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Patients For Your Consideration:

(1) 52 yo obese female with T2DM x 1 year c/o blurred vision OU x 2 weeks. She is “diet controlled” but her recent HbA1c of 9.1% has prompted her PCP to start her on rosiglitazone (AvandiaTM). Exam shows no DRT and a 1D hyperopic shift OU. She wants a new prescription right away.
(2) 68 yo male with type 2 diabetes x 13 years with CAD and diabetic peripheral neuropathy (DPN). Ocular exam shows mild NPDR OU. Medications include insulin (Humalog and Lantus – total dose of 250 units QD), metformin, lisinopril, neurontin, simvistatin and 81mg ASA. 5’11” and 230lbs. Most recent HbA1c is 8.5%). His glucose log shows fasting blood sugars (FBG) of 90-115mg/dl but substantial and consistent pre-prandial hyperglycemia (the patient’s meter gives a 90 day average of 231mg/dl). The patient insists that he is adhering to a 1800 calorie, carbohydrate-restricted diet, and is frustrated with his endocrinologist and understandably worried about his eye health. 
I. Metabolic abnormalities associated with diabetes mellitus:

a.
hyperglycemia: a function of insulin deficiency; insulin resistance; faulty  hepatic glucose metabolism

b.
dyslipidemia: glycation leads to small, dense LDL-C; increased platelet adhesion secondary to impaired fibrinolysis (elevated PAI-1); elevated triglycerides; insulin resistance associated with elevated free fatty acids from visceral adipocytes; the result is a prothrombotic, proinflammatory state

c.
hypertension: secondary to increased vascular rigidity (glycation of vessel endothelium), increased blood viscosity (glycation of RBCs), hyperinsulinemia (potentiates renal sodium retention that increases extracellular fluid volume & activates the renin-angiotensin system), and kidney disease
d.
increased ROS: hyperglycemia and increased FFAs lead to increased production of intracellular reactive oxygen species that damage cells via specific and convergent biochemical mechanisms (e.g. AGE, polyol, PKC, hexosamine)

      II. Drugs used to correct these specific metabolic defects

a. hypoglycemic agents

b. HMG CoA  reductase inhibitors (statins), cholesterol absorption inhibitors (e.g. ezetimibe), fenofibrate (e.g. LopidTM, TricorTM), nicotinic acid, anti-platelet meds (ASA), hypoglycemic agents
c. hypertensive meds, hypoglycemic agents
d. pathway inhibitors (e.g. PKC and VEGF antagonists) may block downstream effects of ROS; “catalytic antioxidants” in development to reduce bioavailable ROS; hypoglycemic agents to reduce ROS production due to excess glucose and FFAs

Key Point: Improving blood glucose control ameliorates virtually all metabolic abnormalities associated with diabetes
III. The risk of virtually every single diabetes complication, including sight-threatening eye disease, increases with increasing levels of hyperglycemia

a. DCCT, EDIC and UKPDS demonstrate the link between HbA1c and both   micro- and macrovascular disease

b. The risk of cardiovascular death increases continuously with mean blood glucose in both those with and without diabetes (see “Association of hemoglobin A1c with cardiovascular disease and mortality in adults: the European prospective investigation into cancer in Norfolk.” Ann Intern Med. 2004 Sep 21;141(6):413-20.)
Achieving tighter glycemic control through dietary modification, exercise and pharmacotherapy is the foundation of any good diabetes treatment plan
IV. Pharmacologic Targets and Agents for Achieving Tighter Glycemic Control
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Carbohydrate is broken down into the three simple sugars (glucose, fructose and galactose) that are absorbed by the small intestine. As blood glucose levels rise, pancreatic beta cells convert stored proinsulin molecules into insulin, which is then released directly into the hepatic portal vein. Circulating insulin binds to insulin receptors embedded in virtually all cells, allowing transport of glucose across cell membranes and subsequent reduction of blood glucose levels. When blood glucose levels fall too low, pancreatic alpha cells secrete glucagon to break down stored glycogen in the liver and release glucose into the bloodstream
a. Insulin – allows glucose transport across cell membranes (esp skeletal muscle & liver)  

         Problems: hypoglycemia, pharmacokinetics, hyperinsulinemia, localized rxns, 

                           weight gain, associated with worsening retinopathy (IGF v. poor control)        

   Newest Developments: 
(1) inhaled insulin – ExuberaTM is the first FDA approved delivery device. Four other devices are in the pipeline, all which appear to match or beat bioavailability afforded by short-acting insulins (“Regular” insulin)  

(2) continuous infusion (insulin pumps) – smaller, lighter, more precise and smarter, BUT they still depend on a knowledgeable operator
(3) “closed loop systems” – linking a pump to a continuous glucose sensor
(4) rapid-acting analogs: lispro (HumalogTM), aspart (NovologTM), glulisine (ApidraTM). Allow for faster correction of hyperglycemia and smaller post-prandial “glycemic excursions” 
(5) “square wave” basal insulins mimic basal insulin release by a normally functioning pancreas: glargine (LantusTM) and detmir (LevemirTM). Lack of a “peak effect” allows for less glycemic fluctuation throughout the day.
Pearls: - many patients fear insulin due perceptions of disease severity and fear of  

               pain/needles; many doctors reluctant to initiate insulin therapy
            - much evidence suggests that earlier use of insulin in T2DM delays beta   

              cell failure and future insulin dependency           

            - ExuberaTM (and others) will likely mainstream earlier use of insulin

            - insulin can lower HbA1c “indefinitely” 

b. Insulin Secretagogues – stimulate pancreatic insulin secretion; drugs are categorized as sulfonylureas (SFUs) and non-SFUs (meglitinides)

         Problems: weight gain, hypoglycemia, hyperinsulinemia

         Newest Developments: see “incretin mimetics” below

         Pearls: - must be used cautiously in those with hepatic/renal insufficiency

· 5-10% failure per year (beta cell “burnout”)

· glimepiride (AmarylTM) lowers HbA1c the most (1.5-2.0%), possibly due to secondary effects on cellular insulin receptors 

c. Biguanides – decrease hepatic glucose release and may increase insulin sensitivity

          Problems: gastric distress, CI in renal insufficiency, rare lactic acidosis

          Newest Developments: lowered risk of CV events by 40% vs. SFUs (UKPDS)

          Pearls: - may promote weight loss; does not lead to hypopglycemia as monotherapy

· inhibits nocturnal gluconeogenesis, leading to lower fasting glucose

· diarrhea is the most common complaint; gradual titration of dose or XR minimizes this effect, which typically resolves after several weeks

· often used to treat polycystic ovarian syndrome (PCOS)

· typically lowers HbA1c about 1-1.5%

   d. Thiazolidinediones – improve peripheral insulin sensitivity by stimulating 

        peroxisome proliferator-agonist receptor gamma (PPAR-), leading to favorable 

        alterations in fat distribution (decreased visceral adiposity and FFAs) 
             Problems: peripheral edema (possible macular edema), weight gain, increased risk of 
 heart failure and MI (absolute risk very low),??hepatic injury

             Newest Developments: clinical trials have demonstrated TZDs lower LDL-C, TGs 

                & FFAs, while enhancing fibrinolysis (by decreasing PAI-1) & endothelial function 

             Pearls: - weight gain and edema much more common at higher doses and with use of

                           insulin or its secretagogues

· doesn’t cause hypoglycemia as monotherapy

· takes 4-8 weeks to achieve full glycemic effects (lowers HbA1c about 1.5%)

· studies show that TZDs preserve beta cell function by limiting lipotoxicity

   e. -glucosidase Inhibitors – block intestinal carbohydrate absorption

              Problems: GI distress (flatulence, upset stomach)

              Newest Developments: mulberry extract is a naturally occurring AGI; now added

                  to Coca Cola beverages in Japan to reduce their “glycemic index”

              Pearls: -  decrease post-prandial glucose

  -AGIs have the least effect on HbA1c of all the oral anti-diabetics ( <1% )   

Newest Drug Types

f. Amylin analogs – suppresses post-prandial release of glucagon, slows emptying of gastric    contents into the small intestine, targets central satiety receptors thereby reducing appetite

             Problems: hypoglycemia with SFU/insulin use, “nausea,” must be injected (BID)

             Newest Developments: pramlintide (SymlinTM) now approved for T1DM & T2DM

             Pearls: - mimics the action of amylin, a hormone normally co-secreted with insulin by 

                           pancreatic beta cells and lost with beta cell failure

                         - results in significant weight loss (3-10 lbs.) and smaller glycemic swings

                         - dramatically reduces insulin requirements (combats hyperinsulinemia) and 

                            small studies show a sharp reduction of ROS; reduces HbA1c about 1%

                         - most patients report a feeling of “fullness,” rather than nausea

g. Incretin Mimetics/GLP-1 analogs – mimic the action hormones secreted with food consumption by the L-cells of the terminal ileum (especially the “incretin” hormone, glucagon-like peptide-1 or GLP-1), which simultaneously increase insulin secretion by beta cells and decrease glucagon secretion by alpha cells; also target central satiety receptors & decrease intestinal motility

            Problems: hypoglycemia with insulin/SFU use, must be injected (BID), nausea

            Newest Developments: exenatide (ByettaTM) was recently FDA-approved forT2DM

            Pearls: - the “incretin effect” refers to the fact that glucose passing through the gut 

                          provokes more insulin secretion than does a comparable amount of IV glucose

                        - exenatide is an exocrine protein, derived from the saliva of the Gila Monster, 

                          which has endocrine effects

                        - exenatide causes significant weight loss (5-30 lbs.) and can lower HbA1c by 

   1-3%

· long-acting exenatide (Byetta LAR) used Q week 

· some reports of pancreatitis – avoid in at-risk pts (elevated TGs)

                        - GLP-1 is degraded by the protein dipeptidyl peptidase iv (DPP-IV), so (oral)

                          inhibitors of DPP-IV are currently in development (sitagliptin/Januvia,TM   

  saxagliptin/OnglyzaTM and vitagliptin/GalvusTM)

· less effective than Byetta (reduce HbA1c about 1% max) and do not result in significant weight loss

· rare reports of erythema multiforme (Stevens Johnsons)
                        -Experts believe these drugs will become the most widely used diabetes meds

h. On the Horizon

        Glucokinase Activators (GKAs) – enhance glucose-stimulated insulin release (lower BG 

          with less risk of hypoglycemia than insulin or its secretagogues) 
        Glycogen Phosphorylase Inhibitors (GPIs) - block glycogenolysis in the liver

        Protein tyrosine phosphatase 1B (PTP-1B) inhibitors – block down-regulation of insulin

          receptors, thereby increasing insulin sensitivity

V. Critically Assessing Glycemic Control and Treatment


Clinical Pearls

(1) Most oral hypoglycemics decrease HbA1c about 1-1.5% at maximal dosage

(2) Dietary modification combined with exercise yields about a 1% drop in HbA1c

(3) AACE guidelines call for an HbA1c of 6.5% or less

(4) Selecting the appropriate anti-diabetic therapies is simple math:

a. if you need < 1% drop, diet/exercise (“lifestyle modification”) may be just right

b. if you need a 1-2% drop, oral monotherapy may be enough 

c. if you need >2% drop, combination therapy and/or exenatide and/or insulin

are requisite

      Patient #1 : Problem: HbA1c = 9.1% on a single oral agent, high risk for DED and has

                                          had a transient refractive shift secondary to hyperglycemia. TZD

                                          monotherapy will take 2 months to work (resulting in further gluco-

                                          toxicity to her beta cells) and will likely increase her weight

                          Solution: this patient needs a HbA1c reduction of 2.6% = combo therapy (e.g. 

                                          a TZD plus metformin), or exenatide, or insulin


More Clinical Pearls

(5) meta-analysis of DCCT and UKPDS data shows that each 10% reduction in HbA1c 

lowers the risk of DRT progression by 43% (for HbA1c ranging from 5-8%)

      (6) patient’s glucose log ought to be comprehensive & reasonably approximate his HbA1c

                  a. patients are notorious for “fudging” their logs and taking non-representative

                      readings (fasting only, before meals only, on days they remembered their meds)

                  b. two-hour post-prandial glucose should be <150mg/dl

                  c. mean plasma glucose (MPG) = 35.6(HbA1c) – 77.3

                  d. basic and clinical science supports the position that lower glycemic variability 

                      results in fewer microvascular & macrovascular complications (MPG > 2x S.D.)

      (7) when the numbers don’t add up, consider the basics: drug confusion, dosage & timing

      Patient #2:  Problem: poor glycemic control (HbA1c = 8.5%) with DRT in an 

                              apparently compliant patient on totally appropriate medical 

                              therapy (insulin plus metformin); probable hyperinsulinemia

              Solution: careful questioning of the patient about use of insulin reveals

                              that he takes his rapid-acting insulin (HumalogTM) about 30-60

                              minutes after eating; patient education about insulin timing 

                              resulted in a reduction of HbA1c from 8.5% to 6.3%, a 60% 

                              reduction in the blood glucose mean standard deviation, and a 40% 

                              reduction in his total daily dosage of insulin (from 250 to 150 units)

Understanding diabetes and diabetes meds gives eye doctors some important tools for contributing to the diabetes care team, saving vision, and saving lives
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  Table 2 – Currently Available Pharmaceutical Agents For Diabetes
Drug Class (used in)
Mechanism

       Agents                Common Side Effects
 Insulin
         potentiates uptake of
     Regular,NPH,
(Type 1 & 2)
         glucose by insulin-sensitive       Lente,Ultralente,
        Hypoglycemia


         tissues (e.g.skeletal muscle)       Glargine (Lantus)
          Weight gain






    Detmir (Levemir)






    Lispro (Humalog), Aspart (Novolog),







     Glulisine (Apidra)
Sulfonylureas
      stimulate endogenous
    Glyburide (Micronase)         Hypoglycemia
 (Type 2 DM)
          insulin release 

    Glipizide (Glucotrol)
              Weight gain







    Glimepiride (Amaryl)
Biguanides
     improve peripheral insulin          Metformin (Glucophage)              GI upset
 (Type 2 DM)
        sensitivity and decrease             Metformin ER (GlucophageXL) 



        hepatic glucose release

Thiazolidinediones (TZDs)
 (Type 2 DM)     
improve peripheral
    Pioglitazone (Actos)
                 Edema



insulin sensitivity
   Rosiglitazone (Avandia)          Weight gain

Non- sulfonylurea    stimulate endogenous             Nateglinide (Starlix)
           Hypoglycemia
Secretagogues (T2DM)   insulin release                    Repaglinide (Prandin)            Weight gain

Alpha-Glucosidase    slow intestinal 

    Acarbose (Precose)
              GI upset

 Inhibitors (T2DM)
 absorption of carbs.             Miglitol  (Glyset)      
                Flatulence
Amylin Analogs      slow gastric emptying;            Pramlintide (Symlin)                 Nausea
(Type 1 & 2)
           suppress post-prandial



             Hypoglycemia  


            secretion of glucagon 


                          (with insulin/SFU)
GLP-1 Analogs      stimulate brief insulin 
     Exenatide (Byetta)

      Nausea
 (Type 2 DM)                release, inhibit glucagon 



             Hypoglycemia


          release & beta cell apoptosis, 

                          (with insulin/SFU)



          suppress appetite                       

DPP-IV Inhibitors      increase endogenous GLP-1     Sitagliptin (Januvia)                      Nausea






    Saxagliptin (Onglyza)

Combination Agents
   TZD plus biguanide
    Avandamet

  As for single agents
 (Type 2 DM)
         sulfonylurea plus biguanide    Glucovance
Course Questions
1. Metabolic abnormalities associated with diabetes include which of the following?


a. auto-immunity, hypertension and dysphagia


b. hyperglycemia, hypertension, dyslipidemia and increased ROS


c. hyperglycemia, dysphagia and hypertriglyceridemia


d. hypertension, increased ROS and hyperthyroidism

2.  Common side effects associated with insulin therapy include all of the following    except:


a. weight gain


b. hypoglycemia


c. localized reactions


d. insulin resistance


e. worsening retinopathy

3. Which of the following is a ‘square wave,’ basal insulin?


a. Lantus


b. Humalog


c. Novolog


d. Apidra

4. Scientific evidence demonstrates that earlier use of insulin in T2DM has what benefits?


a. improves cardiovascular outcomes


b. retards development of diabetic retinopathy


c. improves patients’ sense of well being


d. delays beta cell failure and promotes disease remission

5. Which of the following drugs is considered an insulin secretagogue?


a. Glucophage


b. Actos


c. Symlin


d. Amaryl

6. Which of the following patients should strongly be considered for treatment with metformin (Glucophage)?


a. an obese patient with T2DM and a history of cardiovascular disease


b. an obese patient with T2DM and renal insufficiency


c. a patient with T1DM and a family history of cardiovascular disease


d. a slender patient with T2DM and a history of cardiovascular disease

7. Which of the following is not true about TZD drugs like Actos and Avandia


a. they may lower the risk of worsening retinopathy


b. they cause hypoglycemia when used as monotherapy


c. they may cause peripheral edema, weight gain and macular edema


d. they lower HbA1c about 1.5%

8. Which of the following agents is FDA approved for use in type 1 diabetes?


a. Acarbose


b. Glucophage


c. Actos


d. Amylin

9. Which of the following agents must be injected subcutaneously?


a. insulin


b. Januvia/sitagliptin


c. Byetta/exenatide


d. Glyburide

10. GLP-1 analogs like exenatide are active at which sites?


a. hypothalamus, terminal ileum, pancreas


b. liver, kidney, stomach


c. pancreas, liver, cerebellum


d. kidney, pancreas, jejunum

11. Which agent class can lower HbA1c the most?


a. GLP-1 analogs (Byetta)


b. DPP-IV inhibitors (Januvia)


c. Biguanides (metformin)


d. insulin

12. Dietary modification plus exercise typically lowers HbA1c but what amount?


a. 1%


b. 2%


c. 3%


d. 4%

13. American Academy of Clinical Endocrinology (AACE) guidelines call for adult patients free of cardiovascular disease to have an HbA1c equal to or below what level?


a. 8%


b. 7%


c. 6.5%


d. 6%

14. A patient with newly diagnosed T2DM has an HbA1c of 7.2%.  What is the most appropriate first line therapy?


a. insulin


b. diet and exercise


c. metformin


d. exenatide

15. A patient with newly diagnosed T2DM has an HbA1c of 11%.  What is the most appropriate first line therapy?


a. insulin


b. diet and exercise


c. metformin


d. exenatide

16. A two-hour post-prandial blood glucose at or below what level represents ‘good’ glycemic control for patients with diabetes?


a. 200 mg/dl


b. 180 mg/dl


c. 150 mg/dl


d. 120 mg/dl

17. An HbA1c of 6.5% is equivalent to what mean blood glucose level?


a. 120 mg/dl


b. 154 mg/dl


c. 172 mg/dl


d. 188 mg/dl

18. Based on meta-analysis of data from the DCCT and UKPDS, lowering your patient’s HbA1c from 7% to 6.3% lowers her risk of diabetic retinopathy progression by what amount?


a. 12%


b 25%


c. 31%


d. 43%

19. Which agents are thought to improve insulin sensitivity?


a. sulfonlyureas


b. alpha-glucosidase inhibitors


c. GLP-1 analogs


d. thiazolodinediones

20. Which agent should be avoided in a patient with hepatitis?


a. glyburide


b. insulin


c. metformin


d. exenatide

Answer Key: B, D, A, D, D, A, B, D, C, A, D, A, C, B, A, C, B, D, D, A

