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The Lifestyle Improvement through Food and Exercise (LIFE) study is a community-based
randomized-controlled trial to measure the effectiveness of a lifestyle intervention to
improve glycemic control among African Americans with type 2 diabetes attending safety net
clinics. The study enrolled African American adults with a diagnosis of type 2 diabetes and
HbA1c ≥ 7.0 who had attended specific safety net community clinics in the prior year. 210
patients will be enrolled and randomized to either the LIFE intervention or a standard of care
control group, which consists of two dietitian-led diabetes self-management classes. The LIFE
intervention was delivered in 28 group sessions over 12 months and focused on improving diet
through dietitian-led culturally-tailored nutrition education, increasing physical activity through
self-monitoring using an accelerometer, increasing ability to manage blood sugar through
modifications to lifestyle, and providing social support for behavior change. In addition to the
group sessions, peer supporters made regular telephone calls to participants to monitor progress
toward behavioral goals and provide social support. The 12-month intervention phase was
followed by a six-month maintenance phase consisting of two group sessions. The primary
outcome of the study is change in A1C from baseline to 12 months, and an additional follow-up
will occur at 18 months. The hypothesis of the study is that the participants in the LIFE intervention
will show a greater improvement in glycemic control over 12 months than participants in the
control group.
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African Americans are more likely than whites to suffer from
diabetes-related complications [1–3] and experience higher
rates of diabetes hospitalization [4–6]. The disproportionately
high rate of diabetesmorbidity in low-incomeAfricanAmericans
is due to higher hemoglobin A1c (A1C) and blood pressure
[7,8]. This disparity in diabetes outcomes is preventable; im-
proved glycemic control results in reductions in micro- and
macrovascular complications as well as reduced healthcare
utilization and costs [9–11].
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Racial differences in diabetes outcomes are driven by
social–environmental and medical system factors. Social–
environmental factors include lower socioeconomic status and
the high-risk environments experienced by African Americans
[12,13], including lack of access to affordable low energy
density foods [14–16] and fewer opportunities for physical
activity [17,18]. Medical factors include poorer quality of care
[19,20] and lack of insurance [21]. Evidence also suggests that
poor health literacy, especially diabetes numeracy, plays a
critical role in racial and socioeconomic disparities in glycemic
control [22,23].

Glycemic control can be improved by medications, changes
to diet, and improved physical activity. Among disadvantaged
African Americans, improved diet and exercise and improved
self-management skills may result in better glycemic control.
This is especially important due to low medication adherence
in this group [24–27] and the potential of preventing medica-
tion side effects such as weight gain, which may increase
already high cardiovascular risk [28,29]. Moreover, improving
diet and physical activity could also help decrease blood pres-
sure, an important contributing cause of diabetes morbidity in
African Americans [30–32]. Approaches that improve diabetes
self-management among low-income African Americans could,
in the long-term, substantially reduce the high rate of avoidable
hospitalizations and diabetes complications in this population.

The current study describes the design of a randomized-
controlled trial to test the effectiveness of the Lifestyle Im-
provement through Food and Exercise (LIFE) intervention, a
literacy-sensitive, culturally-tailored community-based group
intervention designed to help disadvantaged African Americans
with type 2 diabetes achieve glycemic control through die-
tary modification and physical activity. The intervention was
community-based in order to contextualize diabetes self-
management as a lifestyle issue rather than a medical one, and
to increase participant exposure to community resources for
diabetes self-management (e.g. exercise venues and grocery
stores in their community), and to decreasemedical mistrust as
a potential barrier to participation [33].

The LIFE intervention consists of four main components:
1) literacy-sensitive and culturally-tailored diabetes nutrition
education delivered by a registered dietitian (RD), 2) physical
activity, 3) self monitoring of blood glucose (SMBG) and inter-
pretation and use of the results for decision making about self-
management, and 4) social support. These components are
delivered in group sessions and peer supporter telephone calls
over a 12-month intervention period, followed by a 6-month
maintenance program. The LIFE intervention will be compared
with a control interventionwhich includes two 2-hour diabetes
self-management education group classes delivered by a RD,
consistent with the Medicare reimbursement schedule for dia-
betes self-management training [34].

1. Methods

1.1. Study design

The effect of the LIFE program on glycemic control will be
evaluated in an 18-month randomized controlled trial. Partic-
ipants are randomized to either: (1) a control group with 2
standard diabetes education classes in the first 6-months, or
(2) a 12-month culturally-tailored behavioral intervention
followed by a 6-month maintenance phase. An overview of
the study design is provided in Fig. 1. The trial is registered
with ClinicalTrials.gov, NCT01901952. Approval for the use of
human subjects was provided by the Institutional Review
Boards of Cook County Health and Hospitals System (CCHHS)
and Rush University Medical Center, and the study is
monitored by a Data and Safety Monitoring Board.

1.2. Eligibility criteria

Eligibility criteria were designed to maximize the general-
izability of results by targeting a broad range of individuals
with diabetes at varying risk, and to assure that individuals are
healthy enough to benefit from lifestyle changes. Inclusion cri-
teria include a diagnosis of type 2 diabetes mellitus, uncon-
trolled diabetes (A1C≥ 7.0%), African American race, age 18 or
older, and seen at least once in the past 12 months by a primary
care physician in a designated Cook CountyHealth andHospitals
System (CCHHS) primary care clinic. Participants were required
to be available at the time the group sessions were scheduled.
Intervention and control group sessions were held at the same
day and time.

Exclusion criteria included BMI b 18.5 kg/m2, end-stage
renal disease (GFR b 15 mL/min/1.73 m2), stroke with paresis,
congestive heart failure (NewYorkHeart Association class 2–4)
ormajor end-organ complications of diabetes, conditions limit-
ing probable lifespan to b4 years, current pregnancy, diagnosis
of a major psychiatric condition, use of prednisone (“steroids”)
in the prior 3 months, weight loss surgery, lack of access to
telephone, inability to walk two blocks without stopping, im-
paired cognitive function, not cleared for participation by a
primary care physician, or living in the same household as
an active study participant. Medical questions related to eligi-
bility and safety of participants are adjudicated by the study
endocrinologist.

1.3. Recruitment

Patient lists were provided by CCHHS staff and patient
medical records were screened by research assistants for
potential eligibility. Research assistants contacted potentially
eligible patients from each clinic and completed final screening.
Eligible patients were invited to an information session where
theywere givendetails about the study and told the importance
of completing the study if they chose to enroll. Patients who
were still interested completed the consent process and were
given a point-of-care A1C test. If A1C was≥7.0%, patients were
scheduled for a baseline assessment. Upon completion of the
baseline assessment, patients were enrolled in the study and
randomized. Recruitment started in March of 2012 and was
completed in April 2014.

1.4. Measures

Trained study staff members who were blinded to group
assignments conducted all assessments at the patients' clinic.
Full assessments were conducted at baseline, 12 months and
18 months. An abbreviated assessment was conducted at
6 months. Full assessments were completed in two clinic visits
separated by one week. During the first visit, participants
provided medical history and completed a range of measures,



Fig. 1. Diagram of the study design for the Lifestyle Improvement through Food and Exercise (LIFE) Study.
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including a 24-hour diet recall interview. They also received an
accelerometer, which they were asked to wear around their
waist at least 10 h daily for 7 days. Participants visited the clinic
one week later to return the accelerometer and complete
another 24-hour food recall. If participants had worn the ac-
celerometer for less than 4 days, they were asked to re-wear it.
Participants were also asked about changes in contact infor-
mation, health care utilization, and adverse events such as
hospitalizations and ER visits every three months. See Fig. 1 for
a diagram of the assessment schedule.

The primary outcome of this study was glycemic control,
reflected in hemoglobin A1c levels (A1C). Secondary outcomes
included blood pressure, body mass index, dietary intake, and
physical activity.

1.4.1. Glycemic control
Glycemic control was measured as the difference in A1C

between baseline and follow-up. A1C was measured using an
Axis-Shield AfinionA1C POCdevice,which requires a fingerstick
blood sample [35].

1.4.2. Blood pressure
Blood pressure was measured in the resting state as the

average of 3 readings taken 2 min apart by using an Omron
digital blood pressure monitor (Omron Healthcare, Inc., Lake
Forest, Illinois).

1.4.3. Body mass index (BMI)
Weight was measured by using a balance-beam scale; par-

ticipants wore light-weight clothes and no shoes. Height was
measured using a wall-mounted stadiometer. BMI is calculat-
ed by dividing weight (in kilograms [kg]) by height (in meters
squared [m2]).

1.4.4. Dietary intake
Dietary intake data were collected using the Nutrition Data

System for Research software (Nutrition Coordinating Center
(NCC), University ofMinnesota,Minneapolis,MN). The software
utilizes the multiple-pass interview method and data collec-
tion is standardized by built-in software interview prompts.
Research assistants received 6 h of training by an experienced
PhD-level dietitian. Participants were provided with a booklet
that contained pictures of food portion sizes to assist in re-
porting. Each interview took approximately 30 min.

1.4.5. Physical activity
The accelerometer used to capture physical activity was the

Actigraph GT3X (Actigraph, LLC, Fort Walton Beach, FL). This is
a tri-axial accelerometer measuring acceleration in three axes
(vertical, anteroposterior, mediolateral), as well as incline and
step count. The epoch interval was set at 1 min and output was
expressed as mean counts per minute. The counts obtained in
one epoch were linearly related to the intensity of the par-
ticipants' activity during that period [36]. Study participants
wore the accelerometer around the hip or waist using an
adjustable fabric belt. Theywere asked towear the device for at
least 10 h on at least 7 days. A composite measure of counts
from all three axes was used to calculate intensity of activity
during each epoch (minute) the device isworn. Classification of
minutes of activity as sedentary, light, moderate, vigorous, and
very vigorous was based on previously published thresholds
[37,38]. Daily step count was also calculated.

Intermediate outcomes included nutrition knowledge, med-
ication adherencemeasured by self-report and using the CCHHS
outpatient pharmacy database [39], diabetes self-management
behavior, diabetes-related quality of life and social support.
Potentialmoderators included depressive symptoms, perceived
stress, and health numeracy. Available longitudinal data of kidney
function (plasma creatinine, eGFR, urine albumin creatinine
ratio), and lipid levels (total cholesterol, LDL, HDL, triglycerides)
were collected from the electronic medical record.

After fulfilling study entry criteria and successful comple-
tion of all baseline components, participants were randomized
in a 1:1 ratio, stratified by the recruitment clinic, to one of two
treatment arms: intervention and control.

1.5. The LIFE intervention

The LIFE intervention was guided by cognitive behavioral
models of behavior change, specifically that behavior change is



Table 1
Group session format for Lifestyle Improvement through Food and Exercise
(LIFE) intervention.a

Activity Description

1. Data collection and
individual goal
setting (15 min)

Goal setting and self-monitoring. Weigh
participants; review food logs and create
individual diet goals; record accelerometer
steps and create individualized activity goals.

2. Prayer (2 min) Motivation. Participant or peer supporter
leads prayer.

3. Culturally tailored
educational content
(45 min)

Nutrition education and behavioral
modification.
Nutrition and diabetes education, glucose
self-monitoring skills, behavioral modification
techniques, interactive activities to reinforce
educational content.

4. Physical activity
(10 min)

Social support and role modeling. Peer
supporter
leads participants in moderate aerobic activity
along with music.

5. Healthy snack
(15 min)

Nutrition education. Healthful snack is
provided and new eating behaviors are
demonstrated (e.g., healthy portion sizes,
new healthy foods).

6. Listening (25 min) Emotional and social support, role modeling.
Participants share their struggles and
victories in making behavior changes.

7. Goal setting
(10 min)

Goal setting and self-monitoring. Participants
set/review goals for activity, diet, and blood
glucose monitoring for each week.

a From Lynch, E. B., et al. (2014). “A self-management intervention for African
Americans with comorbid diabetes and hypertension: a pilot randomized con-
trolled trial.” Prev Chronic Dis 11: E90 [51].

249E.B. Lynch et al. / Contemporary Clinical Trials 39 (2014) 246–255
mediated by cognitions but also requires motivation, skills and
social support [40]. The LIFE intervention included culturally-
tailored, literacy-sensitive nutrition education as well as behav-
ior modification techniques and social support to encourage
change in diet, increase in physical activity, and self-monitoring
of blood glucose (SMBG). The intervention was structured to
encourage participants to discover the relationship between
their diet and physical activity and their blood glucose levels,
and to learn effective lifestyle strategies for reducing their
blood glucose. Goal-setting improves self-efficacy and is an ef-
fective strategy for helpingpeople change their self-management
behavior [41]. Participants set goals for diet, physical activity
and SMBG, and social support was provided to help partici-
pants achieve goals.

The intervention consisted of three phases of decreasing
contact over 12 months. Each phase was 4 months long. Phase
1 consisted of 16 weekly 2-hour group sessions, phase 2 con-
sisted of 8 bi-weekly group sessions, and phase 3 consisted of
4 monthly group sessions. The 6-month maintenance phase
consisted of 2 group sessions. Fifteen to twenty participants
were assigned to each group. Peer supporters offered partici-
pants weekly telephone contact throughout the intervention.
The intervention team for each group consisted of a registered
dietitian, a group facilitator, and 1–2 peer supporters. A clinical
psychologist supervised peer supporters and an endocrinolo-
gist was available for consultation regarding emerging issues
related to medical management of diabetes. The format of the
2-hour group sessions is shown in Table 1.

1.5.1. Nutrition education
The dietary intake goals of the LIFE intervention were

designed to improve glycemic control and reduce cardiovascular
risk. To improve glycemic control, participants were encouraged
to consume a consistent level of carbohydrate intake across each
day [42]. The LIFE program advocated for a diet consistent with
the American Diabetes Association nutrition guidelines, charac-
terized by low saturated fat intake, increased consumption of
fruits, vegetables and whole grains, and decreased sodium [43].

The nutrition education component was grounded in the
information processing theory of food choice which assumes
that changes in dietary behavior require changes to the content
and processing of the mental representations underlying die-
tary behavior [44–46]. Design of the curriculumwas guided by
a series of cognitive anthropology studies which elucidated the
conceptual landscape of food and health among low-income
African Americanmothers [47–49]. Findings from those studies
suggested that the target population had very limited knowledge
of the food sources of macronutrients and the health impact
associated with specific foods. Those studies also revealed that
lay food concepts are organized around functional, rather than
nutritional, dimensions of food (e.g. meals, snacks, food prep-
aration versus proteins, carbohydrates, etc.), and that fruits and
vegetables are frequently referred to as “God's food.” Evidence
indicates that learning of new information is facilitated if it
is taught in a way that is consistent with preexisting mental
representations [50]. The nutrition education curriculum fo-
cuses on teaching necessary nutrition information in terms of
functional food categories. That is, the curriculum teaches how
to create healthy meals and snacks using appropriate portions
of healthy carbohydrate, protein and non-starchy vegetable
foods. The LIFE curriculum described here was informed by a
pilot study conductedusing an earlier version of the curriculum
[51].

The nutrition education curriculum was delivered by a
registered dietitian using an interactive teaching style. The
curriculum is shown in Table 2. The curriculum was centered
around themodified platemethod [52], referred to as “the Plate
of LIFE,” which illustrates the components of a healthy meal.
The “Plate of LIFE” (shown in Appendix A) is a plate divided
into three sections: half the plate is filled with non-starchy
vegetables, 1/4 with carbohydrate and 1/4 with protein. Par-
ticipantswere encouraged to use this plate to construct lunches
and dinners and to use the top half of the plate (carbohydrate
and protein) to create breakfasts. Knowledge of the macronu-
trient content of foods is necessary for participants to utilize the
Plate of LIFE, however prior research suggested that a majority
of participants would lack this knowledge [48,49]. Therefore,
participants were explicitly taught which foods are carbohy-
drates (including starchy vegetables), proteins and fats. Cat-
egorized lists of culturally familiar and commonly eaten foods
were provided in the manual and participants practiced cat-
egorizing foods in the group sessions and with their food logs.

In Phase 1 of the curriculum (weekly phase), participants
were introduced to the plate and other key nutritional concepts
(fat and sugar-sweetened beverages) and were taught two
additional portioning methods: the hand guide for portion
control (see Appendix A) and carbohydrate counting. The hand
guide for portion control recommends eating a portion of veg-
etables the size of two fists (approximately 2 cups), a portion
of carbohydrate the size of one fist (approximately 1 cup), a
portion of protein the size of 1 palm (approximately 4–6 oz)



Table 2
Nutrition education curriculum of Lifestyle Improvement through Food and
Exercise (LIFE) intervention.

Session Nutrition education content and selected activities

Phase 1: portioning and food label reading
4 months, weekly sessions

1 Introduction to program and self-monitoring
− Introduction to daily log and accelerometer

2 Plate of LIFE
− Introduction to Plate of LIFE
− Activity: practice identifyingmacronutrient category of foods

3 Blood glucose and carbohydrates 1
− Blood sugar and target blood sugar ranges
− Activity: identify statements about diabetes as myths or facts

4 Blood glucose and carbohydrates 2
− Discuss hyperglycemia and hypoglycemia

5 Beverages
− Identify lower sugar beverages
− Activity: fill cups with the amount of sugar contained

in a number of sugar-sweetened beverages
6 Eat less fat

− Why and how to reduce saturated fat
− Activity: fill cups with the amount of fat (using lard)

contained in a number of high-fat foods
7 Review

− Activity: play LIFE Jeopardy game as content review
− Activity: individual consultations with dietitian

8 Breakfast
− Plan timing and content of breakfast
− Discuss blood sugar responses to breakfast in

prior week (examples from log books)
9 Lunch

− Plan timing and content of healthy lunches
− Discuss blood sugar responses to lunch in

prior week (examples from log books)
10 Meal timing and snacks

− Importance of meal timing and healthy snacks
− Discuss blood sugar responses to breakfast or lunch in prior

week (examples from log books)
11 Dinner

− Plan timing and content of healthy lunches
− Discuss blood sugar responses to dinner in prior

week (examples from log books)
12 Tricks for better eating

− Behavioral strategies for controlling diet
− Activity: group reads scenarios of challenges to

healthy living and identifies strategies to deal
with them

13 Carb counting 1
− Learn and practice carb counting using portions
− Activity: measure specific portions of carb from

a variety of different real foods
− Activity: create a meal from real foods using

appropriate portion of carb

14 Carb counting 2
− Learn and practice counting carbohydrate grams
− Activity: repeat activity from prior session and identify

grams of carbohydrate associated with each portion size

15 Food labels 1
− Learn to find carb amounts on food labels
− Activity: identify serving size and total grams of

carbohydrate on real food labels

16 Food labels 2
− Learn range of carbohydrate content across different types

of the same food (e.g. cereals, yogurts, crackers)
− Activity: count grams of carbohydrate for different brands of

the same food to discover theimportance of reading food
labels and looking at serving size

Phase 2: Selection and preparation of higher quality foods
4 months, biweekly sessions

17 Review/Relapse prevention

Table 2 (continued)

Session Nutrition education content and selected activities

− Prepare for relapse episodes
− Play LIFE Jeopardy game
− Discuss that relapse is natural and how to respond

18 Eat more vegetables
− Strategies for incorporating more vegetables into diet
− Activity: cooking demonstration of a quick way to

prepare vegetables
19 God's food: whole foods

− Whole foods versus refined foods
− Activity: identify high fiber foods in log book and

using food labels
20 God's food: sodium

− Sodium guidelines and identifying low sodium foods
− Activity: identify high sodium foods using food labels

21 Relapse prevention
− Avoid pitfalls in maintenance of lifestyle change
− Discuss triggers of lapses and identify strategies for

coping with triggers
22 Shopping preparation

− Activity: create shopping list and shopping on a
budget

23 Grocery store tour
− Activity: attend tour of local grocery store led by

a dietitian
24 Eating out

− Identify healthier choices at favorite restaurants
− Activity: select favorite foods from fast food menus

and calculate the carbs, fat and sodium in the meal

Phase 3: review and preparation for maintenance
4 months, monthly sessions

25 Preventive care for diabetes
− How to prevent diabetes complications (control of

blood pressure, lipids, etc.)
− Discuss how to avoid diabetes complications

26 SMBG review
− Overview of factors impacting blood glucose and

interpretation of values
27 Maintenance of behavior changes

− Identify positive changes and strategies to make
further healthy changes

28 Planning for the future
− Assess A1C changes and form long-term

self-management plan

Maintenance phase
6 months, quarterly sessions

29 Review
− Play LIFE Jeopardy to review content of sessions 1–5

30 Celebrate LIFE
− Potluck meal and creation of “vision boards” as

reminder of long-term goals
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and a portion of fat the size of a thumb (approximately one
tablespoon) per meal. Participants were also introduced to
carbohydrate counting as an additional, optional method of
portioning carbohydrates. During the carbohydrate counting
section of the curriculum, participants were encouraged to
consume 3–4 carbs (45–60 g of carbohydrate) per meal, and
1–2 carbs (15–30 g) per snack. Participants were also taught to
calculate carbohydrate content using food labels. Phase 2 (bi-
weekly) focused on how to select and prepare higher quality
foods from each Plate of LIFE food category; that is, foods with
more complex carbohydrates, less sodium and less fat. Partic-
ipants also learned how to identify fiber and sodium content
using food labels. During Phase 2, the lay concept “God's Food,”
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identified in prior studies with the target population, was used
to refer to natural, non-processed foodswith high fiber and low
sodium. During the first two phases of the curriculum, there
were interactive, hands-on activities during each lesson. For
example, participantsworkedwith actual food labels of common
foods, practiced portioning real foods such as pasta, rice, cookies,
etc., and measured out portions of sugar and fat contained in
common foods. Phase 3 (monthly) focused on discussion among
participants regarding topics related to prevention of compli-
cations, relapse prevention and problem-solving, and mainte-
nance of behavioral changes. The curriculum was designed to
be repetitive. Informationwas reviewed in differentways across
multiple sessions. This was to address literacy issues and also to
accommodate individuals who could not attend every class.
Participants whomissed a class were taught the information by
the peer supporters during the group classes they attended and
on telephone calls.

Literacy limitations were addressed by tailoring the inter-
vention to specific information deficits that had been previously
identified in the target population, as described above. In addi-
tion, during instruction, literacy barrierswere addressed through
frequent use of graphics, simplified food lists, and physical dem-
onstrations and hands-on activities to reinforce more abstract
concepts. Numeracy barriers were addressed by repeated visual
and tangible exercises counting out carb portions (using real
food), connecting carb portions to blood sugar readings, and
frequent reinforcement of blood sugar targets and A1C goals.

At each session, participants were given a healthy snack and
at one session participantswere offered ameal, consistentwith
the Plate of LIFE with healthy versions of culturally-favored
foods. The snacks and meal gave participants an opportunity
to try new foods and to experience appropriate portion sizes.
Participants also received recipes for all new foods.

Participants received a color manual divided into chapters
for each of the lessons. The manual contained simple graphic
illustrations of each of the concepts taught and worksheets for
participants to use during group activities. Worksheets were
included to assist participants in planning meals, generating
food substitutions (e.g. substitute whole grain foods for refined
carbohydrate foods), and practicing counting carbohydrates
and interpreting food labels. The manual was accompanied by a
detailed leader's guide for the intervention staffwhich described
the lesson, interactive activities, and materials needed for each
session. Participants also received daily self-monitoring logs in
which they were encouraged to keep a daily record of all food
eaten as well as pre- and post-prandial blood sugar values. The
LIFE log (Appendix B) depicted pictures of the Plate of LIFE
in which participants could record their food intake for lunch
and dinner. The LIFE log served as a reinforcement of the core
nutrition teaching tool of the intervention and encouraged
participants to learn macronutrient categories of foods.

The nutrition portion of the intervention includes individual
tailoring for each participant. At the beginning of each session,
the dietitian reviewed the daily logs collaboratively with each
participant. The dietitian encouraged the participant to problem-
solve to discover the influence of his or her food choices on
pre- and post-prandial blood sugar values. This helped increase
participant self-efficacy and helped participants to self-identify
food changes that weremore likely to improve glycemic control.

The nutrition education curriculum was delivered by a
registered dietitian in 45 min of the 2-hour group session (see
Table 1). Sessions were held in community centers near each
clinic. Each clinic had a kitchen, used to prepare food for the
class, and sufficient space for the group exercise activity.

1.6. Self-monitoring of blood glucose

Self-monitoring of blood glucose is associated with im-
provement in glycemic control when it is used by participants
tomake changes in diabetesmanagement [42]. A central goal of
the curriculum was to encourage participants to discover the
relationship between their food intake and their blood glucose
levels, which allowed them to optimize self-management of
blood glucose through adjustments in food decisions.

All study participants were supplied with a glucometer by
the clinic. Intervention participants were provided with extra
blood glucose test strips as needed, in order to meet the rec-
ommended blood sugar testing schedule. Participants were
asked to test and record their blood sugar throughout the
intervention in their daily log books. During the first four
weeks, participants were asked to record their fasting blood
sugar at least two times per week. During this phase, if fasting
blood sugar was consistently high, participants were encour-
aged to see their primary care physician to adjust medications.
During weeks 5–7, participants were asked to test and record
their blood sugar at fasting and 2 h after breakfast at least twice
per week. During the remaining weeks, participants were
encouraged to monitor their blood sugar before and 2 h after
lunch or dinner and adjust their carbohydrate consumption
accordingly. Participants recorded blood glucose readings in
the LIFE log (Appendix B). If their post-prandial glucose was
N180 mg/dL, the dietitian helped the participant to problem
solve to identify excess carbohydrate consumption and/or
medication non-adherence. Throughout the intervention, if the
dietitian became aware of consistently high blood glucose or
frequent hypoglycemic events, the dietitian advised the
participant to discuss medication changes with his or her
primary care physician.

As needed, the dietitian tailored blood glucose self-monitoring
goals to the specific needs and circumstances of individual par-
ticipants during the individual food log reviews at each group
session. During weekly phone calls, peer supporters recorded
blood sugar readings and encouraged participants to check
their blood sugars at the recommended times.

1.7. Physical activity

A higher frequency of aerobic activity and resistance training
is associated with better glycemic control [53–55]. Participants
were given resistance bands and a 10-minute resistance band
workout was included in every group session (see Table 1).
Participants were also given a New Lifestyles NL-800 Acceler-
ometerwith a 7-daymemory (NewLifestyles, Lees Summit,MO)
to self-monitor physical activity. At every group session, peer
supporters recorded participants' average daily steps for the
prior week from the device memory, and participants were
encouraged to write their steps and other activities in their LIFE
logs. Participants set a daily step goal at every session and were
encouraged to increase their number of daily steps in increments
up to 10,000 per day. Peer supporters checked progress toward
step goals during telephone calls.
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1.8. Social support

Abundant evidence suggests that social support improves
diabetes self-management behavior, attendance at diabetes self-
management classes and motivation [56–59]. Two components
of the intervention were designed to provide social support to
participants. First, approximately 25 min of each small group
session was dedicated to a group discussion among partici-
pants about the barriers and successes they experienced in their
journey to improve their diabetes self-management (Table 1).
These group support sessions were called “listening sessions”
because the primary goal was to enable participants to share
their struggles as well as their communal wisdom and exper-
tise. This process was meant to provide further opportunity for
self-discovery and self-empowerment. This aspect of the inter-
vention also encouraged trust and bonding among participants,
who come to see one another as role models. The listening
section of the class was led by the group facilitator on the
intervention team, an African American individual with exten-
sive experience in group facilitation.

Social support was also provided through the use of peer
supporters. The intervention team included African American
peer supporters with successfully controlled type 2 diabetes,
from the same communities as the participants. The peer sup-
porters completed 8 h of training from a clinical psychologist in
the techniques andprocesses described below. Each participant
was assigned a single peer supporter with whom they inter-
acted throughout the intervention.

In each group session, peer supporters worked with their
participants to set individualized behavioral goals that were
specific, measurable, attainable, relevant to the program goals,
and time-limited (SMART). Typically, one goal was set for each
of three LIFE program goals (diet, physical activity, and self-
monitoring of blood glucose). Between group sessions, peer
supporters contacted participants by telephone to provide
social support and assess progress with each goal. Peer sup-
porters were trained to reinforce progress on goals with verbal
praise. When goals were not achieved, peer supporters probed
to identify barriers to progress and determine whether those
barriers stemmed from either motivational ambivalence about
change (e.g., participant is unmotivated to perform finger stick
to self-monitor blood glucose) or a logistical problem (e.g., ran
out of glucose test strips). Peer supporters were trained in the
application of simplified motivational interviewing techniques
to address motivational ambivalence, and problem-solving
strategies to help participants overcome logistical barriers to
meeting their goals. Peer supporters recorded participant goals
at the group sessions, and documented progress with goals
and the application of motivational interviewing and problem-
solving techniques during peer support phone calls. Peer sup-
porters were supervised by a clinical psychologist and presented
their caseload atweekly case conferences attended by the super-
vising clinical psychologist, the dietitians, and group facilitators.

1.9. Control group

The control group received two group classes covering dia-
betes self-management training and diabetes nutrition educa-
tion, taught in the clinics by a registered dietitian. This amount
of diabetes education corresponds to the type and amount of
diabetes education covered by the Centers for Medicare and
Medicaid Services after the first year of diagnosis [34]. Like the
intervention group classes, the content of the control group
classes covered topics recommended in the National Standards
for Diabetes Self-Management Education [41]. The first class
covered the pathophysiology of diabetes, prevention of acute
and long-term complications, signs and treatment of hypogly-
cemia and hyperglycemia and self-monitoring of blood glucose.
The second class began with a discussion of participant be-
havior changes since the first class and a review of the first
class, followed by instruction and discussion on the importance
of meal and snack timing, carbohydrate management and the
role of physical activity and stress reduction in diabetes man-
agement. At the end of each class, participants were encour-
aged to identify one behavior (medication adherence, blood
glucose monitoring, diet or exercise behavior) they were ready
to change. One class was offered permonth and each of the two
classes was offered three times over the first six months of the
intervention period to maximize the ability of study partici-
pants to attend both classes. Patient education materials were
uniform throughout all the control cohorts and consisted of
blood glucose logs, ABC's of diabetes target goal sheets, car-
bohydrate counting instruction sheets, food models and food
labels. All control group participants were called and reminded
to attend the classes.

1.10. Educational mailings

Through the duration of the study, participants in both
groups received educational material from the American Asso-
ciation of Diabetes Educators every 10 weeks. Topics covered the
AADE 7 self-care behaviors and include: Being Active, Healthy
Coping, Healthy Eating, Self-monitoring, Problem-solving, Re-
ducing Risks, and Taking Medications.

1.11. Fidelity

Fidelity to intervention and control group sessions was
monitored using checklists developed for each session to assess
content delivery. All group sessionswere recordedusing a digital
voice recorder. The project director reviewed fidelity data and
provided group leaders with feedback to ensure that all topics
were discussed over the duration of the study. Peer supporters
completed protocol forms for each peer support call which in-
dicated whether specific topics were addressed and provided a
quick evaluation of participant comprehension of content. Inves-
tigators randomly recorded peer supporter phone calls in each
cohort to assess the delivery of intervention content. Supervisory
meetingswere heldweekly by the study psychologist to provide
feedback to peer supporters and problem-solve individual par-
ticipant cases.

Enactment of treatment skills was assessed via food logs,
accelerometer readings, and blood glucose monitoring records
collected and reviewed at each group session. Accelerometer
steps, food intake, and blood glucose monitoring were also
monitored through evaluation by peer supporter calls.

1.12. Statistical analysis

Theprimary outcome is change in glycemic control at 1 year.
The hypothesis is that participants in the intervention groupwill
experience a greater reduction in A1C than participants in the
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control group at 12 months. The following analyses will be
performed to assess the effect of the intervention on change in
A1C: 1) for the primary analysis, baseline A1Cwill be subtracted
from the 12-month A1C measurement. A two-sided, 2-sample,
t-test (or the Mann–Whitney test if the distribution of the
change of A1C is notwell approximated by aNormal distribution)
will be used to compare mean change in A1C measures between
the two groups. 2) Linear regression will be used to assess the
effect of the intervention on the 12-month change inA1C (from
baseline) adjusting for covariates such as age, gender, baseline
A1C, length of time with diabetes, and insulin-use. 3) To assess
the influence of group dynamics in both treatment arms an
indicator for treatment delivery group will be added as a covar-
iate to the linear regression described above. 4) To assess the
change inA1Cover the first 12 months (frombaseline, 6 months
and12 months), linearmixedmodelswill be employed, utilizing
a time by treatment arm interaction variable to test for an
interaction between time (3 A1Cmeasurements) and treatment
group, alongwith a random intercept and any other appropriate
randomeffects. 5) Thepreviousmodelwill be repeated adjusting
for age, gender, length of time with diabetes, recruitment site
and insulin-use. As with the earlier analysis, a group indicator
variablewill be added as a covariate to assess the influence of the
group construct to be employed within the intervention arm.

To measure maintenance of any intervention effects, we will
repeat analyses 1–5 above using 18-month A1C values and co-
variates. An additional analysis will be run to determine whether
intervention effectsweremaintained between12 and 18 months.
An indicator variable will be added to model 5 above to allow
for piecewise modeling of slopes during the intervention and
maintenance time periods.

1.12.1. Sample size computation
The study sample size was determined based on the pri-

mary analysis that compares mean change in A1C between the
two treatment groups. It was hypothesized that the mean
change in A1C, from baseline to month 12, among those in the
intervention group will be at least 0.7% lower than the mean
change among those in the control group. This hypothesis is
supported by data obtained from the LIFE pilot study [51]. We
further assume that the standard deviation of this change in
A1C is approximately 1.6, aswas observed in both the LIFE pilot
study and the MATCH study, a two-year community-based
study of Mexican-Americans with diabetes [60,61]. A two-
sample, two-sided, t-test will be used for the primary analysis.
In order to detect a 0.7% difference in the means, at a signif-
icance level of 0.05 and 80% power, the t-test requires a total
sample size of 166. Further, adjusting for an assumed 20%
dropout rate and the need to recruit participants in cohorts of
size 15, 210 participants in total will be required, with 105
participants in each group.

2. Discussion

The existence of black–white health disparities in compli-
cations of type 2 diabetes is an ongoing problem that can be
addressed by increasing the evidence-base for diabetes self-
management interventions for low-income African Americans.
Because disparities appear to be associated with lower literacy
and lower socioeconomic status, interventionsmust be sensitive
to those vulnerabilities. In addition, diabetes self-management
interventions should target lifestyle behaviors, improve low
medication adherence and decrease cardiovascular risk factors.
The current intervention combines literacy-sensitive, culturally-
tailored nutrition education, evidence-based behavioral mod-
ification strategies of self-monitoring and goal-setting, and
extensive social support to facilitate improved self-management
among African Americans with type 2 diabetes attending safety
net primary care clinics.

To our knowledge, there are no community-based interven-
tions that have achieved long-term improvements in glycemic
control in low-income African Americans by targeting diet and
physical activity. Three diet and physical activity interventions
showed short-term improvements in glycemic control but none
showed improvements at six months following intervention
[51,62,63]. The recent failure of the Look AHEAD intensive
lifestyle intervention to show long-term reduction in cardiovas-
cular outcomes [64], highlights the need for novel approaches to
diabetes self-management that will result in long-term reduc-
tions in diabetes complications. The LIFE intervention can also
be used to inform development of an adaptive intervention by
identifying tailoring variables that may distinguish between
early, late and non-responders [65].

The LIFE intervention was specifically designed to decrease
disparities in diabetes outcomes by targeting low-income
African Americans. The intervention used a multi-component
strategy based on components that have been shown to be
effective at improving diabetes self-management in higher-
risk groups, including cultural tailoring, one-on-one contact
with individualized assessment and reassessment, a focus on
behavior-related tasks, use of feedback about participant's
control of disease, and a high-intensity intervention delivered
over a long duration [66]. Unique aspects of this intervention
include the extent of developmental research that informed
the tailoring of the nutrition education curriculum, the exten-
sive social support provided by the intervention, the focus on
using blood glucose readings to manage food choice decisions,
and the extent of individual tailoring that was incorporated.

Recent recommendations for nutrition therapy for partici-
pants with type 2 diabetes recommend that it be provided by a
registered dietitian and individualized for each patient [43,67].
One-on-one sessions with a dietitian can be resource intensive
and may not be practical in a public health or safety net clinic
setting. The current intervention was designed to provide the
benefits of dietitian-delivered individual counseling in a cost-
effective way, with the addition of the critical ongoing social
support necessary for behavior change in populations with
numerous barriers to effective self-management. We hypoth-
esize that this model will prove to be a sustainable and cost-
effective way to provide a high risk population with compre-
hensive support for diabetes self-management that will also
maximize other health benefits, such as improved blood pres-
sure and weight.
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