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Abstract

Intervening in Diabetes with Healthy Eating, Activity and Linkages To Healthcare (I-D-
HEALTH) is a community-based randomized trial evaluating the effectiveness of a group-based
adaption of the Look AHEAD intensive lifestyle intervention. Most potentially eligible patients
were identified through electronic medical record queries or referral to a diabetes resource hub.
Trial enrollees had a usual source of primary care, elevated body mass index (BMI) and type 2
diabetes.

I-D-HEALTH participants were randomized to either standard care alone or standard care plus
free-of-charge access to a group-based lifestyle intervention (GLI) offered by the YMCA. GLI
participation was encouraged, but not required, for the latter group. The primary outcome is
percent weight change over 6, 12 and 24 months. Secondary outcomes include direct intervention
costs and direct medical and non-medical expenditures, as well as changes in systolic blood
pressure, hemoglobin Alc and cholesterol.

Among 331 I-D-HEALTH participants, 167 were randomized to standard care and 164 to GLI.
The mean age (+ standard deviation) in each group was 57.1 years (£12.2) and 57.6 years (£10.5),
respectively. Mean BMI was 34.9 kg/m? (+7.3) among standard care participants and 36.2 kg/m?
(£7.8) among GLI participants. In both groups, approximately one third of participants were non-
Hispanic Whites. We detected no significant differences between groups in mean systolic blood
pressure, hemoglobin Alc or total cholesterol (P>0.05 for all characteristics above).
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The 1-D-HEALTH study enrolled a diverse sample of adults with diabetes and offers a unique
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opportunity to evaluate the effectiveness of offering a community-based intensive lifestyle
intervention.

type 2 diabetes mellitus; overweight/obesity; lifestyle intervention; community research

1. INTRODUCTION

Obesity-related complications impose a tremendous burden on the health of Americans [1].
Over two-thirds of American adults are overweight or obese, and obesity prevalance has
remained stable or increased over time [2]. Obese persons have an increased risk of bodily
pain, depression, immobility, disability, cardiovascular disease and mortality [3-8].

Obesity is also a dominant risk factor for several common chronic diseases, including type 2
diabetes [9, 10]. Among US adults with type 2 diabetes, the mean body mass index (BMI) is
33 kg/m2, and only 10% have a BMI below 25 kg/m? [11]. Over 29 million Americans have
diabetes today [12], and the nation’s high rates of obesity are expected to drive increases in
diabetes prevalence that could reach 25-28% of the population by 2050 [13].

The Look AHEAD (Action for Health in Diabetes) study was a large clinical trial designed
to evaluate the efficacy and safety of an intensive lifestyle intervention to prevent
cardiovascular events in adults with type 2 diabetes [14]. Over four years, patients
randomized to the Look AHEAD intervention reduced weight, improved fitness and
improved control of hemoglobin Alc, systolic blood pressure and high-density lipoprotein
cholesterol (HDL-C) [15]. Over ten years, differences remained statistically significant for
weight loss, improved fitness and hemoglobin Alc control, but there were no significant
differences in cardiovascular events [16]. However, patients in the intervention group were
less likely to be treated with insulin and experienced reductions in urinary incontinence,
sleep apnea, depression and improvements in quality of life, physical functioning and
mobility. These findings demonstrate that intensive lifestyle interventions offer patients an
approach to obesity and cardiovascular risk management that can lower medication needs
and improve patient-centered outcomes. Unfortunately, because the Look AHEAD
intervention was heavily resource-intensive, it may, without thoughtful modifications and
additional evaluation, prove challenging to translate into real-world settings [17].

Primary care settings are equipped to identify diabetes, activate individuals to improve self-
management behaviors, and provide follow-up testing and pharmacologic management of
diabetes [18]. However, evidence-based intensive lifestyle interventions typically involve
multiple hours of ongoing, structured contact over extended periods, which may prove
challenging or impractical for many primary care settings [19, 20]. Community-based
organizations are better suited to offer intensive behavioral interventions to diverse
populations by incorporating culturally sensitive programs that address social and
environmental barriers to behavioral change and maintenance [21, 22]. In this context, we
are conducting a randomized comparative effectiveness trial named the Intervening in
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Diabetes with Healthy Eating, Activity, and Linkages To Healthcare (I-D-HEALTH) study
in adults who have a usual source of primary care, elevated BMI and type 2 diabetes. We
will evaluate levels of participation, health outcomes and costs associated with offering free-
of-charge access to a community-based intensive lifestyle intervention, versus offering
standard lifestyle counseling alone. This important translational research will advance the
evidence base by evaluating a potentially scalable implementation approach that integrates
core components of Look AHEAD?’s intensive lifestyle intervention into an existing
framework for community-based intervention delivery in partnership with local YMCA
organizations.

2. RESEARCH DESIGN AND METHODS

2.1. Study Design and Inclusion Criteria

I-D-HEALTH is a two-arm, individually randomized encouragement trial comparing
standard care alone versus standard care plus free-of-charge access to a group-based lifestyle
intervention (GLI) that is an adaptation of the Look AHEAD intervention. At the time of
enrollment, study participants have type 2 diabetes that has been confirmed by a primary
care provider, are age 18 years and older and have a BMI of at least 24 kg/m?. Individuals
were excluded from study participation if they had a hemoglobin Alc (Alc) of 11.0% or
higher, systolic blood pressure 2180 mmHg, diastolic blood pressure 2105 mmHg,
significant cardiovascular disease, severe chronic obstructive pulmonary disease asthma that
required supplemental oxygen, were pregnant, or had any other known contraindication to
regular physical activity. Individuals were also excluded if they used a medication known to
produce hyperglycemia, had a disease other than diabetes mellitus that leads to abnormal
glucose metabolism, or were unable to read written English or Spanish.

The study protocol was registered in the National Clinical Trials Registry (NCT01435603)
and approved by the Northwestern University Institutional Review Board (IRB).

2.2. Recruitment Flow

The GLI is being delivered at two YMCA (“Y™) sites in metropolitan Chicago. Trial
recruitment occurred in the communities surrounding each site. Before recruiting individual
patients for potential trial inclusion, we engaged primary care practices in the communities
surrounding the two Y-based GLI delivery sites. These primary care delivery sites included
a broad mix of federally qualified health center (FQHC) practices, independent solo
practices and academically affiliated practices.

We used two main channels for trial recruitment, both of which involved linking overweight
patients with diabetes to a community resource coordination center (i.e., hub) at
Northwestern University. The diabetes resource hub includes a secure fax line, telephone
call center and relational resource database, and is staffed by lay health promoters who were
trained to offer brief education about lifestyle intervention resources for patients with
diabetes.

In one recruitment channel, primary care providers (PCPs) recommended the resource hub
to individual patients during in-person clinic visits. The PCP then completed, signed and
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faxed a referral form to the resource hub, which acknowledged that the patient had diabetes
and had been advised to achieve 5-10% weight loss through changes in diet and increased
physical activity. Following receipt of a referral form, a health promoter called the patient at
home within two days, asked about his or her preferences for making healthy lifestyle
changes and provided detailed information about diet, physical activity and lifestyle
modification resources available in the community. The health promoter then informed the
patient about the opportunity to participate in a research study that provided additional
health information, ongoing support and an opportunity to have more frequent risk factor
testing to track progress and determine if subsequent lifestyle changes were leading to
meaningful health improvements. Patients interested in learning more were then pre-
screened for study eligibility.

In the other main recruitment channel, patients were identified through their PCPs’
electronic medical record databases and contacted directly by the study team via an outreach
call. After approval by the healthcare provider, each potential participant was mailed a lead
letter explaining the study and containing a phone number s/he could call to opt out of study
recruitment. Patients who did not opt out of recruitment were called by an I-D-HEALTH
research assistant (RA), who described the study and confirmed the patient met major
enrollment criteria. After discussing the study, these patients were also offered the hub
resource information in the same manner described above.

A small number of individuals self-referred themselves for trial participation after receiving
a study recruitment flyer (flyers were distributed at the two Y study sites) or discussing the
study with previously enrolled participants. Like other study participants, self-referring
patients were required to have their PCP complete a referral form. If a patient did not have a
PCP, the research team provided information about local safety net providers and
encouraged the patient to complete enrollment after obtaining PCP verification.

Individuals who were interested, provider-approved and eligible were scheduled for an in-
person screening verification and enrollment visit at one of the two Y intervention sites. At
this screening/enrollment visit, an RA obtained informed consent and written HIPAA
authorization to collect protected health information (PHI) for the trial. The RA then verified
final study eligibility after taking measurements of height, weight, blood pressure and Alc,

2.3. Randomization and Blinding

Individuals who completed study enrollment and met final inclusion criteria were
randomized to standard counseling (control) or the GLI arm. However, participants were not
informed that the study involved randomization. Instead, RAs told all participants that they
would receive information about community resources that could help them lose weight and
make changes in their diet and physical activity. They were also told that they might be
contacted by an employee of the Y, who could provide additional information about diet and
physical activity programs to help prevent diabetes or its complications. This procedure was
used because: 1) all study participants received one of two different approaches for
supporting healthy lifestyle changes that were both considered acceptable in current
practice; 2) the knowledge of a random treatment comparison might lead study subjects to
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participate more (or less) with intervention offerings as well as research follow-up visits;
and 3) randomization itself did not impose more than minimal risk to require full disclosure.

Prior to the study enrollment phase, randomization lists were generated by a senior
statistician using SAS, version 9.2 (Cary, NC). Lists were created using 1-to-1 allocation,
with blocks of 4, stratified by Y study site and race (non-Hispanic White; African-
American; Other). Randomization blocks were implemented by the study programmer (AC)
and pre-loaded into a back-end field of a Microsoft Access (Redmond, WA) database table
that was not available to study RAs. After the study RA collected data required for
randomization at each participant’s screening/enrollment visit, she clicked a button in
Access to execute the randomization. The program verified all necessary variables had been
collected, identified the appropriate randomization block and selected the next
randomization assignment within the block. The program then notified the RA that the
participant’s randomization had been completed and displayed the participant’s numeric
study ID, but the RA remained blinded to the randomization assignment.

Within 3 business days of study enroliment, the research manager (EAF) queried the
database containing randomization assignments. As detailed in section 2.5 below, she then
shared the name and contact information of each new participant randomized to the GLI arm
with a Y-based intervention coordinator.

2.4. Data Collection and Outcome Assessment

At the screening/enroliment visit, all participants complete a limited battery of baseline
biometric, metabolic and survey procedures. Follow-up data for each participant is collected
during an in-person visit with an RA at 6, 12 and 24 months after enrollment. RAs
conducting follow-up data collection are blinded to each participant’s randomization status.

The primary study outcome is the percent change in weight between baseline and follow-up
measurements at 6, 12 and 24 months. Body weight was measured using a calibrated digital
or balance beam scale, and height was measured using a wall-mounted stadiometer.
Secondary outcomes include changes in systolic blood pressure, Alc, total cholesterol,
HDL-C. Blood pressures were assessed as the average of two values measured with an
aneroid sphygmomanometer with participants seated and relaxed for at least 5 minutes. If
the two readings differed by more than 10 mmHg, a third measure was taken and blood
pressure was analyzed as the mean of the closest two values. Non-fasting total cholesterol
and HDL-C were measured from capillary blood using a Cholestech LDX lipid analyzer
[23]. Alc was assessed from a fingerstick capillary blood sample using a DCA Vantage
portable bench-top analyzer [24, 25].

We are also collecting secondary outcome data for other health and cost measures. Impact of
the intervention on participants’ quality of life will be evaluated using the Physical
Component Summary (PCS), Mental Component Summary (MCS) and SF-6D preference-
based health utility index, each derived from the self-administered Medical Outcomes Study
12-item Short Form (SF-12) health survey [26, 27]. Direct medical and direct non-medical
costs will be collected using methods identical to those used by the Look AHEAD
Economic Evaluation Workgroup [28]. Ten-year total ischemic heart disease risk will be
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estimated using the UKPDS Outcomes Model [29]. Intervention delivery costs will be
estimated by accounting of per-participant supply costs and annual reporting of work hours
spent by staff on the intervention.

2.5. Intervention Goals and Components

While continuing to receive clinical diabetes care from their own PCP, all study participants
receive brief dietary and lifestyle information—such as a community resource guide and
publicly available materials about healthy lifestyle changes [30-32]—from a study RA at
baseline, 6, 12 and 24 months.

In addition to brief RA advice and usual clinical care, participants randomized to the GLI
arm also receive free-of-charge access to a group-based adaption of the Look AHEAD
lifestyle intervention. Within 3 business days of study enrollment, the research manager
provides a Y-based intervention coordinator the name and contact information for each new
participant randomized to the GLI arm. The Y coordinator then telephones potential
participants at least 3 times and offers each participant the opportunity to take part in the
GLI free-of-charge. Thus, active participation in the GLI is encouraged but not required.
Interested study participants are then assembled by the Y coordinator into groups of 5-12
persons who can meet at a mutually agreeable time at the Y locations.

The GLI was adapted from the Look AHEAD lifestyle intervention, introducing
modifications that included delivery by trained wellness instructors employed by Y’s,
transitioning to a completely group-based delivery format, and eliminating the use of meal-
replacements as a strategy to amplify weight loss. Similar to Look AHEAD, the intervention
involves face-to-face delivery and uses a cognitive-behavioral skill-based training approach
applying principles such as brief motivational interviewing, self-efficacy building,
accountability and peer and instructor support. At each session, participants receive printed
handouts that guide them through the sessions key learning goals and assign “homework”
between sessions, in addition to tools for supporting actions such as goal setting, calorie-
counting, self-monitoring of physical activity and diet, and problem solving. During GLI
adaption, we also worked with a team of consultants and local clinicians to adapt and
incorporate protocols from Look AHEAD that were designed to ensure participant safety
through additional education about minimizing the frequency and severity of hypoglycemic
episodes, cardiovascular harms and foot injuries among previously sedentary adult
participants with type 2 diabetes who were planning to increase physical activity and lose
weight.

The goals of the GLI are analogous to those of the Look AHEAD lifestyle intervention[14]:
(1) an initial weight loss targeting a goal of 10% of baseline body weight, and; (2) at least
175 minutes per week of moderate physical activity, with maintenance of these lifestyle
changes for at least two years. The intervention emphasizes self-esteem, empowerment and
social support and follows the premise that lasting lifestyle changes require training in diet,
exercise and behavior modification skills. The intervention is comprised of a structured
protocol that allows for tailoring to meet the needs of individual participants, and diet and
physical activity components that are flexible and acceptable within the unique communities
in which they are implemented. The GLI involves three phases that are analogous to the
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Look AHEAD study intervention [33]: a 24-session core curriculum over six months; a 12-
session transition phase over six months, and; a 24-session maintenance phase over one
year.

a. GLI Core Curriculum—The core curriculum of the GLI uses content from Look
AHEAD'’s 24-session core curriculum, with 60-to-90-minute intervention sessions offered
weekly in intact groups of five or more participants each over 26 weeks. Topics covered
include healthy lifestyle changes, self-monitoring of diet and physical activity, reduction of
total calorie and saturated fat intake and strategies for improving diet and increasing
physical activity, including utilization of “training partners.” Participants who miss a session
receive a written tutorial summarizing that week’s content and have the choice of: (1)
attending the missed session at the same or another facility if a second group is receiving the
core curriculum concomitantly, or; (2) meeting with the instructor individually to make up
the visit prior to the next scheduled session.

b. Transition Phase—After completing the core curriculum, participants enter a six-
month transition phase involving two group sessions each month (12 total sessions). These
sessions encourage more independent routines for maintaining healthier eating and physical
activity goals and develop greater self-efficacy for individual problem solving skills to
prevent weigh regain. This second phase, prior to entering a less-intensive maintenance
period, is consistent with Look AHEAD’s successful lifestyle intervention approach for
adults with type 2 diabetes [33].

c. Maintenance Phase—During the second year of the GLI, participants are invited to
participate in monthly group visits, plus two six-week “refresher” sets of weekly group
classes (24 total group sessions during this year). Maintenance sessions include a
combination of troubleshooting to address individual barriers for maintaining program goals,
and “short courses” that focus on specific topics. For example, a short course on exercise
might teach participants a new exercise modality (e.g. “Tai chi”). Nutritional topics might
include recipe makeover, eating healthy during holidays, or using measuring cups and scale
to portion foods. Behavioral topics include “Preventing lapses from becoming relapses,”
“Emotions and eating,” or “Getting my family involved.”

The study also includes a “feedback loop” between study staff and referring primary care
practices. After completion of follow-up visits at 6, 12 and 24 months, an RA mails weight
and clinical outcome results to each participant’s primary care practice. Among patients
randomized to GLI encouragement, the Y coordinator also mails providers additional
information about the number of GLI sessions attended and weight lost. If a GLI participant
reports severe hypoglycemia, chest pain, or shortness of breath with exertion to study staff at
the Y, the staff member informs the patient to report this to his/her PCP immediately and to
stop any further GLI participation until the PCP advises that s/he can continue. In this
situation, the Y staff member also notifies the study team immediately and an additional
letter is sent to the participant’s PCP.
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2.6. YMCA Instructor Training

All GLI instructors are at least 18 years of age and have: (1) a high school diploma or
equivalent; (2) at least one year of prior experience teaching wellness-related classes with
some basic knowledge of health, nutrition and fitness; (3) interpersonal skills needed to
effectively moderate a group of adults (as judged by interview with a Y supervisor); and (4)
current certifications in CPR, First Aid, Safety and Risk Management, and Y New
Employee Orientation. Our research team selected these criteria in partnership with the Y to
balance the need to assure fidelity to the intervention with the importance of being held
accountable to high standards of professionalism for the Y organization. The use of these
somewhat modest instructor eligibility criteria required that each individual complete a
structured training program (described below). Approaches to training and methods for
monitoring ongoing fidelity of program delivery were developed and refined in three prior
studies involving translation of the Diabetes Prevention Program lifestyle intervention [34—
36].

GLI instructor training and certification consists of a 2.5-day course run by the
Northwestern University training core. The training course was based on the Look AHEAD
Lifestyle Intervention but was adapted from our prior training course for a community-based
adaption of the Diabetes Prevention Program that has been offered to over 100 “lay”
instructors affiliated with a variety of community organizations (including the Y) in several
states [21, 37, 38]. During training, all GLI instructors receive a GLI operations manual, the
Participant Handouts and toolkits of supportive educational materials (e.g. measuring cups,
spoons and food labels). GLI instructors also agree not to alter program content without
permission of the Northwestern University training core.

GLI instructors receive ongoing support and supervision while delivering the intervention to
study participants. Based on direct observation of their first “live” GLI group session, all
instructors are required to demonstrate adequate skill in intervention delivery (as judged by a
leader of the Northwestern University training core). One year later, instructors attend a one-
day retraining seminar, including maintenance lessons, delivered by the Northwestern
University training core; recertification is contingent on demonstration of ongoing skills and
knowledge.

Throughout intervention delivery, instructors have daily access to the YMCA coordinator
and the Northwestern University training core to discuss program content or participant
issues. The study project coordinator, YMCA director and YMCA coordinator also meet
regularly to discuss operations, including instructor concerns and program quality assurance.

2.7. Statistical Power

I-D-HEALTH targeted a sample size accrual of 328 participants, which provides more than
80% power at the a=0.05 significance level to detect an absolute between-group mean
difference in percent weight loss at 12 months as low as 4.75% (SD 6.5%) among GLI
participants. We targeted a difference of this magnitude (i.e. 4.75%) based on the difference
between 5% weight loss (a commonly accepted standard for clinically meaningful weight
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loss [39, 40]) and weight loss results from prior studies of minimal counseling interventions
that were comparable to the proposed standard care arm [41-43].

Based on participation rates previously observed in exercise programs in demographically
similar samples [44, 45], we assumed that as few as 30% of participants randomized to the
GLI study arm will actually take part in the intervention. We also assumed an intra-cluster
correlation of 5% or less for changes in weight within each of 8 GLI treatment groups and
attrition not exceeding 20% at 12 months. Under these same assumptions, the sample size of
328 also provides 80% power to detect a between group difference in hemoglobin Alc as
small 0.64% (SD 0.993), systolic blood pressure as small as 3.55 mmHg (SD 19.98), and
total cholesterol/HDL ratio as small as —=3.80% (SD 11.30%).

2.8. Statistical Analysis

a. Recruitment Channels and Baseline Characteristics—In this manuscript, we
present descriptive statistics summarizing trial recruitment and the baseline characteristics of
the randomized study cohort. When examining potential differences across study groups, we
compared means of continuous variables using unpaired t-tests or, in the presence of non-
normal data distributions, Wilcoxon rank-sum tests. We used chi-square tests to compare
group-level proportions for categorical variables.

b. Intention-to-Treat Analysis—Primary study analyses will be based on the intention-
to-treat principle. We will compare the adjusted effect of study group assignment on
changes in body weight, CVD risk factor levels (i.e. Alc, SBP, total and HDL cholesterol)
and health status indicators (i.e. PCS-12, MCS-12, SF-6D). All statistical tests will be
performed using two-sided tests with a=0.05.

Percent change in body weight will be examined both as a continuous outcome and a binary
measure of whether the study participant lost at least 5% of body weight, which is a
commonly accepted standard for clinically meaningful weight loss [39] that is associated
with significant improvements in CVD risk factors in individuals with type 2 diabetes [40].
When selecting covariates, we will compare baseline characteristics (sex, race, age, income,
education, health status indicators and primary language) longitudinally one-at-a-time with
each outcome; characteristics found to have a significant association with each outcome at a
0.15 level will be considered for inclusion in the respective overall maximal model. A
backward stepwise model building procedure will be used to determine the overall
parsimonious models for the continuous and binary outcomes such that remaining covariates
are significant at the 0.05 level. To assess effects of GLI assignment, we will first test if
there is a significant difference in treatment effect between study time points. If there is no
significant difference, we will evaluate the overall treatment effect.

We will select an appropriate approach to control for relevant correlated data structures,
based on model diagnostics. We will initially assume that longitudinal mixed-effect
regression models, including fixed treatment and covariate effects and random intercept and
time effects, will provide optimal modeling of variance components. If the intraclass
correlation of patient-level data nested within primary care physician is high enough that the
design effect is greater than 2.0, we will also cluster by primary care physician. For any
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outcome where a clear covariance structure is not apparent after a thorough review of model
diagnostics, we will use marginal modeling approaches such as generalized estimating
equations with robust variance estimates to ensure models are robust to misspecification of
within-cluster correlation [46].

Since GLI instructors deliver intervention sessions to small groups of patients, it is possible
that final data will exhibit clustering at the levels of the individual patient and the GLI small
group. Among patients who attend the GLI, we will collect data on intervention group and
explore potential heteroskedasticity across groups. If we observe group-level clustering, we
will also explore more complex models that appropriately model empirical variance
structures [47].

Although we will engage in substantial efforts to minimize sample attrition, we expect some
study participants will be lost to follow-up and some outcome data will be missing. We will
use chi-square tests to compare proportions of missingness between intervention arms at
each time point during follow-up. We plan to impute missing data when estimating
intention-to-treat regression models; an appropriate imputation approach will be selected
based upon a review of the patterns of missingness.

c. Instrumental Variable Analysis—Although our primary analysis will follow the
intention-to-treat principle, our study may have low generalizability if a significant
proportion of participants randomized to GLI encouragement choose not to attend the
intervention at the Y. Based on results from a prior encouragement trial conducted by our
research team [48], we expect several participants who are offered the GLI will not attend
the program or will only attend a small number of GLI sessions. Thus, we will also estimate
separately the probability of attendance when offered the GLI, and the effect of the GLI
among attenders. Although such comparisons of self-selected subgroups can introduce
various forms of selection bias, we will use random treatment assignment as an instrumental
variable (1V) [49, 50], where GLI attendance is incorporated in a two-stage generalized least
squares IV approach [51]. Thus, the first stage of the IV regression will use random
treatment assignment to predict the probability of GLI attendance. The second stage will use
predicted values from the first stage to estimate the effect of the GLI.

d. Subgroup Analyses—Although the study is not designed to test subgroup treatment
effects, we will explore potential heterogeneity in treatment effects by summarizing primary
and secondary outcomes by important population subgroups, such as sex, age group (18-44;
45-64; =65), race/ethnicity (non-Hispanic White; African-American; Hispanic) and primary
language (Spanish; English).

e. Cost Analysis—We will calculate and report descriptive data for each randomized
treatment arm regarding their direct intervention costs, as well as direct medical and non-
medical expenditures.
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3. RESULTS

3.1. Recruitment Channels

Trial recruitment began in January 2013 and concluded in July 2014. Over the study’s 19-
month recruitment period, 2,957 patients were identified as potentially eligible for the study
through provider referral to the diabetes resource hub, electronic medical record databases or
self-referral (Figure 1). Among the 2,860 individuals whose PCP provided implicit or
explicit approval to approach, 915 (32.0%) were unreachable by phone and 900 (31.5%)
declined study participation.

Among the 982 patients who completed telephone pre-screening, a total of 543 (55.3%)
were deemed ineligible for study participation. Among those who were ineligible, 320
(58.9%) did not have type 2 diabetes; most of these patients were recruited for the study
after referral to the diabetes resource hub due to prediabetes.

Three hundred seventy nine individuals who completed the telephone pre-screen attended an
in-person screening/enroliment visit. Eight (2.1%) declined study participation, while 40
(10.6%) were deemed ineligible due to exclusion criteria. Ultimately, 331 participants were
enrolled and randomized into the final study sample, representing 11.2% of 2,957 referred
patients. If we assume that the rate of eligibility was similar among unreachable or declining
patients at each step of recruitment, then approximately 1,026 of the 2,860 patients
approached were likely eligible and approximately 32% (331/1,026) of the eligible patient
population enrolled in the trial. All 331 enrolled participants were randomized; 167 were
randomized to the Standard Care group and 164 were randomized to GLI encouragement.

3.2. Baseline Characteristics of the Randomized Cohort

The characteristics of randomized participants are shown in Table 1. The mean age at
randomization was 57.4 years (standard deviation [SD] 11.4). There were roughly equal
numbers of males and females, and there was good representation of White non-Hispanic
(34.4%), African-American (30.5%) and Hispanic (27.5%) race/ethnicity. Forty-two of the
91 Hispanic participants were Spanish speakers, representing 12.7% of the full study
sample. Of the 301 participants who reported household income, 15.0% reported household
income below $10,000 and 15.0% reported income of at least $100,000.

Cardiometabolic risk factors were modestly elevated, reflecting the underlying risk of the
diabetic study sample as well as their access to primary care. The mean weight was 220.0
pounds (SD 53.3), and mean BMI was 35.6 kg/m?2 (SD 7.6). Mean systolic blood pressure
was 126.5 mmHg (SD 16.8), and mean Alc was 7.2% (SD 1.3). Mean total cholesterol was
172.0 mg/dL (SD 44.9), while mean HDL-C was 44.1 mg/dL (SD 13.1) and mean non-HDL
cholesterol was 127.8 mg/dL (SD 46.0). The mean ratio of total cholesterol to HDL-C was
4.2 (SD 1.8).

Study participants were also likely to receive medication-based treatment for diabetes-
related risk factors at baseline. More than three-fourths were prescribed antiglycemic
medications (87.9%) or antihypertensive medications (76.4%), while more than half were
prescribed antilipidemic medications (58.6%). Participants randomized to GLI
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encouragement were less likely than the Standard Care group to be on antiglycemic
medications, both overall (83.2% versus 92.7%, P=0.008) and for non-insulin antiglycemics
(73.1% versus 86.0%, P=0.004). In all other measured baseline characteristics, we detected
no statistically significant differences between the two trial arms.

4. DISCUSSION

I-D-HEALTH successfully enrolled a large and diverse sample of adults with diabetes
receiving primary care services from more than 44 clinical practice locations in metropolitan
Chicago. This trial now offers a unique opportunity to evaluate the incremental effectiveness
of offering a community-based intensive lifestyle intervention for reducing the burden of
obesity and other cardiovascular-related risk factors.

Despite reaching our accrual goal, we faced several notable challenges during the
recruitment phase. For example, just prior to the launch of I-D-HEALTH, the study’s
location was shifted to Chicago. This change required the engagement of a much larger
number of primary care providers across a larger array of primary care practices, as well as
the need to revisit our original sample size assumptions, which had been based on clustering
of treatment effects within just nine primary care clinic locations. When recalculating the
new sample size target, we were also forced to consider how the change in location had
introduced a more racially and economically diverse patient population. Anticipating that
such a study population might be more difficult to engage electively in a healthy lifestyle
intervention program, the new sample size was also inflated using conservative assumptions
about lower uptake into the intervention program.

The study team was ultimately able to enroll 331 diabetic primary care patients by adopting
a variety of adaptive recruitment strategies, such as outreach visits to PCP office settings
near the implementing Y sites and the development of strong relationships with three large
clinical delivery organizations that were willing to collaborate to engage potentially eligible
patients identified through electronic health record queries. Each recruitment approach had
tradeoffs in terms of resource intensity and the resulting yield of study participants. For
example, we successfully attracted 573 referrals to the resource hub from clinical providers
following intensive outreach visits to provider practices, but this outreach channel only
yielded 30 study participants, at an estimated cost of $505 per study enrollee (Table 2).
Conversely, it took over one year to establish agreements with clinical delivery
organizations for outreach protocols pertaining to electronic health record queries, but this
strategy ultimately yielded 300 study participants at an estimated cost of only $15 per study
enrollee.

Other noteworthy recruitment challenges include patient apprehension toward traveling to a
community-based research office that was located in an unfamiliar neighborhood;
transportation barriers for many persons who relied on the public transit system; disinterest
in making healthy lifestyle changes to improve a chronic condition (diabetes) that many
patients had been managing with medications for many years; and rejection of a diabetes
diagnosis by some patients who had been identified by electronic medical record queries as
taking antiglycemic medications or having diabetes listed on their clinical problem list.
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Having completed its accrual goal, the I-D-HEALTH study is now positioned to contribute
important new evidence about both the uptake and effectiveness of delivering an intensive
lifestyle intervention program to urban-dwelling adults with type 2 diabetes who are largely
of minority race or ethnicity and face economic challenges to healthy lifestyle changes.
Compared with the Look AHEAD efficacy trial, I-D-HEALTH is a lower-cost intervention
design that no longer includes a meal replacement component and offers group-based
lifestyle coach visits. Furthermore, I-D-HEALTH intervention instructors are not
academically trained nutritionists or healthcare educators but are instead employees of local
Ys. Having previously demonstrated that Y's can successfully implement multi-component,
longitudinal intensive lifestyle interventions for diabetes prevention [34, 38], the I-D-
HEALTH study can now advance our understanding of the participation, weight loss
effectiveness and costs of this potentially scalable intervention design for adults who already
have type 2 diabetes. The study will also provide important information about participants’
ability to participate in such an intervention, and their ability to make subsequent lifestyle
changes of sufficient magnitude to translate into lower body mass, improved cardiovascular
risk factor control, or the reduced need for medications to manage those risk factors.

5. CONCLUSIONS

The 1-D-HEALTH study successfully enrolled a large and diverse sample of overweight or
obese adult primary care patients with diabetes and increased cardiometabolic risk. Over the
next 24 months, this study is positioned to provide important new evidence about the levels
of participation in an evidence-based group lifestyle intervention that is offered free-of-
charge in a community-based YMCA location; the Y’s costs to offer this intervention; and
the effects of participating on changes in body weight, cardiovascular-related risk factors
and health-related quality of life.

Acknowledgments

Support for this study was provided by the National Institute of Diabetes and Digestive and Kidney Diseases (#R18
DKO083941). Ronald Ackermann is also supported by the Northwestern University Clinical and Translational
Sciences Institute, which is funded by the National Center for Advancing Translational Sciences (#U54TR001018).
The Clinical and Translational Science Awards (CTSA) is a registered trademark of DHHS. We recognize the Look
AHEAD Study Group and specifically Robert W. Jeffery, PhD at University of Minnesota and the Lifestyle
Resource Core at Wake Forest University, who led the development of the initial Look AHEAD intervention. We
would also like to recognize the support and participation of the Kelly Hall YMCA and McGaw YMCA,
Northwestern Medical Group, Erie Family Health Center, Near North Health Center Service Corporation and all I-
D-HEALTH Study participants.

References

1. Flegal KM, Panagiotou OA, Graubard BI. Estimating population attributable fractions to quantify
the health burden of obesity. Ann Epidemiol. 2014

2. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the
United States, 2011-2012. JAMA. 2014; 311:806-814. [PubMed: 24570244]

3. Masters RK, Reither EN, Powers DA, Yang YC, Burger AE, Link BG. The impact of obesity on US
mortality levels: the importance of age and cohort factors in population estimates. Am J Public
Health. 2013; 103:1895-1901. [PubMed: 23948004]

4. Maciejewski ML, Patrick DL, Williamson DF. A structured review of randomized controlled trials
of weight loss showed little improvement in health-related quality of life. J Clin Epidemiol. 2005;
58:568-578. [PubMed: 15878470]

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liss et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 14

. Zalesin KC, Franklin BA, Miller WM, Peterson ED, McCullough PA. Impact of obesity on

cardiovascular disease. Med Clin North Am. 2011; 95:919-937. [PubMed: 21855700]

. Xiang X, An R. Obesity and onset of depression among U.S middle-aged and older adults. J

Psychosom Res. 2014

. Fowler-Brown A, Wee CC, Marcantonio E, Ngo L, Leveille S. The mediating effect of chronic pain

on the relationship between obesity and physical function and disability in older adults. J Am
Geriatr Soc. 2013; 61:2079-2086. [PubMed: 24329819]

. Flegal KM, Kit BK, Orpana H, Graubard BIl. Association of all-cause mortality with overweight and

obesity using standard body mass index categories: a systematic review and meta-analysis. JAMA.
2013; 309:71-82. [PubMed: 23280227]

. Narayan KM, Boyle JP, Thompson TJ, Gregg EW, Williamson DF. Effect of BMI on lifetime risk

for diabetes in the U.S. Diabetes Care. 2007; 30:1562-1566. [PubMed: 17372155]

Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE, Flegal KM, et al. Secular trends
in cardiovascular disease risk factors according to body mass index in US adults. JAMA. 2005;
293:1868-1874. [PubMed: 15840861]

Wong ND, Patao C, Wong K, Malik S, Franklin SS, lloeje U. Trends in control of cardiovascular
risk factors among US adults with type 2 diabetes from 1999 to 2010: comparison by prevalent
cardiovascular disease status. Diab Vasc Dis Res. 2013; 10:505-513. [PubMed: 23975724]

American Diabetes Association. [Accessed January 12, 2015] Statistics About Diabetes. 2014.
http://www.diabetes.org/diabetes-basics/statistics/

Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF. Projection of the year 2050
burden of diabetes in the US adult population: dynamic modeling of incidence, mortality, and
prediabetes prevalence. Popul Health Metr. 2010; 8:29. [PubMed: 20969750]

Ryan DH, Espeland MA, Foster GD, Haffner SM, Hubbard VS, Johnson KC, et al. Look AHEAD
(Action for Health in Diabetes): design and methods for a clinical trial of weight loss for the
prevention of cardiovascular disease in type 2 diabetes. Control Clin Trials. 2003; 24:610-628.
[PubMed: 14500058]

Wing RR. Long-term effects of a lifestyle intervention on weight and cardiovascular risk factors in
individuals with type 2 diabetes mellitus: four-year results of the Look AHEAD trial. Arch Intern
Med. 2010; 170:1566-1575. [PubMed: 20876408]

Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, et al. Cardiovascular effects of
intensive lifestyle intervention in type 2 diabetes. N Engl J Med. 2013; 369:145-154. [PubMed:
23796131]

Garfield SA, Malozowski S, Chin MH, Narayan KM, Glasgow RE, Green LW, et al.
Considerations for diabetes translational research in real-world settings. Diabetes Care. 2003;
26:2670-2674. [PubMed: 12941736]

4. Foundations of Care: Education, Nutrition, Physical Activity, Smoking Cessation, Psychosocial
Care, and Immunization. Diabetes Care. 2015; 38:S20-S30. 4. [PubMed: 25537702]

Lin JS, O’Connor E, Evans CV, Senger CA, Rowland MG, Groom HC. Behavioral counseling to
promote a healthy lifestyle in persons with cardiovascular risk factors: a systematic review for the
u.s. Preventive services task force. Ann Intern Med. 2014; 161:568-578. [PubMed: 25155549]
LeFevre ML. Behavioral counseling to promote a healthful diet and physical activity for
cardiovascular disease prevention in adults with cardiovascular risk factors: U.S. preventive
services task force recommendation statement. Ann Intern Med. 2014; 161:587-593. [PubMed:
25155419]

Ackermann RT. Working with the YMCA to implement the Diabetes Prevention Program. Am J
Prev Med. 2013; 44:5352-S356. [PubMed: 23498298]

Culica D, Walton JW, Harker K, Prezio EA. Effectiveness of a community health worker as sole
diabetes educator: comparison of CoDE with similar culturally appropriate interventions. J Health
Care Poor Underserved. 2008; 19:1076-1095. [PubMed: 19029738]

Santee J. Accuracy and precision of the Cholestech LDX System in monitoring blood lipid levels.
Am J Health Syst Pharm. 2002; 59:1774-1779. [PubMed: 12298117]

John WG, Edwards R, Price CP. Laboratory evaluation of the DCA 2000 clinic HbAlc
immunoassay analyser. Ann Clin Biochem. 1994; 31(Pt 4):367-370. [PubMed: 7979104]

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 01.


http://www.diabetes.org/diabetes-basics/statistics/

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liss et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 15

Tamborlane WV, Kollman C, Steffes MW, Ruedy KJ, Dongyuan X, Beck RW, et al. Comparison
of fingerstick hemoglobin Alc levels assayed by DCA 2000 with the DCCT/EDIC central
laboratory assay: results of a Diabetes Research in Children Network (DirecNet) Study. Pediatr
Diabetes. 2005; 6:13-16. [PubMed: 15787896]

Brazier JE, Roberts J. The estimation of a preference-based measure of health from the SF-12. Med
Care. 2004; 42:851-859. [PubMed: 15319610]

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales
and preliminary tests of reliability and validity. Med Care. 1996; 34:220-233. [PubMed: 8628042]

Espeland MA, Glick HA, Bertoni A, Brancati FL, Bray GA, Clark JM, et al. Impact of an intensive
lifestyle intervention on use and cost of medical services among overweight and obese adults with
type 2 diabetes: the action for health in diabetes. Diabetes Care. 2014; 37:2548-2556. [PubMed:
25147253]

Hayes AJ, Leal J, Gray AM, Holman RR, Clarke PM. UKPDS outcomes model 2: a new version of
a model to simulate lifetime health outcomes of patients with type 2 diabetes mellitus using data
from the 30 year United Kingdom Prospective Diabetes Study: UKPDS 82. Diabetologia. 2013;
56:1925-1933. [PubMed: 23793713]

National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases.
Hypoglycemia. Bethesda, MD: National Diabetes Information Clearinghouse; 2008.

American Diabetes Association. Know the Warning Signs of a Heart Attack. Chicago, IL:
American Diabetes Association; 2009.

National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases.
Prevent diabetes problems: Keep your feet and skin healthy. Bethesda, MD: National Diabetes
Information Clearinghouse; 2008.

The Look AHEAD Research Group. The Look AHEAD Study: A Description of the Lifestyle
Intervention and the Evidence Supporting It. Obesity. 2006; 14:737-752. [PubMed: 16855180]
Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG. The DEPLOY Pilot Study.
Translating the Diabetes Prevention Program into the community. Am J Prev Med. 2008; 35:357-
363. [PubMed: 18779029]

Ackermann RT, Finch EA, Schmidt KK, Hoen HM, Hays LM, Marrero DG, et al. Rationale,
design, and baseline characteristics of a community-based comparative effectiveness trial to
prevent type 2 diabetes in economically disadvantaged adults: the RAPID Study. Contemp Clin
Trials. 2014; 37:1-9. [PubMed: 24177413]

Ackermann RT, Finch EA, Caffrey HM, Hays LM, Saha C. Pilot Randomized Trial Comparing
Brief Primary Care Counseling Plus Referral to Two Different Approaches for Implementing a
Community-based Diabetes Prevention Program. Under Review.

Finch EA, Kelly MS, Marrero DG, Ackermann RT. Training YMCA wellness instructors to
deliver an adapted version of the Diabetes Prevention Program lifestyle intervention. Diabetes
Educ. 2009; 35:224-228. 32. [PubMed: 19321808]

Ackermann RT, Marrero DG. Adapting the Diabetes Prevention Program lifestyle intervention for
delivery in the community: the YMCA model. Diabetes Educ. 2007; 33:69. 74-5, 7-8. [PubMed:
17272794]

Colman E. Food and Drug Administration’s Obesity Drug Guidance Document: a short history.
Circulation. 2012; 125:2156-2164. [PubMed: 22547756]

Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni AG, et al. Benefits of modest
weight loss in improving cardiovascular risk factors in overweight and obese individuals with type
2 diabetes. Diabetes Care. 2011; 34:1481-1486. [PubMed: 21593294]

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, et al.
Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J
Med. 2002; 346:393-403. [PubMed: 11832527]

Logue E, Sutton K, Jarjoura D, Smucker W, Baughman K, Capers C. Transtheoretical model-
chronic disease care for obesity in primary care: a randomized trial. Obes Res. 2005; 13:917-927.
[PubMed: 15919846]

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Liss et al.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 16

McTigue KM, Harris R, Hemphill B, Lux L, Sutton S, Bunton AJ, et al. Screening and
interventions for obesity in adults: summary of the evidence for the U.S Preventive Services Task
Force. Ann Intern Med. 2003; 139:933-949. [PubMed: 14644897]

Damush TM, Stump TE, Saporito A, Clark DO. Predictors of older primary care patients’
participation in a submaximal exercise test and a supervised, low-impact exercise class. Prev Med.
2001; 33:485-494. [PubMed: 11676591]

Waterman MR, Wiecha JM, Manne J, Tringale SM, Costa E, Wiecha JL. Utilization of a free
fitness center-based exercise referral program among women with chronic disease risk factors. J
Community Health. 2014; 39:1179-1185. [PubMed: 24752958]

Diggle, P.; Heagerty, P.; Liang, K.; Zeger, S. Analysis of Longitudinal Data. 2nd. Norfolk, UK:
Oxford University Press; 2002.

Roberts C, Roberts SA. Design and analysis of clinical trials with clustering effects due to
treatment. Clin Trials. 2005; 2:152-162. [PubMed: 16279137]

Ackermann RT, Liss DT, Finch EA, Schmidt KK, Hays LM, Marrero DG, et al. A randomized
comparative effectiveness trial for preventing type 2 diabetes. Am J Public Health. 2015;
105:2328-2334. [PubMed: 26378828]

Sussman JB, Hayward RA. An IV for the RCT: using instrumental variables to adjust for treatment
contamination in randomised controlled trials. BMJ. 2010; 340:¢2073. [PubMed: 20442226]
Zhou XH, Li SM. ITT analysis of randomized encouragement design studies with missing data.
Stat Med. 2006; 25:2737-2761. [PubMed: 16287216]

Angrist JD, Imbens GW, Rubin DB. Identification of causal effects using instrumental variables.
Journal of the American Statistical Association. 1996; 91:444-455.

Contemp Clin Trials. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Liss et al.

Referred by PCP to diabetes
resource hub / Identified as having
type 2 diabetes using electronic
medical record / Self-referred

N =2,957

v

Page 17

Approval by PCP to approach
N = 2,860

PCP identified as ineligible or inappropriate for
study (n=97)

v

Completed telephone pre-screen
N =982

Unreachable by phone (n=915)
Declined study (n=900)

Not DM2 (n=54)

Deceased (n=9)

Attended screening/enroliment visit
N =379

v

Enrolled in [-D-HEALTH study
N =331 (87%/11%)

Declined study or missed enrollment window
for Spanish speakers (n=60)

Not DM2 (n=320)

Comorbidity (n=75)

BMI (n=31)

Physical condition (n=28)

Medication (n=27)

Other ineligibility (n=62)

Declined study (n=8)

Alc >=11.0% (n=19)

Medication (n=11)

BP>180/105 (n=4)

BMI<24 (n=2)

Not DM2 (n=1)

Chest pain (n=1)

Arthritis, limited ability to move (n=1)
Couldn’t take BP reading (n=1)

Randomized to Standard Care
Arm

N=167

Randomized to Group-Based
Lifestyle Intervention led by the Y

N=164

Figure 1. CONSORT Diagram

Boxes and arrows indicate the flow of potentially eligible patients as deemed approachable,
eligible, enrolled and randomized; side arrows provide reasons for non-approach,

ineligibility and non-enrollment

Abbreviations: PCP, primary care provider; DM2, type 2 diabetes; BMI, body mass index;

BP, blood pressure
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