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Objectives

• Describe the prevalence and burden of diabetes mellitus 
across the country, specifically among AI/AN communities.

• Review the standards of care for the management of patients 
with diabetes. 

• Discuss the current non-injectable pharmacologic treatment 
of hyperglycemia and complications mitigation.



National Diabetes Statistics Report
Estimates of Diabetes and Its Burden in the United States

Centers for Disease Control and Prevention. National Diabetes Statistics Report website. 
https://www.cdc.gov/diabetes/data/statistics-report/index.html. Accessed 4/22/23.

Among the US population overall, crude estimates for 2019 
were:



Diabetes Report Card 2021
The Diabetes Report Card provides current information on the status of diabetes and its 
complications in the United States. It has been published every 2 years since 2012 by the 
Centers for Disease Control and Prevention (CDC).

Centers for Disease Control and Prevention. Diabetes Report Card 2021. US Dept of Health and Human Services; 2022.



Changing the Course of Diabetes:
Charting Remarkable Progress

Special Diabetes Program for Indians - 2020 Report to Congress 



Complications Development and 
Co-Morbid Conditions

• 39.2 % with CKD, Stages 1-4 (CKD-EPI eGFR data), 2017-2020
• 15.7% with moderate to severe CKD (Stage 3-4, eGFR 15-<60 ml/min)
• Leading cause of ESRD with 62K developed ESRD in 2018; crude prevalence attributed to 

diabetes 38.8% (26.1% HTN, 14.9% glomerulonephritis. 
• Diabetes is the leading cause of new cases of blindness among adults aged  18-

64 years. 11.8% reported severe vision difficulty or blindness
• Emergency Room Visits (2018)

• Diabetes as any listed diagnosis – 17.18 million (68.3/1000 adults), 35% admitted
• Hyperglycemic crisis – 248 thousand (9.9/1000): DKA 223K, HHS 25K; 85.5% admitted
• Hypoglycemia (BS<70 mg/dL)- 242 K (9.6/1000),23% admitted

• Hospitalizations (2018)
• Diabetes as any listed diagnosis – 8.249 million (327/1000 adults)
• Major CVD 1.871mil (74.4/1000); Ischemic Heart Disease 440K (17.5/1000), Stroke 334K 

(13.3/1000)
• Lower-extremity amputation- 154K (6.1/1000)

Centers for Disease Control and Prevention. National Diabetes Statistics Report website. 
https://www.cdc.gov/diabetes/data/statistics-report/index.html. Accessed 4/22/23.



Rios Burrows N, Koyama A, Pavkov ME. Reported Cases of End-Stage Kidney Disease – United States, 200-2019. 
MMWR 2022;71:412-415 

Burden of Diabetes: ESRD



Burden of Diabetes: ESRD

Rios Burrows N, Koyama A, Pavkov ME. Reported Cases of End-Stage Kidney Disease – United States, 200-2019. 
MMWR 2022;71:412-415 



• Incident and prevalent ESRD cases was slower in AI/AN than 
other populations from 2000-2019.

• “Population health and team-based approach to diabetes 
care including kidney disease testing and case 
management…supported by SDPI funding … may explain the 
lower percentage change”

• Goal of Advancing American Kidney Health Initiative of US 
HHS is to reduce incidence of ESRD by 25% by 2030.

• Need to address HTN and Diabetes management

Burden of Diabetes: ESRD

Rios Burrows N, Koyama A, Pavkov ME. Reported Cases of End-Stage Kidney Disease – United States, 200-2019. 
MMWR 2022;71:412-415 



Incidence of Microvascular Complications
Retinopathy

• Incidence of any diabetic retinopathy 69.6/1000 patient-years 
assessed through the JVN Tele-ophthalmology Program from 2015 to 
2016-2019. 

• Low DR incidence rate compares to other populations and similarly 
associated with duration of diabetes, higher A1C levels, and insulin 
therapy (w/wo oral meds)

• The low incidence rates support the ADA recommendation of biennial 
retinal examinations among patients with diabetes served by IHS.  

Fonda SJ, Bursell SE, Lewis DG, Clary D, Shahon D, Cavallerano J. Incidence and Progression of Diabetic Retinopathy in 
American Indian and Alaska Native Individuals Served by the Indian Health Service, 2015-2019. JAMA Ophthalmol. 2023. 
doi:10.1001/jamaophthalmol.2023.0167



Incidence of Microvascular Complications
Nephropathy: CKD

Tuttle KR, Jones CR, Daratha KB, et al. Incidence of Chronic Kidney Disease among Adults with Diabetes, 2015-202. N Eng J 
Med. 2022;387(15). 

• Incidence of DKD (new eGFR<60 or UACR >30 
or UPCR > 150) from 2015-2016 was 
81.6/1000 P-Y, 2017-2018 was 73.7/1000 P-Y, 
and 2019-2020 was 64/1000 P-Y 

• The incidence rates of DKD varied among 
ethnic groups in the cohort compared to 
White Americans; higher rates among 
NH/Pacific Islanders, African American, 
AI/AN, and Hispanic Americans; lower rate 
among Asian Americans.

• Higher Incidence rates associated with longer 
duration of diabetes, higher A1C levels, and 
HTN



Comprehensive Assessment and Treatment
• Patient-centered care

• “providing care that is respectful of and responsive to individual patient 
preferences, needs, and values and ensuring that patients values guide all 
clinical decisions”.

• Health literacy and numeracy
• Self-management resources  and affordability
• Consideration of other comorbid conditions that impact self-care

• Depression, cognitive impairment
• Periodontal Disease
• Sensory loss; hearing or vision or sensations
• Arthritis; frailty
• Liver disease and other gastrointestinal problems

American Diabetes Association. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities: Standards of Care in 
Diabetes-2023. Diabetes Care 2023;46(Suppl 1):S49-S67. https://doi.org/10.2337/dc23-S004. 

https://doi.org/10.2337/dc23-S004


Diabetes Self-Management Education and Support (DSMES)

American Diabetes Association. 5. Facilitating Behavior Change and Well-being to Improve Health Outcomes: Standards of 
Medical Care in Diabetes-2022. Diabetes Care 2022;45(Suppl. 1):S60-S82. https://doi.org/10.2337/dc22-S005.    

• Self-Management (self-care)
• Practice healthy eating and physical activity
• Use medication properly; knowing efficacy and adverse effects
• Monitor and track changes
• Learn to cope with stress and setbacks; problem solve
• Teach self-advocacy; navigate health systems; assess SDOH
• Achieve target goals

• Evaluation of self-management needs (professional services)
• Four critical times- 1) at diagnosis, 2) annually and/or not meeting 

treatment goals, 3) when complicating factors develop, 4) when transitions 
in life and care occur.

• Who, when, and where?

https://doi.org/10.2337/dc22-S005


Medical Nutrition Therapy (MNT)
• Foundation of type 2 diabetes management: beyond hyperglycemia
• Ideally, provided by Registered Dietitian/Registered Dietitian Nutritionist

• At the time of diagnosis and as needed
• MNT shown to reduce A1C, 0.5 to 2.0 % similar to some medication effectiveness
• Covers nutrition assessment, individualized interventions, and evaluation with ongoing 

followup to support long-term lifestyle changes
• MacroNutrients

• Fats: minimize trans fat, choose mono or polyunsaturated fats (limit saturated fat to < 
10% daily consumption)

• Carbohydrates: eat variety of fruits and vegetables, choose high-fiber foods (25-30 gm 
per day); limit added sugars and avoid sugar-sweetened beverages

• Proteins: choose low-fat animal and plant based proteins
• Other: Sodium-2300 mg/day, alcohol, fluids- water and other low calorie beverages

• Physical Activity: At least, 150 minutes of moderate intensity activity per week.
NIDDK. Guiding Principles for the Care of People with or at Risk for Diabetes 

https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/guiding-principles-care-people-risk-diabetes


A1C                          <7.0% (53 mmol/mol)*#
Preprandial capillary plasma glucose           80–130 mg/dL* (4.4–7.2 mmol/L) 
Peak postprandial capillary plasma glucose† <180 mg/dL* (10.0 mmol/L)

*More or less stringent glycemic goals may be appropriate for individual patients. 
#CGM may be used to assess glycemic target as noted in Recommendation 6.5b and Fig. 6.1. Goals should 
be individualized based on duration of diabetes, age/life expectancy, comorbid conditions, known CVD or 
advanced microvascular complications, hypoglycemia unawareness, and individual patient considerations 
(as per Fig.6.2). 
†Postprandial glucose may be targeted if A1C goals are not met despite reaching preprandial glucose goals. 
Postprandial glucose measurements should be made 1–2 h after the beginning of the meal, generally peak 
levels in patients with diabetes.

Summary of glycemic recommendations for many 
nonpregnant adults with diabetes (Table 6.3)

American Diabetes Association. 6. Glycemic Targets: Standards of Care in Diabetes-2023. Diabetes Care
2023;46(Suppl. 1):S97-S110. https://doi.org/10.2337/dc23-S0066. 

https://doi.org/10.2337/dc23-S0066


Diabetes Type 2: Hyperglycemia Development
• The hyperglycemia in type 2 diabetes appears to result from a 

progressive loss of adequate β-cell insulin secretion, frequently on the 
background of insulin resistance.

• β-cell secretory dysfunction is related to genetics, inflammation, or metabolic 
stress

• Insulin resistance is related to obesity and/or visceral adiposity
• Glucose toxicity (hyperglycemia begets hyperglycemia)

• Progressive dysglycemia occurs for many years starting with prediabetes
• Interventions may delay or prevent diabetes development 
• Fasting and post-prandial hyperglycemia result from worsening β-cell failure

American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Care in Diabetes-2023. Diabetes Care
2023;46 Suppl 1):S19-S40. https://doi.org/10.2337/dc23-S002.  

https://doi.org/10.2337/dc22-S002


Medication Mechanism Efficacy 
( A1C)

Other
Benefits

Side effects; 
Caution

Comments

Metformin
(biguanide)

Decrease Hepatic 
glucose production

1.0-2.0% CVD;
Dementia;

Use in Youth

GI symptoms;
eGFR>30 ml/min

B12 deficiency
Lactic Acidosis

Sulfonylurea/Glinides
(glipizide, glimepiride, 
glyburide, repaglinide, 
nateglinide)

Stimulate insulin 
secretion-
SUR/K+ATPase

1.0-2.0% Rapid effect;
neutral/worsening 

CVD

Hypoglycemia;
Weight Gain;

Accelerates β-cell
failure

cost

Thiazolidinediones
(pioglitazone, 
rosiglitazone)

Reduce insulin
resistance by 
activating PPARγ
nuclear receptor 

1.0-2.0% CVD;
NAFLD and NASH;
No hypoglycemia

Weight gain;
Edema;

HF hospitalization

Slow activation 
and glycemic 
effects, 2-4 

weeks

Oral Anti-Diabetes Medications

American Diabetes Association. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Care in Diabetes-2023. 
Diabetes Care 2023;46(Suppl 1):S140-S157. https://doi.org/10.2337/dc23-S009. 

https://doi.org/10.2337/dc22-S009


Medication Mechanism Efficacy 
( A1C)

Other
Benefits

Side effects; 
Caution

Comments

DPP-4 Inhibitors
(sitagliptin, saxagliptin, 
linagliptin, alogliptin)

Increase GLP-1; 
insulin/decrease 
glucagon

0.5-1.0% CVD neutral;
Weight neutral

HF hospitalization –
saxagliptin, alogliptin

All indications; 
renal dose 
adjustment

SGLT-2 Inhibitors
(empagliflozin, 
canagliflozin, 
dapagliflozin, ertugliflozin, 
bexagliflozin)

Inhibits Sodium 
Glucose Co-
transporter 2; 
increase glycosuria

0.5-1.0% CVD, CVD death;
HF Hospitalization;

Nephropathy;
Weight loss;

SBP

Need eGFR > 45
UTI & genital mycotic;

acute kidney injury; 
DKA;

Fournier’s gangrene

Cost;
Monitor renal 
function (stop 
if eGFR < 30)

GLP-1 RA
(oral semaglutide)

Stimulates GLP-1 
receptors; Increase 
insulin, decrease 
glucagon/appetite

1.0-2.0% Weight loss;
CVD trend lower 

GI problems;
Pancreatitis;

MTC

Cost;
nausea; 
vomiting

Oral Anti-Diabetes Medications

American Diabetes Association. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Care in Diabetes-2023. 
Diabetes Care 2023;46(Suppl 1):S140-S157. https://doi.org/10.2337/dc23-S009. 

Other FDA-approved oral anti-diabetes medications include α-glucosidase inhibitors (acarbose, miglitol), bile acid 
sequestrant (colesevelam), and dopamine-2 agonist (bromocriptine). 

https://doi.org/10.2337/dc22-S009


American Diabetes Association. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Care in Diabetes-2023. 
Diabetes Care 2023;46(Suppl 1):S140-S157. https://doi.org/10.2337/dc23-S009. 

 

https://doi.org/10.2337/dc22-S009


Guidance for initiating oral anti-diabetes 
medication use

• At glycemic goal*
• No CVD or HF and/or CKD – consider metformin 
• CVD or HF and/or CKD - prescribe SGLT-2 inhibitors

Assess glycemia and complications (emphasis on cardiorenal
protection- CVD, HF,  and CKD) 

Reassess glycemia and complications, 3-6 month intervals

• Not at glycemic goal*
• No CVD or HF and/or CKD – prescribe metformin 
• CVD or HF and/or CKD - prescribe SGLT-2 inhibitors

* A1C <7.0 % for most people with diabetes; consider more or less stringent consideration 
based on patient-centered approach.



* A1C <7.0 % for most people with diabetes; consider more or less stringent consideration 
based on patient-centered approach.

Reassess glycemia and complications (CVD, HF,  and CKD) 

Guidance for advancing oral anti-diabetes 
medication use

• Not at glycemic goal*, consider
• Metformin: start or optimize treatment
• DPP-4 inhibitor: useful in older patients, mild side effects, HF
• SGLT-2 inhibitor: low hypoglycemia risk, multiple side effects
• Oral GLP-1 RA: weight loss, low hypoglycemia risk
• TZDs: improves fatty liver, weight gain, edema, HF 
• Secretagogues (SU/glinides): hypoglycemia and weight gain

• Newly identified CVD, HF, and/or CKD 
• Prescribe SGLT-2 inhibitor (injectable GLP-1 RA is unable to use)



Medication (Study/# Pts) Type of Patients Duration Outcome
Empagliflozin- (EMPA-REG 7,020) Known CVD (99%) 3.1 yrs MACE

Canagliflozin- (CANVAS 10,142) Known CVD 71% 2.4 yrs MACE

Dapagliflozin- (DECLARE 17,160) Known CVD 40%
CVD Risk Factors 60%

4.2 yrs MACE

Ertugliflozin- (VERTIS CV 8,246) Known CVD 3.0 yrs MACE

Canagliflozin- (CREEDENCE 4,401) Known CKD 100%; 
HF 17% 

2.6 yrs CKD

Dapagliflozin- (DAPA-CKD 4304) Known CKD 2.4 yrs CKD

Empagliflozin-
(EMPEROR- R 3,730; EMPEROR- P 5,988)

Known HFreducedEF
Known HFpreservedEF (40% w DM)

1.5 yrs
2.2 yrs

HHF, CV Death

Dapagliflozin- (DAPA-HF 4,744) Known HFrEF
Known HFpEF (40% w DM)

1.5 yr HF, CV Death

Sotogliflozin- (SCORED 10,584) Known CKD 1.5 yrs HHF, CV Death

Sotogliflozin- (SOLOIST-WHF 1,222) Known HF 0.75 yrs HHF, CV Death

MACE: CVD death, Nonfatal MI, Nonfatal stroke; HHF: Hospitalization for Heart Failure and CVD Death; CKD: doubling creatinine, renal 
replacement, progressing or incident albuminuria, sustained eGFR decrease >40 % to < 60 ml/min

SGLT-2 Inhibitors: CardioRenal Outcomes Trials



Giugliano D, Longo M, Scappaticcio L, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients with or without type 2 
diabetes: a meta-analysis of 11 CVOTs. Cardiovascular Diabetology. 2021;20:236. https://doi.org/10.1186/s12933-021-01430-3.

MACE: CVD death, Nonfatal MI, Nonfatal stroke

SGLT-2 Inhibitors: Cardiovascular Outcomes Trials



SGLT-2 Inhibitors: HHF/CV Mortality Outcomes Trials

Giugliano D, Longo M, Scappaticcio L, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients with or without type 2 
diabetes: a meta-analysis of 11 CVOTs. Cardiovascular Diabetology. 2021;20:236. https://doi.org/10.1186/s12933-021-01430-3.



SGLT-2 Inhibitors: HHF Outcomes Trials

Giugliano D, Longo M, Scappaticcio L, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients with or without type 2 
diabetes: a meta-analysis of 11 CVOTs. Cardiovascular Diabetology. 2021;20:236. https://doi.org/10.1186/s12933-021-01430-3.



SGLT-2 Inhibitors: CKD Outcomes Trials

Giugliano D, Longo M, Scappaticcio L, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients with or without type 2 
diabetes: a meta-analysis of 11 CVOTs. Cardiovascular Diabetology. 2021;20:236. https://doi.org/10.1186/s12933-021-01430-3.



• SGLT-2 inhibitors provide robust reduction in Heart Failure in people 
with and without diabetes (RRR 32%)

• A class effect- absence of heterogeneity among studies 
• Reduced risk of HHF is > 25% among all studies
• Narrow confidence interval (27% - 39% CI)

• Provide strong evidence for reduction in renal outcomes (RRR 35%)
• CVOT showed heterogeneity of outcomes
• Greater effects seen in patients with HFrEF; a potential secondary effect

• Mild reduction in CV death and MACE (RRR 16%)

Giugliano D, Longo M, Scappaticcio L, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients with or without type 2 
diabetes: a meta-analysis of 11 CVOTs. Cardiovascular Diabetology. 2021;20:236. https://doi.org/10.1186/s12933-021-01430-3.

SGLT-2 Inhibitors: CVD and Renal Outcomes Summary



Thank you for your attention

Any Questions? Comments?
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