, 5 8- 9. 101

Five trials delivered the programs to youth only;%% 8487:101.10% 16 geljvered the programs to
both youth and their parents or family members 8% 83 85 86,88, 90, 91,94-100, 102, 106 T eq trig|s
delivered the program in person to groups of youth only,® 1% and two trials delivered the
program to youth using a mix of in-person sessions supplemented by telephone calls'® or text
messaging.?’ Seven trials delivered the program in person to individual pairs of youth and family
members,®! 8% 86 88,91, 96,106 g trials delivered the program in person to groups of youth and
family members.3® % %8100 104 Three trials delivered the program to individual pairs of youth and
family members using a mix of in-person sessions supplemented by telephone calls.®® ¥ 192 Tyo
trials delivered the program to individuals using telehealth®” and Skype.®®

For six trials, the program was delivered by a single health care professional (e.g., nurse,
psychologist, registered dietitian).3> 848 88194 iy trials engaged two or more health
professionals,®® &7 9% 99.100. 106 qayen trials used non-health professionals (e.g., research assistants,
health-related students or trainees), 9 4 9. 97.101.102 9 one trial used a combination of a
health professional and a trainee.” One trial did not report this information.”

All of the behavioral programs had some degree of tailoring in terms of their content (e.g.,
individualized goal setting, topics based on age group) and/or delivery (e.g., coinciding with
office visits, number of visits determined based on needs assessment). Several had a moderate—
to—high level of tailoring in both content and delivery,®> 86 88.90.91,94,95,97, 101,102,106 g
interventions included some degree of community engagement.®® 8 8688

Observational Studies

Two controlled before-after studies explored the effectiveness of behavioral programs
delivered to youth and their parents or families. One study compared a DSME intervention with
usual care;* the other compared a lifestyle intervention with usual care.'*

The study by Viner et al.™* was conducted in the United Kingdom. The target population
was youth with poor glycemic control (HbA;. >8.5 percent). The mean ages were 13.0 and 13.1
years for the intervention and control groups, respectively; mean HbA;. was 10.2 and 10.0
percent for the intervention and control groups. The 1.5-month program was delivered in person
to groups of youth (6 meetings) and, separately, to groups of parents (1 meeting). The program
was based on motivational and solution-focused techniques, with elements of cognitive
behavioral therapy. The content of the program was tailored to youth with adherence issues and
also targeted changes at self-identified behaviors. No information was reported for community
engagement.

The study by Thomas-Dobersen et al.**® examined a lifestyle program that targeted
overweight adolescents; body mass index ranged from 22—36 kg/m?. The study was conducted in
the United States. The mean ages were 13.9 and 15.2 years and mean HbA;. was 12.2 and 13.1
percent for the intervention and control groups, respectively. The 3-month program was
delivered by a multidisciplinary team in person to groups of adolescents and, in separate group
sessions, to their parents. Program content was tailored to adolescents with diabetes although
there was minimal tailoring in the delivery of the structured group sessions. No information was
reported for community engagement.
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Adults

Clinical Trials

Seven RCTs® 89 92.93,103. 105,107\ ith four associated publications, ™ ¢ 119120 and one non-
RCT*® examined the effectiveness of behavioral programs among adults. Two RCTs included
participants with T2DM. One RCT presented results for Hb A4 separately for TLIDM and T2DM
and is included in both sections of this report.’® The other study did not report results separately
for TLDM or T2DM; however, the majority (>75 percent) of participants had T1DM so we have
included it in this section of the report.*® Six trials focused on DSME compared with usual
care,30 9293.103.107.108 5 examined DSME compared with one® or two'® active controls, and
one compared a lifestyle intervention with usual care.'® Six of the trials were conducted in
European countries, % 8% 92:93.107.108 e \wag conducted in the United States,'® and one was
conducted in New Zealand.'*

The mean age of participants ranged from 30-49 years. The percentage of males ranged from
35-62 percent. The proportion of nonwhite participants was between 4.5-25 percent in two
trials;* 1 the other trials did not present information on race or ethnicity. For all trials, the mean
HbA;. was >7 percent and ranged from 7.7-9.6 percent. The mean BMI ranged from 24.8-27.6
kg/m?; three trials did not report BM|.% 107 108

Similar to the trials in youth, usual care was usually provided by out-patient diabetes
clinics/centers from which the participants were recruited. Usual care was not described by
Karlsen et al.”* who took a different ap(Proach by recruiting survey respondents, and may have
been diverse in the trial of Perry et al.> which supplemented clinic recruitment with that from
radio and newspaper advertisements. Visit frequency was described less often, but for half of the
studies was biannually to quarterly.®® 2%31%:1% The ysual care in one trial included provision of
and training in a continuous glucose monitoring system.®

A basic description of the behavioral programs delivered to adults is provided in Appendix F
(Table F2). Several of the programs incorporated elements of cognitive behavioral therapy,® %
%3.105 with one combining cognitive behavioral therapy with motivational enhancement therapy.
In one study authors described their program as taking an empowerment approach,® another
incorporated guided self-determination group training,"*” and one offered self-management
training using an ongoing self-help group style.’® The program presented by Amsberg et al.%°
included a 9-month maintenance period during which telephone support calls were provided,; this
study also incorporated training using a continuous glucose monitoring system. Below, we
present a summary of implementation factors.

The total duration of the behavioral programs ranged from 1.5-12 months (median=6
months). The number of contact hours ranged from 9-52 hours (median=16). One trial included
an intense phase (2 months) followed by a 9-month support period.®® Five trials delivered the
program in person to groups of participants,®® % 105107198 y\yq delivered the program in person
to individuals,* 1 and one trial used a mix of individual and small group sessions that were
delivered in person and by telephone.® For three of the trials, the program was delivered by a
single health care professional (i.e., nurse, registered dietitian, physician).®* %1% Four trials
engaged two or more health professionals,® 1% 19527 and one trial used a health care
professional and a peer (with diabetes and trained in program delivery) who served as coleader.
All reports described the programs to have a moderate-to-high degree of tailoring of content to
the participants’ individual needs; fewer had mechanisms (e.g., telephone followup, collaborative
delivery by professional and participants) to tailor the delivery of the program.®® %197 1% One
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trial incorporated community engagement through the use of a peer coleader;*® the remaining
trials either involved no community engagement or did not report this information.

Observational Studies

One controlled before-after study explored the effectiveness of a DSME program among
adults (<65 years) who were receiving intensive insulin therapy.'®® The study was conducted in
Italy. Baseline HbA;. was >7.5 percent in 59 and 63 percent of the intervention and control
groups, respectively. The 4-month intervention was an education program including
empowerment group teaching and situation simulation, and comprised eight 2-hour group
sessions led by a physician or dietitian. There was some tailoring of the content towards patients
receiving intensive therapy; no information was reported for community engagement.

Risk of Bias of Individual Studies

A summary of the ROB assessments for the 29 trials is presented in Figure 4; the consensus
assessments in all domains for each study are presented in Appendix E. All trials were assessed
as having a medium (unclear) or high overall risk of bias. For objective outcomes (e.g., HbA,
weight), 55 percent of trials had a medium risk of bias and 45 percent had a high risk. The
assessment of high risk was largely driven by incomplete outcome data (i.e., loss to followup).
For subjective outcomes (e.g., health-related quality of life [HRQL]), all but two trials had a high
risk of bias (93 percent). This was primarily due to lack of blinding of participants, study
personnel, and outcome assessors.

The risk of bias for the three observational studies was assessed using the Newcastle Ottawa
Scale. The study by Viner et al.*** was assessed as having medium risk of bias (seven stars out of
a possible nine); the study by Forlani et al.'® was assessed as medium (five stars); and the study
by Thomas-Dobersen et al.*° was assessed as low (eight stars). For all studies there was concern
about the control of potential confounding variables. For Forlani et al. and Viner et al. there were
concerns about the representativeness of the exposed cohort.

Five studies (16 percent) received funding from industry; 23 (84 percent) received funding
from non-industry sources (e.g., government or foundations). Funding was not reported by three
(10 percent) studies.
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Figure 4. Risk of bias summary for trials of behavioral programs for type 1 diabetes
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KQ 1. Behavioral Programs and Behavioral, Clinical, and Health
Outcomes; Diabetes-Related Health Care Utilization; and Program
Acceptability

Key Points: HbA;
There was no difference (low SOE) in changes in HbA;. at the end of intervention
between behavioral programs and usual care.

e Behavioral programs compared with usual care reduced HbA;. (moderate SOE) at 6-
month postintervention followup; the change did not meet our threshold for clinical
importance.

e There was no significant difference in reduction of HbA;. between behavioral programs
and usual care at followup timepoints longer than 6 months. The SOE for these findings
was low because of risk of bias and imprecise effect estimates; further, because the 95%
Cls included our threshold for clinical importance we cannot rule out benefit for
behavioral programs.

e Behavioral programs compared with an active control reduced HbA. to a statistically
significant and clinically important (moderate SOE) degree at 6-month followup.

e Compared with active controls, the estimates of effect for behavioral programs showed
no significant difference in HbA;. at end of intervention and at 12-month followup. The
SOE was low for both; risk of bias, imprecise effect estimates, and inclusion of a
clinically important benefit reduces confidence in their accuracy.

Key Points: Other Clinical and Behavioral Outcomes
e Participants receiving behavioral programs compared with usual care did not differ in
terms of adherence to diabetes self-management at the end of intervention or 6-month
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followup (low SOE for both); there was insufficient evidence for longer followup and for
all comparisons with active controls.

e Few trials reported on change in body composition, physical activity or fitness, or change
in dietary or nutrient intake.

e Few trials reported on symptoms of depression.

e Evidence was insufficient to determine whether behavioral programs increased or
decreased symptoms of depression, or changes in body composition, physical activity or
fitness, or dietary or nutrient intake.

Key Points: Health Outcomes
e For participants receiving behavioral programs compared with usual care, there was no
difference in generic HRQL at the end of intervention (low SOE).
e Few trials reported on generic HRQL at longer followup timepoints.
e Few trials reported on diabetes-specific quality of life.
e No trials reported on micro- and macrovascular complications or on all-cause mortality.

Key Points: Diabetes-Related Health Care Utilization
e Few trials reported diabetes-related health care utilization.
e Evidence was insufficient to determine whether behavioral programs increased or
decreased the number of diabetes-related hospital admissions, emergency department
admissions, episodes of severe hypoglycemia, or episodes of severe hyperglycemia.

Key Points: Program Acceptability
e There was a 17 percent increased risk of attrition for individuals receiving usual care
compared with those receiving a behavioral program.

Detailed Synthesis

HbA.: Behavioral Programs Compared With Usual Care

Figures 5-7 present our meta-analyses and forest plots of trials reporting HbA . stratified by
age (youth and adults). A negative MD represents a greater reduction in percent HbA. for the
behavioral program compared with usual care. We present separate forest plots for different
timepoints—end of intervention, 6-month postintervention followup, and 12-month
postintervention followup. We provide a narrative summary of the four RCTs that reported
outcomes for longer followup timepoints.

At the end of intervention for youth and adults combined, our meta-analysis (15 trials, 1,097
subjects) found no difference in HbA;. between individuals receiving a behavioral program and
those receiving usual care (MD, -0.11 percent; 95% ClI, -0.35 to 0.13),80-82 87.91-94,96,97,99, 103, 104,
106,108 There \was no difference between groups for youth (10 trials, 595 subjects)®" 82 8791, 94.%6.
97,99.104,106 o for adults (5 trials, 502 subjects)®® % %% 103.108_Mmp = 0.01 percent (95% Cl, -0.37
t0 0.39) and MD = -0.28 percent (95% ClI, -0.57 to 0.01), respectively.

At the end of 6-month postintervention followup for youth and adults combined, our meta-
analysis (11 trials, 1,316 subjects) showed that HbA;. improved for persons who received a
behavioral program compared with those receiving usual care (MD, -0.33 percent; 95% CI, -0.51
to -0.15).8% 8486, 91,92, 98, 100-102, 106, 107 Tha reduction in HbA;¢ was not clinically important. For
youth (9 trials, 1,066 subjects),?? 84 8 91 98.100-102. 106 tho difference between groups was
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statistically significant, but it was not clinically important (MD, -0.30 percent; 95% CI, -0.57 to -
0.03). For adults (2 trials, 250 subjects), there was no difference between groups.** X%/

At the end of 12-month postintervention followup for youth, our meta-analysis (6 trials,
1,186 youth) found no difference in HbA,; between individuals receiving a behavioral program
and those receiving usual care (MD, -0.21 percent; 95% ClI, -0.54 to 0.12).%" 83 100-102.106

Figure 5. Behavioral programs for diabetes compared with usual care: Hb Ay, at the end of
intervention

Behavioral Program Usual Care Mean Difference

Mean sD n Mean SD n [95% CI]
Youth Studies
Anderson 1999 0.60 1.08 28 0.05 0.97 57 0.55[0.08, 1.02] ——
Boardway 1993 232 254 & -0.10 377 9 2.62[-0.40, 5.64]
Franklin 2008 030 1.96 33 0.20 160 7 0.10[-0.80, 1.00] e o a—
Husted 2014 0.00 1.53 26 0.30 0.96 3l -0.30 [-0.98, 0.38] ——
Katz 2014 0.20 1.35 50 -0.10 1.30 51 0.30[-0.22, 0.82] —
Laffel 2003 -0.20 121 50 0.40 1.32 50 -0.60[-1.10, -0.10] ——
Lehmbubl 2010 -0.74 1.50 11 -0.08 1.50 11 -0.65 [-1.90, 0.60] —
Murphy 2007 -0.08 1.00 33 -0.07 1.50 34 -0.01 [-0.62, 0.60] ——
Vildund 2007 080 1.50 18 0.30 1.50 14 0.50 [-0.55, 1.55] B —
Wysock 2007 -0.80 1.55 28 -0.50 La7 26 -0.30 [-1.16, 0.56] —_—
Suhtotal 285 310 0.01 [-0.37,0.39]
Heterogeneity: £ = 50%
Adult Studies
Amsherg 2009 172 0.83 36 8.2l 0.83 38 -049[-0.87 -0.11] —-
Ismail 2003 -0.45 1.28 34 -0.35 1.32 89 -0.10[-0.49, 0.29] i
Hatlzen 2004 011 110 31 009 1.38 32 0.02 [-0.60, 0.64]
Manruci 2005 -0.70 164 46 -0.24 173 a5 -0.46 [-1.06, 0.14] ——
Perry 1987 -0.30 238 3l 0.10 217 i0 -0.40[-1.54,0.74] —
Subtotal 228 274 -0.28[-0.57,0.01]
Heterageneity: F = 0%
Total 513 584 -0.11[-0.35,0.13]
Heterogeneity: [ =445 r T T T T 1

-3 -2 -1 0 1 2 3
Favors Behawioral Prograrm Favors Usual Care

29



Figure 6. Behavioral programs for diabetes compared with usual care: Hb A at 6-month
postintervention

Behavioral Program Usual Care Mean Difference
Mean SD n Mean SD n [95% CI]
Youth Studies
Boardway 1993 242 241 8 -0.06 3.21 9 2,48 [-0.20, 5.16]
Cook 2002 -0.60 1.35 26 -0.30 201 27 -0.30[-1.22, 0.62] —
Elliz 2007 -0.45 246 49 -0.17 252 52 -0.28 [-1.25, 0.69] —
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Murphy 2012 -0.1n Lal 154 0.00 1.97 141 -0.10 [-0051, 0.31]
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Adult Studies
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Figure 7. Behavioral programs for diabetes compared with usual care: Hb A, at 12-month
postintervention (youth only)

Behavioral Program Usual Care Mean Difference

Mean SD n Mean SD n [95% CI]
Youth Studies
Anderson 1999 -0.20 110 2% 0.11 110 57 -031[-0.81,0.19 —
Christie 2014 0.38 1.3 137 0.28 127 144 0.10 [-0.21, 0.41]
Lurphy 2012 0.30 155 154 0.30 1.65 141 0.00 [-0.37, 0.37]
Manzel 2007 -0.25 089 41 0.35 0.56 40 -0.60 [-0.98, -0.22] B
MNangel 2012 0.59 145 201 0.72 145 189 -0.13[-0.42, 0.16] l
Wysocki 2007 -0.80 1.55 2% 0.00 161 26 -0.80[-1.64,0.04] s —
Subtotal 589 507 -0.21[-D.54,012]
Heterogeneity: I2 =56%
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Four studies provided data at longer followup timepoints (data not shown). Three RCTs (2
youth,'®1%2 1 adult;** 671 subjects) reported data at more than 1 year, but less than 2 years; there
was no difference in HbA; between groups (MD, -0.40; 95% ClI, -0.92 to 0.12). Two trials (1
youth,® 1 adult;** 467 subjects) reported outcomes at 24 months and found no difference in
HbA;. (MD, -0.08; 95% ClI, -1.96 to 1.8).

One trial in adolescents did not report sufficient data to be included in our meta-analysis; the
authors found no statistically significant difference between groups at 6-month followup.*

Three observational studies (2 youth, "™ 1 adult;'® 148 subjects) provided data on HbA.
at 12-month followup. One youth study (41 subjects) reported a statistically significant and
clinically important improvement in HbA;. for the group receiving the behavioral program (MD,
-1.2; 95% Cl, -2.24 to -0.16)."! The other youth study (17 subjects) found no difference between
groups (MD, 0.67; 95% ClI, -1.47 to 2.81).™° The study that was conducted in adults (90
subjects) reported a statistically significant and clinically important improvement in HbA;. for
the group receiving the behavioral program (MD, -0.70; 95% Cl, -1.31 to -0.09).1%°

HbA,.: Behavioral Programs Compared With Active Control

Figures 8-10 present our meta-analyses of trials reporting HbA;. for youth and adults. We
present the results by followup timepoint (end of intervention, 6-month followup, 12-month
followup) and age group. One trial in adults was a three-arm trial comparing a behavioral
program to two different active controls (didactic education to either groups or individuals).

At the end of intervention, our meta-analysis for youth and adults (5 comparisons, 419
youth®: %1% and 147 adults'®®) found no difference between behavioral programs and active
controls for HbA;; (MD, -0.32; 95% ClI, -0.78 to 0.14). When examining age subgrou s, similar
results were found for both youth (MD, -0.33; 95% ClI, -1.65 to 0.99; 1°=69%),%>** 1% and adults
(MD, -0.35; 95% Cl, -2.26 to 1.56).'%

At the end of 6 months postintervention, our meta-analysis for youth and adults combined (4
trials [296 adults,* 1% 208 youth® 1°°]) showed that HbA,. improved for those receiving a
behavioral program compared with those receiving an active control (MD, -0.43; 95% CI, -0.62
to -0.24); this reduction in HbA. is clinically important. For youth, the difference was not
statistically significant (MD, -0.60; 95% Cl, -2.56 to 1.36);* 1% for adults, the difference was
statistically significant but not clinically important (MD, -0.37; 95% Cl, -0.54 to -0.20).%% 1%

At the end of 12-month followup, our meta-analysis for youth and adults combined (3 trials
[147 adults,"® 195 youth® %) found no difference in HbAy. (MD, -0.34; 95% ClI, -0.71 to 0.03).
For youth, the difference was clinically important (MD, -0.52; 95% ClI, -1.04 to 0.00); the two
comparisons in adults by Weinger et al., failed to demonstrate any difference (MD, -0.14; 95%
Cl, -1.28 to 1.00).
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Figure 8. Behavioral programs for diabetes compared with active control: HbA;. at end of

intervention

Behavioral Program Usual Care Mean Difference
Mean D n Mean sD n [95% CI]
Youth
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Figure 9. Behavioral programs for diabetes compared with active control: HbA;. at 6-month

postintervention

Behavioral Program Usual Care Mean Difference
Mean SD n Mean sD n [95% CI]
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Figure 10. Behavioral programs for diabetes compared with active control: HbA;. at 12-month
postintervention

Behavioral Program Usual Care Mean Difference

Mean sSD n Mean sSD n [95%0 CI]
Youth
Holmes 2014 -0.18 1.20 30 0.32 1.20 56 -0.50[-0.90, -0.09] ——
Wysocld 2007 -0.80 1.55 28 -0.20 1.55 31 -DA0[-1.39,0.19] —_—
Suhtotal 108 87  -0.52[-1.04, 0.00] <>=
Heterogeneity: Ig =0%
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WWeinger 2011 -0.35 1.20 37 -0.30 1.20 37 -0.05 [-0.60, 0.50] —a—
Weinger 2011 -0.35 1.20 37 -0.12 1.20 36 -0.23[-0.78,0.37] —
Subtotal 74 73 -0.14 [1.28, 1.00] —_ =
Heterogeneity: F=m%
Total 182 160 -0.34 [-0.71, 0.03] <
Heterogeneity: F=m%

T T 1
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HbA,.: Comparative Effectiveness of Two Behavioral Programs

One RCT (72 youth) examined the same DSME program delivered in person compared with
delivery by Skype.® There was no difference in HbAy. between groups at the end of intervention
(MD, -0.04; 95% ClI, -0.87 to 0.79) or at 6-month followup (MD, -0.24; 95% ClI, -1.10 to 0.62).

Adherence to Diabetes Self-Management: Behavioral Programs Compared

With Usual Care

This section presents the results from trials that reported on adherence to diabetes self-
management. This outcome was measured in a number of ways and we report them separately.
The most common measure was self-monitoring of blood glucose (SMBG) and was most
commonly reported as the frequency of blood glucose testing over 1 day.54 84.86.94.102 1
studies reported the frequency of testing over the past week;”" %" we converted this to the
number of tests per day. We present separate forest plots for different timepoints (end of
intervention, 6 month followup). We provide a narrative summary of the one RCT that reported
outcomes for longer followup.

At the end of intervention (Figure 11), our meta-analysis (4 trials, 282 youth) found no
difference in frequency of SMBG between youth receiving a behavioral program and those
receiving usual care (MD, 0.15; 95% ClI, -0.54 to 0.84).8% 8 91.94
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Figure 11. Behavioral programs for diabetes compared with usual care: Self-monitoring of blood
glucose (tests per day) at end of intervention
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At the end of 6-month postintervention for youth and adults combined (Figure 12), our meta-
analysis (5 trials [4 youth,®% 88591 1 adult'®’], 252 subjects) found no difference in SMBG
between individuals receiving a behavioral program and those receiving usual care (MD, 0.40;

95% ClI, -0.36 to 1.16). Adults receiving the behavioral program in the trial of Zoffmann et a

increased their frequency of SMBG (MD, 1.42; 95% ClI, 0.11 to 2.75).

Figure 12. Behavioral programs for diabetes compared with usual care: Self-monitoring of blood
glucose (tests per day) at 6-month postintervention
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One trial (390 youth) reported SMBG at 24-months postintervention. % The results showed
individuals receiving the behavioral program performed more poorly than those receiving usual
care (MD, -0.36; 95% ClI, -0.69 to -0.03).

Two trials in adults measured adherence of blood glucose testing using an item from the
Summary of Diabetes Self-Care Activities (SDSCA) questionnaire.'?? This self-report measure
assesses the number of days in the previous week that SMBG was practiced. At the end of
intervention one trial (74 adults) found that those in the behavioral program re(g)orted performing
SMBG 1.4 days (95% Cl, 0.35 to 2.43) more than those receiving usual care.*® At 6-month
postintervention, one trial (244 adults) found no difference between groups (MD, -0.06; 95% ClI,
-0.60 to 0.48).%

Four trials in youth used the Diabetes Self-Management Profile (DSMP) to assess adherence
to the diabetes regimen at different timepoints. At the end of intervention, Wysocki et al.% (54
youth) reported a clinically important improvement in the overall DSMP score for those who
received the behavioral program compared with those receiving usual care (MD, 5.00; 95% CI,
0.60 to 9.40). This difference had disappeared by 12-month postintervention. Two studies
assessed adherence at 6-month postintervention followup; we did not pool the results as the
studies reported different summary measures. In 2012, Nansel et al.'%” (390 youth) found no
difference between groups (MD, 1.31; 95% ClI, -1.12 to 3.74). In an earlier study, Nansel et al.'%*
(81 youth) reported the proportion of adherence to an optimal diabetes regimen using the
modified DSMP. They found no difference between groups (MD, -0.03; 95% CI, -0.06 to -0.01).
The fourth study reported that there was no difference between groups on the DSMP at end of
intervention; however, the authors did not provide any data.”’

Two trials reported adherence to medication. One trial (190 youth) used a questionnaire item
to assess the number of times youth skipped an insulin dose in the past month.® The authors
reported that the odds of skipping one or more doses compared with no doses of insulin at 12-
month followup was 0.82 (95% CI, 0.48 to 1.38) and at 24-month followup was 1.30 (95% ClI,
0.78 to 2.17) for the group receiving the behavioral program. One trial in adults (74 adults) used
the medication item of the Diabetes Self-Care Inventory (DSCI; measuring adherence over the
past month) and found no difference at the end of intervention between those receiving the
behavioral program and those receiving usual care (MD, 0.22; 95% Cl, -0.60 to 1.04).%°

Adherence to Diabetes Self-Management: Behavioral Programs Compared

With Active Control

One trial (149 adults) found no difference in frequency of SMBG between groups at 6-
months postintervention (MD, -0.20; 95% Cl, -0.76 to 0.36).2° The same trial measured
adherence to several diabetes self-care activities using the SDSCA and found no difference
between groups at 6-month postintervention (MD, 0.00; 95% ClI, -0.35 to 0.35).%°

One trial (54 youth) used the DSMP to assess adherence to the diabetes regimen.*® At the
end of intervention and 12-month followup, Wysocki et al. % found no difference between the
group that received the behavioral program compared with those receiving an active control—
MD = 2.40 (95% Cl, -2.46 to 7.26) and MD = 2.00 (95% ClI, -3.78 to 7.78), respectively).

One trial (149 youth) used the Diabetes Behavior Rating Scale, which reflects the frequency
of routine diabetes care behaviors.*® No data were provided; however, the authors reported that at
end of intervention, and 6- and 12-month followup, those receiving the behavioral program
performed more poorly that than those in the active control group.
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Adherence to Diabetes Self-Management: Comparative Effectiveness of Two

Behavioral Programs

One RCT (71 youth) studied the same DSME program delivered in person compared with
delivery by Skype.® The authors used the DSMP to assess adherence and found no difference
between the groups at the end of intervention or at 6-month followup (MD, 0.85; 95% ClI, -4.56
to 6.26 and MD, 0.74; 95% Cl, -4.97 to 6.45, respectively).

Other Clinical and Behavioral Outcomes
Table 4 summarizes the results for other clinical and behavioral outcomes. For most
outcomes results were reported in single trials.

Table 4. Other clinical and behavioral outcomes

Outcome Timepoint # Trials (# Study Effect Conclusion
Subjects, Control
Group)

Change in body EOI 1 (60 youth, UC)®"  MD, 0.08; 95% ClI, -0.35t0 0.51  No difference

composition (BMI)

Change in body 6m followup 1 (227 adults, UC)” MD, -0.21; 95% CI, -0.62t0 0.20  No difference

composition (BMI)

Change in body EOI 1 (61 adults, UC)™ MD, -0.50; 95% CI, -5.69t0 4.69  No difference

composition (kg)

Change in physical EOl 1 (43 adults, UC)™ MD, 0.59; 95% CI, 0.22 to 0.96 Improved with

activity (fitness) behavioral
program

Change in physical EOI 2 (17 youth, 73 SMD, 0.16; 95% CI, -0.25 to 0.57  No difference

activity adults, UC)®* #

(intensity/duration)

Change in physical 6m followup 2 (17 youth, 255 SMD, -0.26; 95% CI, -1.00 to 0.49 No difference

activity adults, UC)BZ’ 92

(intensity/duration)

Change in physical EOI 1 (43 adults, UC)™ MD, 0.59; 95% CI, 0.22 to 0.96 Improved with

activity (fithess [VO2 behavioral

max]) program

Change in dietary or ~ EOI 1 (61 adults, UC)™ MD, -1.80; 95% ClI, -3.53t0 -0.07  Improved with

nutrient intake (% behavioral

saturated fat) program

Change in dietaryor ~ EOI 1 (61 adults, UC)™ MD, -247.10; 95% ClI, -281.7 to -21 Improved with

nutrient intake behavioral

(caloric [kcal/day]) program

Severe EOI 1 (60 youth, UC)*” MD, -1.02; 95% CI, -2.16 t0 0.11  No difference

hypoglycemia (#

episodes needing 3"

party assistance)

Severe 6m followup 1 (160 adults, AC)*> MD, -0.10; 95% ClI, -0.48 to 0.28  No difference

hypoglycemia (#

episodes needing 3"

party assistance)

Severe 6m followup 1 (227 adults, UC)* MD, -0.62; 95% ClI, -1.61 to 0.37  No difference

hypoglycemia (#

episodes needing 3"

party assistance)

Severe 12m followup 1 (295 youth, MD, -0.05; 95% CI, -0.22t0 0.12  No difference

hypoglycemia (#
episodes needing 3"
party assistance)

U C) 100
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Severe >12m followup 1 (343 youth, UC)85 RR, 0.55; 95% CI, 0.10 to 2.97 No difference
hypoglycemia (#

episodes needing 3"

party assistance)

Diabetic ketoacidosis  EOI 1 (61 youth, UC)®” MD, -0.38; 95% ClI, -1.43t0 0.67  No difference
(requiring treatment)

Diabetic ketoacidosis ~ 12m followup 1 (295 youth, MD, 0.01; 95% ClI, -0.09 to 0.11 No difference
(requiring hospital uc)'®

admission)

Diabetic ketoacidosis ~ >12m followup 1 (343 youth, UC)* RR, 0.96; 95% CI, 0.72 to 1.27 No difference
(requiring hospital

admission)

HDL cholesterol EOI 1 (61 adults, UC)™ MD, 0.10; 95% CI, -0.06 t0 0.26 __ No difference
LDL cholesterol EOI 1 (61 adults, UC)™ MD, -0.20; 95% CI, -0.67 to 0.27 _ No difference
Systolic blood EOI 1 (61 adults, UC)™ MD, -2.00; 95% CI, -11.25 to 7.25 No difference
pressure

Triglycerides EOI 1 (61 adults, UC)™™ MD, 0.00; 95% CI, -0.39t0 0.39  No difference

AC= active control; BMI = body mass index; Cl= confidence interval; EOI = end of intervention; m = month; MD = mean
difference; QOL = quality of life; SMD = standardized mean difference; UC= usual care

Health-Related Quality of Life: Behavioral Programs Compared With Usual

Care

Studies reporting on HRQL assessed this using generic and diabetes-specific quality of life
measures; we report results separately for these two categories. Figure 13 presents our meta-
analyses of trials, stratified by age (youth and adults), that reported generic HRQL at end of
intervention. Generic HRQL was measured by a number of tools (e.g., World Health
Organization Well-Being Index, Pediatric Quality of Life, Wellbeing Questionnaire), therefore
we present the results as a SMD. We present a forest plot for end of intervention; for longer
followup timepoints we summarize the results in Table 5.

At the end of intervention for youth and adults combined (Figure 13), our meta-analysis (6
trials [4 youth,® %+ 2 adult® %], 419 subjects) found no difference in HRQL between
individuals receiving a behavioral program and those receiving usual care (SMD, 0.15; 95% ClI,
0.16 to 0.46). The lack of difference remained for the subgroups of adults (2 trials, 137 subjects;
MD, 0.35; 95% Cl -1.93 to 2.63)%% % and youth (4 trials, 282 subjects; MD, 0.05; 95% CI -0.4 to
0.5). "
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Figure 13. Behavioral programs for diabetes compared with usual care: Health-related quality of
life at end of intervention
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Three RCTs in youth reported HRQL for longer followup timepoints (Table 5).2% %% There
was no difference in HRQL between groups at any of the timepoints.

Table 5. Behavioral programs for diabetes compared with usual care: Health-related quality of life
at 6-, 12-, and 24-month postintervention

Timepoint # Trials (#Subject: Study Effect Conclusion

6m followup 1 RCT (53)™ SMD, -0.29; 95% CI, -0.83 to 0.26 No difference
12m followup 2 RCTs (405 ®™  SMD, 0.02; 95% CI, -0.11 to 0.15 No difference
24m followup 1RCT (291)83 SMD, -0.04; 95% ClI, -0.27 to 0.19 No difference

Cl= confidence interval; m= month; RCT = randomized controlled trial; SMD= standardized mean difference

Two RCTs reported diabetes-specific quality of life at the end of intervention. Using the
diabetes module of the Pediatric Quality of Life Inventory,*? a trial in youth (26 subjects) found
no difference between individuals receiving a behavioral program and those receiving usual care
(SMD, -0.77; 95% CI -1.57 to 0.04).% A trial in adults (131 subjects) found a difference between
groups using the Well-being Enquiry for Diabetes questionnaire;*** however, the difference did
not reach clinical importance (SMD, 0.44; 95% ClI, 0.08 to 0.81).'%® One observational study in
adults (90 subjects) found no difference between groups at 12-months postintervention (SMD,
0.03; 95% Cl, -0.39 to 0.45).'%
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Health-Related Quality of Life: Behavioral Programs Compared With Active

Control

One trial in youth failed to demonstrate a difference in diabetes-related quality of life
between a behavioral program and an active control at 12-month followup (130 subjects;
insufficient data reported to calculate SMD).”

Diabetes-Related Health Care Utilization: Behavioral Programs Compared

With Usual Care

Diabetes-related health care utilization was reported infrequently and only for trials
comparing behavioral programs to usual care. We summarize the results in Table 6. One RCT in
youth found a reduced risk of diabetes-related hospital admissions at end of intervention and at
6-month followup for those receiving behavioral programs compared with usual care.®® The
same trial also reported fewer admissions to the emergency department at the end of
intervention. Another RCT in youth® and one in adults®* found no difference in hospital
admission at any timepoint. One trial reported that there was no difference in the number of
diabetes-related hospital and emergency department admissions at the 6-month followup;
however, the authors did not provide any data.”

Table 6. Behavioral programs for diabetes compared with usual care: Diabetes-related health care
utilization at end of intervention, 6-, 12-, and 24-month post-intervention followup

Outcome Timepoint # Trials Study Effect Conclusion
(#Subjects)

Hospitalizations EOI 1 (95 youth)® RR, 0.28; 95% ClI, 0.15 to 0.55 Lower risk of admissions

(# admissions) for behavioral program

Hospitalizations 6m followup 1 (98 youth)®® RR, 0.41; 95% ClI, 0.21 t0 0.78 Lower risk of admissions

(# admissions) for behavioral program

Hospitalizations 24m followup 1 (343 youth)*®  RR, 0.78; 95% Cl, 0.45 to 1.34 No difference
(# admissions)

Hospitalizations EOI 1 (159 adults)®®* RR, 1.88;95% CI,0.49t0 7.25  No difference
(# admissions)

- - - o7 B
gﬁoeslglr;eilg;%t:]osr;s 6m followup 1 (198 adults) RR, 0.90: 95% Cl. 0.35 to 2.32 No difference
Emergency Dept  EOI 1 (98 youth)®® MD, -0.21; 95% ClI, -0.34 to - Fewer admissions for
(# admissions) 0.08 behavioral program

Cl= confidence interval; EOI = end of intervention; m = month; MD = mean difference; RR=risk ratio

Program Acceptability: Behavioral Programs Compared With Usual Care
Figure 14 presents our meta-analysis stratified by age (youth and adults) of trials that
reported participant attrition at their longest followup timepoint. Our meta-analysis (19 trials,
2,292 subjects) found a 17 percent increased risk of attrition for individuals receiving usual care
compared with those receiving the behavioral program (RR, 1.17; 95% ClI, 1.0 to 1.37).
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Figure 14. Behavioral programs for diabetes compared with usual care: Participant attrition

Eehavioral Program Usual Care Risk Ratio
Events n Events n [95% CI]

Youth Studies
Anderson 1999 2 3 2 59 1.97 [0.29, 13.23]
Boardway 1903 4 13 3 13 0.69 [0.24, 1.82] —_—T
Christie 2014 47 182 34 183 1.39 [0.94, 2.05] -—.—
Cook 2002 3 26 1 a7 3.12[0.35, 28.06]
Elis 2007 15 64 11 a3 1.34 [0.67, 2.89] s Ee—
Franklin 2006 ] 33 3 28 1.70 [0.47, 6.17] —
Husted 2014 14 4 30 2.84 [1.04, 7.73]
Lehrrioshl 2010 0 18 0 14 Mot estimable
WcHNabb 1954 2 12 0 12 5.00 [0.27, 94.34]
Murphy 2012 53 153 47 147 1.05 [0.76, 1.45] l
Manzel 2007 5 41 3 40 1.63 [0.42, 6.36] —
Marsel 2012 19201 11 189 1.62 [0.79, 3.32] B I —
Vildund 2007 10 28 13 el 0.74 [0.39, 1.40] —_——
Wysockd 2007 3 36 ] 32 1.19 [0.46, 3.05] —_—T
Subtotal 870 869 1.22 [0.99, 1.50]
Heterogeneity: P=0%
Adult Studies
Amsherg 2009 14 46 11 48 1.33 [0.67, 2.62] — T
[=mail 2008 11 106 16 121 0.73 [0.38, 1.62] —_—T
Karlsen 2004 16 47 13 45 1.18 [0.64, 2.16] —
Perry 1097 3 34 5 36 0.64 [0.16, 2.46] —
Zofftnann 2006 ] 36 5 5 0.83 [0.29, 2.43] —_—T
Subtotal 269 275 1.02 [0.72, 1.44] ==
Heterogeneity: P=0%
Total 1148 1144 1.17 [1.00, 1.37]
Heterogeneity: B=0% I T T : !

T
0.05 0.2 0.8 1 2 ] 20

Fawars Ususl Care Fawaors Behavioral Program

Program Acceptability: Behavioral Programs Compared With Active Control

Three RCTs (218 youth®® *® and 160 adults®®) compared behavioral programs with active
comparators. The pooled analysis (data not shown) found no difference between the groups for
participant attrition (RR, 1.05; 95% CI, 0.46 to 2.4).

Program Acceptability: Comparative Effectiveness of Two Behavioral

Programs

One RCT (72 youth) compared the same DSME program delivered in person compared with
delivery by Skype.® There was no difference between the groups in participant attrition (RR,
0.55; 95% CI, 0.28 to 1.11).

Summary of Key Findings and Strength of Evidence for KQ 1

There was moderate SOE showing differences in HbA; at 6-month postintervention
followup with greater reduction in HbA;. for individuals who were enrolled in behavioral
programs compared with those receiving usual care (Table 7). For other timepoints, there was
low SOE showing no difference in HbA;.. At long-term followup (>12 months), the estimated
effects were imprecise and because the 95% Cls included our threshold for clinical importance
we cannot rule out benefit for behavioral programs. There was low SOE showing no difference
in adherence to diabetes self-management at end of intervention and 6-month followup. For
generic HRQL, there was low SOE of no difference at the end of intervention. There was
insufficient evidence for all other outcomes.
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Table 7. Type 1 diabetes: Summary of key findings and strength of evidence for behavioral
programs compared with usual care

Outcome Outcome # Trials Mean Difference or Standardized Strength of
Timing (# Subjects); Tool if Mean Difference Evidence
Applicable
HbA;¢ EOI gl 7)°0 5% 819195, MD, -0.11; 95% Cl, -0.35 to 0.13 Low for no
96 97, 99, 10 104, 106, 108 diﬁerence
HbA1c 6m followup 11 (1,316)% 3% %9192 MD, -0.33; 95% CI,-0.51 to -0.15 Moderate
98, 100- 102 106, 107 fOI' benefit
HbA1c 12m followup 6 (1,186)%" 3 100102 106 MD, -0.21; 95% Cl, -0.54 to 0.12 Low for no
difference
HbA1c >12m followup 4 (1,138)%% 7= 101 12 MD, -0.40; 95% ClI, -0.92 to 0.12 Low for no
(>12m, <24m) difference
MD, -0.08; 95% Cl, -1.96 to 1.8
(=24m)
Adherence to EOl 4(282);F %90 MD, 0.15; 95% ClI, -0.54 to 0.84 Low for no
diabetes self- SMBG MD, 1.4 days; 95% CI, 0.35to0 2.43 difference
management 1 (74);¥° SDSCA MD, 5.00; 95% ClI, 0.60 to 9.40
1(54); 196 hsmp MD, 0.22; 95% ClI, -0.60 to 1.04
1 (74);*° DSCI
Adherence to 6m followup 5 (252);%% 54 80 9L 107 MD, 0.40; 95% ClI, -0.36 to 1.16 Low for no
diabetes self- SMBG MD, -0.06; 95% ClI, -0.60 to 0.48 difference
management 1 (244);%* SDSCA No difference (different measures)
2 (471);"°" 1°> psmP
Adherence to 12m followup 1 (54);"°° DSMP MD, 4.00; 95% ClI, -1.69 to 9.69 Insufficient
diabetes self- 1 (180);% skipping one OR, 0.82; 95% CI, 0.48 t0 0.1.38
management or more doses in past
month
Adherence to >12m followup 1 (390); SMBG™* MD, -0.36; 95% ClI, -0.69 to -0.03 Insufficient
diabetes self- 1 (190);®® skipping one (224m)
management or more doses in past OR, 1.30; 95% ClI, 0.78 to 2.17
month (24m)
Changeinbody  EOI 1 (60)% MD, 0.08; 95% ClI, -0.35 to 0.51 Insufficient
composition (BMI)
Change inbody  6m followup 1 (227) MD, -0.21; 95% Cl, -0.62 to 0.20 Insufficient
composition (BMI)
Changeinbody  EOI 1(61)™ MD, -0.50; 95% ClI, -5.69 to 4.69 Insufficient
composition (kg)
Change in EOl 1 (43)"% MD, 0.59; 95% ClI, 0.22 to 0.96 Insufficient
physical activity
(fithess — VO,
max)
Change in EOI 2 (9)® % SMD, 0.16; 95% ClI, -0.25 to 0.57 Insufficient
physical activity
(intensity/duration)
Change in 6m followup 2 (2727 SMD, -0.26; 95% ClI, -1.00 to 0.49 Insufficient
physical activity
(intensity/duration)
Change in dietary EOI 1(61)™ MD, -247.10; 95% ClI, -281.7 to - Insufficient
or nutrient intake 2125
(kcal/day)
Change in dietary EOI 1(61)™ MD, -1.80; 95% Cl, -3.53 to -0.07 Insufficient
or nutrient intake
(saturated fat)
Generic HRQL EOI 6 (419)% 71 9% SMD, 0.15; 95% ClI, -0.16 to 0.46 Low for no
difference
Generic HRQL 6m followup 1 (53)91 SMD, -0.29; 95% ClI, -0.83 to 0.26 Insufficient
Generic HRQL 12m followup 2 (405)% *° SMD, 0.02; 95% ClI, -0.11 to 0.15 Insufficient
Generic HRQL >12m followup 1 (291)® SMD, -0.04; 95% Cl, -0.27 to 0.19 Insufficient
Diabetes-specific  EOI 1(26)” SMD, -0.77; 95% Cl, -1.57 to 0.04 Insufficient

quality of life
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Outcome Qutcome # Trials Mean Difference or Standardized Strength of

Timing (# Subjects); Tool if Mean Difference Evidence
Applicable
Diabetes-specific  EOI 1 (131)™ SMD, 0.44; 95% ClI, 0.08 to 0.81 Insufficient

quality of life

BMI = body mass index; Cl = confidence interval; DSMP = Diabetes Self-Management Profile; EOI = end of intervention;
HbA;. = hemoglobin A;.; HRQL = health-related quality of life; kcal=kilocalories; m=month; MD = mean difference; SDSCA =
Summary of Diabetes Self-Care Activities; SMBG = self-monitoring of blood glucose; SMD = standardized mean difference

There was moderate SOE showing differences in HbA;. at 6-month postintervention
followup with a clinically important reduction in HbA;. for individuals who were enrolled in
behavioral programs compared with those receiving an active control (Table 8). At end of
intervention and 12-month followup, there was low SOE showing no difference in HbA;;
because the 95% CI included our threshold for a clinically important effect, we cannot rule out a
benefit for behavioral programs. There was insufficient evidence for adherence to diabetes self-
management at any followup timepoint.

Table 8. Type 1 diabetes: Summary of key findings and strength of evidence for behavioral
programs compared with an active control

Outcome Outcome # Trials (# Mean Difference Strength of
Timing Subjects) Evidence
HbA1. EOl 4 (566)™ 7™ MD, -0.32; 95% ClI, -0.78 to 0.14 Low for no
106 difference
HbA1. 6m followup 4 (504)* ™MD, -0.43; 95% Cl, -0.62 to -0.24 Moderate for
106 benefit
HbA1. 12m followup 3 (342)™ "™ ™MD, -0.34; 95% ClI, -0.71 to 0.03 Low for no
difference
Adherence to diabetes  EOI 1(54);™° MD, 2.40; 95% ClI, -2.46 to 7.26 Insufficient
self-management DSMP
1 (149);90 No data reported; those in
DBRS behavioral program did more
poorly
Adherence to diabetes 6m followup 1 (149)," MD, -0.20; 95% ClI, -0.76 to 0.36 Insufficient
self-management SMBG
1 (149);90 No data reported; those in
DBRS behavioral program did more
poorly
Adherence to diabetes 12m followup 1 (54); DSMP MD, 2.00; 95% ClI, -3.78 to 7.78 Insufficient
self-management
1 (149);%° No data reported; those in
DBRS behavioral program did more
poorly

ClI = confidence interval; DBRS = Diabetes Behavior Rating Scale; DSMP = Diabetes Self-Management Profile; EOI = end of
intervention; HbA. = hemoglobin A;;; m = month; MD = mean difference; SDSCA = Summary of Diabetes Self-Care
Activities; SMBG = self-monitoring of blood glucose; SMD = standardized mean difference

KQ 2. Subgroups for Effectiveness in TIDM

This KQ evaluated whether behavioral programs differed in effectiveness for subgroups of
patients with TIDM. For this question, we searched for subgroup analyses reported by individual
trials that focused on whether a particular program was more or less effective in reducing HbA 1.
(the outcome with the greatest amount of data) based on age (children and adolescents [<18
years], young adults [19-30 years], adults [31-64 years], older adults >65 years]), race or
ethnicity, socioeconomic status, time since diagnosis (<1 year vs. >1 year), and level of glycemic
control (HbA. <7 vs. >7 percent). We also compared subgroups at the study level, for example
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when the mean age of participants fell within one of the age categories, or the majority (>75
percent) of the participants was stated as racial/ethnic minorities.

Key Points

e The effectiveness of behavioral programs compared with usual care for HbA;. appeared
higher for adults than for youth at end of intervention.

e The effectiveness of behavioral programs compared with active controls appeared higher
for youth than for adults at12-month followup; the effectiveness for youth was clinically
important.

e One trial reported results separately for youth with baseline HbA;>8 percent and found
favorable results for this subgroup.

¢ No trials reported on HbA; by race or ethnicity, socioeconomic status, or time since
diagnosis.

Detailed Synthesis

Age

In KQ 1, we presented our results by age groups (youth and adults). Behavioral programs
appeared to be more effective in reducing HbA;. for adults than for youth at end of intervention
when compared to usual care; the effect size in the meta-analysis for adults®® 9 9 103108 \yag

H 81, 82, 87, 91, 94, 96, 97, 99, 104, 106 —
greater in absolute terms than for the youth (MD =-0.28 vs. 0.01,
respectively), and the results for adults approached statistical significance. However, the effect
size did not meet our threshold for clinical importance. At 6-month followup, the effect sizes
between youth®2 84 8. 91.98,100-102.106 54 a4y Its appeared similar (MD = -0.30 vs. MD = -0.38,
respectively); both failed to reach statistical significance.

When compared with active controls, behavioral programs appeared to be more effective for
youth at 12-month followup. At 6-month followup, the effect size was larger for the youth®® 1%
than for the adults®® 1% (MD -0.60 vs. -0.37) but only the results for adults reached statistical
significance. At 12-month followup, results for youth were statistically and clinically significant
(2 trials, 195 subjects; MD, -0.52; 95% Cl, -1.04 to 0.00); for adults there was no difference at
12-month followup in the two comparisons by Weinger et al.’%® (MD, -0.14; 95% Cl, -1.28 to
1.00).

In the studies that included adults only, the mean age across the studies ranged from 30.3—
49.2 years. None of the studies reported results separately for young adults or older adults.

Level of Glycemic Control

One RCT (101 youth) conducted a subgroup analysis of 54 youth with suboptimal baseline
glycemic control (HbAy.>8 percent).** At the end of intervention, Katz et al.** found that those
receiving the behavioral program had greater odds of maintaining or improving their Hb A,
compared with those receiving usual care (odds ratio, 3.4; 95% CI, 1.0 to 11.9). This compares
favorably to the overall study results which found no difference in change in glycemic control
for the group receiving the behavioral program (MD, 0.30; 95% ClI, -0.22 to 0.82). No data were
reported for the subgroup of youth with optimal baseline HbA;.. Subgroup analysis at the study
level was not conducted because the mean baseline HbA1. was >7 percent for all studies.
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Other Subgroups
No data were reported for any of our other pre-specified subgroups: race or ethnicity,
socioeconomic status, or time since diagnosis.

KQ 3. Potential Moderation of Effectiveness for TIDM:
Components, Intensity, Delivery Personnel, Method of
Communication, Degree of Tailoring, and Level of Community
Engagement

To assess whether the effectiveness of behavioral programs differed based on various
program factors (i.e., intensity, delivery personnel, method of communication, degree of
tailoring, and level of community engagement), we performed univariate meta-regressions for
comparisons between behavioral programs and usual care at longest followup. See Table 3 in
Methods for our classification scheme. See the Characteristics of Included Studies section for a
summary, and the description of interventions for each study in the summary tables in Appendix
F.

We did not have enough studies to conduct a multiple variable meta-regression analysis, nor
were there sufficient studies for analysis of those comparing behavioral programs with active
controls or other behavioral programs. We conducted the analysis for HbA;.; other outcomes did
not have sufficient studies (>10 studies) associated with them to support meaningful analyses.
All but one study'® fell under the category of DSME, therefore we did not conduct a regression
analysis on program components.

Key Points:
e None of the program factors (e.g., intensity, delivery personnel) was shown to
significantly influence the effectiveness of behavioral programs compared with usual care
on HbA;..

Detailed Synthesis

Table 9 summarizes the results of the univariate meta-regressions conduced with 23
studies, 8084 86,87, 91-94,96-104, 106-108 1y ration of intervention (months), intensity (contact hours) and
frequency of contacts were analyzed as continuous variables. Frequency of contacts is a
composite variable combining duration and contact hours (contact hours per month). The
delivery personnel variable had three categories. The remaining variables were dichotomized as
shown in Table 9. The analysis for support persons assessed the impact of programs targeted at
youth alone compared with those targeted at both youth and their parents or families; adult
studies® 9 93.103.107. 108 \yare not included in this analysis.

Table 9. Results from univariate meta-regressions analyzing the association between different
program factors and the effectiveness of behavioral programs in improving HbA .

Program Factors # Studies  Coefficient and 95% ClI P value
Duration of intervention (continuous: months) 23 0.01; 95% ClI, -0.01 to 0.03 0.352
Intensity (continuous: contact hours) 23 -0.01; 95% CI, -0.02 to 0.01 0.324
Frequency (continuous: hours/month) 23 -0.02; 95% ClI, -0.08 to 0.03 0.396
Method of communication (dichotomous: in-person/ 23 -0.03; 95% ClI, -0.34 to 0.28 0.851
mix of in-person & technology)

Delivery method (dichotomous: individual/ group) 23 0.24; 95% CI, -0.04 to 0.51 0.084
Delivery personnel (3 categories) 23
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Program Factors # Studies  Coefficient and 95% ClI P value

Non-health professionals only -0.100; 95% CI, -0.520t0 0.320  0.624
One health professional -0.031; 95% CI, -0.425t0 0.364 0.873
Multidisciplinary team -0.189; 95% CI, -0.516 t0 0.138  0.242
Community engagement (dichotomous: 23 -0.33; 95% Cl, -0.68 to 0.03 0.071
present/none or NR)
Support person present (dichotomous: yes/no) 17 -0.78; 95% CI, -0.58 to 0.42 0.745
ClI = confidence interval; NR = not reported
KQ4. Harms

No studies reported on the associated harms (i.e. activity-related injury) of behavioral
programs.

Type 2 Diabetes Mellitus

This section begins with a description of the results of our literature search and screening, a
general description of the included RCTs and the behavioral programs investigated, and a
summary of our risk of bias assessment. We follow this by presenting an overview on the
effectiveness of behavioral programs for key outcomes, and then presenting the results for KQs 5
and 6. The results on effectiveness are grouped by outcome category (i.e., clinical, behavioral,
and health) and then by comparison group (i.e., usual care, active control, and other interventions
[comparative effectiveness]), and postintervention followup timepoint. For this section, results
are presented as MD, SMD, or RR, with associated 95% Cls. Where statistical heterogeneity was
considered substantial (>50 percent) we report the I? Statistic (1°%). For results on KQs 5 and 6
for which we performed network meta-analysis, we describe the creation of groups (nodes), and
present the results including the MD and associated 95 percent credibility intervals, the rank
order of each node, and a percentage referring to the node’s “probability of being best” (PB). The
analysis for KQ 6 also included a set of univariate meta-regressions; we present these results in a
summary table.

For each KQ, we provide key points and then present a detailed synthesis of the evidence.
Table E2 in Appendix E includes the risk of bias assessments for each RCT. A summary table
describing the studies and interventions is included in Appendix F (Table F3). Appendix |
contains summary tables of the effectiveness for all outcomes of behavioral programs compared
with usual care (Table I11), active controls (Table 12), and other behavioral programs (Table 13).
The results for the network meta-analyses for HbA;. in the subgroup analyses for KQ 6 are
found in Appendix J. The Supplementary File includes figures (forest plots) of pair-wise meta-
analyses between behavioral programs and usual care and active control groups, for all outcomes
across all timepoints where more than one study reported findings.

Literature Search and Screening

For T2DM, we included 123 primary reports of RCTs, %% 12524 and 27 associated
publications®**™ (including one abstract)*™* providing information related to the study
methodology, outcomes, or description of the interventions. One of the studies was also included
in the s?gstion on T1DM because it provided data on HbA;. outcomes separately for TADM and
T2DM.
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Characteristics of Included Studies

The majority of RCTs were two-arm trials with the following comParisons: 1) DSME with
usual care (51 trials)125, 126, 128-133, 137, 139, 143, 145, 148, 152, 153, 161, 163, 166-169, 173, 177, 183-187, 193, 196, 201, 203,

205, 208-210, 213-216, 218, 219, 221, 223, 225, 228, 232, 235-237, 243 136, 144, 171, 172, 188,

or an active control (7 trials),
191,192 5y DSME and support with usual care (8 trials)#* 179 197 198,200, 206,207, 212 o \yjith an active
control (1 trial),"* 3) lifestyle programs with usual care (15 trials)'2" 1% 135 147, 150, 157, 180, 195, 226,
229, 230, 239, 241, 244, 245 or an active control (7 trials),146' 151, 155, 156, 159, 176, 242 and, 4) between two
behavioral prOgramS (20 triaIS).134’ 140, 142, 149, 160, 162, 170, 175, 178, 189, 194, 199, 202, 211, 222, 227, 233, 234, 238,
240,246 T\yelve three-arm RCTs were included, with eight comparing behavioral programs with
usual care,'’® 190204224231 o active control,™® 1% 220 and four having one intervention arm
compared with two controls.'?> 164 6% 174 Three four-arm trials®® 812" examined 1) two
lifestyle programs compared with two dietary interventions,™* 2) one lifestyle program
compared with two active controls (dietary and physical activity interventions) and a usual care
arm,"® and 3) the comparative effectiveness between DSME and three DSME and support
programs delivered by different personnel.?*’ Trials were conducted in 16 countries but the
majority (63 percent) were undertaken in the United States. The primary regorts of nine RCTs

(7.3 percent) were published prior to the year 2000,12" 130 149, 155,194, 203,222,235, 241 5 57 (46
percent) were UbllShed SII‘ICG 2010.105, 125, 129, 136, 138, 142-145, 152, 154, 157, 158, 160-163, 165, 169, 171, 172, 181,

183, 184, 188, 189, 191, 192, 196-201, 204, 206-209, 211, 214, 217, 218, 223, 224, 226, 227, 230-232, 234, 237-239, 242, 243, 246

The mean age of the participants was between 45 and 72 years (median=58). Six studies did
not report age. % 150.183.214. 232,235 Tha nercentage of males ranged from 0—100 percent
(median=40 percent). The proportion of nonwhite participants was between 0 and 100 percent;

the rnaf'orit (=75 E)ercent) of ]i)articipants in 43 trials reported nonwhite race/ethnicity, 2" 128 3%
133, 140-143, 149, 152, 154, 161, 169, 170, 172, 178, 179, 185, 187, 188, 190, 195-198, 200, 205-209, 212, 218-221, 223, 227, 230, 232, 233,

235-237 139, 173-175, 202, 229,

and 9 trials included few (<10 percent) people of nonwhite race /ethnicity.
239, 241, 246 Baseline HbAy. was between 6.3 and 12.3 percent (median=8 percent); five trials did
not report this information.*? 228 232 235,241 Median duration of diabetes was 8.1 years (range 1-
18 years). The median percentage of participants prescribed treatment with insulin was 19.2
percent; one study assessed the effectiveness of a lifestyle program in a sample of patients who
were all initiated on insulin therapy,™* and another studied a DSME program in patients
receiving ongoing intensive insulin treatment.'”* Body mass index ranged from 23.9-39.1 kg/m?
(median=33.3 kg/m?).

Table F3 in Appendix F includes details on each behavioral program studied. Several trials
evaluated more than one behavioral program; there were 156 intervention arms in total. Overall,
median program duration was 6 months (range 1-96) and median number of contact hours was
12 (range 1-208). Technology was the primary method of communication for 13 programs
studied in 12 trials;!?® 129 137,157, 161,169, 175,177, 184,231, 237, 243 hased on our inclusion criteria, all
programs were delivered with some form of communication with delivery personnel. Fifty-nine
programs were delivered to individuals only, 54 to groups only, and 42 had some mixture of
individual and group delivery (see Table F3 for details). A small majority (79 of 156; 51 percent)
of programs were delivered by one health care professional, with (n=16) or without (n=63) the
assistance of a non-health care professional; other programs were delivered by a
multidisciplinary team (45 arms; 29 percent) or solely by non-health care professionals (29 arms;
19 percent) (see Table F3). Data on the delivery personnel could not be determined for two
studies.t’" %
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Risk of Bias of Individual Studies

A summary of the ROB assessments for the 123 trials is presented in Figure 15; the
consensus assessments for all domains in each study are presented in Appendix E. All trials were
assessed as having a medium (unclear) or high overall risk of bias. For objective outcomes (e.qg.,
HbA:., weight, blood pressure), 42 percent of trials had a medium risk of bias and 58 percent had
a high risk. The assessment of high risk was largely driven by incomplete outcome data (i.e., loss
to followup). For subjective outcomes (e.g., HRQL, depression), 14 percent had a medium risk
of bias; the remainder (86 percent) had a high risk of bias. This was primarily due to lack of
blinding of participants, study personnel, and outcome assessors.

Twenty-four trials (19 percent) received funding from industry. Ninety-nine (80 percent)
received funding from non-industry sources (e.g., government or foundations); of these, 15 (12
percent) received funding from both industry and non-industry sources. Funding was not
reported by five (0.4 percent) studies.

Figure 15. Risk of bias summary for trials of behavioral programs for type 2 diabetes
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Effectiveness of Behavioral Programs Across Outcomes

We report on the overall effectiveness of behavioral programs before describing our results
for KQs 5 and 6. This serves to summarize the findings on outcomes that did not contribute to
the analyses for KQ 5 or 6, and to provide information for interpreting the results for KQs 5 and
6. We provide a summary of the results for our key outcomes, based on outcome category,
comparison group, and timepoint. Because several trials studied more than one behavioral
program, results are usually characterized by the number of comparisons rather than trials. The
results for all outcomes are presented in summary tables in Appendix I; Table I1 contains results
for behavioral programs compared with usual care and Table 12 contains those for comparisons
with active controls. Most of these results are based on meta-analyses for two or more
comparisons, and we indicate when no outcome data were available. Behavioral programs are
not analyzed based on their components for these analyses; KQs 5 and 6 focused on potential
moderation in effect by program components and other factors. Table I3 contains the results for
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key outcomes at longest followup (i.e., up to 12-months) from studies reporting on comparative
effectiveness between different behavioral programs. This table is organized by outcome
category and is grouped by comparisons in the manner the behavioral programs differed (e.g.,
comparing delivery personnel or intensity).

Key Clinical Outcomes: HbA;.and Change in Body Composition

HbA1c

Individuals receiving behavioral programs compared with usual control improved their
glycemic control (i.e. reduced percent HbA;.) at end of intervention (59 comparisons; 7,867
SUbJECtS MD -0. 34 95% C| -0.47 to -0. 21 |2 730/) 125, 127, 129, 131, 132, 135, 137, 141, 143, 145, 150 152, 161,
163, 165-167, 169, 174 178- 181 187, 193, 195-198, 200, 203- 210 212-216, 218, 219, 221, 223, 226, 229-231, 237, 239, 243-245 and at 6-
month followup (22 comparisons; 4,044 subjects; MD, -0.16; 95% ClI, -0.3 to -0.02; 1’=62%).1%®
130, 133, 136, 153, 163, 168, 173, 183-186, 201, 205, 219, 224, 225, 231, 236, 239 The results were of a smaller magnitude
when behavioral programs were compared with active control groups; at end of intervention (24
comparisons; 7’439 SUbjeCtS)los' 144, 151, 154-156, 158, 159, 164, 165, 174, 176, 181, 182, 188, 192, 220, 242 the MD was
-0.25 (95% Cl, -0.42 to -0.08; 1>=71%), and at 6-month followup (6 comparisons; 486
subjects)0> 146 171,172,191 4+ \vas -0.19 (95% Cl, -0.37 to -0.01). Results at 12-month followup
were nonsignificant. No result was clinically important based on our prespecified threshold of
0.4 unit change in percent HbAlc. The meta-analyses for HbA;. indicated high heterogeneity in
effect between studies across timepoints (1° ranged from 62-98 percent). As described in the
Methods, we performed sensitivity analyses to explore this issue; however, none of the
prespecified variables reduced the heterogeneity to below 50 percent so we present the original
results.

In three trials (701 subjects) providing comparative effectiveness between DSME delivered
to groups compared with delivery to individuals or via a mixture of individual and group
delivery, there was a beneficial effect for those individuals receiving DSME in groups at up to
12-months followup (MD, -0.36; 95% ClI, -0.63 to -0.08).'822%2: 27> |n contrast, there was a
benefit at end of intervention shown in a trial comparing individual DSME and motivational
interviewing with group-based empowerment DSME and supervised group exercise (143
subjects; MD, -0.30; 95% Cl, -0.58 to -0.02).2** Several comparative effectiveness studies found
no difference in HbA;. changes between groups. Some examples include the addition of an
additional treatment (e.g., problem solving therapy,**® music therapy*®) or a support aspect to a
DSME or lifestyle program;*®?2'"-22% others include comparisons between peer and health
professional delivery of a program component (see Appendix I).13% 162 217,246

Six trials reported on HbA;¢ but did not provide data for inclusion in the meta-analysis. Five
trials comparing a behavioral program with usual care did not find a significant difference
between groups. 3% 147157 177190 5ne trial comparing two behavioral interventions with different
delivery methods also found no difference between groups.**®

Visualization of funnel plots did not suggest publication bias, and using the Egger test’® for
our outcome with the most data (HbA¢) resulted in no significant indication of bias for
comparisons with usual care (p=0.25) or active controls (p=0.21) at end of intervention.

Change in Body Composition
Compared with usual care, behavioral programs assisted participants in reducing their BMI

(kg'm™) at all three timepoints—end of intervention (32 comparisons; 4,001 subjects; MD, -0.47;
95% CI. -0.74 to -0.2) 125, 127,129, 135, 141, 143, 145, 152, 161, 165, 169, 174, 179, 180, 196, 198, 200, 204, 205, 214, 216, 223,
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229-232, 236, 239, 241, 245 6_month followup (13 comparisons, 1,746 subjects; MD, -0.22; 95% Cl, -
0.34 to -0.1),12: 133,136,153, 173, 183, 201, 205, 231, 236, 239, 241 9 12-month followup (5 comparisons; 867
subjects; MD, -0.92; 95% Cl, -1.44 to -0.4).136 147 153.183. 228 \pshany compared to active controls,
behavioral programs did not reduce BMI at any followup timepoint. Body weight (kg) was
reduced at end of intervention in those receiving behavioral programs compared with those
receiving usual care (30 comparisons; 3,206 subjects; MD, -1.88; 95% Cl, -2.41 to -1.35),%2" 13
135, 137, 143, 150, 157, 166, 168, 174, 178, 180, 181, 190, 193, 195, 203, 204, 207, 212, 214-216, 229, 236, 239, 244 :

or active control
(14 comparisons; 6,145 subjects; MD, -1.42; 95% ClI, -2.66 to -0.18; 1>=790).138 144, 155,136,159,
164,174, 175, 181, 188, 192, 242 Thare was no reduction in weight at other timepoints; one trial showed an
increase in weight at 12-month followup for the behavioral program compared with active
control arm (95 subjects; MD, 3.70; 95% ClI, 1.67 to 5.73)."** Waist circumference (cm) was
reduced at end of intervention (15 comparisons, 1,392 subjects),'*> 143 152 157, 180, 193,204, 205, 214, 216,
231,244,295 i those comparisons with usual care—MD = -3.11 (95% ClI, -4.46 to -1.76; 1°=66%).
One study found significant reduction in waist circumference at 6-month followup for those
receiving a behavioral program compared to an active control (38 subjects; MD, -5.70; 95% ClI, -
6.54 to -4.86).2° There was no difference found in two studies comparing behavioral programs
to usual care at 12-month followup;**" *>* no data was available at 12-month followup for studies
comparing behavioral programs to active control.

One comparative effectiveness trial (99 subjects) found that BMI was reduced (MD, -1.80;
95% ClI, -2.51 to -1.09) at end of intervention for individuals receiving a cognitive-behavioral-
therapy based lifestyle program including a portion-controlled diet compared with DSME
including a meal plan.*® Participants in this study who received the lifestyle program also
reduced their weight and waist circumference more than those receiving the DSME program—
MD = -5.10kg (95% Cl, -7.22 to -2.98) and MD = -3.60cm (95% ClI, -5.33 to -1.87),
respectively.

Behavioral Outcomes: Change in Dietary Intake and Physical Activity;

Medication Adherence

Participants receiving behavioral programs compared with usual care reduced their energy
intake (daily intake of kilocalories) to a small extent at end of intervention (10 comparisons;
1,173 subjects; MD, -122.07; 95% Cl, -211.04 to -33.1; 1>=530p)'2> 127 145,157, 178, 181,205, 206, 235
and 6-month followup (3 comparisons; 469 subjects; MD, -64.05; 95% Cl, -96.44 to -31.66).°*
187,205 There was no significant change at any timepoint in energy intake for comparisons with
active controls, and no effect reached statistical significance for percent kilocalories from
saturated fat.

Changes in intensity/duration of physical activity were measured by subjective (e.g., days per
week in most cases) and objective (via accelerometers) means. Fifty percent of the studies
reporting days per week of physical activity used the Summary of Diabetes Self-care Activities
(SDSCA) questionnaire. Two trials (382 subjects) found that participants of behavioral programs
increased the number of days per week of physical activity to a greater extent than those in usual
care arms at 12-month followup (MD, 0.90; 95% CI, 0.90 to 0.90).2%*2%® These and several other
trials'2® 153 174 209,216,226, 228-230, 243 iy ot find any difference at end of intervention or 6-month
followup. One trial with 40 participants showed a negative affect for a behavioral program
compared with an active control at end of intervention (MD, -1.06; 95% ClI, -1.82 to -0.31)."
There was no difference reported for objective measurements of exercise duration/intensity, or
for measures of fitness in trials comparing behavioral programs to usual care or active controls.
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Two comparative effectiveness trials found significant effects for changes in physical
activity. Based on self-report of days per week of engaging in moderate-to-intense physical
activity, Vadstrup et al.”** found improvement (121 subjects; MD, 1.30; 95% ClI, 0.80 to 1.80)
for the group provided individual DSME and motivational interviewing compared with group-
based empowerment DSME and supervised group exercise. Using the Modified Canadian
Aerobic Fitness Test which estimates relative maximal oxygen consumption, Plotnikoff et a
found improved fitness levels from supplementing DSME and support with a physical activity
intervention (88 subjects; SMD, 0.62; 95% ClI, 0.19 to 1.05).

Measurement of medication adherence was undertaken using various tools including the
SDSCA,*?® 1 the Hill-Bone Compliance Scale,*® **® and the Morisky Adherence Scale.*** A
significant effect for medication adherence—in favor of the usual care group—was maintained
from end of intervention to 12-month followup in one trial (191 subjects; SMD, -0.50; 95% CI -
0.79 to -0.21);??® other studies comparing behavioral programs to usual care found no difference
at end of intervention or 6-month followup. Comparisons with active controls also found no
difference at any followup timepoint.

199
L.,

Health Outcomes: Quality of Life, Micro- and Macrovascular Complications,
All-cause Mortality

Quality of Life

Outcomes for quality of life were categorized into five subcategories based on their focus
(i.e., generic vs. diabetes-specific) and the similarity between studies in measurement scales.
Groups of studies reported outcome data based on the SF-36 Health Survey (physical and mental
component scores), and the Problem Areas in Diabetes (PAID) scale (0-100; lower score
favorable) measuring diabetes distress. Accordingly, three of our subcategories represent these
tools (i.e., Quality of Life-SF36 Physical, Quality of Life-SF36 Mental, and Diabetes Distress),
for which we present results as MD. Other subcategories were created to combine other generic
(Quality of Life-Other; e.g., WHO Quality of Life Brief, W-BQ12, EuroQol 5D) and diabetes-
specific (Diabetes-specific Quality of Life; e.g., Diabetes Quality of Life, Diabetes Distress
Scale, Appraisal of Diabetes, Diabetes Symptom Checklist) quality of life questionnaires; these
results are presented as SMDs.

There was no difference in Quality of Life-SF36 (Physical) or Quality of Life-SF36 (Mental)
when measured at end of intervention for comparisons with usual care,*** 24 212:229 ¢ yp o 6-
months followup for comparisons with active controls.*® 2™ 242 There was no difference found
for Quality of Life—Other in comparisons (n=7) with usual care up to 6-month followup,*® 18
196, 216,239,243 o jn comparisons (n=7) with active controls up to 12-months followup.** &2
Results favored behavioral programs compared with usual care for Diabetes Distress (8
comparisons, 1,384 subjects) at end of intervention (MD, -1.82; 95% Cl, -3.43 to -0.21),%3% 3"
201, 208, 215,216, 218,223 1y 1t not at longer followup.™*® 2% 2% The result at end of intervention is not
clinically important. One study (167 subjects) evaluating this outcome in a comparison to active
controls found no difference at 6-month followup.™ There was no difference in Diabetes-
specific Quality of Life at any followup timepoint to 12-month followup when comparing
behavioral programs to usual care, 3% 193 165 167,179, 205,243 o 5t end of intervention for programs
compared with active controls, 44 %8 165

One trial assessed the effects on quality of life when the support phase of a DSME and
support program was delivered by peers, clinical practice staff, or health care professionals
(diabetes educators). Siminerio et al.>*’ found that Diabetes Distress worsened for the group
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receiving support from peers when compared to the group receiving support from the educators
(74 subjects; MD, 24.70; 95% ClI, 15.02 to 34.38). This effect is considered clinically important.
There was no difference in Diabetes Distress when delivery of nonprofessional clinic staff was
compared to that by health care professionals.

Micro- and Macrovascular Complications

Authors of the LookAHEAD trial (5,145 subjects) studied outcomes of myocardial
infarctions, stroke, heart failure, diabetic nephropathy, diabetic retinopathy, and diabetic
neuropathy. Diabetic retinopathy was reduced by 14% (hazard ratio, 0.86; 95% CI, 0.75 to 0.98)
in participants receiving their intensive lifestyle program compared with an active control
(didactic education and support).>™ Results for the other outcomes failed to reach statistical
significance—myocardial infarction (RR, 0.86; 95% ClI, 0.70 to 1.05), stroke (RR, 1.06; 95% ClI,
0.79 to 1.44), heart failure (RR, 0.83; 95% ClI, 0.64 to 1.08), diabetic nephropathy (RR, 0.68;
95% CI, 0.34 to 1.46), and diabetic neuropathy (RR, 1.13; 95% CI, 0.92 to 1.38).

All-cause Mortality

One study examined all-cause mortality as an pre-specified outcome;*** there was enough
data in 22 reports to calculate a difference in all-cause mortality for the associated comparisons.
There was no difference in all-cause mortality between participants receiving behavioral
programs and usual care (20 comparisons; 4,775 subjects; RR, 1.32; 95% Cl, 0.82 to 2.12);
mortality between behavioral programs and active control groups (4 comparisons, 5,949
subjects) was 14 percent lower for those receiving behavioral programs (RR, 0.86; 95% CI, 0.77
to 0.96).

KQ 5. Potential Moderation of Effectiveness for T2DM:
Components, Intensity, Delivery Personnel, Method of
Communication, Degree of Tailoring, and Level of Community
Engagement

Key Points: HbAlc

¢ In anetwork meta-analysis with usual care serving as the reference, behavioral programs
showing effect sizes above our threshold for clinical importance represented all three
major program component categories of DSME, DSME and support, and lifestyle.

e The effect sizes of all minimally intensive DSME programs (<10 contact hours) were
lower than our threshold for clinical importance, but were all higher than that for
educational interventions not meeting our criteria for a behavioral program (e.g., didactic
education programs).

e Programs having the higher effect sizes and probabilities of being best (>5 percent) were
more often delivered in person rather than including technology.

Key Points: Body Mass Index
e Lifestyle programs resulted in the highest effect sizes for BMI.
e Program intensity appeared less important than method of delivery; providing some
individual (rather than solely group-based) delivery appears beneficial.
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Detailed Synthesis

We conducted network meta-analyses for the outcomes of HbA;. and BMI. These outcomes
represent two of our key outcomes and had the greatest amount of outcome data. Tables 10
(HbA1) and 11 (BMI) provide descriptions of the nodes (no two containing the same
combination of variables), and include the results including the MD and associated 95 percent
credibility interval, the rank order of each node, and a percentage referring to the node’s
“probability of being best” (PB). We summarize our approach and the results for each outcome
below. Figures 16 and 17 contain the plots showing the relative ranking of the different nodes;
the studies within each node are cited in the accompanying tables.

HbA .

When choosing which variables to consider for creating the nodes, we used a hierarchical
approach based on the categories in Table 3 (see Methods). Dividing the data by the first variable
of program components (DSME, DSME and support, and lifestyle) resulted in a relatively large
number of DSME comparisons. For this group, we decided to use four additional variables (i.e.
intensity, method of communication, delivery method, and delivery personnel) to create 24
potential nodes (16 which contained comparisons). We did not capture the variable of delivery
personnel for the DSME and support, and lifestyle groups because most nodes would in this case
contain at most one comparison.

The results of the network meta-analysis indicated that, in comparison to the reference of
usual care, 14 nodes produced MDs which fell at or above our clinically important threshold (0.4
percent) for change in HbA; .. Four of these nodes represent DSME, five represent DSME and
support, and five represent lifestyle programs. Six nodes represent medium-intensity programs
(11-26 contact hours), six represent high-intensity programs (>26 contact hours), and two (nodes
17 [DSME and support] and 26 [lifestyle]) represent low-intensity programs (<10 contact hours).
The mean contact hours for the programs represented by these effective nodes was 26.4 (range 7-
40.5 hours); the mean total program duration was 8 months (range 2-12). None of the nodes
representing low-intensity DSME programs (nodes 4-11) showed clinically important effects; all
had greater impact on HbA;. than basic educational controls, but lower impact than a stand-alone
dietary or physical activity intervention (node 3). Of the four nodes (13-16) representing DSME
programs with MDs showing clinically important effect, three (14-16) were delivered by health
care professionals.

Eleven of the 14 nodes representing clinically important effects were delivered in person
rather than incorporating some form of technology. Nodes 15 and 32 had the highest PB (32 and
15.3 percent, respectively); behavioral programs in both nodes were delivered in person rather
than by incorporating technology. Similar observations were noted for the other four nodes
having PB >5 percent, of which three (14, 17, 24) were delivered in person and one was
delivered using some form of technology (node 30). The two studies*** **° in node 30 provided
supportive telephone calls between in-person sessions during lifestyle interventions tailored to
minorities. All effective nodes representing some use of technology (13, 16, 30) were of
moderate or high intensity.

Node 18 represented an outlier with an MD of 2.80 (95% CI 1.14 to 4.48). This study by
Brown et al.*? found greater HbA. reduction at end of intervention in a group receiving DSME
compared with one receiving DSME with the addition of a care manager.
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Body Mass Index

We created nodes using four variables for BMI (i.e. program component, program intensity,
method of communication, and method of delivery). Of the 39 plausible nodes (each differing by
only one level of one variable), there were studies with data to populate 25 nodes.

BMI at baseline was similar for programs classified as DSME (32.5 kg'm?), DSME and
support (33.1 kg'm?), and lifestyle (32.9 kg'm?). The MDs for BMI from behavioral programs
ranged between -1.75 kg'm? and 3.31 kg'm®. The node with the largest MD only represented one
study™* evaluating a low-intensity lifestyle program with multiple brief contacts over 6 months.
Nodes with the next highest MDs (18 and 23) were both lifestyle programs of low and medium
intensity, respectively. The node (8) having the most studies (n=10) represented a DSME
program of medium intensity (11-26 hours) which was delivered in person to groups; the results
indicated this program to have 0 percent PB. One difference between the programs in this node
and those with higher PB is that the higher PB all offered some individual delivery, rather than
relying only on group delivery. Likewise, the majority of nodes having the highest MDs (i.e. 8 of
the highest 10) offered some individual delivery.
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Table 10. Network meta-analysis for Hb A;.: Description of nodes and results

Arm Description Network Node with Intensity Method of Delivery Method Delivery Rank MD, 95% Probability
Study References Communication Personnel Orderin  Credibility of Being
NMA Interval Best
Usual care 11Ee 129HASS 135, 43T N A NA NA NA NA 0 [NA, NA] 0.0%
141, 143, 145, 148, 150, 152
g:tf:gri?;e 153, 161, 163, 165-169, 173,
174, 178-181, 183-187, 193,
195-198, 200, 201, 203-210,
212-216, 218, 219, 221, 223-
226, 228-231, 236, 237, 239,
243-245
Active comparator 1;"51'61&_)’*’1’7114‘2712*"‘1'71:’*‘1'82 NA NA NA NA 30 0.14[-0.24,0.52] 0.0%
(non-DSME) 188, 191, 242
Active comparator 1;‘“’1-81;11’91:2210*’“' o NA NA NA NA 16 -0.38[-0.93,0.16] 0.0%
(other) PR
DSME 201;52'115“2'211‘“;214“2’218752'33 <10h In person Individual & mixed HCP 19 -0.30 [-0.66, 0.06]  0.0%
234
105, 138, 135, 162, 163, <10h In person Group only HCP 23 -0.22[-0.63,0.19] 0.0%
172,189, 201, 202, 224
6" <10h In person Group only Non-HCP 28 -0.05[-1.32,1.23] 1.0%
2116"12;311"“ 109,175,133, <10h Some technology  Individual & mixed HCP 26 -0.15[-0.63,0.31] 0.0%
20?2'1(1)"2’;’;;“' R <10h Some technology  Individual & mixed Non-HCP 25 -0.15[-0.55,0.23]  0.0%
QiFa 192 11-26h In person Individual & mixed HCP 27 -0.15[-0.83,0.53] 0.0%
1Q™% L1 IS T 96h In person Group only HCP 22 -0.24[-0.55,0.08] 0.0%
160, 171, 182, 183, 189, 213,
214, 225, 233
117> T EE 2B 9 96h In person Group only Non-HCP 20 -0.28[-0.79,0.24] 0.0%
1275 B2 LS 11-26h Some technology  Individual & mixed HCP 21 -0.25[-0.82,0.32] 0.0%
1377 11-26h Some technology  Individual & mixed Non-HCP -0.78[-1.61, 0.06] 3.9%
147 >27h In person Individual & mixed HCP -0.73[-1.92,0.47] 8.4%
1570 2= >27h In person Group only HCP -1.35[-2.07, -0.65] 32.0%
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16™° >27h Some technology  Individual & mixed HCP 12 -0.46 [-1.71,0.80] 3.8%
DSME + Support 17°% <10h In person Individual & mixed NA 8 -0.70[-1.86,0.46] 7.1%
18'% <10h In person Group only NA 33 2.80 [1.14, 4.48] 0.0%
1972 920 <10h Some technology  Individual & mixed NA 17 -0.38[-1.02,0.26] 0.1%
20" 11-26h In person Individual & mixed NA 14 -0.40[-1.77,0.97] 4.4%
217 69 11-26h In person Group only NA 6 -0.74[-1.59,0.10] 2.9%
2274 119 5528 11-26h Some technology  Individual & mixed NA 15 -0.39[-1.11,0.31] 0.1%
237027 >27h In person Individual & mixed NA 10 -0.54[-1.32,0.24] 0.9%
2470 >27h In person Group only NA 4 -0.89[-1.89,0.12] 9.5%
Lifestyle 2519 118,239 <10h In person Individual & mixed NA 31 0.21[-0.53,0.96]  0.0%
267"+ <10h In person Group only NA 13 -0.44[-1.41,0.52] 1.0%
27" <10h Some technology  Individual & mixed NA 32 0.26 [-1.14,1.66]  0.6%
222861°°' T A0 222 1 1 96h In person Individual & mixed NA 11 -0.47[-1.01,0.08] 0.0%
29700 U I ZZ2 211 96h In person Group only NA -0.67 [-1.27,-0.08] 0.5%
307 Y 11-26h Some technology  Individual & mixed NA -0.90 [-1.75, -0.05] 7.3%
31°% 11-26h Some technology ~ Group only NA 24 -0.20[-1.34,0.93] 1.0%
3727 oL 1o%, 208 >27h In person Individual & mixed NA 2 -1.14 [-1.92, -0.38] 15.3%
3377 2% 227h In person Group only NA 29 0.08[-0.71,0.87]  0.0%
3470 227h Some technology  Individual & mixed NA 18 -0.31[-1.16,0.52] 0.2%

Highlighted rows represent those nodes having effect sizes meeting or exceeding our criteria for clinical importance.

DSME = diabetes self-management education; h = hour(s); HCP = health care professional; MD = mean difference; NA = not applicable; NMA = network meta-analysis
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Figure 16. Plot of network meta-analysis results for Hb A4
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This plot depicts the results from our network meta-analysis for the outcome of HbA,.. Each number in the plot represents a node
containing the study arms cited in the Network Node column of Table 10. The black circles indicate the benefit (mean difference in
%HbA, ) for the nodes when compared with a reference of usual care. All nodes at and above node 20 were found to have a mean
difference at or above our threshold for clinical importance (greater than 0.40% HbA. reduction compared with usual care).
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Table 11. Network meta-analysis for body mass index: Description of nodes and results

Arm Description  Network Node Intensity Method of Delivery Rank Orderin  MD (kg-m™), 95% Probability of
Communication Method NMA Credibility Interval Being Best
Usual care I 'Y NA NA NA 0 [NA, NA] 0.0%
(reference 141, 143, 145, 147, 152, 153,
Category) 161, 163, 165, 169, 173, 174,
179, 180, 183, 196, 198, 200,
201, 204, 205, 214, 216, 223,
228-232, 236, 239, 241, 245
Active 270 I ISR AR A IS NA NA NA 23 0.20 [-0.61, 1.00] 0.0%
comparator
(non-DSME)
Active e o A6 A2 NA NA NA 15 -0.24 [-1.90, 1.43] 0.1%
comparator
(other)
DSME 470 1S, 1A%, 202, 228 <10h In person Individual 20 -0.13 [-0.89, 0.60] 0.0%
& mixed
5190 162, 165,189, 201202 <1 0h In person Group 9 -0.53 [-1.35, 0.32] 0.1%
only
6o O AN I < 0h Some technology  Individual 19 -0.14 [-0.98, 0.70] 0.0%
& mixed
775210 11-26h In person Individual 22 0.14 [-1.28, 1.56] 0.2%
& mixed
120, 1S, 145, 155 100, 182 1 1.96h In person Group 11 -0.34[-0.89, 0.19] 0.0%
183, 189, 214, 236 only
gro% 228 =2 11-26h Some technology  Individual 7 -0.53[-1.32, 0.31] 0.1%
& mixed
1042 >27h In person Group 16 -0.21[-2.10, 1.68] 1.9%
only
1177 >27h In person Individual 6 -0.74 [-2.84, 1.37] 6.2%
& mixed
DSME + Support 12 <10h In person Individual 17 -0.20 [-1.75, 1.35] 0.9%
& mixed
13'% <10h In person Group 24 3.31[1.29, 5.32] 0.0%
only
14™% <10h Some technology Individual 8 -0.53 [-2.03, 0.98] 1.8%
& mixed
1575 %9 11-26h In person Group 13 -0.29 [-1.76, 1.21] 0.8%
only
16 19 11-26h Some technology  Individual 21 0.10 [-1.07, 1.29] 0.0%
& mixed
17 >27h In person Group 12 -0.32[-2.34, 1.71] 3.2%
only
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Arm Description Network Node Intensity Method of Delivery Rank Order in  MD (kg-m™), 95% Probability of
Communication Method NMA Credibility Interval Being Best
Lifestyle 18> <10h In person Individual 2 -1.41[-2.62,-0.16]  11.8%
& mixed
197 1ot <10h In person Group 14 -0.24 [-2.14, 1.62] 1.0%
only
20™ <10h Some technology  Individual 1 -1.75[-3.97, 0.45] 32.5%
& mixed
2170 11-26h In person Individual 10 -0.49 [-1.61, 0.81] 0.6%
& mixed
2275 1002 11-26h In person Group 5 -0.80 [-1.69, 0.01] 0.7%
only
23" 11-26h Some technology Individual 3 -1.37 [-5.08, 2.36] 31.6%
& mixed
24747 108 208 >27h In person Individual 4 -1.28[-2.35,-0.24] 5.7%
& mixed
25750 >27h In person Group 18 -0.20 [1.71, 1.31] 0.8%
only

DSME = diabetes self-management education; h = hour(s); MD = mean difference; NA = not applicable; NMA = network meta-analysis
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Figure 17. Plot of network meta-analysis results for body mass index
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This plot depicts the results from our network meta-analysis for the outcome of body mass index (BMI). Each number in the plot

represents a node containing the study arms cited in the Network Node column of Table 11. The black circles indicate the benefit
(mean difference BMI) for the nodes when compared with a reference of usual care.
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KQ 6. Subgroups for Factors Moderating Effectiveness in T2DM
Key Points

Glycemic Control

e Interms of overall effectiveness at longest followup for HbA;, participants with
suboptimal glycemic control (>7 percent HbA1¢) appear to benefit more than those with
good control (<7 percent) from behavioral programs when compared to usual care and
active controls. The effect sizes were not clinically important for either group.

e Few differences were evident when evaluating potential moderation by program factors
in a subgroup of studies having participants with suboptimal baseline glycemic control.
Of the two nodes representing low-intensity programs that were found to have clinically
important effects in the original network analysis, one was shown not effective for
participants with suboptimal glycemic control.

Age
e Older adults (=65 years) did not benefit at longest followup in terms of reduction in
HbA;. from behavioral programs in comparison with usual care or active controls. In
adults <65 years, the effect size for behavioral programs compared with active controls at
longest followup was clinically important.

Race/Ethnicity

e Subgroup analysis of our meta-analyses comparing behavioral programs to usual care and
active controls indicated that programs offered to predominantly minority participants (>
75 percent nonwhite) appear to provide more benefit than those offered to populations
with a lower proportion (<75 percent) of nonwhite individuals. The effect size for
minority participants reached clinical importance.

e Based on univariate regression analyses for the subgroups based on race/ethnicity, none
of the program factors (e.g., intensity, delivery personnel) reached statistical significance
for influencing the effectiveness of behavioral programs compared to usual care on
HbA:.. Results for the variable of program intensity approached statistical significance.

Detailed Synthesis

Glycemic Control

Initially, we conducted a subgroup analysis on the outcome of HbA. by baseline glycemic
control (HbA;. <7 vs. >7 percent) using the pair-wise meta-analysis results for HbA; at longest
followup timepoint (data not shown). For behavioral programs compared with usual care, our
meta-analysis showed no difference (MD, -0.09; 95% Cl, -0.20 to 0.01; 1>=0%) in change in
HbA. for participants with a baseline HbA. <7 percent (5 trials, 1151 subjects); 84 186 #13. 236,239
the analysis showed benefit (although not clinically important) for participants with a baseline
HbA,. >7 percent (70 trials; subjects; MD, -0.32; 95% Cl, -0.43 to -0.21; 1’=71%). There was no
difference in change in HbA for persons with baseline HbA;. <7 percent receiving a behavioral
program compared with an active control (3 trials, 169 participants; MD, -1.43; 95% Cl, -3.57 to
0.71; I2=99%);164’ 176, 191 persons with HbA;; >7 percent at baseline had greater reduction in
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HbA ;. after receiving behavioral programs compared with an active comparator (MD, -0.19;
95% CI -0.31 to -0.06; 1°=41%), but this was not clinically important.

To explore potential moderation of effect based on the factors of interest, we performed a
subgroup analysis of our network meta-analysis described in the section for KQ5. We removed
the studies in which baseline HbA;. was <7 percent (n=8)*°* 17184 186,191,213, 236. 239 54 reneated
the analysis for a subgroup with baseline HbA;. >7 percent; there were an insufficient number of
studies with baseline HbA;. <7 percent to run the analysis using these studies, or to perform
meta-regression analysis. The results are presented in Table J1 and Figure J1 in Appendix J. The
categorization of all nodes remained the same in relation to the variables of interest. The changes
in this subgroup analysis include: 1) the effect sizes for nodes 15 and 26 shifted towards usual
care (MDs 0.10 from -1.35 and -0.13 from -0.44, respectively), and 2) the active (dietary or
physical activity) control became less effective (MD -0.13 vs. -0.38) for participants having >7
percent HbA ..

Age

The same set of subgroup analyses performed for baseline glycemic control was conducted
for our age subgroups; the study pogulation in nine studies reporting on HbA; had a mean age
>65 years, > 14> 196,186,193, 208, 211, 213, 220, 226 \\/e first performed subgroup analyses by age group
(>65 years vs. <65 years) using the pair-wise meta-analyses results for HbA; at longest followup
timepoint in comparisons between behavioral programs and both usual care and active control
(data not shown). For behavioral programs compared with usual care, the meta-analysis for
participants <65 years indicated that HbA;. reduced to a statistically significant extent at longest
followup (70 comparisons; 10,768 subjects; MD, -0.31; 95% ClI, -0.41 to -0.20; 1>=71%); for
older adults the results indicated no difference (7 comparisons; 734 subjects; MD, -0.24; 95% ClI,
-0.50 to 0.03; 1°=55%). For comparisons with active controls for participants <65 years, the
benefit of behavioral programs was statistically and clinically significant (25 comparisons; 7,591
subjects; MD, -0.43; 95% CI -0.73 to -0.13; 1°=93%). For older adults, behavioral programs
compared with an active control (3 comparisons, 206 subjects) failed to reduce HbA;. (MD, -
0.23; 95% Cl, -0.60 to 0.14; 1°=0%).

Subsequently, we performed a subgroup analysis for populations <65 years by removing the
data from the nine studies (as above) having mean age >65 from our network meta-analysis
described in the section for KQ5. The results are presented in Table J2 and Figure J2 in
Appendix J. The categorization of all nodes remained the same in relation to the variables of
interest. The notable changes in this subgroup analysis include: (1) the effect size for programs
represented by node 34 favored usual care instead of behavioral programs, and (2) the effect size
for node 3 (active control with dietary or physical activity intervention) became clinically
important (MD, -0.55) although the PB remained at O percent.

Ethnicity

We conducted subgroup analyses based on race/ethnicity (i.e. >75 percent nonwhite
[minorities] and <75 percent nonwhite participants) for the outcome of HbA at longest
followup for behavioral programs compared to usual care and active controls (data not shown).
Using the pair-wise meta-analysis for HbA;. when comparing behavioral programs to usual care,
there was a clinically important effect for minority participants (31 comparisons; 4,601
participants; MD, _0.43; 95% CI -0.59 to -0.28; |2:57%)127, 131, 133, 141, 143, 152, 161, 169, 178, 179, 185, 187,
195-198, 200, 205-209, 212, 218, 219, 221, 223, 230, 236, 237 \\ hjch was greater than that seen for the comparisons
with <75 percent minorities (22 comparisons; 4,639 participants; MD, -0.17, 95% CI -0.33 to
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. 12— 129, 132, 137, 150, 165-167, 173, 174, 184, 186, 204, 210, 214, 224, 225, 229, 239, 243, 244 .
0.00; 1°=76%). For comparisons

between behavioral programs and active control groups, there was no statistically significant
reduction in HbA;. among minorities (5 comparisons, 400 participants; MD, -0.32; 95% CI -0.67
to 0.04; 1°=09%);1>* 163, 172,188,220 g4\ djes with a larger proportion of white participants also
showed no difference (10 comparisons, 6,214 participants; MD, -0.50; 95% CI -1.24 to 0.23;
1°=9904),10: 198, 159,165, 174,191,192, 242 1t js noteworthy that glycemic control at baseline appeared to
be worse for the minority (8.80 percent HbA;c) compared with the majority/white (7.60 percent
HbA) subgroup.

We also conducted univariate meta-regressions for each race/ethnicity subgroup. For this
analysis, we used outcome data for changes in HbA;. at longest followup in comparisons
between behavioral programs and usual care. Table 12 shows the results for each variable
examined. No statistically significant finding was generated. The subgroup of minorities
appeared to benefit more with increasing intensity (contact hours), but the result did not reach
statistical significance.

Table 12. Results for race/ethnicity subgroups using univariate meta-regressions analyzing the

association between different program factors and the effectiveness of behavioral programs
compared to usual care in improving HbA,.

Program Factors # studies Coefficient and 95% CI P value

Duration of intervention (continuous: <75% nonwhite (22) -0.016; 95% ClI,-0.05 to 0.02 0.38

months) >75% nonwhite (31) 0.012; 95% CI,-0.015 to 0.37
0.038
Intensity (continuous: contact hours) <75% nonwhite (22) -0.003; 95% ClI, -0.011 to 0.36
0.004
>75% nonwhite (31) 0.0037; 95% ClI, -0.0005 to 0.082
0.008
Frequency (continuous: <75% nonwhite (22) -0.006; 95% ClI, -0.05 to 0.78

hours/month) 0.05

>75% nonwhite (31) 0.013; 95% ClI, -0.04 to 0.63
0.065

Method of communication <75% nonwhite (22) -0.17; 95% Cl, -0.57 to 0.22 0.37
(dichotomous: in-person/ some use >75% nonwhite (31) 0.049; 95% CI, 03010 0.39 __ 0.75
of technology)
Delivery method (dichotomous: <75% nonwhite (22) 0.12; 95% CI, -0.30 to 0.54 0.56
individual & mixed/ group only) >75% nonwhite (31) 0.18; 95% CI, -0.18 o 0.53 0.32
Delivery personnel (dicotomous: <75% nonwhite (22) 0.001; 95% Cl, -0.40 to 0.42 0.96
non-health professionals only/health
professional(s)) -

275% nonwhite (31) -0.13; 95% Cl, -0.47 to 0.20 0.43
Community engagement <75% nonwhite (22) 0.038; 95% ClI, -0.40 to 0.48 0.86
(dichotomous: present/none or NR)

275% nonwhite (31) 0.070; 95% Cl, -0.43 to 0.56 0.78

CI = confidence interval
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Discussion

Key Findings and Discussion for Type 1 Diabetes Mellitus
(Key Questions 1-4)

This section presents the main findings, followed by a discussion of the findings for key
questions (KQs) 1-4 evaluating the effectiveness of behavioral programs for type 1 diabetes
mellitus (T1DM). Our terminology for KQ 1—in terms of low or moderate evidence—represents
the results of our strength of evidence assessments. Further discussion is included in the
subsequent sections of this chapter focusing on (1) the applicability of the findings, (2)
contextualizing our results within previous literature, and (3) future research needs.

KQ 1: Behavioral Programs and Behavioral, Clinical, and Health Outcomes;

Diabetes-Related Health Care Utilization; and Program Acceptability

There was moderate SOE showing reduction in hemoglobin A;; (HbA;.) at 6-month
postintervention followup with percent HbA;. reduced by 0.33 for individuals who were enrolled
in behavioral programs compared with those receiving usual care. For all other timepoints, there
was no significant difference in HbA;; the SOE was low due to risk of bias and imprecise effect
estimates. For followup timepoints of 12 months or longer, the 95% Cls included our threshold
for clinical importance such that we cannot rule out benefit for behavioral programs based on the
available evidence. For individuals who were enrolled in behavioral programs compared with
those receiving an active control, there was moderate SOE showing a clinically important
reduction in HbA. of 0.43 percent at 6-month postintervention followup. There was no
difference in HbA,. at other timepoints, however the SOE was low and we cannot rule out a
benefit for behavioral programs.

There was low SOE showing no difference in adherence to diabetes self-management (i.e.
frequency of blood glucose checks or overall self-management behaviors) at end of intervention
and 6-month followup for comparisons with usual care. For comparisons with active controls
there was insufficient SOE for adherence to diabetes self-management at any followup
timepoint. For generic health-related quality of life, there was low SOE of no difference at the
end of intervention. There was insufficient evidence for all other outcomes. The SOE grading
was highly influenced by the moderate-high risk of bias of individual studies, the imprecise
estimates of effect, and (for insufficient SOE grades) the limited amount of data.

Evidence was insufficient to determine whether behavioral programs increased or decreased
the number of diabetes-related hospital admissions, emergency department admissions, episodes
of severe hypoglycemia, or episodes of severe hyperglycemia. Behavioral programs appear to be
acceptable to patients with TLDM based on a proxy measure; our meta-analysis showed a 17
percent increased risk of attrition usual care compared with behavioral programs.

KQ 2. Subgroups for Effectiveness in TIDM

Behavioral programs compared with usual care for HbA;. appeared more effective for adults
than for youth at end of intervention. The effectiveness of behavioral programs compared with
active controls appeared higher for youth than for adults at12-month followup, but few studies
were included in the pooled results for these subgroups. One trial reported results separately for
youth with baseline HbA;>8 percent and found favorable results for this subgroup; no other
within-study subgroup analysis was conducted because the majority of trials enrolled participants
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with poor control (HbA;. >8.5 percent). No trials reported on HbA; by race or ethnicity,
socioeconomic status, or time since diagnosis.

KQ 3. Potential Moderation of Effectiveness for TIDM: Components,
Intensity, Delivery Personnel, Method of Communication, Degree of

Tailoring, and Level of Community Engagement

To assess whether program factors (i.e., intensity, delivery personnel, method of
communication, degree of tailoring, and level of community engagement) moderated the
effectiveness of behavioral programs for TIDM, we performed univariate meta-regressions for
comparisons between behavioral programs and usual care at longest followup. None of the
factors were shown to significantly influence the effectiveness of behavioral programs for
HbA;.. We did not have enough studies to perform multivariable analysis, neither did we have
enough to perform the univariate regressions for outcomes other thanHbA .

KQ4. Harms
No studies reported on the associated harms (i.e. activity-related injury) of behavioral
programs.

Discussion of Key Findings for TA. DM

Overall, behavioral programs seem to have some benefit in TLDM for reducing HbA;., when
followup extends beyond the immediate postintervention period up to 6 months. The delay in
benefit likely in part reflects the time required for this marker of glycemic control, indicating
control over the past 2-3 months, to demonstrate change. Another contributor may be that a
period of time is needed to integrate newly learned self-management behaviors into one’s life;
however, our findings of no differences in self-management behaviors at any followup timepoint
when behavioral programs were compared to usual care do not support this hypothesis. The
beneficial findings for HbA;. appear to be tempered by the findings of no difference at longer
followup timepoints, although we are unable to confidently rule out benefit at long-term
followup. An argument that the findings of benefit could be an artifact of differential attrition
between groups—with those more motivated to or more successful in making positive changes
returning for followup assessment—appears to be unlikely because of the lower (17%) attrition
rate found for behavioral programs compared to usual care.

There are at least a couple reasons why our findings may underestimate the effect of these
programs should they be implemented in routine practice. The usual care group in several studies
received some form of attention from the investigators (e.g. periodic telephone calls to maintain
contact and encourage study participation), and this may have resulted in improved glycemic
control for the comparator group and reduced the relative effects of the behavioral program.
Participants (or their providers) in the usual care or active control groups (not being blinded to
group assignment in most studies) may have become more motivated to practice better self-
management (including blood glucose regulation using insulin titrations), which could also
attenuate differences between groups. Differences in the “usual care” provided may have also
played a role, although this affect may be minimal considering recent evidence that variations in
standard care in studies of behavioral interventions for youth with TIDM did not significantly
impact study results.?™

Our finding of a statistically significant and clinically important reduction by 0.43 percent
HbA; at 6-month followup for comparisons between behavioral programs and active controls is
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notable. As per our operational definition, behavioral programs consisted of interactive programs
having a duration >4 weeks with the inclusion of behavior change techniques; because of this,
traditional, didactic educational® %1% 1% or support interventions® were considered
comparators rather than interventions. By offering an intervention to both study arms, these
studies may have introduced less potential bias from lack of allocation concealment and blinding.
Although quite promising, when drawing conclusions regarding the overall benefits of
behavioral programs, this finding needs to be interpreted in light of results showing no
differences for HbA;. at other timepoints and insufficient evidence to make conclusions about
several other outcomes.

Many of the included studies were directed at adolescents. Self-management of TLDM
during adolescence is complex, often characterized by personal challenges and uncertainty,
transitions to adult care, less frequent health care visits, and diminished parental involvement;
consequently, glycemic control deteriorates over the course of childhood and adolescence for
many youth with TIDM.?""% For these reasons, many of the studies included in this review
aimed to prevent deterioration of glycemic control rather than to improve it. The clinically
important reductions in HbA, at 6- and 12-month followup (0.60 and 0.54 percent, respectively)
when behavioral programs were compared with active controls in youth lend substantial support
for these programs.

Most studies for TI1DM were undertaken in populations with baseline glycemic control >8.5
percent HbAlc. While this may affect the applicability of the findings to some extent, clinicians
may view this as highly relevant to their patient population of which many—particularly in their
pubertal years—are struggling to achieve optimal control. Furthermore, the Diabetes Control and
Complications Trial (DCCT) found that these individuals receive the greatest benefit from
HbA . reduction.

We were unable to undertake any analysis to comment on the difference between educational
and lifestyle programs, or the addition of a support component to DSME programs. Our review
did not identify enough studies of lifestyle programs to make any conclusions with respect to
their benefits. Many individuals with TLDM under good glycemic control may have other risk
factors (e.g., overweight, hyperlipidemia, hypertension) for which these programs may be
warranted. Although some behavioral programs were of fairly long duration with highly intense
contact with patients,® only one explicitly incorporated a support component.®’

Our pair-wise meta-analyses use the Hartung-Knapp-Sidik-Jonkman random effects
model ™" that typically provides a more conservative estimate of the 95% CI around pooled
effect sizes than the common DerSimonian and Laird approach; this holds especially when
pooling a small number of studies. The effect of this is that some results are found statistically
nonsignificant when another approach may find significance. For example, our reported 95% CI
for youth receiving a behavioral program compared with an active control at 6-month followup is
-2.56 to 1.36 (not significant due to inclusion of 0 [no effect]), although the less conservative
calculation provided an estimate of -0.95 to -0.25 (significant). This factor also applies those
findings for T2DM on the overall effectiveness of behavioral programs across all outcomes.

Key Findings and Discussion for Type 2 Diabetes (KQs 5 and
6)
This section presents the key findings for type 2 diabetes mellitus (T2DM). We begin by

summarizing the effectiveness of behavioral programs across our key outcomes, based on
comparator (i.e., usual care, active controls) and followup timepoint. Thereafter, we provide a

65



brief summary and discussion of the findings for KQs 5 and 6 evaluating the potential of
program components and delivery factors to moderate the effectiveness of behavioral programs
for T2DM. Further discussion is included in the subsequent sections of this chapter focusing on
(1) the applicability of the findings, (2) contextualizing our results within previous literature, and
(3) potential needs for future research.

Effectiveness of Behavioral Programs Across Outcomes

There is evidence showing a beneficial effect of behavioral programs, compared to both
usual care and other active interventions, in the short-term (up to 6 months) for glycemic control;
however, results at 12-month followup were not statistically significant and none of the results
were considered to be clinically important based on our threshold of a 0.4 percent change in
HbA;.. There was substantial statistical heterogeneity in these pair-wise meta-analyses,
supporting our subsequent analysis for KQs 5 and 6 to determine which program factors, and
population characteristics, influence (and optimize) the effects.

Behavioral programs showed some benefits in terms of reducing BMI (0.2-0.9 kg/m?to 12-
month followup), weight (1.4-1.9 kg; short term) and waist circumference (3cm; short term), and
daily energy intake (120 kilocalories per day to 6 months)—mainly when compared with usual
care. There was little evidence around the outcomes related to changes in physical activity and
medication adherence, and findings were consistently of no difference.

Health-related quality of life was reported by fewer studies than anticipated. On average,
findings of no difference were found for most studies and outcomes, except for Diabetes Distress
where results favored behavioral programs compared with usual care at end of intervention but
not at longer followup. Effects on diabetes complications were only reported for one study.
Diabetic retinopathy was reduced by 14% in participants receiving a >8 year-long intensive
lifestyle program compared with didactic education and support in the largest trial, conducted by
the LookAHEAD research group.2’* Mortality between behavioral programs and active control
groups (4 RCTs; 5,949 participants) was 14 percent lower for those receiving behavioral
programs (RR, 0.86; 95% ClI, 0.77 to 0.96). There was no difference for comparisons with usual
care (20 RCTs, 4,775 participants; RR, 1.32; 95% CI, 0.82 to 2.21).

KQ 5. Potential Moderation of Effectiveness for T2DM: Components,
Intensity, Delivery Personnel, Method of Communication, Degree of

Tailoring, and Level of Community Engagement

In a network meta-analysis with usual care serving as the main reference, programs
demonstrating effect sizes for HbA; at or above our threshold for clinical importance (i.e., 0.4
percent difference between groups) represented all three major program component categories of
diabetes self-management education (DSME), DSME and support, and lifestyle. The effect sizes
of minimally intensive DSME programs (<10 contact hours) were less than our threshold for
clinical importance, but were all higher than that of educational interventions not meeting our
criteria for a behavioral program (e.g., didactic education programs represented by many active
controls). Programs having larger effect sizes and higher probabilities of being best (>=5
percent) were more often delivered in person rather than including technology. All effective
programs using some form of technology were of moderate or high intensity.

Lifestyle programs resulted in the largest effect sizes for BMI. Program intensity appeared
less important than method of delivery; providing some individual (rather than solely group-
based) delivery appears beneficial for improvements in BMI at longest followup.
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KQ 6. Subgroups for Factors Moderating Effectiveness in T2DM

In terms of overall effectiveness at longest followup for HbA, participants with suboptimal
or poor glycemic control (>7 percent HbA ;) appear to benefit more than those with good control
(<7 percent) from behavioral programs when compared to usual care and active controls. The
effect sizes were not clinically important for either group. Few differences were evident when
evaluating potential moderation by program factors after rerunning the network meta-analysis of
KQ 5 with a subgroup of studies having participants with suboptimal or poor baseline glycemic
control.

Older adults (>65 years) did not benefit at longest followup in terms of reduction in HbA.
from behavioral programs in comparison with usual care or active controls. In adults <65 years,
the effect size for behavioral programs compared with usual care was statistically significant
(reduction of 0.31 percent) and compared with active controls at longest followup was clinically
important (0.43 percent). In a subgroup analysis of our original network meta-analysis of
HbA1.—removing the studies of participants with a mean age >65—the most noticeable change
was the increase in effect size for active controls incorporating dietary or physical activity
interventions, which produced clinically important effects (0.55 percent reduction in HbA;.). The
active controls still showed zero probability of success, perhaps due to the heterogeneity
between, or small sample sizes of, the associated comparisons.

In comparison to usual care and active controls, behavioral programs offered to
predominantly minority participants (> 75 percent nonwhite) appear to provide more benefit for
glycemic control than those offered to populations with a lower proportion (<75 percent) of
nonwhite individuals. The effect size for minority participants reached clinical importance when
comparing behavioral programs to usual care (0.43 percent reduction in HbA;.). Based on
univariate regression analyses for the subgroups based on race/ethnicity, none of the program
factors (e.g., intensity, delivery personnel) reached statistical significance for influencing the
effectiveness of behavioral programs compared to usual care on HbA;.. Results for the variable
of program intensity approached statistical significance (p=0.082).

Discussion of Key Findings for T2DM

Our systematic review built upon several previous reviews examining factors influencing
effectiveness of interventions for T2DM. Our review includes the highest number of studies to
date, and focuses on programs meeting current recommendations to change patient behaviors and
patient-important outcomes (e.g., HRQL). We relied on strict inclusion criteria to study
interactive programs incorporating behavioral strategies aiming to change multiple behaviors,
without confounding by changes to medical management (e.g. medication changes, differing
frequency of provider visits). Another strength of the review is our analytical approach; the
network meta-analysis enabled differentiation of the various comparators, and incorporation of
comparisons (e.g., intervention vs. intervention) often not amenable to other strategies.
Moderate- and high-intensity (>11 hours contact time) programs appear to be necessary to
provide individuals with clinically important effects on HbA; this outcome may also benefit
from in-person delivery rather than using technology. For BMI, providing some individual
delivery, rather than solely relying on group formats, appears beneficial.

Our review adds to previous findings in that lifestyle programs—not specifically training
people in diabetes related self-care behaviors but focusing more on weight reduction and
increases in physical activity—may provide similar or more benefit than DSME programs for
improving glycemic control for individuals with T2DM. A feature of behavioral programs that
may be particularly attractive to patients is that unlike some common drug therapies used in the
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management of type 2 diabetes, behavioral programs have the potential to reduce HbA;. without
contributing to weight gain. Our review confirms previous suggestions that programs with an
interactive nature, employing behavioral approaches and covering multiple behaviors, are
beneficial when compared with didactic educational interventions. Although perhaps not to a
clinically important degree for individuals, the burgeoning growth of this disease means that
even small gains in glycemic control from behavioral programs may serve as a substantial
benefit for public health.

Our finding that single-topic, non-educational interventions (active controls of dietary or
physical activity interventions) offer more benefit than do basic education interventions, supports
the need to carefully distinguish and account for different comparators during the systematic
review process. We used longest followup timepoint for the analyses to answer KQ 5 and 6,
which may capture the “durability” of the programs better than restricting the analysis to the
immediate postintervention period.

It appears from our network meta-analysis results for HbA;, that both individual and group
delivery can be beneficial; this agrees with other work in this area”" (also see below section on
Findings in Relation to What is Already Known). In contrast, our pair-wise meta-analysis of
three RCTs*% 202224 (701 subjects) comparing group to individual program delivery favored
group therapy (MD, -0.36 percent HbA;.; 95% CI, -0.63 to -0.08). Our network meta-analysis
suggests that other factors (or combination of factors) may influence outcomes; for instance,
delivery format may be highly dependent upon the population served and program content.
Studies within nodes having high effect sizes which offered programs in groups tended to be
those offered to minorities, including Mexican Americans,** 4> 1 where support from peers
was incorporated as a key program feature.

We were unable to draw any conclusions about the choice of delivery personnel from the
network meta-analysis when answering KQ 5; there were too few studies in the categories of
DSME and support, and lifestyle to account for this variable when creating the nodes. Drawing
from the pair-wise meta-analysis results for those trials comparing two or more interventions (i.e.
comparative effectiveness), there may be no difference when program delivery is conducted by
heath care professionals or by lay providers (e.g., peers with diabetes, community health
workers). Four trials (575 subjects) found no difference (MD, 0.00; 95% Cl, -0.23 to 0.23)*3* 162
217,248 iy effectiveness when programs were delivered by peers compared with health care
professionals. One trial (72 subjects) found no difference when the support phase of DSME was
provided by clinic staff compared with diabetes educators (MD, 0.02; 95% ClI, -0.60 to 0.64).2"’
Most trials reported on extensive training programs for those delivering their programs. One
reason why programs delivered by health care professionals were not superior may be that
physicians, nurses, and dietitians receive little or no training in behavioral techniques as part of
their formal education. This may be particularly true when extensive knowledge and expertise in
theoretically guided approaches (e.g. motivational interviewing), or several behavior change
techniques are required. Diabetes educators, highly regarded for their thorough knowledge and
skills in diabetes education, may require substantial training and supervision when starting to
apply advanced behavioral techniques such as motivational interviewing; to date this technique
has shown benefit for improved glycemic control in the short term when delivered by clinical
psychologists®* 2*° but not by diabetes educators.?®® It could be speculated that the benefits for
glycemic control may improve with time after those delivering the programs gain experience.

Our findings for KQ 6 suggest that people with good baseline glycemic control (<7 percent
HbA.), advancing age (>65 years), and white/European ancestry (studies not having a majority
of minority participants) may not benefit to the same extent as participants with suboptimal or
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poor glycemic control, racial/ethnic minorities, and those of younger age. The finding of better
success for patients with poorer glycemic control has been found in previous systematic reviews
(for one example see Duke et al.”®"). Intuitively, individuals with good glycemic control may not
achieve as much benefit from behavioral programs—there is little room for improvement and
good self-management behaviors may already be practiced regularly. Our findings may have
been different if we had chosen a different level of glycemic control for subgroup analysis; after
consultation with several experts we were unable to define a “poor control” cut-point. Some
caution is warranted when considering our findings for the age subgroups; there were limited
studies where the average participant age was >65 years, as specified for our subgroup analysis.
Moreover, we relied on between-study differences for these subgroup analyses rather than
within-study analysis for individual programs. Many trials included a broad range of ages up to
72 years, and the median age of the entire sample in this review was 58; the overall applicability
of the results for KQ 5 appear to apply to middle- and older-aged adults. Results may have
differed for other patient-important outcomes such as quality of life; however, there were
insufficient data for these analyses.

The findings for ethnicity need to be interpreted in light of our method of analysis and
differences in baseline glycemic control between subgroups. Glycemic control appeared to be
worse for the minority (HbA1.=8.80 percent) compared with the majority/white (HbA1,=7.60
percent) subgroup; it is thus hard to distinguish if ethnicity or glycemic control is more likely to
have the greater influence in moderating program effectiveness. There is some evidence that
ethnicity may be an independent predictor. Many investigators enrolling a large proportion of
ethnic minorities in the trials included in this review adapted programs in ways to make them
more culturally and linguistically acceptable—often including peers in the delivery or social
support groups—which may have enhanced their effectiveness. Ethnic minority groups have also
been shown to have higher HbA;. levels than Caucasian groups; this finding holds after adjusting
for factors affecting glycemic control (i.e. age, sex, BMI, duration of disease, mean plasma
glucose) and thus may not be influenced by behavioral programs.?®? Moreover, a systematic
review by Nam et al.*®*which found benefit for culturally tailored diabetes education, found that
lower baseline HbA;. levels better predicted positive responses to the programs. Our reliance on
study-level data to create subgroups (i.e., the entire study was delivered to minorities) may have
limited our ability to capture differences in effects from programs delivered to a wider
population base, which may reflect routine practice in many community health settings.

Although our discussion has centered on our findings related to our KQs, which focus on
effect moderation, the important benefits shown by the LookAHEAD research group®* should
be highlighted. Reduction in retinopathy by 14% in those participating in a long-duration,
intensive lifestyle program cannot be ignored.?”* Additionally, our findings from pairwise meta-
analysis of 14% reduced mortality between those receiving behavioral programs and active
control groups was heavily influenced by the large weight (contributing to >50 percent of the
pooled effect) of this study in the analysis.

Findings in Relation to What is Already Known

For T1DM, this review built upon the limited number of previous reviews to determine the
effectiveness of behavioral programs for multiple outcomes and all age groups. Few systematic
reviews have been conducted over the past decade,® > © and most reviews have assessed the
effects of a broad range of interventions (some of which were didactic education or single topic
interventions) in diverse settings.> * ® " All we identified have focused on children and
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adolescents, and several included newly diagnosed patients. When calculated, effect sizes for
glycemic control and psychosocial outcomes in general demonstrated very modest improvement
at longest followup.* ° [Of note, much previous work reports results using a standardized effect
size measure, rather than an unstandardized mean difference in absolute value of percent HbA .,
as used in this review. Our results of 0.33 (vs. usual care) and 0.43 (vs. active control) percent
reduction at 6-month followup represent approximately a 0.22 and 0.28 standardized effect size,
respectively, which are commonly considered small].?** Our results which incorporate more
recent and larger studies confirm the findings of previous reviews.

In their systematic review and meta-analysis in 2006, Murphy et al.® called for larger,
multicenter trails to better investigate the effects of psychoeducational interventions for TLDM.
They also stated that no adequately powered RCT had proven effective for patients with poor
glycemic control. Our review included reports from two multicentre trials (one by these authors)
comparing behavioral programs (clinic-integrated group family sessions focused on family
teamwork,®® and DSME with motivational interviewing and solution-focused brief therapy®®) to
standard care and enrolling patients with poor glycemic control (baseline HbA1c >9 percent in
both trials).®* 1 Neither study found benefit in terms of HbA.. These authors also noted a need
to determine if content or contact was what mattered most; studies (n=2) in their review that
compared intervention to attention/active controls showed little effect due to improvements for
the comparator group.® Our finding of a higher effect size for comparisons with active controls
than with usual care (at 6 months) suggest that content may have an effect. In a 2000 review,
Hampson et al.* noted that outcomes should be evaluated at an appropriate time to reflect the
impact of the intervention. Our results for glycemic control seem to agree with this assertion;
HbA;. improved at 6-month followup but not at end of intervention which may have reflected
the sensitivity of this outcome marker.

Several systematic reviews have performed some form of analysis to identify factors
moderating the effectiveness of self-management and educational programs for T2DM. In 2002,
Norris et al.*® reported on a meta-regression examining several factors including intervention
characteristics (e.g., program duration, number of contacts, contact time, group vs. individual
delivery) on effectiveness of self-management education for HbA;. from 37 comparisons; the
authors also evaluated the effectiveness based on baseline glycemic control and age. The only
significant factor was the total contact time, with the authors concluding that HbA;. was reduced
by 0.04 percent for every additional hour of contact time, over the range 1-28 hours. However,
the meta-regression was conducted for comparisons of the educational interventions with a
combination of usual care and active controls (“additional care delivered””)—several of which
received the same contact time as the intervention group. When considering this factor, there was
a nonsignificant positive relationship between the differences in contact time and improved
HbA;.. Although our review took a different approach by using a network meta-analysis to
incorporate a large suite of comparisons, we found very similar results—most programs showing
effect sizes at longest followup (to 12-months) in the clinically important range have contact
times in the moderate- or high-intensity categories (>11h) and the mean contact time was 26.4
hours. We were also able to confirm that active controls (especially didactic educational
programs) offer less benefit in reducing HbA. than do behavioral programs meeting our
operational definition.

Another group led by Norris®? undertook regression analysis to investigate similar factors for
22 weight loss interventions for people with T2DM. The authors found no significant interaction
with followup interval, duration of intervention, intervention contacts, or baseline weight. Unlike
the previous work, the authors separated out comparisons by comparator group and thus had
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little data (2-6 studies) for each analysis. Both reviews led by this author®* ** included studies

evaluating interventions focusing on one behavior (e.g., diet only), and studies where the effects
of the intervention could not be clearly distinguished from that of additional disease/care
management components.”® 2 This may explain in part why our effect sizes for HbA; at end
of intervention are smaller than that (0.76 percent) found by Norris et al.>

Shortly after the work by Norris and colleagues, another group used a similar approach to
analyze which variables within an educational intervention best explained the variance in
glycemic control. Evaluating HbA 4 results assessed immediately after 28 interventions, Ellis et
al.>® found a similar effect size as our results (0.32 percent reduction) and that face-to-face (i.e.,
in-person) delivery, cognitive reframing teaching method, and inclusion of exercise content
collectively explained 44 percent of the variance in HbA;.. Their failure to obtain significance
for the “dose” of the interventions was suggested by the authors to reflect the lack of variation in
the dose of interventions; they suggested that a better marker than number of contacts or duration
of intervention may have been total contact hours or a combined variable (such as our use of
contacts per month for the univariate meta-regressions). Since all of the interventions examined
included a diet component, the benefit from adding an exercise component would seem to
suggest these were what we usually classified as lifestyle interventions. Our results for KQ 5 are
similar, in that they suggest in-person (face-to-face) delivery may be more efficacious than
delivery via technology for patients with T2DM.

We can also compare our findings to those of three more recent reviews. Chodosh et al.*
examined essential components of chronic disease self-management programs (diabetes,
hypertension, and osteoarthritis) and found statistically significant differences for diabetes
programs (n=26) that provided feedback (e.g., support after self-management program
completion); this effect was consistent across the outcomes of HbA, blood glucose, and weight.
This finding reflects our results—suggesting DSME and support programs have higher efficacy
than DSME programs—although the overall effect reported by these authors (0.81 percent) is
higher than ours; again this difference in effect size may reflect an overestimate of effects of self-
management interventions by inclusion of studies which include changes to medical
management.”®” 2% |n a qualitative examination of 11 interventions showing beneficial effects
for socially disadvantaged populations, Glazier et al.>* observed several factors contributing to
effectiveness, including one-to-one interventions, providing feedback, and high intensities with
>10 contact times delivered over a longer period of time (=6 months). These are consistent with
our findings. The findings for feedback, or “booster sessions”, and providing >10 contact hours
were also found by Fan and Sidani*’ in another qualitative comparison of effect sizes of 50
RCTs. These authors also observed that larger effect sizes were found for one-on-one or mixed
formats versus group formats; our results with respect to delivery method were inconclusive.

Our findings for KQ 5 are similar to those of previous work, although we have provided
some new insight from use of a larger sample of studies, exclusion of programs not meeting
current recommendations or introducing possible confounding by medical care variation, and an
innovative analytical approach to assess multiple variables and account for a suite of
comparisons not always applicable to other techniques.

Applicability

Type 1 Diabetes
The inclusion criteria for most studies did not specify a minimum HbA . level; however, for
all studies the mean HbA;. was over 7 percent. For most (70 percent), the mean HbA,. was over
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8.5 percent. The results of this report may only be applicable to individuals with poor glycemic
control.

For studies targeting youth, the mean age across most studies ranged from 12 to 15 years.
Therefore, the results should be generally applicable to older children and adolescents. One trial
targeted younger children (8 to 12 years);® it is unclear whether the results of this report are
applicable to younger children.

For studies targeting adults, the mean age across studies ranged from 30 to 49 years. No
studies specifically targeted older adults (>65 years), therefore it is unclear if the results are
applicable to older adults.

Approximately 50 percent of studies specified that participants have a minimum duration of
T1DM of >1 year. For studies that targeted youth, the mean duration of diabetes ranged from 2.7
to 7.3 years. The results of this report may only be applicable to children and adolescents who
have been diagnosed with TIDM for at least 2 years. For studies that targeted adults, the mean
duration of diabetes ranged from 7.5 to 23 years. It is unclear whether the results of this report
are applicable to adults whose T1DM has been recently diagnosed.

We did not find evidence to confirm or refute whether behavioral programs are more or less
efficacious for other subgroups, including sex or racial or ethnic minorities.

All of the studies targeting adults were conducted in the United Kingdom, Europe, or New
Zealand. It is unclear whether the results from these studies are applicable to community health
settings in the United States. For youth, most studies (73 percent) were conducted in the United
States; the remaining studies were conducted in Europe. Despite potential differences in settings
and health systems, results were similar across the studies.

The studies were conducted primarily in outpatient diabetes clinics affiliated with a
secondary or tertiary care hospital. Our findings are generally applicable to these settings in the
United States.

Type 2 Diabetes

The range of baseline HbA in the included RCTs was 6.3-12.3 percent (median=8.0) which
would appear to make the results of this review applicable to the majority of people enrolling in
behavioral programs. We conducted subgroup analyses for KQ 6 based on baseline glycemic
control (<7 vs. >7 percent HbA ) at the study level, which provided some insight into the
relative effectiveness based on this level of glycemic control. This analysis may be limited by the
small number of studies in the <7 percent subgroup (n=8 RCTs) and because the analysis was
based on between-study rather than within-study variability in glycemic control which may not
accurately reflect differences for individual programs. The results of this report are therefore
most applicable to people having HbA;. levels >7 percent.

The range of mean ages in the included studies was 45-72 years (median=58), therefore the
results of the pair-wise meta-analyses on overall effectiveness and of the analysis for KQ 5 are
most applicable to middle- and older-aged adults. Our subgroup analysis for KQ 6 based on age
(<65 vs. >65 years) provided some data on the relative effectiveness for these age groups, but
similar to that for baseline HbA;., may be limited by the small sample of studies on older adults
(n=9) and our analytical approach. Our exclusion criteria related to duration of diabetes (mean
<1 year)—implemented in order to capture programs providing training in ongoing self-
management and lifestyle behaviors—Ilimits the relevance of this review for newly diagnosed
patients. The mean duration of diabetes ranged from 1-18 years with a median of 8.1 years. No
study performed subgroup analysis based on duration of diagnosis (<1 vs. >1 year) and we were
unable to perform this at the study level because the mean in all cases was above 1 year. The
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results appear to be applicable to both men and women, and for people on a variety of diabetes
treatment regimes (19.2 percent were on insulin). Overall, there was fairly good representation of
individuals reporting a minority racial/ethnic background. Subgroup analysis based on those
studies reporting of race/ethnicity (21 comparisons for <75 percent minorities vs. 31
comparisons for >75 percent minorities) was conducted to increase the relevancy of the findings
to these population groups.

The results seem applicable to community health settings in the United States. The majority
(63 percent) of trials were conducted in the United States, and based on our inclusion criteria
related to Human Development Index® all studies were performed in countries of similar
development status. Some trials were conducted in academic settings in health fields—thought to
have application in community health settings—although there may be some differences if these
programs were delivered in different settings. Although details were reported inconsistently,
health systems differences (i.e., usual care) may vary widely between study populations and
could potentially influence the results obtained from behavioral programs. The effect from this
difference should be minimal for this review, since we limited our results to changes from
baseline between groups randomly assigned and judged to receive similar medical care.

Limitations of the Comparative Effectiveness Review
Process

This review followed rigorous methodological standards, which were detailed a priori.
Nevertheless, several limitations are inherent within systematic reviews in general.

First, there is a possibility of selective reporting bias (e.g., researchers only reporting positive
outcomes) and publication bias, whereby unexpectedly strong results from large trials are
selectively reported. In terms of selective outcome reporting, we were able to locate several trial
registries and protocols to compare planned and published outcome reporting; most studies
included in this review were judged as having low bias in this respect. We may have missed
some reports of behavioral programs in diabetes, particularly those showing weak results. We
believe publication bias is minimal: (1) our literature search was comprehensive, systematic, and
included published and unpublished literature (e.g., some reports were located by contacting
authors of studies published in abstract form®*® or without data on our outcomes of interest);® (2)
there was large variation in effect sizes reported; and (3) we did not have a minimum sample size
for inclusion, and several of the included studies were small. Visualization of funnel plots did not
suggest publication bias, and using the Egger test’® for our outcome with the most data (HbA1c)
resulted in no significant indication of bias for comparisons with usual care (p=0.25) or active
controls (p=0.21) at end of intervention. Selected studies were confined to the English language
because we felt that these reports would be most applicable to the end-users of this review who
create recommendations or implement programs for people with diabetes within the United
States. Moreover, effect sizes in language restricted reviews have shown to not differ
significantly (overestimating effect sizes by 2 percent) from those not having restrictions.”®
Study selection bias was limited by having two independent reviewers perform screening and
selection; we feel confident that study exclusion was based on explicit and appropriate reasoning
which was clearly understood by reviewers.

Our decisions on study design were based largely on the availability of studies employing
designs having lowest potential for bias. For TLDM, we expected to have a limited amount of
evidence from RCTs, so we included other controlled studies. For T2DM, we only included
RCTs which may have left out some studies evaluating outcomes and issues of relevance to this
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review. The body of evidence from RCTs was known in advance to be large, and provided 125
primary reports of trials undertaken in many health settings with diverse populations. In addition,
adding non-RCT evidence would have substantially increased the potential bias in results.
Behavioral interventions are already moderately complex—in terms of variability in social and
environmental contextual factors—and trials of such interventions rarely include blinded
allocation or outcomes assessment; because of these factors we thought it desirable to avoid
additional limitations arising from selection bias and confounding, for which non-RCTs and
observational studies are more prone.

The interventions evaluated in the included trials were highly diverse in their content,
delivery, and setting. Our inclusion criteria attempted to reduce some of the diversity by
including studies of interventions meeting a fairly rigid operational definition of a behavioral
program. We also excluded studies where the effects of the behavioral program could not be
isolated (e.g., due to confounding by differences between groups in medical care management),
where the patient population would have already received previous basic education (e.g.,
enrollment of only newly diagnosed patients), and when the setting was not applicable to
community health settings in the United States. Furthermore, we categorized the comparators
into three groups to avoid further complexity in comparisons. Our categorization of the
comparators and interventions was based on the factors of interest in this review, was informed
by previous literature and input from our Key Informants and Technical Expert Panel, and was
based in several cases on multiple reviewer deliberation and consensus. Nevertheless, we were
not able to incorporate all factors into our network meta-analyses and may have missed some
meaning. The diversity in programs and other contextual factors was apparent when considering
the high heterogeneity in results from the pair-wise meta-analysis for HbA;. and some other
outcomes in T2DM; this finding served to further support the analyses in KQs 5 and 6 related to
factors influencing the effectiveness of behavioral programs.

Cost analysis of implementing differing behavioral programs was not addressed in this
review.

Limitations of the Evidence Base

The evidence base was inadequate to fully answer the Key Questions, particularly with
respect to the limited number of outcomes evaluated in several studies. We were unable to fully
evaluate all outcomes of interest for several KQs. For KQ 1 for TIDM, there was limited data
available to assess the SOE for many outcomes, including behavioral outcomes related to
changes in dietary intake or physical activity, and clinical and health outcomes apart from HbA .
and generic quality of life. No studies contributed data for our assessment of harms (KQ 4). Our
assessment of factors contributing to effectiveness of behavioral programs for TLDM (KQ 3)
was limited to the outcome of HbA;. and to univariate meta-regressions (rather than network
meta-analysis to simultaneously examine multiple comparisons and factors) because too few
studies provided data on other outcomes. For KQs 5 and 6 related to T2DM, our network meta-
analysis allowed for multiple comparisons but there were still too few studies reporting on
outcomes besides HbA;. and BMI to enable meaningful groupings into nodes to examine
multiple factors simultaneously. The meta-regressions used for the subgroup analysis on
ethnicity in KQ 6 are limited by comparator (only usual care) and did not allow us to capture
multiple variables in a single analysis. In addition, our subgroup analyses for KQ 2 and 6 were
mostly limited to indirect methods (i.e., relying on between-study rather than within-study
comparisons). Several outcomes of importance to patients and policymakers, such as quality of
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life, development of complications, and health care utilization, were reported by few studies to
confidently support conclusions of effect, or to analyze in terms of moderation by program
factors.

Many trials had methodological limitations introducing some risk of bias. Blinding of
participants and personnel are arguably difficult for trials of behavioral programs. According to
our guidelines for assessing risk of bias, a low risk of bias for participant and personnel blinding
was granted if the authors stated some means to blind the study hypothesis from participants, or
if there was a structured training and protocol followed for the personnel. The former was rarely
reported. Lack of blinding of participants, and their healthcare providers, may result in
underestimation of the effects of behavioral programs compared to comparators, due to co-
intervention; adjustments of insulin or oral antidiabetic medications may have been performed to
a greater extent in the comparison groups than in the intervention groups. This effect may have
been heightened because none of the studies we reviewed included any limitations or restrictions
on adjustment of insulin or other medications. Blinding of outcome assessors was also rarely
reported, despite the high feasibility of ensuring this procedure. These two domains resulted in
medium or high risk of bias being assigned for most trials for their subjective outcomes. For both
subjective and objective outcomes, medium or high risk of bias was assigned in many cases from
lack of intention-to-treat analysis (e.g. only reporting on results for completers) and/or from high
participant attrition. Some studies had small sample sizes and accordingly failed to achieve
baseline comparability in their samples; although we analyzed change from baseline scores when
able, the differential effect of behavioral programs based on these baseline imbalances (e.g.,
HbA:., age)—as suggested by our subgroup analyses—cannot be ruled out.

Research Gaps
Table 13 highlights some potential research needs based on our KQs.

Table 13. Potential research needs, by Key Question

KQ Potential Research Needs

1 There was limited data to determine the effectiveness of behavioral programs for TLDM at
durations of followup beyond 6 months. Future studies should strive to assess outcomes at
longer term followup, to better determine the effects of these programs for periods of time that
may better influence long-term outcomes of complications and quality of life.

1 There was insufficient evidence to demonstrate whether lifestyle programs are effective for
T1DM. Many individuals with T1IDM under good glycemic control may have other risk factors
(e.g., overweight, hyperlipidemia, hypertension) for which these programs may be warranted.
Trials of lifestyle programs enrolling people with both types of diabetes should undertake
subgroup analysis.

1&3 The effectiveness of a support component added to programs in TIDM is unknown. These may
be useful for prolonging the effects of behavioral programs, and to address some of the
psychosocial aspects of the disease (particularly in adolescents) to a greater extent.

3 Only one study in TADM compared behavioral programs delivered in person with those delivered
via some form of technology allowing for interaction between the provider and patient.
Transitioning individuals with diabetes between pediatric and adult care facilities and providers
can be challenging, hampered by the scheduling structure of traditional clinics at a time in life
when contact information and location of home, work and education is often changing frequently.
As a result further research on providing behavioral programs via technology or creative
scheduling is warranted for adolescents and young adults with diabetes.

3 Several studies for T2DM included a small sub-sample of people with TADM. Trials of lifestyle
programs that incorporate exercise need to perform subgroup analysis by type of diabetes
particularly when evaluating the outcome of glycemic control; adjustment of insulin in individuals
with T1DM for exercise can be challenging and could result in differential effects of lifestyle
programs on glycemic control depending on the type of diabetes and medical management of
the participants.
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KQ Potential Research Needs

3&5 There was large diversity in the reporting and use of behavior change techniques employed
within the programs. An evaluation of the effects of different strategies may shed additional light
on the factors (within components) determining effectiveness for behavioral programs.

5 The correct mix of providers (e.g., physician, nurse, dietitian, pharmacists, social workers,
psychologist, and trained lay individuals) for implementation of behavioral programs for T2DM
deserves further evaluation.

5 The impact of training level for health care professionals—apart from clinical psychologists—on
outcomes from behavioral programs employing advanced behavioral approaches needs further
investigation.

5 Few trials directly compared interactive programs delivered in person to those delivered via

technology. Because a technology-based approach may lessen resource burden and help to
reach patients living in rural areas, its effectiveness needs further evaluation.

6 Trials including populations of diverse ethnic backgrounds should perform subgroup analysis
based on age and ethnicity to further explore outcomes for these groups from programs that are
not designed specifically for them, as might be common in most community health settings.

All Few trials evaluated outcomes important to patients and decisionmakers (e.g. quality of life,
micro- and macrovascular complications, health care utilization) in a manner that allowed pooling
of results across studies. Use of widely accepted generic quality of life measures would be

beneficial.

All Study attrition rates affected the overall risk of bias substantially; more research on methods for
maintaining study participation is required.

All The risk of bias from participant and personnel blinding was high in most trials. Although many

trials compared behavioral programs to active controls (limiting risk of bias due to blinding)
comparisons with usual care requires some mechanism to blind participants from the study
hypothesis. Blinding of outcome assessors should always be attempted for subjective outcomes.

All There exists the need to gain consensus in the field on what constitutes clinically important
differences for behavioral programs, such that outcomes can be interpreted in meaningful ways
for clinicians and patients.

Conclusions

This systematic review found that behavioral programs (essentially DSME) for TLDM have
some benefit on glycemic control when followup extends to 6 months after the program, but that
more, good quality evidence is required to draw conclusions about long-term effects. There
appears to be no difference in generic quality of life at end of intervention, or for self-
management behaviors at up to 6-month followup, although we have limited confidence in these
findings. Data was insufficient to draw conclusions for other outcomes including diabetes-
specific quality of life, change in body composition or lifestyle behaviors, micro- and
macrovascular complications, and mortality. Based on current evidence, it is unclear whether
encouraging patients with TLDM to participate in behavioral programs will yield important
benefits for most outcomes.

For T2DM, our analyses showed limited benefit in glycemic control from DSME programs
offering <10 hours of contact with delivery personnel, and suggested that in-person delivery of
behavioral programs is more beneficial than incorporation of technology. We found that
programs focused on lifestyle or on DSME can have similar benefit in terms of glycemic control,
and that lifestyle programs appear better for reducing BMI. Whether the behavioral program is
delivered by a health care professional or a trained lay person, or via individual or group format
appears less important based on the available evidence. Behavioral programs seem to benefit
individuals having suboptimal or poor glycemic control more than those with good control.
Tailoring programs to ethnic minorities—such as incorporating group interaction with peers—
appears beneficial. While efforts should be made to provide culturally sensitive programs,
community health settings that serve populations that are diverse in language and ethnicity may
not have the opportunity to provide this flexible programming to meet each group’s needs.
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The finding that behavioral programs offer some benefit in terms of glycemic control in
individuals with diabetes underscores the need for care providers to be educated in behavioral
techniques, and related topics such as facilitating support groups and family communication
training— something that is often missing within the formal training of physicians, nurses,
dietitians, and pharmacists. This review was unable to assess the differential effects on program
success by single versus multiple health care providers, or by delivery teams having differing
compositions of providers (including trained lay professionals)—this topic deserves further
evaluation. Few trials evaluated patient-important outcomes (e.g., quality of life) in a manner to
pool results across studies. Use of widely accepted generic quality of life measures would be
beneficial.

Efforts at integrating behavioral programs into care settings that incorporate the latest
treatment guidelines should be prioritized. Program evaluation is an important component to
build into the implementation of any behavioral program for diabetes, to ensure that it is the
correct fit to be effective for the population that it is attempting to serve. At this time, there
remains a need for clinicians to evaluate each patient’s success after participating in these
programs, should additional means be necessary to control their disease more adequately to
prevent devastating complications.
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Abbreviations and Acronyms

95% Cls 95 percent confidence intervals

AC active control

AHRQ Agency for Healthcare Research and Quality
BMI body mass index

CDC Centers for Disease Control and Prevention
DSME diabetes self-management education
DSMP Diabetes Self-Management Profile questionnaire
EOI end of intervention

EPC Evidence-based Practice Center

h hour

HbA ¢ hemoglobin Ay,

HRQL health-related quality of life

& | squared statistic (measure of statistical heterogeneity)
Kls Key Informants

KQ key question

m month

MD mean difference

n number

NA not applicable

NMA network meta-analysis

NR not reported

OR odds ratio

PAID Problem Areas in Diabetes questionnaire
PB “probability of being best”

PICOTS populations, interventions, comparators, outcomes, timing, settings
QoL quality of life

RCT randomized controlled trial

ROB risk of bias

RR risk ratios

SD standard deviation

SDSCA Summary of Diabetes Self-Care Activities
SMBG self-monitoring of blood glucose

SMD standardized mean differences

SOE strength of evidence

SRDR Systematic Review Data Repository
T1DM type 1 diabetes mellitus

T2DM type 2 diabetes mellitus

TEP Technical Expert Panel

TOO Task Order Officer

u.S. United States

ucC usual care

UK United Kingdom

VO,;max maximal oxygen uptake

yr year

95





