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Learning objectives 

• Diagnosis of T1DM (c peptide and beta-cell 

autoimmune markers) 

• Insulin regimen in T1DM

• New technology in T1DM including Insulin 

pump and CGM use

• Hyperglycemic emergency in T1DM – DKA 



Case 1

• Mr. G, 21 yo male, was diagnosed with T1DM at age 11. On insulin pump for 8 yrs. Weight 

99kg. Currently on Medtronic 670G pump with below settings: 

•
Basal rate: (47.5 units per day)

MN 2.05

0430 2.00

0700 1.85

1400 2.00

2000 2.10

ICR

MN 1: 8

0500 1: 4

1000 1: 6 

1200 1: 5

1600 1:3.2

ISF

MN 1:28

0530 1:23

1000 1:21

1400 1:22

Blood glucose target: 

MN 90-110

0700 80-100

2200 90-110

GAD65ab: negative 



Ms. N, 39 yo female was diagnosed with T1DM in childhood and on MDI since then. 

Weight 100kg. 

diabetic regimen: 

Levemir 40 units BID, Lispro 20 units TID and Lispro ISF 1:25 over 100 mg/dl

Case 2

GAD65-ab: negative 



GAD65 antibodies and C-peptide

Thunander M, et al. Levels of C-peptide, body mass index and age, and their usefulness in classification of diabetes in relation to autoimmunity, in adults with newly 

diagnosed diabetes in Kronoberg, Sweden. Eur J Endocrinol. 2012 Jun;166(6):1021-9. 

Verge CF, et al. Anti-glutamate decarboxylase and other antibodies at the onset of childhood IDDM: a population-based study. Diabetologia 1994 37 1113–1120. 



Case 3

A 79 yo male with a history of metastatic malignant melanoma, 

who received Pembrolizumab, presented to the ED with 

polyuria, polydipsia and weakness. He was noted to have serum 

glucose 1150 mg/dl, CO2 13, AG 26, and Beta-hydroxybutyrate 

124, Ph7.16. GAD65ab negative, C peptide 1.1 ng/ml (1.1-4.4) at 

presentation in 11/2017.  C peptide <0.1 ng/ml in 2/2020. What 

type of diabetes does he have? 

A. LADA (Latent autoimmune diabetes in adults)

B. T2DM 

C. Ketosis prone diabetes 

D. Pembrolizumab-induced T1DM 



T1DM and Immune checkpoint inhibitor

de Filette JMK, et al. Immune checkpoint inhibitors and type 1 diabetes mellitus: a case report and systematic review. 

Eur J Endocrinol. 2019 Jul. 



Classification of Diabetes

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1



Staging of type 1 diabetes 

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1



Criteria for the diagnosis of Diabetes 

• Plasma glucose not a1c should be used to diagnose the acute onset of T1DM. 

• Autoimmune markers: islet cell autoantibodies, GAD65-ab, insulin, the tyrosine phosphatases 

IA-2 and IA-2B and zinc transporter 8 (ZnT8). 

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1



Case 4 

A 23 yo female with T1DM called you because her glucose level 

was 400 mg/dl. She wanted to know what she should do with 

glucose level at 400 mg/dl. 

Her home diabetic regimen: Lantus 15 units Qhs, Humalog 5 

units TID. Her body weight is 60 kg. She has no correction scale. 

Her glucose goal is 100 mg/dl. 

A. Give 6 units of Humalog 

B. Give 3 units of Humalog 

C. Give 15 units of Humalog 

D. Give 10 units of Humalog 

400 – 100

----------------------

Correction factor 



Useful Insulin Formulas
• The carbohydrate coverage ratio: 500 ÷ Total Daily Insulin Dose

= 1 unit insulin covers X many grams of carbohydrate

Eg, total insulin dose 50 units per day gives you carb ratio 1 u: 10 gram

• Insulin sensitivity (IS) or correction factor (CF)

Correction Factor = 1800 ÷Total Daily Insulin Dose = 1 unit of 

insulin will reduce the blood sugar how many mg/dl. 

(some use1500 reg/1800 rapid-acting insulin)

• If you measure your body weight in kilograms:

Total Daily Insulin Requirement (in units of insulin) 

= 0.50 X Total Weight in Kilograms (E.g, 100 kg= 55 units)



Initial TDD (total daily insulin dose)

• TDD = wt (kg) x  0.5 – T1DM, Wt (Kg) x 0.3 - pt with CKD

• TDD = wt (kg) x 0.7-1.0 – for obese / insulin resistant pt

500

TDD

50% Long acting 50% short acting

Meal bolus

ICR

Hyperglycemia 

correction 

ISF

1500

TDD

TDD

TDD = 30 units/day.    ICR 1:16. ISF 1:50 over BG target  

TDD = 50 units/day.    ICR 1:10. ISF 1:30 over BG target 

TDD = 100 units/day.  ICR 1:5. ISF 1:15 over BG target 



Pharmacologic Therapy for T1DM 

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1

• Most people with type 1 diabetes should be treated with 

multiple daily injections (MDI) of prandial and basal 

insulin, or continuous subcutaneous insulin infusion 

(insulin pump). 

• Most individuals with type 1 diabetes should use rapid-

acting insulin analogs to reduce hypoglycemia risk. 

• Patients with type 1 diabetes should be trained to match 

prandial insulin doses to carbohydrate intake, premeal 

blood glucose, and anticipated physical activity. 



Insulin Development 

Hirsch I, The Evolution of Insulin and How it Informs Therapy and Treatment Choices. Endocrine Review 2020, Oct 1.  



Time-action of insulin 

Hirsch I, The Evolution of Insulin and How it Informs Therapy and Treatment Choices. Endocrine Review 2020, Oct 1.  



Premixed insulin 

Hirsch I, The Evolution of Insulin and How it Informs Therapy and Treatment Choices. Endocrine Review 2020, Oct 1.  



Concentrated insulin 

Hirsch I, The Evolution of Insulin and How it Informs Therapy and Treatment Choices. Endocrine Review 2020, Oct 1.  



Concentrated Insulin 

Schloot NC, et al. Concentrated insulins in current clinical practice. Diabetes Res Clin Pract. 2019 Feb;148:93-101. 



Median cost of insulin products 

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1





Insulin delivery approaches in T1DM

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1



Case 5

A 21 yo male with T1DM has been on multiple daily injections (MDI) since 

age 11. His recent a1c was 9%. He is comfortable on carb counting. He eats 

meals frequently and only boluses before his bigger meals. He has lows 

before midnight but has hyperglycemia in the morning. He wanted to 

know other choices to improve his diabetes control. Which one is the best 

next step? 

A. Continue MDI 

B. Continue MDI and start continuous glucose monitoring (CGM)

C. Insulin pump with CGM 

D. Closed-loop insulin pump system 



Continuous glucose monitoring (CGM)

ADA- Standards of Medical Care in Diabetes 2022 Diabetes Care, Vol 45. sup1



Continuous glucose monitoring (CGM)

FreeStyle Libre 2  

Dexcom CGM G6 Medtronic Guandian 

Connect CGM 



Continuous Glucose Monitoring (CGM)

Chehregosha H, et al. A View Beyond HbA1c: Role of Continuous Glucose Monitoring . Diabetes Ther, 2019 Jun;10(3):853-863. 



ADA- Standards of Medical Care in Diabetes 2022 Diabetes Care, Vol 

45. sup1

CGM metrics and AGP



Ambulatory Glucose Profile - AGP

ADA- Standards of Medical Care in Diabetes 2022 Diabetes Care, Vol 45. sup1



Ambulatory glucose profile (AGP)

Aleppo G, et al. J Diabetes Sci Technol 2019:13:664-673 



Indications for Insulin Pump Treatment 

B McAdams, et al. Journal of Clinical Medicine 2016:5



Insulin pumps

Medtronic 770G 

Omnipod/Dexcom system

Tandem/Dexcom system  



Insulin pump use in T1DM 
• Basal rate: (u/hr, 47.5 units per day)

0000    2.05

0430    2.00

0700    1.85

1400    2.00

2000    2.10

ICR (insulin carb ratio)

0000    1: 8

0500    1: 4

1000    1: 6 

1200    1: 5

1600    1: 3.2

ISF (insulin sensitivity factor)

0000    1:28

0530    1:23

1000    1:21

1400    1:22

Blood glucose target: 

0000    90-110

0700    80-100

2200    90-110

• Active insulin time: 3 hrs

• Pump insulin delivery is more 

efficient. ~ 80% of MDI basal 

as a starting point. 

• Different ICR and ISF 

• Different BG target 



Insulin pump report



Case 6

Mr. A presented to your clinic with a1c 10%. 

What is his estimated average glucose level? 

A. 150 mg/dl 

B. 240 mg/dl 

C. 350 mg/dl 

D. 400 mg/dl 



A1c - Estimated Average Glucose

ADA- Standards of Medical Care in Diabetes 2022. Diabetes Care, Vol 45. sup1



Individualized Glycemic targets 

ADA- Standards of Medical Care in Diabetes 2022.  Diabetes Care, Vol 45. sup1

• An A1c goal for many 

nonpregnant adults of < 7% is 

appropriate. 

• Lower a1c (< 6.5%) may be 

acceptable if without significant 

hypoglycemia or other AEs of 

treatment. 

• A1c goal (< 8%) may be 

appropriate for patients with 

severe hypoglycemia, limited life 

expectancy, advanced 

complications, extensive 

comorbid conditions or long-

standing diabetes. 



Case 7

Ms. B is a 45 yo female with T1DM for 17 years on MDI with 

a1c 6.2%. She was found to have hypertension with BP 150/95 

mmHg. She has no history of CAD. Her urine albumin 

creatine ratio is normal.  Which antihypertensive medications 

are your choices?  If her urine albumin creatine ratio is 200 

mg/g, which anti-hypertensive meds are your choices? 

A. Amlodipine 

B. Lisinopril 

C. Losartan 

D. Chlorthalidone   



Treatment of Hypertension in people with diabetes

ADA- Standards of Medical Care in Diabetes 2022. Diabetes Care, Vol 45. sup1



Fayfman M, et al. Med Clin North Am. Management of Hyperglycemic Crises: Diabetic Ketoacidosis and Hyperglycemic Hyperosmolar

State. 2017;101(3):587-606.  

Management of hyperglycemic Crises



Initial TDD (total daily insulin dose)

• TDD = wt (kg) x  0.5 – T1DM, Wt (Kg) x 0.3 - pt with CKD

• TDD = wt (kg) x 0.7-1.0 – for obese / insulin resistant pt

500

TDD

50% Long acting 50% short acting

Meal bolus

ICR

Hyperglycemia 

correction 

ISF

1500

TDD

TDD

TDD = 30 units/day.    ICR 1:16. ISF 1:50 over BG target  

TDD = 50 units/day.    ICR 1:10. ISF 1:30 over BG target 

TDD = 100 units/day.  ICR 1:5. ISF 1:15 over BG target 



Summary 

• Diagnosis of T1DM (c peptide and beta-cell 

autoimmune markers) 

• Insulin regimen in T1DM

• New technology in T1DM including Insulin 

pump and CGM use

• Hyperglycemic emergency in T1DM – DKA 



Q and As

Thank you ! 


