Patho II: Endocrine system & Diabetes
Endocrine system:
· Hormones of the endocrine system are very specific in their jobs and what they do 
· Works closely with the neurologic and immune system
· Functions by the HPA axis 
· Hypothalamus:
· The hypothalamus communicates and directs the anterior pituitary (master gland) 
· The hypothalamus can send out trophic factors  tell the anterior pituitary gland to send a positive message (increases production of a hormone) to an organ 
· The anterior pituitary receives messages from the hypothalamus and sends hormones to specific glands 
· Pituitary glands:
· Anterior (master gland) --- receives messages from hypothalamus 
· Posterior --- provides supportive roles in emergency shock by increasing BP and sustaining life 
· Key functions:
· Reproductive functions --- differentiating reproductive systems in the developing fetus
· Sequential growth and development (what a one year old is capable of doing; what a two year old is capable of doing …)
· The ability to procreate (monthly menstrual cycle for women)
· Homeostasis  the release of cortisol 
· Adaptive response of stressors over time 
Hormone regulation: 
· Diurnal pattern --- the “dawn phenomenon”. Between 3 and 6am our body starts to increase the amounts of cortisol and growth hormones. The increased release of these hormones, at a time when bedtime insulin is wearing out, this results in an increase of blood sugars  causing your body’s blood glucose to rise in the morning 
· Pulsatile or cyclic --- not well understood
Feedback mechanisms: 
· Positive (trohpic) feedback  excrete more substance 
· Negative feedback  suppress the production or release 
· Example: 



Anterior pituitary: 
· Receives messages from the hypothalamus
· Sends ACTH to the adrenal glands to release cortisol 
· Sends TSH to the thyroid gland, which produces T3 and T4 
· Sends FSH and LH to the ovaries and testicles, which causes the release of corpus luteum in ovaries and sperm production in testes 
· Growth hormone --- (anabolic steroid) growth and development 
· Prolactin --- milk production, emotions, and inhibits ovulation 
· Females have 3x higher levels than males 
ACTH:
· Stimulates adrenal glands to make cortisol 
· Diurinal pattern --- Produced at night and is released around 8am in the morning 
· Cortisol helps with coping, increases glucose for energy, and increases appetite  
· Too much cortisol  there are long term consequences 
Too much Cortisol (Cushing’s Syndrome):
· Primary --- problem with adrenal gland 
· Secondary --- problem with anterior pituitary gland (tumor)
· Tertiary --- problem with hypothalamus 
· Pharmacologic 
· Cortisol is a catabolic steroid and too much involves consequences:
· Breakdown of protein in the muscle  less muscle mass 
· Skin thinning and breakdown; poor wound healing 
· Converts glycogen into glucose  obesity 
· Breakdown of bones  osteoporosis 
· Emotional disturbance --- elevated cortisol will cause euphoria at first, but when the patient does not have coping factors, prolonged elevated levels of cortisol (over 72 hrs) will cause depression 
· Moon face 
· Cardiac hypertrophy --- too much cortisol increases aldosterone (retain sodium and water)  increased stress on ventricles  enlargement 
· Buffalo hump --- stored, unused glucose 
· Purpura --- breakdown of protein in the blood (blood is thinner)
· Additional properties of Cortisol:
· Inhibition of WBCs  reducing the immune response 
· Benefits: reduce inflammation and histamine (improvement w/ certain conditions --- rhinitis, poison ivy) 
· Problems: overtime, WBCs will not function they way they should 
· Increase gastric acid  preparation for food consumptions (stomach ulcers and gastric reflex)
Chronic stress: stress that exceeds the persons coping mechanisms 
· Problems: 
· Ulcers due to increased gastric acid 
· HTN due to the increase of aldosterone 
· Obesity due to the conversion of protein and muscle to active glucose (excess, unused glucose)
· Osteoporosis due to the catabolic effects of cortisol 
· Depression due to long-term elevated levels of cortisol 
Too little Cortisol (Addison’s Disease): 
· Inadequate stimulation of the adrenal glands OR ineffective adrenal function 
· Addison’s Disease --- chronic autoimmune disease that is seen more often in women and results in primary adrenal failure. Common is dogs
· Manifestations: 
· Fatigue
· weight loss
· salt cravings
·  changes in skin pigmentation  starts with areas of hyperpigmentation in the mouth and then hypopigmentation on the trunk 
· Treatment of Addison’s Disease  supplement cortisol hormone 
Growth hormone: 
· Anabolic steroid (tissue growth) 
· Will also make glucose available for energy  blood glucose levels will rise especially in diabetics
· Produced during stage 3 & 4 sleep --- people who do not sleep  less growth hormone 
· Too little growth hormone --- dwarfism 
· Too much growth hormone --- giantism (after age 22, bones should not grow)
· Too much growth hormone after the age of 22 (done growing) --- acromegally: growth of nose, chin, head, fingers and joints, and heart  heart failure
Posterior pituitary: 
· ADH --- (vasopressin) conserves the free water. 
· Causes vasoconstriction  important for maintaining BP (sustaining life when in a shock state)
· In the condition diabetes insipidus (symptoms like diabetes but it is not), ADH is too low (frequent urination, increased thirst)
· SAIDH:  too much ADH  patient will be edematous, have HTN, and less urination 
· ADH is blocked by potassium-sparing diuretics and alcohol  making you urinate more 
· Oxytocin --- milk let down reflex, prostaglandin production and uterine contractions
· Breastfeeding increases oxytocin, which can help prevent post partum hemorrhage after pregnancy (stimulates uterine contractions)
Thyroid: 
· Functions --- sets the basal metabolic rate 
· Through beta adrenergic receptors it stimulates the SA node (pace maker of the heart)
· The thyroid can cause atrial flutter or atrial fibrillation (examination of thyroid is important with those findings)
· Digestive effects --- increased peristalsis and gastric emptying
· With hypothyroidism  delayed peristalsis and gastric emptying 
· Stimulates skeletal muscle --- patients with hyperthyroidism might present with tremors or nervousness
· Hormones: 
· T3: active hormone
· T4: free, inactive hormone (long acting)
· Thyroid supplementation:
· Levothyroxin (synthetic) 
· Taken once daily on an empty stomach (1 hr before meal or 2 hrs after meal)
· Calcium blocks the absorption of levothyroxin 
· When we give levothyroxin, we are giving the patient T4, which then has to be converted into T3. ***It may take several weeks for the patient to see an improvement when supplementing. 
· This drug comes in mcg’s  every potent drug
· Armored thyroid
· Immediate acting thyroid (T3) --- need several doses 
· Made from pigs thyroid 
Congenital hypothyroidism: 
· Baby is born without a functional thyroid
· May have prolonged jaundice  elevated bilirubin levels 7 days after birth can indicate congenital hypothyroidism 
· May present w/ resp difficulty, enlarged tongue, low metabolic rate
· PKU testing 



Hypothyroidism: 
· Most common cause of hypothyroidism is an autoimmune disorder called Hashimoto’s thyroiditis 
· More common in women 
· Myxedema --- thyroid does not make enough thyroid hormone 
· Thyroid problem for years = hypothyroidism 
· Primary: ineffective thyroid gland  
· Secondary: anterior pituitary problem
· Tertiary: problem with hypothalamus 
· Treated with levothyroxin (once daily on empty stomach)
· Causes of hypothyroidism:
· Idiopathic 
· Food & drug
· Iodine deficiency 
· Thyroiditis 
Hyperthyroidism (Grave’s Disease):
· Autoimmune disorder which causes the thyroid to produce too much thyroid hormone and is more common in women 
· Ophthalmopathy  eyes bulge from the eye sockets 
· Thyroid storm:
· Pulse of 300+, HTN, nausea, vomiting, agitation and fever 
· Treatment: open airway, oxygen, Propranolol (B-blocker) to slow HR
· Treat temperature w/ Tylenol. Aspirin interferes with beta-blocker and could increase the HR
	Hypothyroidism
	Hyperthyroidism (Grave’s Disease)

	Signs & Symptoms
	Signs & Symptoms

	
Decreased basal metabolic rate; deep voice; impaired growth in children; increased blood cholesterol; mental retardation in infants; mental and physical sluggishness; decreased cardiac output; decreased appetite; hypoventilation; decreased muscle tone and reflexes; cold intolerance; coarse, dry skin and hair; weight gain 
	
Increased basal metabolic rate; ophthalmopathy (bulging of eyes); accelerated growth in children; decreased cholesterol levels; restlessness, irritability, anxiety; increased cardiac output; tachycardia & palpitations; increased tremors; heat intolerance; increased sweating; weight loss 




Diabetes (type II) and metabolic syndrome (pre-diabetics):
· Abnormal glucose storage & processing 
· Abnormal lipid storage & processing 
· Patients will really high LDL and low HDL  at risk for diabetes 
Glucose:
· 6-carbon molecule that we breakdown and then it is converted to carbon dioxide and water 
· Main fuel form for the body
· With glucose intolerance:
· The brain and nervous system need to have glucose (cannot use alternative forms of glucose)
· Early signs of glucose intolerance --- forgetfulness,  lightheadedness, and confusion 
· Glucose is carried in the blood
· Stored as glycogen and stored into fat
Type I diabetes: less common
· Insulin-dependent diabetes mellitus 
· Primary defect of this disease is the destruction of pancreatic beta cells (auto-immune process)
· Characterized by a loss of insulin production
· Peak onset of disease occurs in childhood between ages 8-13 but can occur as early as age 3 and also in adulthood 
· Cannot use oral medications in type I diabetics because they cause insulin to work better --- with type I, there is no insulin production, therefore oral diabetic meds will not work 
· Patients are treated with insulin replacement 
· Diabetic Ketoacidosis (DKA): 
· Results from untreated type I diabetes and is a form of metabolic acidosis 
· The body begins to breakdown fat and reconstitutes it into ready to use glucose --- the end product is glucose that does not require insulin for use and ketones. Ketones make the blood acidic. Ketoacids have to be eliminated by the kidneys and once they reach a certain level, we store them in the muscle  muscle aches and pains 
· Acidosis  patient will breathe faster (hyperventilation) to blow off the excess carbonic acid (hydrogen and CO2)
· Hemoconcentration --- the thick portion of blood increases (RBCs, WBCs, lipids, iron) because the liquid portion of blood is being urinated out along w/ glucose   
· Really high blood sugar: 900 or more 
· Early signs: polyuria, polydyspia, vomiting, fatigue, and fruity breath 
· Untreated  coma 


Type II diabetes: more common 
· Adulthood onset --- genetics, diet and lifestyle play a part
· Primary problem is insulin resistance  or inefficiency --- insulin is being produced but it is not very good nor does it work well 
· The pancreas keeps producing insulin in response to elevated glucose levels but the defective insulin does not lower the levels  long term effects of elevated blood glucose is toxic to body systems:
· Arterial disease --- increasing risk for heart disease, HTN, and stroke 
· Kidney failure (nephropathy)
· Peripheral neuropathy (loss of feeling and increases risk for wounds to become infected, leading to amputations --- patients need to check their feet daily for wounds) 
· Vision loss (retinopathy)
· Gastroparesis 
· Diagnostic criteria:
· Two separate glucose readings greater than 125
· Random glucose greater than 200 and fasting glucose greater than 125 
· HA1c greater than 6.5 
· Abnormal glucose tolerance test 
Monitoring: 
· Type I: 3 or more times daily 
· Type II: 3x per week 
· Morning is the most important number
· Not effected by food (cortisol has effect)

	Type I diabetes treatment
	Type II diabetes treatment

	60-70%  of diet should include monounsaturated fats and carbohydrates 
No high protein diets 
Spread calories out over the day 
Exercise 
Insulin replacement 
Modifications of BP and cholesterol 
	Focus on weight loss
Exercise 
Medication 
Lifestyle change 
No high protein diets 




Hyperosmolar hyperglycemic state:
· Hyperglycemia 
· Hyperosmolarity --- drawing fluid into the blood vessels and cerebral spinal fluid
· Have an increased risk for cerebra edema  brain damage 
· Commonly occurs with type II diabetes and is similar to DKA without the ketoacids 
· Acute pancreatitis increases risk for hyperosmolar hyperglycemic state 
· Pancreatitis is similar to acid reflux. Patient will say they have “attacks” 
· Also can occur with MI’s and severe infections 
Metabolic syndrome:
· Precursor to diabetes
· Common characteristics:
· Midline obesity (central obesity)
· Insulin resistance (mild elevated HA1C and elevated fasting glucose between 100-125)
· ***blood glucose over 125 = diabetic  
· High BP
· High triglycerides and low HDL
· Risk factors:
· Female, aging, hormonal changes, lack of exercise 
· Diagnostic criteria: 
· 3 or more of these present:
· BP higher than 130/85 mmHg
· Fasting blood sugar equal to or higher than 100 mg/dL
· Large waist circumference  waist should not be more than half of the height
· Triglycerides equal to or higher than 150 mg/dL 
· Low HDL: Men – 40 mg/dL & Female – 50 mg/dL
· Patient interventions:
· Lose weight (7-10%)
· Eat 500-1000 less calories per day
· 30 minutes of exercise 5-7 days per week 
· Lower cholesterol:
· Weight loss and exercise 
· Lower BP
· Daily aspirin use
· Stop smoking 
Hemoglobin A1C:	
· Monitor every 3 months until reaches less than 7
· HA1c of 6.5  type II diabetic 

C-reactive protein:
· Measures general levels of inflammation in the body 
· Test may be done to find out if the patient has an increased chance for having a sudden MI
· Elevated CRP is present with metabolic syndrome 
Types of insulin: insulin is now made from human DNA 
· Rapid acting insulin: 
· Listpro (Humalog)
· Aspart (Novolog)
· Glulisine (Apidra) 
· Should be taken 15 minutes before eating 
· Insulin levels rise quickly and drop quickly 
· Can cause hypoglycemia but it is not common w/ rapid insulin 
· Regular insulin:
· Humulin
· Novulin
· Should be taken 30 minutes before eating 
· Insulin effects can last 4-6 hrs 
· More likely to cause hypoglycemia than rapid insulin 
· ***Regular insulin is the only insulin with an IV indication ***
· Intermediate acting insulin:
· NPH
· Administered without regard to meals, twice daily
· Insulin effects lasting 12-14 hrs 
· The control is achieved by looking at the morning and evening glucose numbers. If morning glucose is elevated, increase the evening insulin. If the evening glucose is elevated, increase the morning insulin
· Determir (Levemir)
· Given in the evening without regard to meals 
· Insulin effects last between 20-22 hrs
· There should be no hypoglycemia w/ this agent 
· It is administered sub-q and is rapidly absorbed 
· It has a strong affinity for albumin, where it remains until glucose levels rise 
· Long acting insulin:
· Glargine (Lantus)
· Insulin effects up to 30 hrs
· Administered via sub-q injection in the evening 
· This drug cannot be mixed with any other insulin 
· It must be administered alone and into the fatty tissue 
· No peak and does not cause hypoglycemia 
Oral agents: 
· Sulfonureas --- increase function of pancreatic beta cells. Can cause severe hypoglycemia. 2nd generations are less likely to cause hypoglycemia 
· Tolbutamide (Orinase) --- prodrug; 1st gen
· Glipizide 
· Meglitinides --- 3x daily with meal. Will decrease HA1c
· Repaglinide (Prandin)
· Nateglinide (Starlix)
· Biguanides
· Metformin (Glucophage) 
· Work at liver to decrease glucose production 
· Take twice daily prior to meals (you must eat after taking or it will not work)
· Can cause weight loss
· May cause lactic acidosis  headache, confusion, loss of consciousness, seizures, N/V, tachypnea, SOB, irregular HR, muscle pain, polyuria 
· Lactic acid is eliminated by the kidneys --- Need to check creatinine levels, normal: 0.6 – 1.3 mg/dL. 
· Contraindications: 
· Renal failure (elevated creatinine)
· Over the age of 80
· Thiazolidinediones --- increase aldosterone which can accelerate heart failure in patients with heart disease 
· Rosiglitazone (Avandia)
· Pioglitazone (Actos)
· Alpha-glucosidase inhibitors --- delay absorption of carbohydrates 
· Acarbose (Precose)
· Miglitol (Glyset)
· Combinations:
· Glyburide & metformin 
· Glipizide & metformin
· Rosiglitazone & metformin 
· Genuvia --- Dpp-4 inhibitor
· GLP1: increases beta cell production at pancreas and decreases destruction of beta cells 
· Glucagon --- used for insulin overdose. Works in 5-20 minutes
· Adverse effects: N & V
· Administered: Sub-q, IM, IV when patient is unconscious 
Supplements: 
· Basal --- bring down blood glucose
· Bay leafs --- improve effectiveness of insulin
· Cinnamon --- improve sugars
· Chromium --- reduce blood sugars
Nursing diagnosis for diabetics: knowledge deficit; risk for injury (hypoglycemia/neuropathy/infection); poor skin integrity; non-compliance; ineffective tissue perfusion 
Use of insulin: check glucose before eating and give insulin before eating (sliding scale)
