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Abstract

Diabetes is highly prevalent, affecting over 25 million adults in the US, yet it can be effectively 

prevented through lifestyle interventions, including the well-tested Diabetes Prevention Program 

(DPP). American Indian/Alaska Native (AIAN) adults, the majority of whom live in urban 

settings, are more than twice as likely to develop diabetes as non-Hispanic whites. Additionally, 

prevalent mental health issues and psychosocial stressors may facilitate progression to diabetes 

and hinder successful implementation of lifestyle interventions for AIAN adults. This 2-phased 

study first engaged community stakeholders to develop culturally-tailored strategies to address 

mental health concerns and psychosocial stressors. Pilot testing (completed) refined those 

strategies that increase engagement in an enhanced DPP for urban AIAN adults. Second, the 

enhanced DPP will be compared to a standard DPP in a randomized controlled trial (ongoing) with 

a primary outcome of body mass index (BMI) and a secondary outcome of quality of life (QoL) 

over 12 months. Obese self-identified AIAN adults residing in an urban setting with one or more 

components of the metabolic syndrome (excluding waist circumference) will be randomized to the 

enhanced or standard DPP (n = 204). We hypothesize that addressing psychosocial barriers within 

a culturally-tailored DPP will result in clinical (BMI) and superior patient-centered (QoL) 

outcomes as compared to a standard DPP. Exploratory outcomes will include cardiometabolic risk 
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factors (e.g., waist circumference, blood pressure, fasting glucose) and health behaviors (e.g., diet, 

physical activity). Results of this trial may be applicable to other urban AIAN or minority 

communities or even diabetes prevention in general.
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1. Introduction

One-third (36%) of American adults are considered obese [1]. Obesity is associated with 

leading causes of preventable death such as Type 2 diabetes [2]. Type 2 diabetes affects an 

estimated 25.8 million US adults and an additional 79 million adults have prediabetes [3]. 

The 5.2 million adults living in the US who identify as American Indian/Alaska Native 

(AIAN) alone or in combination with some other race are at higher risk of obesity and of 

developing diabetes compared to non-Hispanic whites [4–7]. Self-reported national data 

indicate obesity rates to be 46% higher in AIANs (42%) compared to non-Hispanic whites 

adults (29%) [8]. The prevalence of diabetes in AIANs (18%) is more than double that in 

non-Hispanic white Americans (8%) [8].

The landmark Diabetes Prevention Program (DPP) trial demonstrated that an intensive 

lifestyle intervention targeting modest weight loss (7% of baseline weight) and increased 

physical activity (150 min per week) was effective for preventing diabetes among high-risk 

adults, although American Indians represented only 5% of the study population [9]. To 

promote dissemination in American Indian/Alaska Native communities in the US, the Indian 

Health Service implemented the Special Diabetes Program for Indians Diabetes Prevention 

(SDPI-DP) [10]. SDPI-DP supported AIAN health care programs to implement and evaluate 

the 16-session Lifestyle Balance curriculum, a group-based adaptation of the original DPP. 

The annual incidence of diabetes among participants (n = 2553) was 4.0%, which is similar 

to the incidence for AIAN participants in the original DPP trial (4.7%) [10]. After one year 

of follow-up, 22.5% of participants in the SDPI-DP had achieved the weight loss goal of 7% 

of baseline weight.

As a result of implementing the SDPI-DP, one urban AIAN community was motivated to 

further examine how to optimize diabetes prevention for urban AIAN adults given 

stakeholder concern regarding barriers related to mental health issues and psychosocial 

stressors. Compared to non-Hispanic whites, AIAN adults have higher rates of depression 

symptoms (e.g., sadness some of the time 14% vs. 8%), any illicit drug use (18% vs. 9%) 

[6], more than once binge drinking in the last month (32% vs. 17%), reported “not satisfied 

with life” (10% vs. 5%), 14+ days/month with poor mental health (18% vs. 11 %) [11], and 

serious psychological distress (5.2% vs. 3.1%). The community established a community-

university partnership with the goal of conducting research to elucidate effective strategies 

that address mental health issues and psychosocial stressors for preventing diabetes among 

urban AIAN adults.
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Support for this approach derives from a recent analysis of the SDPI-DP evaluation showing 

that several psychosocial factors including depressive symptoms, family support, and 

psychological distress were related to the degree of weight change [12]. These findings 

underscore the importance of incorporating strategies to address mental health issues and 

psychosocial stressors in diabetes prevention for AIAN communities as identified by the 

community-university partnership. The goal of this study is to develop and test a diabetes 

prevention program for AIAN adults that incorporate culturally sensitive strategies to 

address mental health concerns and psychosocial stressors in a comparative effectiveness 

trial.

2. Methods

A community-university partnership, established in 2011 collaborates to lead this 

comparative effectiveness trial. The design and implementation of this study prioritizes the 

community-driven research agenda while balancing the importance of scientific rigor.

2 1. Patient and stakeholder engagement

This study is guided by principles of Community-Based Participatory Research: (1) 

Recognize the community as a unit of identity; (2) Build on strengths and resources of the 

community; (3) Facilitate collaborative partnerships in all phases of the research; (4) 

Integrate knowledge and action for mutual benefit of all partners; (5) Promote co-learning 

and empowering process that attends to social inequalities; (6) Involve a cyclical and 

iterative process; (7) Address health from both positive and ecological perspectives; and (8) 

Disseminate findings and knowledge gained to all partners [13]. The community-university 

partnership developed a community advisory board known as the American Indian 

Community Action Board (AICAB) in 2011 that is made up of local community members 

and leaders. The AICAB meets at least monthly and serves as the central governing body of 

the partnership making key decisions and participating in all phases of the research process 

(see Fig. 1). In addition, the project includes a steering committee with community and 

university representatives that manage the day-to-day functions of the study, a scientific 

advisory board made up of national experts in diabetes prevention, AIAN health, and 

community-based participatory research, the National Council of Urban Indian Health to 

facilitate rapid dissemination of results, and a Data and Safety Monitoring Board.

2.2. Study design

This study (05/2014–10/2018) has 2 phases. Phase I (completed) involved pilot testing 

culturally-tailored strategies to address mental health concerns and psychosocial barriers for 

incorporation into an enhanced DPP intervention to increase engagement for urban AIANs. 

Phase II (ongoing) is a comparative effectiveness trial (n = 204) to test the enhanced DPP 

developed in Phase I. The comparison group will receive a standard DPP program based on 

the SDPI-DP as recommended by community stakeholders given their assessment of the 

significant burden of diabetes in this community and the proven success of lifestyle 

interventions for preventing diabetes in high-risk groups. The entire study protocol was 

approved by the Institutional Review Boards (IRBs) of the Stanford University and San Jose 
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State University. Additionally, the AICAB was trained to serve as an ethical review board 

representing community interests.

2.3. Phase I: develop enhanced DPP for urban AIAN adults

The goal of Phase I was to refine and strengthen the existing DPP intervention based on the 

SDPI-DP to create an enhanced DPP. Early on in the development of an enhanced approach 

to diabetes prevention, the AICAB identified the issue of historical trauma as a key factor in 

the AIAN experience that has led to persistently high prevalence of diabetes among AIAN 

adults. Historical trauma refers to the cross-generational harms created by an experience 

dominated by attempts to systematically destroy AIAN communities and cultures [14–18]. 

This concept is closely tied to the personal distress and community cultural displacement 

that are often labeled mental health disorders in a western medical model. As suggested by 

the AICAB, confronting historical trauma provides a means of addressing mental health 

issues, but requires a broader range of services. Thus, the partnership undertook a 12-month 

formative research phase to pilot test 3 culturally-congruent strategies: (1) Talking Circles; 

(2) Modified Photovoice; and (3) Digital Storytelling. These strategies were identified by the 

AICAB as being able to engage urban AIANs in addressing underlying social, historical and 

psychological stressors within a framework congruent with AIAN culture. Additionally, 

these strategies were identified as reinforcing AIAN cultural identity, thereby enhancing 

social support in the group sessions. The aim was to pilot test each strategy to assess 

feasibility and draw a conclusion regarding their incorporation into an enhanced DPP. In 

addition to pilot testing these strategies in Phase I, the partnership developed a protocol for 

providing culturally congruent and accessible mental health support to participants in the 

enhanced DPP.

2.3 1. Foundation: existing DPP intervention—A group-based adaptation of the 

original one-on-one intensive lifestyle intervention from the DPP trial [9,19,20,21] based on 

the SDPI-DP serves as the foundational intervention for this study. The theoretical basis is 

derived from Social Cognitive Theory [22] and the Transtheoretical Model of Behavior 

Change [23,24]. The primary goals of the intervention are loss of at least 5% of baseline 

weight and 150 min of moderate physical activity per week by 6 months. Although the 

original DPP trial targeted 7% weight loss, 5% weight loss has been found to be sufficient 

for prevention of chronic disease and is commonly accepted as the goal [25]. The 

intervention is delivered by a trained lifestyle coach over 16 weekly group sessions covering 

information on moderate calorie restriction, physical activity, and proven behavioral 

strategies (see Table 1 for a list of topics). In addition, participants are invited to attend 

ongoing support sessions for maintenance of lifestyle changes after the completion of the 

first 16 weeks. The support sessions are offered weekly and participants are encouraged to 

attend at least once per month.

2 3.2. Pilot test potential enhancements—The AICAB members pilot tested each of 

the three proposed enhancements to assess feasibility for incorporating the strategies into the 

intervention:
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Talking Circles:  A Talking Circle is a traditional method of group communication where 

AIAN community members come together to share information, provide social support, and 

solve community issues [26]. Talking Circles have been successfully used as both a 

qualitative research method as well as an intervention strategy for health issues ranging from 

cervical cancer screening to diabetes management [26–35]. The partnership pilot tested 

Talking Circles to determine their potential fit within the DPP as a way to address 

psychosocial barriers to intervention engagement through fostering self-reflection, social 

support, and community cohesion among DPP participants. The AICAB conducted 4 

Talking Circles with different facilitators and settings with a total of 11 participants who 

included AICAB members and study staff. Following each Talking Circle the AICAB met to 

discuss the potential fit within the DPP intervention.

Modified Photovoice:  The AICAB modified the Photovoice methodology and with the 

support of a facilitator pilot tested it over the course of 10 sessions. Photovoice is a 

participatory qualitative method using photography and critical dialogue to identify root 

causes of health problems and elucidate successful intervention strategies [36,37]. The goals 

of the modified Photovoice were to engage participants to record and reflect on their 

community’s strengths and weaknesses and to promote dialogue about health issues [36,37]. 

Photography can be especially useful for engaging underserved minority groups because 

photographs taken of their own community elicit a collective emotional response. This may 

uniquely uncover insight into the multi-level factors, such as food scarcity, social influences, 

and government policies that shape diet and physical activity. In addition, photography can 

aid in bringing out historical, psychosocial, and mental health connections.

A total of 11 participants who participated in the Talking Circles took part in the modified 

Photovoice pilot test including 5 females and 6 males ranging in age from 25 to 80 years old. 

Among the participants, the average number of sessions attended was 6 out of 10, ranging 

from 3 to 10 sessions attended. Following training in use of the camera and photography, 

participants took pictures in response to 4 prompts: (1) What does wellness and health look 

like to you? (2) What does healthy and unhealthy love look like to you? (3) What is a 

personal challenge you have faced and how have you overcome it? (4) What is your 

meaning? For each prompt, participants took pictures on their own and then came back to 

the group to share a selection of their pictures with the other participants.

Digital Storytelling:  Digital stories are short, first-person narratives that can be presented 

using traditional or social media formats. The participatory process of developing and 

sharing digital stories can deeply affect both the people who develop their story as well as 

viewers, “moving them to reflect on their own experiences, modify their behavior, treat 

others with greater compassion, speak out about injustice, and become involved in civic and 

political life” [38]. Developing personal digital narratives is a particularly appealing strategy 

for urban AIANs because it invokes the traditional cultural practice of oral storytelling [39]. 

A total of 10 AICAB members took part in a digital storytelling workshop to pilot test the 

strategy for potential incorporation into the DPP. The workshop was delivered over the 

course of 3 days and each participant created their own digital story.
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2.3.3. Mental health support—In addition to developing the three culturally-congruent 

enhancements, a sub-committee of the AICAB developed AIAN-centric mental health 

strategies to be offered as part of the enhanced DPP. These strategies included culturally 

congruent mental health counseling, celebration of AIAN cultural practices, and de-

stigmatizing individuals’ signs and symptoms of depression, anxiety and other mental health 

disorders. Providing these forms of mental health support were identified as a means for 

reducing barriers that exist for AIANs to engage in the successful behavior change needed to 

prevent diabetes. Participants in the Standard DPP intervention received referral to other 

services in a standard manner without specific cultural tailoring. For both arms of the study, 

it was anticipated that completion of survey questions focused on discrimination and 

historical trauma might trigger increased participant distress. Protocols were developed and 

staff were trained to cope with these situations and provide appropriate services and referral 

as needed.

2.3.4. Patient-centered, participatory intervention adaptation—Following 

completion of pilot testing the 3 enhancements and developing the mental health support 

component, the AICAB met 8 times to discuss the findings from the pilot study and finalize 

the strategies to be included in the enhanced DPP. The AICAB balanced potential for 

effectiveness with acceptability to participants and feasibility given available resources. In 

terms of potential for effectiveness and acceptability to participants, the AICAB recognized 

the important role of tailoring the intervention to each participant’s circumstances and 

wanted to offer choice and flexibility for engaging in the 3 enhancements. Considering the 

feasibility of the 3 enhancements, the AICAB noted that the talking circles were easy to 

implement with few resources while the digital storytelling workshop required the most 

resources and personnel; the Photovoice project required a moderate level of resources. 

Balancing these factors, the AICAB decided to incorporate 3 talking circles into the 16-

week intervention at the beginning (session 3), middle (session 8) and end (session 15) and 

the option to engage in a digital storytelling workshop or a Photovoice project. The choice to 

engage in digital storytelling or Photovoice would be driven by the participant with input 

from the lifestyle coach.

2.4. Phase II: RCT comparing an enhanced and standard DPP

For the comparative effectiveness trial, participants will be randomized in 4 recruitment 

cohorts to the enhanced or standard DPP and followed for 12 months.

2.4.1. Trial setting—The trial is conducted in a community-based setting that was 

selected by the AICAB. All data collection and intervention activities take place within a 

non-profit recreation facility that is conveniently located near health and human services. 

The facility provides a wide range of aquatic-based classes, land-based classes, swim 

lessons, and personal training for individuals of all ages and abilities. Physical and 

behavioral health services are not available on site.

2.4.2. Eligibility criteria—We will apply permissive inclusion criteria and minimally 

necessary exclusion criteria to optimize the balance between generalizability, patient safety, 

intervention adherence, and retention. Men and women will be eligible if they identify their 
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race/ethnicity as indigenous to the US or the Americas (North, Central, and South America) 

and have a BMI between 30 and 55 kg/m2, are not diagnosed with Type 2 Diabetes, and 

meet at least one other criterion for metabolic syndrome: (1) Triglycerides: >150 mg/dL; (2) 

Reduced High-density lipoprotein cholesterol: <40 mg/dL (men); <50 mb/dL (women); (3) 

Blood pressure: >130/80 mm Hg or current treatment with antihypertensives; (4) Fasting 

glucose: 100–125 mg/dL (Table 2). This definition is a hybrid of national and international 

definitions [40,41] whose purpose is to identify a population at substantial risk for 

progression of dysmetabolism, but who have not yet developed diabetes. Patients with 

significant psychiatric disorders requiring atypical antipsychotics or multiple medications or 

medical comorbidities (e.g., uncontrolled metabolic disorders, unstable heart disease, heart 

failure, and ongoing substance abuse) will be excluded. Additional exclusions are to protect 

participant safety (e.g., pregnancy) and prevent loss to follow-up (e.g., planned relocation).

2.4.3. Recruitment, screening, and baseline visit—The targeted enrollment of 204 

participants will be met in 6 recruitment cohorts. Recruitment strategies will include 

community-based outreach, promotion at AIAN events, hosting community events, and an 

incentivized referral process. Study staff and AICAB members will conduct outreach at local 

community-based organizations, community health centers or other healthcare providers 

(e.g., Veterans Affairs), social service agencies, cultural events (e.g., Pow Wows), and 

population businesses frequented by AIAN community members. Study staff will also host 

community events to increase awareness of the study. Additionally, AICAB members, 

community members, and other stakeholders who refer a participant will receive a $25 

incentive for each participant who is successfully randomized.

Potentially eligible individuals will be contacted by phone for initial screening, except for 

potential participants recruited through direct contact for whom the information normally 

obtained in the phone screen is already available. The brief phone screen will assess criteria 

that patients can reliably assess themselves, such as race/ethnicity and willingness to 

participate in an intensive lifestyle intervention. An in-person screening visit will follow the 

phone screen where participants answer a brief screening questionnaire (unless already 

completed during recruitment or phone screening) and are weighed and their height is 

measured. In addition, measurements will be obtained of their waist circumference and 

blood pressure and their fasting glucose, triglycerides, and HDL levels are assessed using an 

Alere Cholestech LDX analyzer (Waltham MA) a point-of-care testing device. If the 

participant is eligible, their informed consent will be obtained and study staff will conduct 

an in-person interview to complete the baseline questionnaire.

2.4.4. Randomization and blinding—After completing the baseline visit, eligible 

participants will be randomized in a 1:1 ratio to the standard or enhanced DPP. Participants 

will be randomized in blocks to keep the size of the treatment groups similar. The size of 

each block will be randomly selected to be either 2 or 4. To ensure an equal number of males 

and females in each intervention arm, we will stratify randomization by gender. Cohorts of 

participants will be randomized prior to the start of a new session of classes in order to 

minimize time between randomization and intervention. The unit of randomization will be 

individual because there is unlikely to be any contamination by primary care provider or 
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neighbourhood, due to diversity of the participants. Treatment will be identifiable to 

participants and the lifestyle coaches by design, but masking of the investigators, Data and 

Safety Monitoring Board, outcome assessors, and the statistician performing the data 

analysis will be enforced.

2.4.5. Fidelity assurance—We will follow recommendations for quality assurance in 

behavioral interventions [42]. Use of standardized intervention materials, structured staff 

training and ongoing oversight are fundamental to ensuring high intervention fidelity. 

Lifestyle coaches will undergo standardized training by a certified master trainer with 

supplemental training on the enhancements resulting from the formative research. A trained 

researcher will attend 5% of sessions and grade the session using a session-by-session rating 

scale adapted from a previous trial [43]. Falling below an a priori performance standard 

(e.g., 90% adherence to intervention protocol) will trigger more frequent audit and feedback 

and, if needed, “booster” training for the coach.

Participant engagement and adherence are also essential to intervention fidelity and will be 

monitored and supported. Participant progress on key intervention tracking parameters (e.g., 

date, format, duration of contact, most current weight, and physical activity level) will be 

routinely documented. The coach will review and give feedback on homework and self-

monitoring records and document participant progress toward protocol-specific, 

achievement-based objectives. The lifestyle coach will routinely inquire about barriers to 

intervention receipt and adherence, recommend personalized, actionable problem-solving 

strategies, and provide ongoing support via proactive follow-up.

2.4.6. Participant safety—Initial and in-person screening was designed to triage 

potential participants by their risk of adverse events due to the study’s interventions, 

including use of the Revised Physical Activity Readiness Questionnaire. Those at highest 

risk (lack of clinical stability) will be excluded and referred for follow-up as are those with 

newly diagnosed diabetes. Those of intermediate risk will be reviewed by the principal 

investigator and required to obtain authorization to participate from their primary care 

providers. Screening for adverse events will occur formally at each data collection point as 

well as informally at all study contacts. Monitoring for serious adverse events emphasizes 

the occurrence of emergency room visits and hospitalizations that might be related to the 

study. Staff will follow a treatment and referral protocol for a number of other clinically 

relevant events, including mental health concerns, elevated blood pressure, and out-of-range 

laboratory values. Additionally, the study protocol is monitored by two IRBs (Stanford and 

San Jose State University). A Data and Safety Monitoring Board composed of a primary 

care internist, a biostatistician, and an AIAN clinical psychologist provides additional 

oversight and concrete advice through their review of recruitment progress, intervention 

fidelity and serious adverse events.

2.4.7. Retention—We will employ several strategies aimed at participant retention. First, 

dependence on well-trained, committed staff who practice cultural humility will be critical 

to retention. This includes members of the AICAB. Second, we will adequately assess 

participant willingness and desire to participate and carefully screen their eligibility. We will 

also explain the study protocol in detail to ensure that participants give true informed 
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consent. Third, we will provide incentives that encourage participation but do not coerce 

participants. Fourth, scheduling group sessions and one-on-one visits in the evenings and on 

weekends will be especially important for reaching and retaining urban AIAN. Fifth, we will 

use alternative means to collect data, such as by phone or mail, if needed. We will collect 

detailed contact information for each participant. Finally, if a participant misses a visit, we 

will use motivational interviewing strategies to engage participants and problem-solve 

around barriers to participation. A participant is considered dropped from the study when 

he/she expresses that desire.

2.4.8. Study measures and data collection schedule—Assessments on described 

measures in Table 3 will occur at baseline, 6 months, and 12 months. Measures in Table 3 

include the following primary, secondary, and tertiary outcomes and potential effect 

modifiers and mediators.

2.4.8.1. Outcomes.: Our primary outcome is change from baseline in BMI and our 

secondary outcome is change from baseline in quality of life (QoL) at 12 months of follow-

up. These outcomes encompass both patient-centered and clinical goals. Weight and height 

will be assessed according to standard protocols [44]. The SF-12 will be used to measure 

QoL, which has been used in other studies with AIAN adults [45,46]. The SF-12 is a shorter 

version of the SF-36 that measures functional health and well-being from the patient’s point 

of view. Tertiary outcomes include cardiometabolic risk factors (e.g., waist circumference, 

blood pressure, fasting glucose, and lipid levels) and health behaviors (e.g., diet, physical 

activity, sleep habits and quality, and alcohol consumption). Trained staff will conduct 

anthropometric and blood pressure measurements [44,47,48]. Measurements of fasting 

glucose and lipid levels is accomplished through point-of-care testing using the Cholestec to 

minimize patient burden, maximize access, and provide immediate results. Diet will be 

measured using an adapted survey from the SDPI-DP evaluation to enable comparability of 

results [10]. Physical activity will be measured using the BRFSS physical activity 

questionnaire with modifications to reflect the time for recall [49]. Sleep habits and quality 

will be assessed using the PROMIS questionnaire [50] and alcohol consumption will be 

assessed using the AUDIT-C [51].

2.4.8.2. Potential effect modifiers and mediators.: To complement the primary, 

secondary, and tertiary outcomes, we will examine 2 key domains of effect modifiers: (1) 

Sociodemographic characteristics and (2) Measures of ethnic identity and experiences of 

racism/discrimination based on ethnic identity. Sociodemographic characteristics include 

age, sex, educational attainment, occupational status, marital status, household size, income, 

and household food insecurity. Constructs of ethnic identity and experiences of racism/

discrimination based on ethnic identity are assessed using an adaptation of the Indigenous 

Peoples Survey developed by Braveheart et al. [52] Putative mediators identified a priori 

include depressive symptomatology [53], post-traumatic stress disorder, historical losses 

[54], community connectedness [55], and empowerment [56].

2.4.9. Statistical analysis—The primary model for participant j at time k nested in 

cohort i
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Outcomei jk = β0 + β0i + β0i j + β1 Intervention j + β2Month6 jk + β3Month12 jk + β4Month18 jk
+ β5 Intervention j ∗ Month6 jk + β6Intervention j ∗ Month12 jk + β7Intervention j ∗ Month18 jk + β8Gender j
+ εi jk

will be used to test the primary hypothesis that BMI will decrease in the enhanced DPP arm 

relative to the standard DPP arm upon completion of the study. The linear regression model 

includes a random intercept β0i, to account for within cohort correlation, a random intercept 

β0ij to account for within participant correlation, and adjusts for gender (Genderj), the 

stratification factor for randomization. The random intercepts, β0i, and β0ij, and the error 

term εijk are assumed to be normally distributed. Interventionj indicates that participant j is 

in the enhanced DPP arm and Month6jk, MonthI2jk, and Monthl8jk indicate whether 

observation k from subject j is at month 6,12, or 18, respectively. To test whether the change 

in the primary outcome from baseline at 12 months differs between the standard and 

enhanced arms, we will test the null hypothesis that β6 = 0 using the Wald test. The outcome 

will be tested at a two-sided α = 0.05.

The primary analyses will follow the intent-to-treat principle and will use all available data. 

We will describe any missing data and will conduct sensitivity analyses to evaluate the 

impact of the missing data on our conclusions. Sensitivity analyses considered to evaluate 

the robustness of our findings to the presence of missing data will include multiple 

imputation methods and worst-case imputation where missing values are filled with an 

extreme value (e.g. 5% greater than value observed at baseline), which can be used to 

determine how extreme the unobserved missing values would need to be in order to change 

the conclusion of the trial [57,58]. Secondary and tertiary analyses will replace the primary 

outcome in the model above with secondary and tertiary outcomes, respectively.

Additional analyses will consider pre-specified moderators and mediators (depressive 

symptoms, coping skills, and social support/community cohesion) of the primary and 

secondary outcomes. We will investigate the moderators and mediators using mixed effects 

linear regression by including an interaction term of treatment and the hypothesized 

moderator and centering the independent variables [59,60].

2.4.9.1. Sample size and data interpretation.: Our study was designed to provide 

sufficient statistical power to test the study’s primary hypothesis that the enhanced DPP will 

result in greater weight loss compared to the standard DPP. In determining the sample size 

we considered the definition of clinically significant weight loss, the standard deviation of 

weight change in past clinical trials of lifestyle interventions, and acceptable levels of Type I 

and Type II errors. Our power estimates are based on simplified assumptions and the actual 

power may be different because of the correlated errors induced by the cohort effect and the 

repeated measures over time. In the original DPP trial, the average weight loss in the 

intensive intervention arm was 6.9% ± 5% after 6 months of follow up and 4.9% ± 7.4% at 

the end of the trial (mean follow-up of 3.2 years) [61]. This percent weight loss is similar to 

other studies and greater than that observed in the SDPI evaluation where Jiang et al. 

reported a percent weight loss of 4.4% following the 16-week program [10]. Based on this 

literature, we expect a mean percent weight loss of 4.0% in the standard DPP and 6.5% in 
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the enhanced DPP. To be conservative, we powered the study to be able to detect a difference 

of 2.0%. Dividing a 2.0% difference (6.0%–4.0%) by the DPP SD (4.5%) yields an effect 

size of approximately 0.45. A sample of 81 participants per arm will be required to compare 

the standard and enhanced arms for an effect size of 0.45 at a two-sided α = 0.05 with 80% 

power. We estimate 20% will be missing BMI at follow-up and have therefore inflated the 

initial sample size to 102 participants per arm. As all other analyses are exploratory, no 

adjustment for multiple testing will be made for secondary or tertiary analyses. The 

secondary and tertiary analyses are not intended to produce clinically actionable results, but 

rather to supplement conclusions based on the primary analysis and to inform future 

research. They will be interpreted properly within that context, considering the totality of 

evidence available [62,63].

2.4.10. Data management and quality control—Overall, 2 types of data will be 

collected: 1) baseline and follow-up questionnaires, and 2) clinical measurements and blood 

samples. The baseline and follow-up questionnaire data and clinical measures will be 

collected in a database hosted at Stanford University and created using REDCap, an online 

data collection and management tool [64]. This data will be encrypted and password-

protected. REDCap has been successfully used by the research team in previous community-

based trials. All data will only be accessible by password and will only be available to staff 

that need access for data collection purposes. Visual data will not be accompanied by 

participant names or identifiers unless consent is received by the participant. Only the 

Steering Committee will have access to the password-protected folders and database. Upon 

completion of data collection, the data sets will be cleaned and archived. A copy of the data 

will be downloaded for statistical analysis in R [65]. The dataset, data dictionary, and code 

files used in the statistical analysis will be maintained by the study statistician performing 

the data analysis and stored on a password-protected, encrypted network drive with 

continual backups.

3. Discussion

Our study will design and evaluate an enhanced DPP intervention for obese urban AIAN 

adults who are at substantial risk for progression of dysmetabolism to diabetes. Obese urban 

AIAN adults are a critical group because of their higher risk of developing diabetes [4,5], 

experience of historically embedded psychosocial stressors, and lack of access to culturally-

centered psychosocial supports, particularly native healing practices. Our goal in developing 

and evaluating a unique enhanced DPP was to provide an intervention that was modified by 

an active AIAN community group to address key issues underlying the AIAN cultural 

experience. In particular, the design of the enhanced DPP views the psycho-social stress of 

historical trauma as a major barrier to participants engaging in the sustained behavior 

changes needed to prevent diabetes. By addressing these mental health issues through 

culturally congruent strategies (rather than through mainstream Western medical strategies) 

we hypothesize that the enhanced DPP will have superior comparative effectiveness.

While providing some promise [43,66–70], the literature on translations of the DPP to real 

world settings offers several opportunities, particularly in underserved populations such as 

urban AIAN. First, there have been limited rigorous evaluations of diabetes prevention 
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efforts among AIANs, especially those in urban areas [71,72]. Second, there has been 

limited engagement of patients and other stakeholders in the design, implementation, and 

analysis of these programs. Finally, there has been a lack of rigorous research comparing a 

DPP with and without psychosocial supports. Our study will address the gaps by identifying 

successful strategies to interrupt the dysmetabolism pathway through engagement with 

urban AIAN patients and other stakeholders using a rigorous comparative effectiveness 

design.

This research will also directly respond to community-driven research interests to better 

understand and address the difficulties that AIAN communities have in thwarting the 

development and progression of dysmetabolism. Community members have described how 

the historical and psychosocial realities faced by AIANs promote the progression of 

dysmetabolism, shape the patient-specific experience of dysmetabolism, and interfere with 

engagement in evidence-based interventions. The psychosocial stressors experienced by 

urban AIANs may not meet criteria for referral to behavioral health services (which are also 

not readily accepted by the AIAN community), but are significant enough to impede 

successful patient engagement in lifestyle changes. Through this research, community 

members seek to better understand the impact of historical trauma and potentially related 

behavioral health conditions on efforts to promote healthy lifestyles and to develop effective 

support strategies to overcome these challenges. The psychosocial supports, particularly 

native healing practices, to be identified in this study will fill a critical gap in current 

services between traditional behavioral health services and diabetes prevention services.

This study design prioritizes the community-driven research agenda while balancing the 

importance of scientific rigor. As such, the study design has several limitations. The main 

limitations include limited time for follow-up and anticipated difficulties in recruitment and 

retention in a hard-to-reach disparity population. Ideally, participants would be followed for 

2 or more years to measure maintenance of lifestyle behaviors and weight as well as onset of 

diabetes as done in the original DPP trial [9]. The partnership also recognizes the challenges 

of recruitment and retention and actively identifies new strategies at each monthly AICAB 

meeting. The central governing role of the AICAB in this study promotes a community-

driven approach to research with significant potential to identify effective strategies to 

overcome challenges in this hard-to-reach yet critical disparities population.

In conclusion, if the enhanced DPP is found to be superior to the standard DPP, this model 

can be disseminated into clinical practice regardless of current psychosocial support 

services. Because of similar psychosocial stressors, including traumas as a result of exposure 

to violence, migration, and poverty, approaches designed for AIANs in this study are likely 

to be relevant for other disparities populations with low socioeconomic status. Offering 

support through additional visits with a mental health care provider and using traditional 

healing practices may be feasible within the health care system if the expertise is available in 

the local community. Engagement with community leaders and coordination with 

community-based resources can generate feasible and effective strategies that are appealing 

to patients, and will highly likely address psychosocial barriers that may prevent patients 

from fully engaging in available programs.
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Fig. 1. 
Patient-centered organizational structure.
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Table 1

Intervention schedule and topics.

Session Topic

1 Welcome to the lifestyle balance program

2 Be a fat detective

3 Three ways to eat less fat

4 Healthy eating

5 Move those muscles

6 Being active: A way of life

7 Tip the calorie balance

8 Take charge of what’s around you

9 Problem solving

10 Four keys to healthy eating out

11 Talk back to negative thoughts

12 The slippery slope of lifestyle change

13 Jump start your activity plan

14 Make social cues work for you

15 You can manage stress

16 Ways to stay motivated
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Table 2

Inclusion and exclusion criteria.

Inclusion criteria:

• Age (as of date of enrollment):

 ○ Lower age limit: 18 years

 ○ Upper age limit: NONE (only exclude for cause, e.g. disease and functional limitations, as detailed below)

• Race/ethnicity: Self-identified as having ancestry from Indigenous peoples of Americas

• Gender: Individuals of any gender

• Body mass index: 30–55 kg/m2

• Meet at least one other criterion for metabolic syndrome:

 ■ Triglycerides: 150 mg/dL or higher

 ■ Reduced High-density lipoprotein cholesterol: <40 mg/dL (men); <50 mb/dL (women)

 ■ Blood pressure: >130/80 mm Hg or current treatment with antihypertensives

 ■ Fasting glucose: 100–125 mg/dL

Exclusion criteria:

• Medical exclusions:

 ■ Significant medical comorbidities, including uncontrolled metabolic disorders (e.g., thyroid, type 2 diabetes, renal, liver), unstable heart 
disease, heart failure, and ongoing substance abuse

 ■ On 10 or more prescription medications

 ■ Psychiatric disorders requiring atypical antipsychotics or multiple medications

 ■ Inappropriate for moderate exercise according to the Revised Physical Activity Readiness Questionnaire

• Other exclusions:

 ■ Pregnant, planning to become pregnant, or lactating

 ■ Family household member already enrolled in the study

 ■ Already enrolled or planning to enroll in a clinical trial that would limit full participation in the study

 ■ Resident of a long term care facility or nursing home

 ■ Lack of spoken English by patient or a household member > 18 years who can serve as interpreter

 ■ Plans to move during the study period (6 months post-randomization)

 ■ Investigator discretion for clinical safety or adherence reasons (e.g., unstable housing, chronic pain)
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