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Learning objectives
• Understanding the physiological differences between Type 1 and 

Type 2 diabetes
Quick Quiz

• Understand how to manage hyperglycemia given in-patient setting 

Quick Quiz
• Understand how to manage hyperglycemia in patients with 

CVdisease given out-patient setting 

Quick Quiz

Type 1 Diabetes
• Prevalence is less than 0.5% of the population
• Related to autoimmune destruction of the pancreatic islet
• Genetic risk  - 50% to get if  twin with DM
• There is no accepted treatment for the nonhyperglycemic

phase of type 1 diabetes 
• If hyperglycemic – treatment is insulin



Type 2 Diabetes
• Major public health problem. 

– Affects »8% of the US population, with probably an equal 
number of cases being undiagnosed. 

– 90-95% of diabetes diagnosed in US
• The global prevalence of type 2 diabetes continues to rise
• Genetic risk – 90% chance of Type 2 DM if twin with diabetes
• See insulin resistance, hyperinsulinemia, followed by beta cell 

failure à initial treatment is reduction of insulin resistance

Type 2 Diabetes

Saisho Y. J Mol Genet Med. 2014

What Goal Sugar Levels?

Normal Goal

Average preprandial
glucose (mg/dL)*

< 100 80-120

Average bedtime
glucose (mg/dL)*

< 100 100-140

A1c (%) < 6 < 7
*based on capillary blood glucose

• Ok for HbA1c goal <8.0% 
depending on comorbid 
conditions

• Inpatient glycemic goals 
generally 140-180 mg/dL



Theory of Type 1 Diabetes Treatment
• Fundamental defect is beta cell deficiency causing insulin 

deficiency
• Treatment is to give insulin

– Other options – pancreas transplant, islet transplant (replace 
beta cells)

– DO NOT stop the basal insulin (unless on the drip)

B, breakfast; L, lunch; D, dinner; HS, bedtime.

Adapted from:
1. Leahy JL. In: Leahy JL, Cefalu WT, eds. Insulin Therapy. New York, NY: Marcel Dekker, Inc.; 2002.
2. Bolli GB, et al. Diabetologia. 1999;42:1151–1167.

Normal Insulin Secretion: 
The Basal-Bolus Insulin Concept
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Theory of Type 2 Diabetes Treatment

• Reduce insulin resistance
• More insulin to overcome insulin resistance

– Enhance endogenous insulin secretion
– Give exogenously if enhancement of endogenous 

insulin insufficient
• “Other medications” to reduce glucose levels

Usual sequence 
of interventions

Usual clinical
course
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Theory of Type 2 Diabetes Treatment
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Quick Quiz

• Given the same meal with all other conditions 
being equal, who will have higher insulin levels 
postprandially?

B. A patient with untreated prediabetes

A. A patient with untreated type 2 diabetes

Quick Quiz
• Given the same meal with all other conditions 

being equal, who will have higher insulin levels 
postprandially?

B. A patient with untreated prediabetes

A. A patient with untreated type 2 diabetes

Quick Quiz

Saisho Y. J Mol Genet Med. 2014

Insulin level are high in prediabetes/early T2DM (response to IR)
Insulin levels drop over time due to beta cell failure 
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• Inpatient glycemic goals generally 140-180 mg/dL

• Perform HbA1c on all patients with glucose ≥ 140 mg/dL if 
not performed in last 3 months or otherwise contraindicated

• Consider goal of 110-140 mg/dL if possible to do 
without significant hypoglycemia

• Start insulin therapy if glucose consistently ≥ 180 mg/dL

2019 ADA Standards of Medical Care

Management of Hyperglycemia:Inpatient

• NICE-Sugar study

• 6104 patients
– Mean age ~60 years old, 20% with history of diabetes
– Admission to ICU (~37% with hx of operative admission)
Randomization 
– 3054 goal glucose 81-108 mg/dL
– 3050 goal glucose <=180 mg/dL
Intervention stopped once eating or d/c from ICU

NICE-SUGAR – NEJM 2009

Management of Hyperglycemia:Inpatient



Outcomes
• Higher risk for death at day 90 from randomization

– 27.5% vs 24.9% [OR 1.14 (1.02 to 1.28) p=0.02]
– CV related deaths most common

• Higher risk for hypoglycemia (arterial glucose <40 
mg/dL)
– 6.8% vs 0.5% [OR 14.7 (9.0-25.9) p<0.001]

NICE-SUGAR – NEJM 2009

Management of Hyperglycemia:Inpatient

• Intensive vs conservative control in patients undergoing CABG
• Randomized interventional study (n=300 total) 

– Goal 100-140 mg /dL vs < 141-180 mg/dL. 
• Goal to see if recent surgery may affect outcomes
• Age ~ 64, 50% with history of diabetes, 
• Outcomes

– ICU average glucose (intensive group) = 132+/- 14 mg/ dL
– ICU average glucose (conventional group) = -154+/- 17 mg/ dL

Hypoglycemia (8% in intensive group, 3% in conventional group ; p=0.13)
Less complications in the intensive group (42% vs 52%, p=0.08)

Management of Diabetes in CV patients: Inpatient 

Umpierrez G Diabetes Care 2015

• Role of CGMS
– Measures interstitial glucose
– Concern about accuracy and precision
– No FDA approval for use in critically ill patients
– Current recommendation – hold off until more data is 

available

Gomez AM J Diabetes Sci Technol 2014
Krinsley JS Crit Care 2017

Management of Hyperglycemia:Inpatient



• Glycemic management in hospital 
• Primary treatment is insulin

– Recommendation is basal or basal+bolus
– Generally sliding scale alone is not encouraged

• Metformin – generally hold until Cr is stable and 
pending discharge

• GLP-1 agonists – may cause GI upset
• SGLT-2 inhibitors- concern about ketoacidosis, 

urosepsis, UTI

Management of Hyperglycemia:Inpatient

• Preprocedure management
– Pre-op glucose 80-180 mg/dL
– Withhold metformin (esp before procedure with 

contrast)
– Withhold oral hypoglycemic agents
– Give 80%-100% of basal insulin or 50-60% if split 

mixed insulin

Management of Hyperglycemia:Inpatient

• Discharge planning
– Plan for resumption of home program for a few days 

before discharge for patient familiarity
– Make sure anticipated home program feasible for 

patient (ie cost, administration, support)
– Patient should have outpatient follow-up to assess the 

new program

Management of Hyperglycemia:Inpatient



Quick Quiz

• Why are goal glucose ~140-180 mg/dL
recommended as inpatient instead of 100-140 
mg/dL? 

B. Intensive control is not clearly superior to 
conventional control in terms of mortality

A. Conventional control associated with less 
hypoglycemia 

C. A and B

Quick Quiz

• Why are goal glucose ~140-180 mg/dL
recommended as inpatient instead of 100-140 
mg/dL? 

B. Conventional control is not clearly inferior to 
intensive control in terms of mortality rates

A. Conventional control is associated with less 
hypoglycemia than intensive control

C. A and B
Umpierrez G Diabetes Care 2015
Nice Sugar NEJM 2009
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Management of Diabetes in CV patients: Outpatient 

Depends on severity/duration of T2DM

Drugs that reduce insulin resistance

Metformin

Thiazolidinediones

Metformin
• Biguanide – can be hidden in the medication (ie combo drug)

• Suppresses endogenous glucose production and increases glucose 
uptake into fat and muscle

• Generally initial drug of choice for obese patients with type 2 
diabetes

• Side effects: diarrhea, lactic acidosis

• Contraindicated in renal (estimated GFR<30) , cut in ½ dose for 
GFR 30-45, liver failure or conditions associated with hypotension



13%

25%

36%

15% 39%

10 year post  UKPDS

Intensive Tx

metformin
CV benefit of 

Metformin

Holman RR. NEJM.
2008

TZDs
• Rosiglitazone and Pioglitazone 

Pros
• Improves insulin sensitivity and glycemic control
• Ok to use in renal failure

Cons
• Causes weight gain and edema
• Do not use in the setting of heart failure - > both increase 

risk for heart failure
• Pioglitazone has less risk for MI 
• No renal dose adjustment needed

“Other drugs” for treatment of diabetes

DPP-4 inhibitor

GLP-1 agonists

SGLT-2 inhibitors



DDP4 inhibitors

• Inhibit body’s natural breakdown of GLP-1
• Examples: saxagliptin, sitagliptin, linagliptin

– Orally administered once a day
– Lowers A1c by ~0.5%
– Not associated with weight loss or nausea

CV effects of DDP4 inhibitors
• Meta-analysis of 50 trials ~ 

55100 participants

• Each trial with minimum of 
100 pts and 24 weeks 
follow up

• *no differences in CV 
mortality

• *Overall theme: DDP4 
inhibitors no cardiovascular 
benefit or harm

Wu SY. Cardiovascular Therapeutics. 2014

CV effects of DDP4 inhibitors

• Meta-analysis of 50 trials 
~ 55100 participants

• No clear difference in 
acute coronary syndrome

Wu SY. Cardiovascular Therapeutics. 2014



CV effects of DDP4 inhibitors
• Meta-analysis of 50 

trials ~ 55100 
participants

• No clear difference 
in HF but concern 
that DPP4 (such as 
saxagliptin, 
alogliptin but not 
sitagliptin) may 
exacerbate HF 
(HR~1.3) 

Wu SY. Cardiovascular Therapeutics. 2014

GLP-1 agonists
• Mechanism: 

– enhancement of glucose-dependent insulin secretion
– slowed gastric emptying,
– reduction of postprandial glucagon 
– reduction of food intake

• Relevant points
– Can by given twice daily (exenatide), daily (liraglutide), or 

weekly (exenatide, dulaglutide, semaglutide)
– Can be given in reduced renal function (exenatide not given if 

CrCl<30)

CV effects and GLP-1 agonists

Marso SP. N Engl J Med. 2016



LEADER
• 9,340 pts with T2D 
• 50 years or older
• A1c ≥7.0%
• On or not on drugs
• Established CVD, HF or CKD
• Exclusion: GLP-1 RA or DPP-4
• Randomized f/u ~ 3.8 yrs

– placebo
– liraglutide 1.8 mg daily 

• Primary Outcome: Composite of CV death, nonfatal MI, or 
nonfatal stroke

Slide generously provided by Dr. Luiza Caramori
Marso SP. N Engl J Med. 2016

LEADER

13%
22%

22% 21%

CV death, 
nonfatal MI, or 
nonfatal stroke

Slide generously provided by Dr. Luiza Caramori
Marso SP. N Engl J Med. 2016

LEADER

Slide generously provided by Dr. Luiza Caramori
Marso SP. N Engl J Med. 2016

15% 13%



Slide generously provided by Dr. Luiza Caramori
Marso SP. N Engl J Med. 2016

SUSTAIN – 6

Slide generously provided by Dr. Luiza Caramori
Marso SP. N Engl J Med. 2016

SUSTAIN – 6
• 3,297 pts with T2D 
• 50 years or older
• A1c ≥7.0% 
• On 1-2 orals ± insulin 
• Established CVD, HF or CKD
• Exclusion: GLP-1 RA or DPP-4
• Randomized – 104 weeks

– placebo 
– semaglutide 1.0 mg weekly
– semaglutide 0.5 mg weekly

• Primary Outcome: Composite of CV death, nonfatal MI, or 
nonfatal stroke

26% NS

NS39%

CV death, nonfatal MI, or nonfatal stroke

SUSTAIN – 6 
Cardiovascular Outcomes



GLP-1 and CV outcomes

• Reduces composite endpoint of CV events
• Actual effect on event may vary by drug
• Can use in the setting of reduced renal function

SGLT-2 inhibitors

• Sodium glucose co-transporter 2 inhibitors
– Kidney secretes glucose in the urine 
– Inhibitor of SGLT-2 prevents 90% of the glucose reuptake in 

the kidney
– “pee out the sugar” 
– Works independently from pancreas

Zinman. N Engl J Med. 2015; 373:2117



EMPA-Reg Study
• 7,020 pts with T2D
• Age >18 yrs, A1c 7-10%, BMI <45 kg/m2
• eGFR ≥30 ml/min/1.73m2
• High CV risk 

– Drug naïve: MI, Multi-vessel CAD 
– On therapy: CAD, stroke, unstable angina, peripheral 

artery disease 
• Randomized to ~ 52 weeks (event driven

– Placebo
– empagliflozin 10 mg
– empagliflozin 25 mg

Zinman. Cardiovasc Diabetol. 2014; 13:102 
Zinman. N Engl J Med. 2015;373:2117

Zinman. Cardiovasc Diabetol. 2014; 13:102 
Zinman. N Engl J Med. 2015;373:2117

CV events and empagliflozin
• Primary outcome: Composite of death from 

cardiovascular causes, nonfatal MI, or nonfatal stroke
• Secondary outcome: Composite of primary outcome plus 

hospitalization for unstable angina
• Additional secondary outcomes: nephropathy, 

retinopathy, ESRD
• Analyzed in the pooled empagliflozin group versus the 

placebo group

Slide generously provided by Dr. Luiza Caramori

CV death, nonfatal MI, or nonfatal stroke

32% reduction

38% reduction

35% reduction

14% reduction

Zinman. N Engl J Med. 2015;373:2117
Slide generously provided by Dr. Luiza Caramori



Neal. N Engl J Med 2017;377:644
Slide generously provided by Dr. Luiza Caramori

CANVAS study

• 10,142 pts with T2D
• Age >30 yrs, A1c 7-10.5%
• eGFR ≥30 ml/min/1.73m2
• High CV risk 

– >30 yrs old and Symptomatic CV disease
– >50 yrs old and 2 risk factors

• Randomized to 188 weeks
– placebo
– canagliflozin 100 mg
– canagliflozin 300 mg

Neal. N Engl J Med 2017;377:644
Slide generously provided by Dr. Luiza Caramori

CANVAS study

Neal. N Engl J Med 2017;377:644
Slide generously provided by Dr. Luiza Caramori

CV events and Canagliflozin
• Primary outcome: Composite of death from 

cardiovascular causes, nonfatal MI, or nonfatal stroke
• Secondary outcome:  death from any cause, death from 

CV disease, progression of albuminuria, and composite 
of death from CV disease + hospitalization for HF

• Analyzed in the pooled canagliflozin group versus the 
placebo group



14% reduction

Neal. N Engl J Med 2017;377:644
Slide generously provided by Dr. Luiza Caramori

Quick Quiz
• If your patient has type 2 diabetes on maximum 

metformin treatment with HbA1c=8.0 and insurance 
coverage is not an issue, what medications can help 
improve glycemic control and also reduce CV risk?

A. SGLT-2 inhibitor

B. GLP-1

C. Sulfonylurea

D. A and B

Quick Quiz
• If your patient has type 2 diabetes on maximum 

metformin treatment with HbA1c=8.0 and insurance 
coverage is not an issue, what medications can help 
improve glycemic control and also reduce CV risk?

A. SGLT-2 inhibitor

B. GLP-1

C. Sulfonylurea (neutral effects on lowering CV risk)

D. A and B



Summary of CV effects

ADA Standards of Medical Care in Diabetes 2018

Efficacy for 
hyperglycemia

Hypoglycemia Weight 
Change

CV Effects
ASCVD CHF

Metformin High No Neutral to 
mild weight 

loss

Potential 
benefit

Neutral

SGLT-2 Inhibitors Intermediate No LOSS BENEFIT BENEFIT

GLP-1 receptor 
agonists

High No LOSS BENEFIT Neutral

DPP4 inhibitors Intermediate No Neutral Neutral Increased 
risk

Thiazolidinediones High No GAIN Potential 
benefit 

pioglitazone

Increased 
risk

Sulfonylureas High YES GAIN Neutral Neutral

Insulin Highest YES GAIN Neutral Neutral
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Understanding the physiological differences between 
Type 1 and Type 2 diabetes

• Type 1 diabetes – beta cell failure

• Type 2 diabetes – Insulin resistance, followed by beta cell failure



Understand how to manage diabetes in patients with CV 
disease in in-patient setting

• Goal glucose ~ 140-180 mg/dL
• Basal+bolus program better than just SS
• CGMS use premature due to concerns about accuracy

Understand how to manage diabetes in patients with CV 
disease in outpatient setting 

• Ideally, would like glycemic control and also CV benefits
• Help with weight loss would be a bonus
• Especially pertains to Type 2 diabetes

Metformin (unless Cr contraindicated)
SGLT-2 vs GLP-1 (better in renal insufficiency)

TZD – weight gain, worsen CHF

Sulfonylurea, insulin, DPP 4 inhibitor – no clear CV benefit beyond
glycemic control – also weight neutral or weight gain

Acknowledgments

• Dr. Luiza Caramori



The End


