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Course Category:  Systemic/Ocular Disease (SD)

Course Description:

This course reviews common metabolic diseases, including diabetes mellitus (Type 2) and hyperlipidemia. This course will describe recent updates in treatment guidelines and side effects associated with medications used in these diseases. Patient cases will be integrated into the presentation, where differential diagnosis and work-up will be discussed. 

Objectives: 

1. Discuss and clarify metabolic disease 

2. Discuss and clarify the metabolic syndrome 

3. Review the prevalence and pathophysiology associated with diabetes mellitus (Type 2 DM) and hyperlipidemia.  
4. Describe updates and changes to guidelines used in the management of diabetes mellitus, and hyperlipidemia.  
5. List and describe medications used in the treatment of diabetes mellitus and hyperlipidemia, including systemic and ocular adverse effects, precautions, and any potential drug interactions.

Outline:

1) Disclosures

a) Greg Caldwell, OD, FAAO   

b) Tracy Offerdahl, PharmD

2) Metabolic Disease

a) Pre-Diabetes

(1) R73.03

b) Metabolic Syndrome

(1) E88.81

c) Diabetes

(1) E10

(2) E11

d) Dyslipidemia 

e) Hypertension

3) How Many Times Have You Seen and Heard?
a) A patient on metformin and lisinopril

b) Patient claims he/she is not diabetic

c) Patient claims he/she does not have hypertension

4) Metabolic Syndrome

a) A cluster of conditions that increase the risk of:

(1) Heart disease

(2) Stroke

(3) Diabetes

(4) Dementia

(5) Cancer

(i) Loves sugar

(6) Polycystic ovarian syndrome

(7) Non-alcoholic fatty liver disease

b) The Cluster of Conditions

i) Elevated glucose

(a) Insulin resistance

(b) ie >100 fasting or HbA1c >6.5

ii) High blood pressure

(a) ie >120 systolic 

iii) Obese/overweight

(a) ie BMI >25

(b) Abdominal obesity 

iv) Abnormal cholesterol/ratios, dyslipidemia

(a) High triglycerides ie > 150

(b) Low HDL cholesterol ie <40

v) Proinflammatory and prothrombotic states

c) How to Code - E88.81 

i) Coding E88.81

ii) Pre-Diabetes

(1) ie R73.03

d) Insulin Resistance

(1) Diminished ability of cells to respond to insulin

(2) Transport of blood glucose into target tissues is impaired 

e) Obesity 

(1) ie BMI >25

(2) Abdominal obesity

f) Metabolic “Syndrome”

5) What is Optometry’s Role Now and in the Future?

a) Let’s Discuss the Conditions and Agents Used to Treat Metabolic Diseases  

b) Endocrinology-Incretin System

c) Diabetes Mellitus Pathophysiology Reminder

(1) Type 1 DM

(i) Pancreatic beta cells are destroyed = subsequent severe or absolute lack of insulin

(2) Type 2 DM

(i) insulin resistance in tissue

(ii) AKA a decrease in insulin sensitivity

(3) Hemoglobin A1c

(4) A1c ≤ 6.5%

(i) More “stable” patients

(ii) For patients without comorbidities

(iii) Low hypoglycemia risk

(5) A1c > 6.5%

(i) Less “stable” patients

(ii) For patients with comorbidities

(iii) High hypoglycemia risk

(6) Updates on Treatment

(7) Type 1 = exogenous insulin injections

(i) Newer insulin products = products that offer more flexibility 

(ii) More closely resemble endogenous insulin secretion and “basal” insulin levels

d) Insulin Preparations
http://www.diabetesed.net/page/_files/Insulin-PC-3-2015.pdf

6) Updates on Treatment

i) Semaglutide (Ozempic)

ii) Lixisenatide (Adlyxin)

i) Type 2 = Metformin as 1st line agent

(1) If HgA1c is >10% and/or blood glucose is > 300mg/dL, then patients may start with TWO agents
(i) Insulin
(ii) GLP-1 Agonists
(iii) DPP4 Inhibitor
ii) Gestational Diabetes

iii) Standard has always been insulin injections

iv) Metformin is the newest choice and has become treatment of choice

v) Basic Mechanisms

vi) Type 2 Patients = primary dysfunction is hyperinsulinemia = insulin resistance

(1) Insulin and insulin-secreting meds = hypoglycemia and weight gain
(2) NEED MEDS that “re-teach” the body how to use the endogenous insulin that is already in the bloodstream!
(3) All mechanism are NOT created equal!
vii) Side-Effect Comparison

viii) Drugs that cause hypoglycemia as MONOTHERAPY

(1) Those drugs that cause the pancreas to RELEASE MORE INSULIN
(i) Insulin (ACTUAL insulin)
(ii) Sulfonylureas
(iii) Meglitinides
ix) Drugs that cause weight loss or are weight neutral

(1) All other agents cause weight gain over time
(i) Metformin
(ii) GLP-1 Agonists
(iii) DPP4 inhibitors
(iv) SGLT2 Inhibitors
x) Precautions/Contraindications & Drug interactions

xi) Patients on >1 anti-diabetic agent

(1) MUCH higher likelihood of hypoglycemia
xii) Renal impairment = contraindicated in patients on metformin

b) Biguanide

i) Metformin (Glucophage)

(a) Initial Drug of Choice / Cornerstone of Therapy
ii) Mechanism of Action (MOA)

(a) Inhibits hepatic and renal gluconeogenesis
(b) Stimulation of glucose uptake in peripheral tissues
1. Decreases insulin resistance = improves insulin sensitivity
c) Sulfonylureas

i) MOA:  Stimulate release of insulin from functioning pancreatic beta cells

ii) 2nd Generation Agents (preferred):

(i) glyburide (DiaBeta, Micronase, Glynase)
(b) glipizide (Glucotrol, Glucotrol XL)
(c) glimepiride (Amaryl)
d) Insulin Preparations

i) Drug therapy of choice for all patients with type 1 DM and those with type 2 DM who cannot control their condition with diet, exercise, and 1st-line agents

(a) metformin
ii) MOA:  Regulates glucose metabolism in the muscle and other tissues

e) Semisynthetic “human” – identical amino acid composition to endogenous human insulin

f) Insulin Products

i) Rapid onset

(a) Insulin Lispro (Humalog)
(b) Insulin aspart (NovoLog)
(c) Insulin glulisine (Apidra)
ii) Insulin Products

(1) Short-acting

(2) Humulin R
(3) Novolin R
(4) “regular insulins”
g) Insulin Products

h) Intermediate-acting

(1) AKA NPH = neutral protamine Hagedorn
(2) Humulin N
(3) Novolin N
i) Insulin Products

j) Long-acting

(1) Insulin detemir (Levemir) 
(2) Insulin glargine (Lantus)
(3) Insulin glargine (Toujeo) – MORE CONCENTRATED
k) Ultra Long-Acting 

(1) Insulin degludec (Tresiba)
l) GLP-1 Agonists
m) Exenatide injection (Byetta)

n) Liraglutide injection (Victoza)

(1) Saxenda brand name = weight loss only
o) Abiglutide (Tanzeum) 

p) Dulaglutide (Trulicity)
q) GLP-1 Agonists

r) Mechanism of Action 

(1) Stimulate the GLP-1 receptor

(i) This receptor enhances glucose-dependent insulin secretion by the pancreatic beta-cell

a. In response to high blood glucose levels

b. Releases insulin IN RESPONSE TO FOOD!

(ii) Some appetite suppression

(iii) Weight loss

s) DPP4 Inhibitors (dipeptidyl-peptidase-4)

t) Sitagliptin (Januvia) tablets 

u) Saxagliptin (Onglyza) tablets 

v) Linagliptin (Tradjenta) tablets 

w) Mechanism of Action

(1) Inhibits the breakdown of glucagon-like peptide-1 (incretin)

(2) Incretin stimulates insulin release from the beta cells in the pancreas

a. In response to high blood glucose levels

b. Releases insulin IN RESPONSE TO FOOD!

(3) Inhibits the liver’s production of glucose

1. Promotes insulin activity 

2. Inhibits gluconeogenesis by preventing incretin inactivation

x) Sodium-Glucose Co-Transporter 2 
SGLT2 Inhibitor

y) Canagliflozin (Invokana)

z) Dapagliflozin (Farxiga)

aa) Empagliflozin (Jardiance)

i) MOA

(1) Inhibition of the SGLT2

(i) Reduced absorption of filtered glucose

(ii) Lowering of renal threshold for glucose

(iii) Increasing of urinary excretion of glucose

8) Hypertension 
a) Very common comorbid condition 

(1) “compelling indication”

(2) “JNC 8”

(i) 8th Joint National Committee – prevention and treatment of hypertension

(ii) 2014
ii) Pretty big changes

iii) Basic Principles of Treatment
From the JNC VIII

iv) In persons > 60 years of age

(1) Systolic blood pressure (SBP) ≥150 mmHg or 

(2) Diastolic blood pressure (DBP) ≥90 mmHg should be treated with meds

(3) Goal should be SBP <150 mmHg and DBP <90 mmHg

v) In persons < 60 years of age

(a) Systolic blood pressure (SBP) ≥140 mmHg or 

(b) Diastolic blood pressure (DBP) ≥90 mmHg should be treated with meds

(c) Goal should be SBP <140 mmHg and DBP <90 mmHg
9) Hyperlipidemia

a) Common comorbidity in patients with diabetes

(1) The “American triumvirate”

(i) DM/metabolic syndrome, hypertension, hypercholesterolemia

b) Statins are the only group of drugs that consistently decrease mortality in patients with high cholesterol!

c) Proteinuria

d) Protein in the urine is a harbinger of doom

(1) Chronic renal failure/hemodialysis

(2) Prevention is the key!

(3) Maintain normal blood pressure and blood glucose levels

(i) Use Angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin-2 receptor blockers (ARBs)

e) Inflammation as a risk factor…
f) CRP C-reactive protein

(1) Marker for inflammation

(2) Inflammation = increase in plaque formation

(3) GCA, RA, celiac disease, DM, heart dz, food intolerances, etc.
10) Smoking cessation

a) Where do I start?

(1) There is NOTHING good about cigarette smoke

(2) Micro- and macro-vascular complications

(3) Increase in BP

(4) 2nd hand smoke is almost as bad

11) Vitamins…
a) Vitamin D

(1) Sun may NOT be enough

(2) Two vitamins better absorbed through supplementation rather than from dietary sources:  Vitamin D and folic acid!

(3) ACTIVE vitamin D is the best option (D3)

(4) Get vitamin and vitamin B-12 levels checked!

(i) Don’t forget that B-12 will likely be low in patients on metformin

(ii) Also in those taking proton-pump inhibitor

i. Prilosec, Nexium, etc.

12) Hyperhomocysteinemia

a) Patients with diabetes mellitus are prone to cardiovascular disease and risk factors presumably unrelated to diabetes, such as hyperhomocysteinemia

b) May be involved in the atherothrombotic process in these subjects

c) Hyperhomocysteinemia

(1) Associated with microalbuminuria and retinopathy in type 1 and type 2 diabetes

13) Diabetic Neuropathy

a) Peripheral vessels are largely affected

(1) Decrease in pain sensitivity in feet and lower legs

(2) Pain and amputation

b) What about the gut??

(1) Decrease in food and drug absorption

c) Aspirin Use in Diabetes

d) Aspirin use in diabetic patients is not associated with an increased risk of hemorrhage or progression of retinopathy or macular edema!!!

e) Aspirin use may actually slow the progression of diabetic retinopathy ???

f) Aspirin Therapy ( enteric coated 81-325 mg/day): ADA recommendations

(a) Family History of coronary heart disease

(b) Cigarette smoking

(2) Hypertension

(3) Obesity

(a) Albuminuria

(4) Elevated lipid levels

(5) Age > 30 years

14) Hyperlipidemia 
Basic Treatment

a) LDL – “bad cholesterol”

(1) Drugs are usually the best choice

b) HDL – “good cholesterol”

(1) Protective

(2) Exercise is the best treatment

15) Triglycerides

(1) Dietary changes and fish oil

b) The new guidelines recommend a statin for

c) Anyone who has cardiovascular disease, including angina (chest pain with exercise or stress)

(1) previous heart attack or stroke,

(2) Oher related conditions; EVEN DM! 

d) Anyone with a very high level of harmful LDL cholesterol

(1) Generally an LDL above greater than 190 milligrams per deciliter of blood [mg/dL])

e) Anyone with diabetes between the ages of 40 and 75 years

f) Anyone with a greater than 7.5% chance of having a heart attack or stroke 

(1) Or developing other form of cardiovascular disease in the next 10 years

(a) AKA “Framingham Index/Score”

g) Statins

h) MOA:  decrease LDL, decrease TGs, increase HDL

i) **ONLY AGENTS PROVEN TO LOWER THE RISK OF CV EVENTS in patients with high cholesterol

j) Statin Treatment Table

k) Statins

l) Side effects:   

(1) < 0.1 % myopathy/myalgia/myositis/rhabdomyolysis

(i) Including ocular muscles!!

(b) DM ( FDA added warning of increased blood sugar and HgA1C to statin labeling)? 

(2) Memory loss

m) Hmmm

n) Niacin

o) Niaspan

(1) Only other agent that decreases LDL, TG, and increases HDL

(2) Not proven to decrease death

(3) SEs:

(i) Cutaneous flushing

(ii) GI problems (avoid in GERD or PUD)

(iii) Hyperuricemia

(iv) Loss of glycemic control in DM

p) Fibric Acid Derivatives

q) Gemfibrozil (Lopid)

r) Fenofibrate (Tricor)

s) Fenofibric acid (Trilipix)

t) Used for high triglycerides only

u) No decrease in mortality

v) Fish Oil

w) Lovaza (DHA and EPA), Vascepa (EPA only)

(1) Used to treat high triglycerides only

x) Many other benefits!

(1) Inflammatory diseases

y) SEs:

(1) Fishy taste

(2) Increased bleeding time

16) Types of fish oil…
a) Triglyceride form

(1) More “natural” and better tolerated

(2) Less likely to cause fishy aftertaste

b) Ethyl ester form

(1) Cheaper to make

(2) More likely to cause burps and fishy aftertaste

c) Cholesterol Absorption Inhibitor

d) Ezetimibe (Zetia)

(1) Lowers LDL only

(2) No mortality data

(3) Added to statins

e) Ezetimibe + Simvastatin (Vytorin)

f) New Medication

g) Bempedoic acid (Nexletol) – PO agent

(1) Indicated as an adjunct to diet and maximally tolerated statin therapy for the treatment of adults with heterozygous familial hypercholesterolemia or established atherosclerotic cardiovascular disease who need additional decrease in LDL

(2) Mechanism: adenosine triphosphate-citrate lyase (ACL) inhibitor

(3) No data yet on CV morbidity and mortality lowering

(4) Side effects: hyperuricemia, muscle spasms, pain in extremities, increase in liver enzymes

h) PCSK9 Inhibitors

i) Agents: Alirocumab (Praluent) & Evolocumab (Repatha)

j) MOA:  

(1) PCSK9 (proprotein convertase subtilisin kexin type 9) is an enzyme – binds to LDL cholesterol receptors

(i) PCSK9 receptor inhibitors increase the number of receptors that are available to bind to and clear LDL cholesterol

a. Increased LDL cholesterol clearance and lower LDL plasma levels

b. consistent decrease in LDL cholesterol by 60%

k) PCSK9 Inhibitors

l) Dosing:

(1) SC injection; once or twice per month

(2) $10,000 per year (average estimate)

m) Who might benefit:  

(1) Certain types of familial hyperlipidemia

(2) Statin-intolerant patients

(3) Poor response to statins

(4) Contraindications to statins

n) PCSK9 Inhibitors – Side Effects

o) Arthralgias

p) Myalgia (with increase in CPK levels)

q) Neurocognitive impairment 

(1) Amnesia, cognitive impairment, confusion

r) Ophthalmologic events

s) Impairment of glucose homeostasis

(1) b/c PCSK9 enzyme is also found on pancreatic islet cells

(2) Increased risk of developing DM

t) Hope this lecture helped with…

17) Thank You!  Questions 
