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Objectives 

• Understand how to safely prescribe and use “newer” diabetes 
medications 

• Understand physiology and mechanism of action, efficacy, safety, 
tolerability, managing side effects,  dosing and administration of 
individual drugs

• Understand how to use these medications in liver disease and CKD

• Assess the cardiac and renal benefits in these newer medications



Diabetes Medications

•Mechanism of action

•Efficacy (on average how much does it lower blood sugar)

•Does it cause hypoglycemia yes/no

•Common side-effects

•Serious side-effects

•Weight gain/Weight loss/Weight neutral

•Cardiovascular effects

•Use in Liver Disease

•Use in CKD and renal protective effect
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Glucose-lowering medication in type 2 diabetes: overall 
approach. 



Timing of CV safety trials with Drugs for Type 2 Diabetes



THIAZOLIDINEDIONES: “TZDS”



Thiazolidinediones: “TZDs”

http://diabetesed.net/pocket-cards-insulin-and-diabetes-meds



TZD Adverse Effects

•Weight gain

•Increased risk of edema 

•Contraindicated in Class III HF or higher and 
possible increase risk of HF

•Increased risk of long-bone fractures

•possible increased risk macular edema

•Pioglitazone ?? Bladder cancer risk



Cumulative
Event-Free
Survival
Probability

Kernan et al. N Engl J Med 2016; 374:1321-1331 

Pioglitazone after CVA or TIA
Insulin Resistance Intervention After Stroke Trial (IRIS) :

Months in Trial

24% RRR OF 
CVA

HR 0.76 
95% CI, 0.62 to 0.93 

P=0.007
*Inclusion Criteria: 
Insulin resistance (did 
not need  a diagnosis 
of DM) 



Effect of 18 Months of Pioglitazone Treatment on 
Primary and Secondary Liver Histologic Outcomes

Cusi et al, Ann Intern Med June 21, 2016. [Epub].

Fibrosis score: 
treatment 
difference, -0.5 
[CI, -0.9 to 0.0]; 
P = 0.039



Summary: Thiazolidinediones (TZDs)

• Helps to target insulin resistance

• May improve dyslipidemia

• NASH (Non-Alcoholic liver disease)

• Established CVA may have some CV benefit

• Weight gain, edema, and fractures

• Risk for worsening HF - do not use in CHF 

• Use in select population

• The available evidence does not support the use of 

thiazolidinediones  lipoatrophy



GLUCAGON-LIKE PEPTIDE-1 
RECEPTOR AGONISTS 

(GLP-1 RA)



Intensifying to injectable therapies 

American Diabetes Association Dia Care 2021;44:S111-S124



Glucagon-Like Peptide-1 Receptor Agonists 
(GLP-1 RA) 

http://diabetesed.net/pocket-cards-insulin-and-diabetes-meds



GLP-1 RA: Side-Effects /Potential Patient Perceived Barriers

• Nausea/diarrhea/constipation

• Possible risk for Pancreatitis??

• Theoretical risk for medullary 

thyroid cancer??

• Induces rodent thyroid C-cell 

tumors

• Injection

Ann Pharmacother 2011;45:850-860



Nauck MA et al.  Eur J Endocrinol. 2019 Dec;181(6):R211-R234



0.6, 1.2 and 
1.8 daily 
dosing

0.75 and 
1.5mg weekly 
dosing

Recent 
approval of 3.0 
an 4.5mg 
dosing

0.25, 0.5mg, and 
1mg  weekly dosing 



How to use Exenatide (Bydureon)

English: https://www.youtube.com/watch?v=72w756RKawY

Spanish: https://www.youtube.com/watch?v=Wqn1iKBiQkk

https://www.molinahealthcare.com/-/media/Files/formulary.pd

https://www.youtube.com/watch?v=72w756RKawY
https://www.youtube.com/watch?v=Wqn1iKBiQkk


Take on an empty stomach

Take with a small amount of 

water (no more than 4oz)

Wait 30 minutes after taking 

it and then eat food 

Oral Semaglutide

3, 7, and 14 mg dosing



GLP-1 RA in CKD

• In CKD stages 2 and 3: no dose adjustment is 

required for liraglutide and dulaglutide, semaglutide, 

extended release exenatide

• Exenatide: reduce dose to 5mcg bid if 30–50 mL/min

• In CKD stages 4 and 5:  GLP-1 RA limited data 

• What about Stage 3 CKD  GFR < 45??

Cl in Pharmacol. 2016; 8:61-81



Diabetes Care 2016 Feb; 39(2): 222-230

Liraglutide 1.8 mg Placebo

(n = 140) (n = 137)

Sex, n (%)

Female 65 (46.4) 72 (52.6)

Male 75 (53.6) 65 (47.4)

Age, mean (SD), years 68.0 (8.3) 66.3 (8.0)

30 to < 45 61 (43.6) 59 (43.1)

45–59 78 (55.7) 78 (56.9)

> 59 1 (0.7) 0 (0.0)

GFR
**Can 

use/initiate in 
GFR 30-45

GLP-1 use in CKD: LIRA-RENAL Study



GLP-1 RAs and CV Risk Baseline Characteristics

Gerstein et al. Diabetes Obes Metab. 2018 Jan;20(1):42-49



Nauck MA et al.  Eur J Endocrinol. 2019 Dec;181(6):R211-R234

YES

YES

YES

CV and Renal Benefits of GLP-1 RAs  



GLP-1 RA and Liver Disease

Yan J et al Hepatology 2019; 69: 2414-2426

Armstrong MJ, et al. . Lancet 2016; 387: 679-690
Chung et al. World J Hepatol 2020 September 27; 12(9): 533-692

Oriot P et al.  Ann Endocrinol (Paris) 2011;72:244–246

Diabetes Care. 2012 May; 35(5): e34.

Initial data on NASH and GLP-1 RA encouraging

Fasting serum GLP-1 levels were decreased in patients with chronic HCV, 

but not those with HBV



NASH and GLP-1 RA

N Engl J Med. 2020 Nov 13. doi:

NASH resolution/no 
worsening of fibrosis : 
59% vs. 17%  
(P<0.001)

Improvement in 
fibrosis stage 
occurred in 43% and 
in 33% vs. (P=0.48). 



Summary: GLP-1 RAs

• Expensive

• May cause weight loss (8-12 pounds)

• CV benefit and renal benefit

• > 1% HbA1c reduction

• Weekly dosing likely improves compliance

• Low risk for hypoglycemia

• Oral version now available

• Nausea main side-effect

• I would consider in compensated cirrhosis especially NASH



SODIUM-GLUCOSE CO-TRANSPORTER INHIBITORS 
(SGLT2I)



Sodium-Glucose Co-Transporter Inhibitors (SGLT2I) 

http://diabetesed.net/pocket-cards-insulin-and-diabetes-meds



Sodium-Glucose Co-Transporter Inhibitors (SGLT2I) 

Zaccardi F et al. Diabetes Obes Metab. 2016;18(8):783-794



SGLT2 Inhibitors:

• Hypoglycemia: risk with 
secretagogues, insulin

• Genital mycotic infections
• UTI, urosepsis
• Volume depletion/orthostatic 

changes

Warnings and Precautions - Canagliflozin/Dapagliflozin/Empagliflozin 

Diabetes Care 2015;38:1638-1642
Diabetes Therr.. 2020 Jan; 11(1): 7–1
Fralick M et al. BMJ 2020; 370 :m2812

• DKA
• Bladder cancer (Dapagliflozin 

only)
• removed recently

• Increased fracture risk 
• Increased risk for amputation



Demonstration of the cascade of clinical events and metabolic 
changes that contribute sequentially to progressive clinical 
deterioration and development of full-blown episodes of euDKA. 

Diabetes Care 2015;38:1638-1642



Risk for DKA , Genital Infections, Amputation and Factures 

• DECLARE and EMPA-REG: less than 0.1% risk for DKA

• CANVAS: The estimated DKA incidence rates—0.5, 0.8, and 0.2 per 

1,000 patient-years 

• EMPA-REG OUTCOME: 22 vs 75 had genital infections

• Rare case reports of ARI and risk for orthostatic hypotension

• Fournier's gangrene

• CANVAS increased fracture risk (4% vs. 2.6%) but neutral in pooled 

non-CANVAS studies 

• CANVAS Amputation (6.3% vs 3.4%) but neutral in recent large 

retrospective study

EMPA- REG N Engl J Med 2015; 373:2117-2128
Yu O et al.. Diabetes Care. 2020 Oct;43(10):2444-2452

CANVAS. Lancet Diabetes Endocrinol. 2018 Sep;6(9):691-704
DECLARE. N Engl J Med 2019; 380:347-357



SGLT2 inhibitor use in CKD

• Invokana (canagliflozin) < 45mL/min- Do Not use

• Jardiance (empagliflozin) < 45ml/min Do Not use

• Farxiga (dapagliflozin) < 60ml/min- Do Not Use

• Example: patient on empagliflozin GFR  < 60 mL/min 
decrease to 10 mg daily when < GFR 45 mL/min stop

• At stage 3b CKD or greater, all SGLT-2 inhibitors are 
contraindicated, mainly because efficacy may be worst 

at GFR < 60mL/min

- For Glycemic Management



Neuen BL et al. Nephrol Dial Transplant. 2020;35(Suppl 1) i48–i55.

ADA guidelines:  SGLT2 
inhibitors for the prevention 

of kidney failure, 
cardiovascular events or 

both in patients with an 

eGFR >30 mL/min/1.73 m2 

**Especially with severely 
increased albuminuria

Canagliflozin and Renal Outcomes in Type 2 Diabetes 
and Nephropathy (CREDENCE)

Perkovic V, et al.  N Engl J Med. 2019 Jun 13;380(24):2295-2306



Canagliflozin:

• GFR ≥60 mL/min/1.73 m2: No dosage adjustment necessary.

• eGFR 30 to <60 mL/min/1.73 m2: 100 mg qDay.

• eGFR <30 mL/min/1.73 m2 with albuminuria >300 mg/day: 

100 mg qDay to reduce risk of end-stage kidney disease, 

doubling of serum creatinine, CV death, and hospitalization 

for heart failure.

SGLT2I : For Renal and CV Benefit



CV Outcomes Comparison

Nauck MA et al.  Eur J Endocrinol. 2019 Dec;181(6):R211-R234

CV Benefits and All 
Cause Mortality Benefit 
for GLP-1 RA & SGLT-2 I

**Heart Failure Benefit 
only in SGLT-2I



N Engl J Med 2019; 381:1995-2008

Dapagliflozin in Patients with Heart Failure and 
Reduced Ejection Fraction With and Without DM



SGLT-2 Inhibitors and Liver Disease

? Attenuate HCC development

Benefit in NASH

World J Hepatol 2020 September 27; 12(9): 533-692



Baseline and posttreatment changes in liver fat in the empagliflozin 

and control groups as assessed by MRI-PDFF. 

Mohammad Shafi Kuchay et al. Dia Care 2018;41:1801-1808



Summary: SGLT2 inhibitors

• CV and renal benefit for patients with DM

• HF benefit for patients with and without DM 

• Risk for DKA, UTI, genital infections, amputation, 

bone loss 

• Some weight loss

• Overall can be well tolerated

• NASH benefit and promising potential in liver disease 

but not well studied 

• HbA1c drop is usually < 1.0%

• More expensive: Consider using 150 canagliflozin or 

12.5mg empagliflozin (cut tablet in ½)



Conclusions

• Some medications for the treatment of T2D have 

cardiovascular and reno-protective effects in the those with 

CVD or are high-risk for CVD

• As well certain medications help initiate weight loss and are 

less likely to cause hypoglycemia than other agents

• Cost must be a factor in use of these medications

• Evolving data on diabetes medications for NASH and in 

Hep C and other chronic liver disease and limited data in 

HIV
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