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Objectives

•Recognize contributions of research in AI/AN 
populations to the understanding of type 2 diabetes

•Review current trends in diabetes prevalence and 
complications

•Assess interventions in AI/AN patients with diabetes 
and prediabetes



• 34.2 million people or 10.5% of US population
• 34.1 million adults > 18 yrs or 13.0% of US adult population 
• 7.3 million adults undiagnosed, 21.4% of adults with diabetes
• 26.8% of adults age 65 years and older have diabetes

Prevalence of Diabetes (Diagnosed and Undiagnosed)

https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf

https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf


Diagnosed Diabetes Prevalence from the 
National Diabetes Statistics Reports, 2020 
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AI/AN in Arizona – CDC Survey

• 2017 Behavioral Risk Factor Surveillance System (BRFSS) data analysis; 
a landline and cellular telephone survey conducted by State 
Departments of Health, funded by the CDC (~15,000 respondents)

• Over sampling of AI/AN residents (self-reported categorization of 
race); 766 individuals (5.1% of surveyed; US percentage 2.3%)

• Compared to Whites; AI/AN respondents were
• Younger (56.6% vs 41.9% < 45 yo; 11.7% vs 26.5% > 65 yo)

• Less years of education (45.2% vs 63.9% with college/technical or higher)

• Less annual income (49.2% vs 28.6% with < $35,000/yr)

• Less employment (45.8% vs 58.5%)

• More access to health care coverage (74.1% vs 71.7%); attributed to IHS.

Adakai M, et al. Health Disparities Among American Indians/Alaska Natives- Arizona, 2017. MMWR 2018;67(No 47):1314-18.



AI/AN in Arizona – CDC Survey: Summary
• 2017 Behavioral Risk Factor Surveillance System (BRFSS) data analysis; 

identified overweight/obesity-related metabolic consequences 
continues among AI/AN people in AZ.
• Diabetes: 21.4% vs 8.0% (whites)

• Overweight/obesity: 76.7% vs 63.7% (whites)

• More HTN, hypercholesterolemia

• Less physical activity

• What’s needed are culturally-tailored approaches.
• Understanding the health disparities and Tribal/traditional/cultural health 

practices

• Integrating services with stakeholders; Tribal communities and 
Tribal/Federal/Urban facilities

• Adequate and appropriate funding

Adakai M, et al. Health Disparities Among American Indians/Alaska Natives- Arizona, 2017. MMWR 2018;67(No 47):1314-18.



Diagnostic Criteria for 
Diabetes Mellitus- 1997

American Diabetes Association. Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 
Diabetes Care 1997;20(No 7):1183-97.

McCance DR, et al.  Comparison of tests for glycated haemoglobin and fasting and two hour plasma glucose concentrations 
as diagnostic methods for diabetes. BMJ 1994;308:1323-28.



American Diabetes Association. Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 
Diabetes Care 1997;20(No 7):1183-97.

Disorders of Glycemia: 1997 Guidelines



Progression to Diabetes

Edelstein SL, et al. Predictors of Progression From impaired Glucose Tolerance to NIDDM. Diabetes Care 1997;46:701-710.



Edelstein SL, et al. Predictors of Progression From impaired Glucose Tolerance to NIDDM. Diabetes Care 1997;46:701-710.

Progression to Diabetes



Placebo (n=1082)

Metformin (n=1073, p<0.001 vs. Placebo)

Lifestyle (n=1079, p<0.001 vs. Metformin,

p<0.001 vs. Placebo)

Diabetes Prevention Program (DPP)

Incidence of Diabetes 

Risk reduction

31% by metformin

58% by lifestyle
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DPP Research Group. A Randomized Clinical Trial to Prevent Type 2 Diabetes in Persons at High Risk. N Engl J Med 2002;346:393-403.



The epidemiological studies from the Gila River 
Indian Community has contributed to the 

understanding of type 2 diabetes and provided 
the basis for national intervention efforts.



Lowering the Risk of Diabetes Complications

Foremost: Hyperglycemia management, A1C < 7 (individualize)

Addressing other co-morbid conditions
• Blood pressure < 140/90
• Statin therapy for high risk; targeting LDL Cholesterol
• RAS Inhibitor
• Anti-platelet treatment
• Smoking cessation
• Lifestyle Changes for weight loss
• Recommended screenings and early treatment



Complications and Co-morbidities of Diabetes

• Macrovascular Complications

Heart disease, peripheral arterial, CHF, and stroke

• Microvascular Complications

Retinopathy: Blindness, eye problems

Nephropathy: CKD and ESRD

Neuropathy

• Foot Disease

Ulcers and Amputations

• Co-morbid conditions

Hypertension; Hyperlipidemia; Obesity; NASH; Sleep Apnea

National Diabetes Information Clearinghouse. National Diabetes Statistics, 2014. Available at: 
http://diabetes.niddk.nih.gov/dm/pubs/statistics/



Trends in age-standardized rates of diabetes-related 
complications among U.S. adults with diabetes, 1990-2010
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• Findings reflect a combination of advances in acute 
clinical care, improvements in the performance of health 
care system, and health promotion efforts directed at 
patients with diabetes.

• Conclusion:  Rate of diabetes-related complications 
declined substantially in the past 2 decades, but large 
burden of diabetes persists because of increase in the 
prevalence of disease

Changes in Diabetes-Related Complications in 
the United States, 1990-2010

Gregg et al. N Engl J Med. 2014;370:1514-23.



A Decade of Dramatic Reduction in 
Rates of ESRD

• End Stage Renal Disease (ESRD) in AI/AN 
persons with diabetes has been reduced 
by over 40%.

• This reduction is greater than that 
achieved in any other racial group.

• The average medical costs of one year of 
care of a patient on dialysis in 2011 dollars 
was $88,000.

• Estimated savings to Medicare of $430 to 
$520 million over a 10 year period (2006-
2015; ASPE Issue Brief, aspe.hhs.gov).



Reduction of Diabetes ESRD in AI/AN:
Addressing Multiple Factors  

• Blood Pressure Control
• Average BP: 132/76 mmHg in 2016

• Blood Sugar Control
• Mean A1c level decreased by 10% between 1996-2016

• Use of Renin Angiotensin System Inhibitors
• 76% of patients prescribed medications in 2014
• 36% higher than in NHANES cohort (2009-2014)

• Increase Screening for diabetes nephropathy 
• 62% of patients over the age of 65 yrs had UACR test in 2015
• Compared with 40% among Medicare patients with diabetes in 2013

IHS, Division of Diabetes Treatment and Prevention 



Improvement in DM Retinopathy among AI/AN

• IHS Joslin Vision Network Teleophthalmology Program (JVN)
• Established in 2000 to increase retinal examination rates
• Nonmydriatic fundus photography digital imaging system at IHS and Tribal 

facilities (mobile units also)
• Central reading center at Phoenix Indian Medical Center
• In 2019, 99 active sites across 23 States and nearly 30,000 patients examined; 

cumulative estimate- JVN serves 25% of the IHS user population

• Outcomes 
• 2011-2016 retrospective analysis of approximately 54,000 patient images, 

revealed DR and ME rate of 17.7% with sight threatening retinopathy of 4.2%.
• These prevalence rates are slightly lower than national average.
• The rate of DR in AI/AN appears to have decreased by nearly 50% as compared 

to historical data from the 1980-1990 epidemiological studies.

Bursell S-E, et al. Prevalence of diabetic retinopathy and diabetic macular edema in a primary care-based teleophthalmology program for AI and 
AN. PLoS One. https//doi.org/10.1371/journal.pone.0198551
Fonda SJ et al. The Indian Health Service Primary Care-Based Teleophthalmology Program for Diabetic Eye Disease Surveillance and 
Management. Telemed J E Health. 2020. doi:10.1089/tmj2019.0281. 



Strong Heart Study (SHS)

• Longitudinal Study of CVD among American Indians initiated in 1988
• 4549 participants, aged 45-74 year, ~60% female at baseline
• Follow up examinations; SHS 1992-95 and 1996-2000
• 13 communities in Arizona (Ak-Chin Tohono O’odham-Pima/Papago, Gila River Pima-

Maricopa, and Salt River Pima-Maricopa Tribes); Oklahoma (Apache, Caddo, 
Comanche, Delaware, Fort Sill Apache, Kiowa, Wichita Tribes); and North and South 
Dakota (Cheyenne River Sioux, Oglala Sioux, Spirit Lake Sioux)

• Primary Outcomes: CVD (MI, Stroke, CHD, Congestive Heart Failure) Incidence 
and prevalence and mortality; PCI

• Secondary Outcomes: CVD risk factors

• Comparative population studies: Atherosclerosis Risk in Communities (ARIC-
25% blacks and 75%whites); Cardiovascular Health Study (CHS- primarily white)

Howard BV et al. Rising Tide of Cardiovascular Disease in American Indians: The Strong Heart Study. Circulation 
1999;99(18):2389-95. 



Strong Heart Study (SHS)

Howard BV et al. Rising Tide of Cardiovascular Disease in American Indians: The Strong Heart Study. Circulation 1999;99(18):2389-95. 
Xu J et al. Differences in Risk Factors for Coronary Heart Disease among Diabetic and Nondiabetic Individuals from a Population with High 
Rates of Diabetes: The Strong Heart Study.  J Clin Endocrinol Metab 2012;97:3766-74.

Figure 2 . CVD incidence (fatal and nonfatal) in American Indians compared with other US population data from the 
CHS [14] and ARIC [15] studies (rates per 1000 person-years). *3.3-year average follow-up; **5.2-year average 
follow-up. CHD includes fatal and nonfatal events plus revascularization. SHS indicates Strong Heart Study.

Table 4 . Age- and Center-Adjusted Hazard Rate Ratios for Fatal and Nonfatal 
CVD by Major CVD Risk Factors: Strong Heart Study



Strong Heart Study (SHS) and Strong Heart Family Study (SHFS)

Muller CJ et al. Trends in Cardiovascular Disease Morbidity and Mortality in American Indians Over 25 Years: The Strong 
Heart Study. J Am Heart Assoc. 2019;8:e012289. DOI: 10.1161/JAHA.119.012289. 



Center for Disease Control and Prevention. National Diabetes Statistics Report: 2014 and 2017 and 2020

National Diabetes Statistics Reports: 2014,2017,2020







Diagnosed Diabetes Prevalence Trends from National 
Diabetes Statistics Reports (2008, 2014, 2017, 2020) 
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• NIH-Study to determine if diabetes can be prevented and/or delayed 
in subjects at high risk for diabetes (participants with IGT and from 
high risk populations)

• Interventions:
• Intensive Lifestyle (weight loss >7% and exercise >150 min/week from 

baseline; N=1079)
• Metformin 850 mg BID (N=1073) and Placebo (N=1082)

• Baseline Characteristics (3234 cohort): 
• Mean BMI: 35 women, 32 for men; except Asian/Pacific Islanders, 2/3 with 

family history of DM, 45% from minority populations
• 1/3 with hypercholesterolemia except American Indians; 30% with HTN; 
• Glycemia:  FBG – 106; 2 Hr PP – 165; HbA1c - 5.9% (nearly 30% of cohort with 

HbA1c > 6.1%) 

Diabetes Prevention Program and 
Diabetes Prevention Program Outcomes Study

DPP Research Group. A Randomized Clinical Trial to Prevent Type 2 Diabetes in Persons at High Risk. 
N Engl J Med 2002;346:393-403.



Placebo (n=1082)

Metformin (n=1073, p<0.001 vs. Placebo)

Lifestyle (n=1079, p<0.001 vs. Metformin,

p<0.001 vs. Placebo)

DPP Incidence of Diabetes 

Risk reduction

31% by metformin

58% by lifestyle
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Diabetes Incidence Rates by Ethnicity
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Incidence of Diabetes – Overall

Knowler et al. Lancet. 2009; 374:1677-1686 (Figure 3)



AI Incidence of Diabetes – Overall



• Intensive Lifestyle Intervention
• Everyone (all ethnicities; sizes; ages)
• Greater class attendance (higher participation rate)
• More weight loss (1kg = 16% RRR)
• More weight loss maintenance

• Metformin
• Younger subjects (<60 yrs old)
• Greater BMI (>35)
• History of GDM
• Higher Fasting Plasma Glucose and A1c levels

Subgroups that benefited from DPP Interventions: 
15 Year Follow Up

DPP Research Group. Identification of Subgroups That Benefited Most in the Diabetes Prevention Program and Diabetes Prevention Program 
Outcomes Study. Diabetes Care 2019;42:601-608.
DPP Research Group. Long-term Effects of Lifestyle Intervention or Metformin on Diabetes Development and Microvascular Complications: the 
DPP Outcomes Study. Lancet Diabetes Endocrinol 2015;3(11):866-875.



• Enrolled approximately 8,650 individuals with prediabetes across 36 sites 
funded by the Special Diabetes Program for Indians.

• Instituted community-tailored Native Lifestyle Balance Curriculum (modified 
DPP Lifestyle curriculum - 16 sessions over 6 months; monthly maintenance 
thereafter; classes and individuals sessions).

• No medication treatment; no placebo group
• Outcomes measured every 6-months 

• Diabetes development (FPG, A1c, confirmation OGTT if needed)
• Weight loss and exercise monitoring
• Blood Pressure and Lipid profiles
• Other medication starts or discontinue

• Initial results of SDPI-DP showed 6.8%/year diabetes incidence rate for the 
entire cohort; historical comparison to DPP Intensive Lifestyle group rate of 
4.8%/year and placebo rate of 11%/year.

The Special Diabetes Program for Indians Diabetes: 
Diabetes Prevention Demonstration Project

Jiang L, et al. Diabetes Care 2013;36:2027-34.



Jiang L, et al. Diabetes Care 2018;41(7):1462-70;  Pratte KA, et al. Diabetes Care 2019;42:1209-16.

Long-term Outcomes of Lifestyle Intervention to Prevent Diabetes in 
American Indian and Alaska Native Communities: 

The Special Diabetes Program for Indians Diabetes Prevention Program

• Summary: 
• Lifestyle Intervention Curriculum can be implemented in native communities.
• Less diabetes incidence with more weight loss and remission to Normal Glucose Regulation
• More weight loss associated with higher participation rate

• Challenges: High attrition rate after initial 16 sessions of the curriculum



Objectives

•Recognize contributions of research in AI/AN 
populations to the understanding of type 2 diabetes

•Review current trends in diabetes prevalence and 
complications

•Assess interventions in AI/AN patients with diabetes 
and prediabetes



Thank you for your attention

Questions or Comments?


