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Abstract
Background—American Indians experience high rates of type 2 diabetes. The impact of low-
intensity interventions on diabetes risk among young American Indian women is unknown.

Design—Randomized controlled trial

Setting/Participants—Community-based; participants were 200 young urban American Indian
women who were block-randomized on fasting blood glucose (FBG) into intervention and control
groups. Inclusion criteria included self-reported identity, aged 18–40 years, not pregnant, willingness
to stay in urban area for 2 years, and not having type 2 diabetes. Measures were taken at baseline, 6,
12, and 18 months. Data were gathered 2002–2006 and analyzed 2006–2007.

Intervention—Five discussion group sessions (one meeting per month for five months) were held
focusing on healthful eating, physical activity, goal-setting, and social support..

Main Outcome Measures—Primary outcomes included dietary fat and vegetable consumption
and self-reported physical activity. Secondary outcomes included cardiorespiratory fitness, insulin
sensitivity, blood pressure, lipid profiles, percent body fat, BMI, intake of fruit, total sugar and
sweetened beverages, FBG, and television viewing.

Results—Mean vegetable and fruit intake increased significantly more in the intervention group
than in the control group over time (group by visit interaction, p=0.02 and p=0.002, respectively).
Both groups had significant increases in percent body fat and decreases in waist circumference,
insulin sensitivity, blood cholesterol, LDL, television viewing, and total intakes of energy, saturated
fat, sugar, and sweetened beverages.

Conclusions—A culturally influenced, low-intensity lifestyle intervention can improve self-
reported intakes of vegetables and fruit over 18 months in young, urban American Indian women.

Rates of type 2 diabetes are increasing at an alarming rate throughout the United States and
other developed countries. American Indians are among those at highest risk; the prevalence
of type 2 diabetes among American Indians and Alaska Natives across the U.S. aged 18 and
older is 13.6%, compared with 7.4% for the overall U.S. population.1 Depending on the tribe,
prevalence of type 2 diabetes is two to five times higher than among non-Hispanic whites.2
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Type 2 diabetes is now recognized as a major public health problem among young American
Indians and Alaska Natives, as prevalence among those aged <35 years has increased by 46%
in under a decade.3

Risk factors for type 2 diabetes in both the general population and among American Indians
and Alaska Natives include overweight or obesity, physical inactivity, and family history.4 For
reasons not yet understood, populations with higher prevalence of type 2 diabetes (including
Pima Indians) may have higher glucose-stimulated insulin secretion and lower insulin
sensitivity, even among individuals with normal glucose tolerance.5 Regular physical activity
and consuming diets lower in fat and added sugars and higher in plant-based foods are
associated with reduced prevalence of obesity.6 Studies assessing risk factors among American
Indians and Alaska Natives have reported a high prevalence of overweight and obesity among
men and women7–9 and a consumption of diets relatively high in fat, fast foods, and sugared
beverages.10–14 Many American Indian women report physical activity levels lower than
current recommendations.9,15–17

A significant amount of research on type 2 diabetes has been conducted with American Indians
living in rural reservation communities.18–21 However, as American Indians migrate to urban
centers, there is a pressing need to gather information and develop prevention programs for
American Indians living in urban environments since there are few preventive services
available for these culturally diverse urban American Indians. A rural program based in a tribal
reservation community can be designed to fit the cultural traditions of the specific tribal nation.
However, cities attract American Indians from a variety of tribes, who then live and work
alongside urban residents of other cultures, indicating a need for programs that address the
strengths and challenges of this cultural diversity. Currently, 56% of the 2.5 million people
identifying themselves exclusively as American Indian/Alaska Native live in cities, and this
number increases to 66% for those identifying themselves as American Indian/Alaska Native
or as American Indian/Alaska Native in combination with some other racial category.22 It is
critical that information on the risk factors of urban American Indians is assessed and utilized
to guide the development and implementation of prevention and treatment programs for this
population.

The aim of this paper was to describe the effects of a culturally influenced intervention on
behavioral risk factors for type 2 diabetes among asymptomatic American Indian women
recruited from the general urban community. The main research hypothesis was that
intervention participants would improve one or more of the following primary outcomes in the
intervention group compared to the control group over 18 months of follow-up: decreased
dietary fat, total energy intake, increased vegetable consumption, self-reported leisure-time
physical activity or percentage of participants who meet physical activity recommendations.
The secondary hypothesis was that intervention participants would improve on fruit and
sweetened beverage intake, body composition, insulin sensitivity, fasting blood glucose (FBG),
resting blood pressure or lipid profiles in the intervention group compared to the control group
over the 18-month follow-up period.

Research Design and Methods
Two hundred American Indian women aged 18 to 40 years were recruited without regard to
weight, FBG, or other risk factors for type 2 diabetes from a southwest U.S. city to participate
in this RCT. Inclusion criteria included age 18–40 years on recruitment into the study; self-
reported identity as American Indian; not pregnant per self-report during screening, verified
with a pregnancy test at baseline, and not planning a pregnancy over the subsequent 2 years;
willingness to stay in the urban area for 2 years; and not having type 2 diabetes. Human subject
approval was obtained from the University of New Mexico Health Sciences Center Human
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Research Review Committee June 27, 2001, after prior approval from the Institutional Review
Board of the regional Indian Health Service office.

Recruitment and Retention of Participants
Volunteers were recruited through flyers, word-of-mouth, and local print and television media.
Interested volunteers were screened via telephone for eligibility. If eligible, an in-person
meeting was scheduled for further explanation and formal consent before scheduling baseline
clinical measurements to determine eligibility of FBG ≤6.94 mmol/L (126 mg/dL).23

To optimize participant retention, transportation was provided to intervention sessions and
clinic visits as needed. Participants were reimbursed for child care and sent clinic visit
reminders by mail, e-mail, and telephone. Each intervention session was offered three times
per month at times participants indicated as convenient. A 5-month schedule was mailed during
the month prior to the start of the intervention, and staff called each participant during the week
of each session to determine potential attendance. Intervention-group women received
educational materials and incentives at each session (e.g., cutting boards to support increased
vegetable intake), and all participants received $50 cash after each completed clinic visit.

Intervention
A team of Native and non-Native professionals from diverse health professional and research
training backgrounds adapted a curriculum previously used with rural Pueblo Indian adults
with type 2 diabetes.24 The intervention targeted specific dietary and activity behaviors (Table
1). All strategies were based on achieving behavior change via social cognitive theory (SCT).
25 A theory matrix was developed listing specific facilitator and participant actions related to
each SCT construct within the intervention.26 Revisions of cultural content were based on
feedback from pilot testing with urban Native women.26,27 Cultural content in the final
intervention included didactic and discussion support of American Indian physical activities
and dietary cultural strengths, examples of diabetes prevention approaches by tribal nations
across the country, and graphics of Native women in the target age group.

The final intervention consisted of five discussion-format group sessions (one per month for
five months) facilitated by two trained female American Indian health educators. Both
facilitators helped design the intervention. Facilitator training included review of SCT
constructs, objectives, and didactic materials for each behavioral strategy and session. Sessions
lasted 2 to 2.5 hours and included learning to read food labels, strategies for choosing healthier
foods when eating out or snacking, taste-testing of healthy meals, and dissemination of
inexpensive recipes for at-home preparation of foods to increase vegetable and fruit intake and
decrease saturated fats (see Table 1). Weather permitting, the facilitator led a 15-minute
outdoor walk at the beginning of each session. Goal-setting was emphasized in all sessions to
provide practice in self-selecting behavior-change goals, taking feasible action steps,
developing strategies to address barriers, and enhancing facilitators of behavior change with
emphasis on nonfood rewards. Each session included discussion of how strategy
implementation proceeded during the previous month. An independent evaluation team
member observed each session and coded the extent to which each session objective was met.
For missed sessions, intervention-group participants received didactic materials and a brief
review of content prior to the subsequent session. Additional information about intervention
development and evaluation is described elsewhere.26

Measurements
Primary outcome measures included dietary fat and energy intake, vegetable consumption,
self-reported leisure-time physical activity, and percentage of participants who met the current
recommendations for physical activity (150 minutes/week of moderate/vigorous physical
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activity).28 Secondary outcome measures included: cardiorespiratory fitness; percent body fat;
BMI; dietary intake of fruit, total sugar (g/day), and sweetened beverages (oz/day); FBG; time
spent viewing television; insulin sensitivity; and resting blood pressure and fasting lipid
profiles.

All data were collected from 2002 to 2006 at the university-based National Institutes of Health
(NIH)–funded General Clinical Research Center (GCRC). Measurements were conducted at
baseline and post-intervention at 6, 12, and 18 months. Participants arrived at the outpatient
GCRC in the morning following an overnight fast. GCRC research staff was blinded to the
group status of participants. Fasting blood samples were taken via venipuncture using standard
procedures and analyzed for serum glucose, insulin, and blood lipids. Serum glucose was
assessed using an enzymatic assay. Serum free insulin was determined using a
chemiluminescent immunometric assay. Blood lipids (total cholesterol, triglycerides, HDL
[measured], and LDL [calculated]) were analyzed. Total cholesterol and triglycerides were
analyzed using spectrophotometry. Direct HDL-cholesterol was determined using an
elimination enzymatic assay. The LDL value was calculated from total cholesterol,
triglycerides, and HDL (LDL = CHOL−[(TRIG/5) + HDL]). Insulin sensitivity was estimated
using the log-transformed equation QUICKI.29 Based on FBG values, participants were
classified as having normal FBG (<5.55 mmol/L or <99 mg/dL) or impaired FBG (5.55 to 6.94
mmol/L or 100 to 125 mg/dL).23 FBG status was used to randomize participants so that
participants with impaired fasting glucose were spread equally among intervention and control
groups.

Height was measured using a stadiometer, a beam scale was used to measure body weight, and
a tape measure was used to assess waist circumference.30 BMI was calculated (kg/m2) and
participants classified as normal weight (BMI <25 kg/m2); overweight (BMI 25–29.9 kg/m2);
or obese (BMI≥30 kg/m2). Body composition was measured using bioelectric impedance
analysis, applying a prediction equation validated with American Indian women.31 Digital
monitors with automated cuffs were used to measure resting blood pressure.

Self-reported physical activity and hours per day of television viewing were assessed using the
Modifiable Activity Questionnaire, which has been validated with Pima Indian women and
men.32 Cardiorespiratory fitness (VO2 peak) was estimated using the YMCA submaximal
bicycle ergometer test.33 Women who were unable to complete the bicycle test were retained
in analyses for all other outcome variables. Past-year (at baseline) and previous 6-month (at
the three follow-up measurements) average total energy intake (kcal/day); total fat intake (g/
day); saturated fat intake (g/day); and fruit and vegetable intake (servings/day) were assessed
using the Block 98 quantitative food frequency questionnaire (FFQ) with the addition of
regional foods (Block Dietary Data Systems).34 The composite Southwestern foods have been
validated in New Mexico with Hispanic and non-Hispanic white women,35 and they contain
foods that are commonly available in New Mexico and are reported to be consumed by
American Indian youth and adults.36–38 FFQ data were reviewed for completeness, and study
staff obtained and recorded participants’ missing responses. Research dietitians administered
a standard 24-hr dietary recall at each visit using Nutrition Pro, version 1.0 software for nutrient
computations. Values reported here for total sugar and sweetened beverage intake are from the
24-hour recall, as these data are not available from FFQ analysis.

Statistical Analyses
All data were analyzed in 2006 and 2007. Because of concerns about potential bias from
missing data due to dropout, participants’ last values for each measure were carried forward
from the point of dropout for an intent-to-treat analysis.39 Reasons for dropout included
pregnancy, moving out of the geographic area, or reporting being too busy to continue. The
remaining missing values were interpolated by averaging the adjacent values. Missing values
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were due to skipped clinic visits, skipped fitness tests, or invalid data. Invalid data consisted
of failure to complete at least two stages of the YMCA protocol for the bicycle fitness test, or
an invalid FFQ per the Block 98 computerized internal validity checks. All analyses were
performed using SAS, version 9.1.

Descriptive statistics were generated for all outcome variables. A 2 × 4 (group by visit) repeated
measures ANOVA (RM ANOVA) using PROC MIXED was used to determine effects of the
intervention over follow-up. For nonsignificant group by visit interactions, higher order
interactions were excluded and results were reported for the reduced models. For categoric
variables, Fisher’s exact test was used to determine between-group differences.

Results
Between January 2002 and February 2006, 473 potential volunteers contacted the research
office about the study, 333 expressed interest and met telephone screening eligibility criteria,
257 scheduled a consent appointment, 228 completed the consent process, and 211 participants
attended the baseline clinic measures appointment (Figure 1). On baseline screening, four
participants were ineligible due to a positive pregnancy test and all measures were halted. Seven
women completed baseline measures but were ineligible due to FBG levels indicative of type
2 diabetes. Ineligible participants were informed of their status and referred to their healthcare
provider for appropriate follow-up. The seven ineligible participants with baseline information
differed from the 200 eligible participants only in FBG. The sample of 200 volunteers who
entered this study is an estimated 6.6% (200 of 3050) of American Indian and Alaska Native
women aged 20–39 years residing in the catchment area as of 2005 census figures.40

Eligible participants were block-randomized according to fasting glucose status (normal versus
impaired) into the intervention group (n=100) or the control group (n=100) by two computer-
generated lists to ensure equivalent numbers of participants with impaired fasting glucose in
each group. The study was designed to offer a delayed intervention to women in the control
group, as informal discussions held with young urban American Indian women during study
development indicated this would improve recruitment and retention in the study, and would
indicate a commitment to the community beyond the life of the research study. During the 18-
month study period, control-group participants received mailings of a Native health magazine,
address change postcards, clinic visit reminders, and phone calls to schedule clinic visits.

As shown in Table 2, there were no significant differences at baseline between intervention
and control participants in regards to age, BMI, family history of type 2 diabetes, personal
history of gestational diabetes, education level, number of children, number of women working
outside of the home, and stage of change for lifestyle behaviors. Additional baseline data
describing participants are published elsewhere.41

Fifty-three of the 100 women (53%) in the intervention group attended three or fewer of the
five intervention sessions. Retention at the 6-month clinic visit was 164/200 (82.0%), and was
154/200 (77.0%) and 135/200 (67.5%) at 12- and 18-month visits, respectively. Analyses
indicated dropout was random between the groups. Reasons for dropout included moving out
of the area, pregnancy, or self-reporting being too busy to continue (see Figure 1).

The impact of the intervention on primary outcomes is reported in Table 3. RM ANOVA
analyses found a significant group × visit interaction for vegetable intake, indicating that the
intervention group reported a significantly higher intake of vegetables as compared to the
control group over the course of the study (p=0.02). No other significant group × visit
interactions for primary outcomes were found. The RM ANOVA analyses also indicated an
effect of visit, in that both groups showed significant decreases over time in intakes of total
energy, total fat, and saturated fat. Leisure-time physical activity did not significantly change
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over time. At baseline, 64.0% of the intervention group and 70.0% of the control group met
the current recommendations for at least 150 minutes of moderate or 60 minutes of vigorous
activity per week. Among those in the intervention group who did not meet recommended
levels at baseline, 38.9% did meet criteria by 18 months, compared to 33.3% in the control
group (p=0.80).

Table 4 shows the impact of the intervention on secondary outcomes. RM ANOVA analyses
showed a significant group × visit interaction for fruit, indicating a significantly greater increase
in reported fruit intake for the intervention group as compared to the control group. There were
no significant group × visit interactions for any other secondary variables. However the group
× visit interactions for BMI and diastolic blood pressure approached significance, indicating
a trend toward a decrease in BMI in the intervention group and an increase in BMI for the
control group over time (p=0.08), and a trend toward a decrease in diastolic blood pressure for
the intervention group and an increase in this variable for the control group at 6 months post-
intervention (p=0.06). At 6 months, 49.0% of the intervention group versus 34.0% of the control
group had lost weight compared to baseline (p=0.04), with a mean percentage loss of 2.1±3.2%
and 1.7±3.9% of baseline body weight, respectively. At 18 months, 59.0% of the intervention
group and 52.0% of the control group had lost weight compared to baseline (p=0.39), with a
mean percentage loss of 4.7±4.2% and 4.8±4.0% of baseline body weight, respectively (data
not shown). There was a significant effect of visit indicating increases in percent body fat and
HDL for both groups over time, and decreases for both groups for dietary intake of total sugar
and sweetened beverages, television viewing, insulin sensitivity, waist circumference, total
cholesterol, and LDL.

Conclusion
Results of this trial demonstrated that the culturally influenced intervention resulted in
significant increases in self-reported intake of vegetables and fruit. These changes were
maintained for 1 year following the intervention. Immediately following the intervention,
significantly more women in the intervention group lost weight compared to the control group,
but by the end of the follow-up period there was no difference in the percentage of women who
lost weight or the mean percentage of baseline body weight lost by treatment group.

Enrollment in the trial resulted in improvements in select diabetes factors for both treatment
groups. However, both groups showed a small but significant increase in percent body fat
(≤1%) and a small but significant decrease in insulin sensitivity (0.006–0.008). The increase
in percent body fat appears contradictory to the significant decrease in waist circumference
experienced by both groups. These small changes in percent body fat and insulin sensitivity
are within the margins of error and normal variability ranges for these methods and are not
considered clinically significant.30,42,43 In addition, no significant changes in fasting blood
glucose occurred in either treatment group. The decrease in waist circumference experienced
in both groups was accompanied by decreases in blood cholesterol; LDL; hours spent viewing
television per day; and self-reported intakes of total energy, total fat, saturated fat, total sugar,
and sweetened beverages. The decrease observed in saturated fat intake for both groups is
particularly relevant, as there is increasing evidence that higher saturated fat intakes may be
more important in the development of insulin resistance and resulting type 2 diabetes than total
fat intake.44,45 Sweetened beverage intake also has been linked to weight gain and
development of type 2 diabetes.44,46,47 Thus it appears that these study participants,
regardless of group assignment, had reduced the time they spent doing a sedentary behavior
and made changes in food intake that resulted in decreasing their waist circumference and
improving their lipid profile.
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It is recognized that people who are willing to enroll and participate in interventions may be
more ready to make lifestyle changes, and many will do so despite being assigned to a control
group and being asked to maintain their current dietary and physical activity behaviors.48–
50 Stage of change was assessed in the current trial and data related to stage of change and
intervention attendance are published elsewhere51. As reported in Table 1, almost all of the
participants in the current trial were either thinking about making, were preparing to make, or
had already made dietary or activity lifestyle changes on entry into the study, which was likely
an important contributor to both groups experiencing improved health benefits as a result of
participation.

Despite the substantial research that has been conducted concerning the effects of diabetes in
American Indian communities,5,18–20,24 there are few community-based lifestyle prevention
interventions available.21 The Diabetes Prevention Program (DPP) demonstrated that an
intensive lifestyle intervention successfully stimulated lifestyle modifications that reduced risk
factors for type 2 diabetes and cardiovascular disease, specifically in overweight adults with
impaired glucose tolerance.52–55

In contrast to the DPP, the current trial was designed as a low-intensity intervention so that it
might reduce costs and meet the needs of diverse urban American Indian women. Thus, we
intervened much earlier in life with women who are considered higher risk due to their genetic
background, family history, and general tendencies toward higher rates of obesity and physical
inactivity. It is not surprising that the intervention implemented in the current trial had less of
an impact on diabetes risk than trials like the DPP, as it was less intensive and also because
the women in the current trial were younger and at lower average risk for type 2 diabetes than
the DPP participants. To our knowledge there are no published studies indicating the intensity
level necessary to intervene effectively in individuals who are at genetically higher risk but do
not have impaired glucose tolerance.

Determining the best time to intervene to reduce chronic disease risks is an important challenge
facing researchers and healthcare professionals, with recent calls to combine high-risk and
community-based approaches.21,56 When attempting to implement diabetes prevention
interventions in communities, it is difficult to justify excluding people because they may not
yet be obese or have impaired glucose tolerance. They are given the message from healthcare
professionals that they are at high risk due to family history and less-healthful lifestyle
behaviors, but then they do not qualify for interventions because their risk is not considered
high enough according to predefined clinical or research standards. It is recognized that the
chances of finding significant changes due to an intervention are substantially increased when
intervening with high-risk individuals. The results of this current trial indicate that having trial
participants who attend clinic visits every 6 months and get feedback about their body weight
and general health can lower diabetes risk without receiving a formal intervention. These results
are encouraging as they suggest that intense interventions may not be necessary for change
among these young women, and receiving regular feedback on their health status may be
enough of an intervention to effect sustained changes. Recent research has indicated that high-
normal levels of FBG are predictive of increased risk for type 2 diabetes and cardiovascular
disease,57,58 thus it appears important to intervene as early as possible. As resources are
limited in both healthcare and community settings, this could indicate that more intense (and
costly) interventions be prioritized for those at highest risk, while less intensive options made
available for those who do not yet exhibit obesity or impaired glucose tolerance.

The generalizability of these results is limited due to the fact that participants were a
convenience sample of volunteers; it is possible that women who perceived themselves at
higher risk for type 2 diabetes and who were more motivated to change behaviors were willing
to participate. The tribal affiliation of this sample was primarily Navajo and Pueblo tribes of
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the southwest, which could limit applicability to other tribal groups. In addition, self-reported
measures of nutrient intake and physical activity are subject to recall bias,48,59 and the bicycle
test may have been unable to detect any changes in cardiorespiratory fitness as the most
common activity performed by the participants was walking. High variability in women’s
responses at follow-up, especially among those with normal clinical values, and dropout
reduced statistical power and made it difficult to detect significant differences between groups.
Lower intervention attendance than anticipated also may have diminished possible effects of
the intervention.

In conclusion, the results of this randomized controlled trial indicate that a culturally
influenced, less-intensive lifestyle intervention can result in improvements in mean self-
reported intakes of vegetables and fruit over an 18-month period in young, urban American
Indian women. Both intervention and control groups experienced beneficial changes—in waist
circumference; blood cholesterol and LDL; television viewing; and total intakes of energy,
total fat, saturated fat, total sugar, and sweetened beverages—suggesting that less-intensive
interventions may be effective in reducing risk for type 2 diabetes in this group.
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Figure 1.
Flow of study participants showing new dropouts at each follow-up
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Table 1
Lifestyle intervention objectives for monthly group discussion-format educational sessions facilitated by
American Indian health educators

Session Objectives

All sessions • Exercise together for 15 minutes

• Taste-test and learn about the healthy snacks provided

• Write a behavior change contract each month that includes a dietary or exercise objective, action steps, strategies
for enhancing facilitators and addressing barriers to behavior change, and nonfood self-rewards

• Discuss what worked and did not work in making dietary and/or exercise changes in the previous month

• Strategize ways to address barriers to change

• Review examples of healthy lifestyle approaches that various tribes around the country are using

• Receive encouragement to share what is learned with family and friends
One: Be Strong in
Body and Spirit

• Receive a brief overview of types of diabetes, insulin resistance and risk factors for type 2 diabetes

• Discuss a balanced life, learn signs of distress, and practice a stress management technique

• Learn importance of regular exercise in preventing type 2 diabetes

• Learn how to start an exercise program

• Practice stretches

• Learn how to develop a behavior change contract as described above; develop a contract for the month for an
exercise objective

• Learn to use a calendar to record physical activities

• Learn ways to stay motivated to maintain healthy changes
Two: Veggie Tales • Learn the importance of eating three servings of vegetables a day and ways to do so when cooking at home and

eating out

• Discuss environmental influences and strategies to address barriers to vegetable intake

• Plan meals for one day that incorporate vegetables

• Learn the importance of making and eating low-fat foods

• Practice reading food labels for content of different types of dietary fats, especially saturated fats
Three: Sugar and
Spice Aren’t
Necessarily Nice

• Discuss progress and strategies and rewards re action steps on exercise, vegetable intake and choosing lower-
fat foods

• Practice reading food labels for sugar content

• Learn benefits and examples of healthy snack foods

• Compare amounts of sugar in soft drinks, other sweetened beverages, candy bars, chips, and vegetable and fruit
examples

• Receive and taste low-fat recipes

• Identify foods lower in fats and sugars offered by fast-food restaurants
Four: Planting Seeds
of Wisdom

• Discuss lack of social support as a barrier to dietary and activity behavior change and share views about asking
for support re diet/exercise changes

• Identify, discuss and role play ways to ask for support from family and friends for diet and exercise changes
Five: Growing Your
Garden of the Future

• Discuss views and concepts about influences on decision making for diet and exercise behaviors

• Discuss family traditions and cultural traditions that influence diet and activity decision making

• Analyze advertisements about diet and exercise and describe potential influence of advertisements on personal
diet and exercise decision making
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Table 2
Baseline characteristics among 200 urban American Indian women by intervention versus control group

Intervention groupa
(n=100)

Control groupa (n=100)

Age in years, Mean (SD) 29.6 (6.6) 28.9 (6.7)
BMI (%)
 Obese (BMI 30.0 kg/m2) 41.0 39.0
 Overweight (BMI=25.0–29.9 kg/m2) 36.0 29.0
 Average (BMI < 25.0 kg/m2) 23.0 32.0
Impaired fasting glucose (5.55–6.94 mmol/L) (%) 19.0% 23.0%
Family history of type 2 diabetes (%) 78.3 (n=97) 73.2 (n=97)
Gestational diabetes (%) 5.0 11.3
Education (%) (n=170)
 College graduate 25.6 23.8
 1–3 years of college 62.2 57.5
 Graduated high school 10.0 13.8
 Not high school graduate 2.2 (n=90) 5.0 (n=80)
Have children (%) 53.0 60.0
Work outside the home (%) 65.0 62.0
Stage of change for eating three servings of vegetables,b Mean (SD) 3.11 (0.97) 3.04 (0.73)
Stage of change for choosing lower-fat foods,b Mean (SD) 3.37 (1.09) 3.24 (1.17)
Stage of change for exercise,b Mean (SD) 3.31 (1.05) 3.26 (0.92)
Stage of change for choosing foods lower in sugar,b Mean (SD) 3.27 (1.20) 3.18 (1.20)
Stage of change for choosing healthier snacks,b Mean (SD) 3.11 (0.99) 2.99 (1.00)
Stage of change for choosing healthier fast foods,b Mean (SD) 3.17 (1.14) 3.19 (1.12)
Stage of change for asking for support from family and friends,b Mean (SD) 3.07 (1.27) 2.97 (1.17)
Combined stage of change (%) (n=149)b,c

 Pre-contemplation (1.0–1.5) 0.0 1.4
 Contemplation (1.51–2.5) 16.0 16.2
 Preparation (2.51–3.5) 49.3 56.8
 Action (3.51–4.5) 29.3 20.4
 Maintenance (4.51–5.0) 5.3 5.4

a
Percentages and means are statistically similar between the intervention and control groups for each variable per Fisher’s exact test or student t-test (all

p-values>0.30).

b
Stages of change baseline data were available for 75 intervention and 74 control group participants. Stage of change response options and scoring: 5,

regularly for longer than 6 months (maintenance stage); 4, regularly but have begun doing so only within the past 6 months (action stage); 3, do some but
not regularly (preparation stage); 2, do not but have been thinking about starting within the next 6 months (contemplation stage); or 1, do not and have
not thought about starting in the next 6 months (pre-contemplation stage).

c
Combined stage of change scores were calculated by averaging participants’ scores on the seven stage of change variables for exercise, vegetable intake,

low-fat food consumption, eating healthier snacks, eating less sugar, choosing healthier fast foods, and seeking social support.
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