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Thyroid

 Gross Description
 Anterior and Inferior to Larynx
 Bilobed Gland Arising Pharyngeal Epithelion

 Microscopic Description
 Spherical Follicles Lined by Cuboidal 

Epithelia [synthesizes hormone (T4)]
 Colloid - Thyroglobulin [stores hormone (T4)]
 Parafollicular "C" - Cells Secrete Calcitonin











Free T4 and T3

Enters Cell

Protein Synthesis

 BMR

Thyroid Hormone Metabolic Effect



Physiologic Effects of Thyroid 
Hormones

 BMR------->  Heat

Cardiovascular: HR &  CO
GI -  Motility 
Skeletal -  Bone Turnover
Neuromuscular - 

Contraction
Blood -  RBC 2,3 DPG

Lipids
 Gluconeogenesis
 Cholesterol 
Sympathetic Nervous System
 Beta - Adrenergic
 Catecholamines



Hypothyroidism - Adults
MYXEDEMA - Accumulation of Mucopoly-saccharide in skin 

and visceral sites resulting in non-pitting edema.

Weight Gain
Muscle Cramps
Fatigue
Slowed Mentation
Slowed Speech

Cold Intolerance
Constipation
Cardiomegaly
Pericardial Effusion





Thyrotoxicosis ( Thyroid 
Hormone)‏

Common
 Grave's Disease
 Toxic Adenoma
 Toxic Multinodular Goiter

Less Common
Subacute Thyroiditis
Hashimoto's Thyroiditis -
Postpartum
Amiodarone





Thyrotoxicosis - Clinical Features

Sympathetic Nervous System
 Nervousness
 Tremor
 Tachycardia
 Palpitations
 Hyperreflexia
 Staring Gaze
 Warm Flush Skin

GI
Hypermotility
Malabsorption
Diarrhea
Weight Loss



Grave's Disease

An autoimmune disorder in which a variety of 
autoantibodies cause a diffuse hyperfunctioning 
thyroid.  Grave's disease is the most common    
cause of  primary or endogenous hyperthyroidism.

Primarily Women:  3rd to 4th Decade
Familial
HLA-DR3



Grave's Disease

 Thyrotoxicosis
 Diffuse Thyroid Enlargement (Bruit)‏
 Ophthalmology

Wide Staring Gaze
Lid Lag
Protuberant Eyes (Exophthalmos)‏

 Pretibial Edema, Hyperpigmentation





Goiter

Goiter is simple enlargement of the thyroid due 
to TSH stimulation because of impaired 
(decreased) thyroid hormone (T3 or T4).  Goiter 
is the most common thyroid disease worldwide.



Goiter
Endemic
  I2 - Mountainous

Regions

Sporadic
Usually Unknown
Cruciferus Vegetables

 I2 - 150ug/day
 Average American Diet 250 to 750 ug/day
 Iodine----------> Iodide

Iodine Peroxidase
 MIT + DIT-----------------------------> T4 or T3







Diabetes Mellitus



Diabetes Mellitus (DM)‏

DM is a chronic disorder of carbohydrate, fat, and protein 
metabolism.  DM is characterized by hyperglycemia resulting 
from defects in insulin.  The chronic hyperglycemia is associated 
with dysfunction and failure of various organs, especially the eyes, 
kidneys, nerves, heart, and blood vessels.

 13 Million in USA
 35,000 Annual Mortality
 Type I - Life Time Risk ~ 0.5%
 Type II - Life Time Risk ~ 5-7%



Criteria for Diagnosis of Diabetes 
Mellitus

Normoglycemia IFG or IGT
FPG < 110 FPG > 110 & < 126 (IFG) ‏
2-h PG* < 140 2-h PG* > 140 & < 200 (IGT) ‏

Diabetes Mellitus
FPG > 126 (x2)‏
2-h PG* > 200
Random >200

FPG = Fasting Plasma Glucose   1FG = Impaired Fasting Glucose
PG* = Glucose Load of 75g IGT = Impaired Glucose 
F = Fasting = No food - 8 hours             Tolerance



Blood Glucose & Various 
Hormones

Hormone
 Insulin
 Glucortocoids
 Glucagon
 Growth Hormone
 Epinephrine

Action
 Glucose
 Glucose
 Glucose
 Glucose
 Glucose

Diabetic
Syndrome



Insulin - Metabolic Actions

Insulin is the only* hormone that  blood 
glucose.  Insulin travels to its target sites of 
liver, muscle, & fat cells.  Glucose can enter 
these cells only with the aid of insulin.  Insulin 
binds with a cellular receptor site to exert its 
effect.

*IGF-2



Effects of Insulin

Carbohydrate
  Uptake of Glucose by 

Cells
  Liver Glycogen
  Pyruvate

Fat
 Breakdown of Fat
 Formation of Fat
 FFA



Genetics - DM

Type I - 15%
 Northern Europeans
 40% Concordance
 6% - 1st Order
 95% HLA DR3
 DQB - Linkage

Type II - 85%
60-80% concordance in 

twins
No HLA association
Insulin Resistance
Relative Insulin

Deficiency 



Clinical

Type I - 15%
 <20 y/o
 Normal Weight
  Insulin
 Islet Cell Abs
 Ketoacidosis -

common

Type II - 85%
>30 y/o
Obesity
N/  Insulin
No islet cell abs
Ketoacidosis - Rare
Hyperosmolar Non-

Ketotic Acidosis



Islet Cell Destruction in
IDDM (Type I)‏

Environmental
Insult

(Viral-Molecular Mimicry)‏+

Genetic
Su sceptibility
(HLA Linked) 

Autoimmune Attack 
(Beta Cell Destruction) 


 Insulin  ----------------->  Glucose 



Diabetic Ketoacidosis 
(Type I - DM)‏

 Insulin-->  Fat Breakdown--> Ketoacids-->    Metabolic
(Ketone Bodies)   Acidosis

 pH  Glucose        HCO3
-  Ketones                  

(600-800) ‏

Lab Findings



Diabetes - Type II - Risk Factors

 FHx(+) ‏
 Obesity:  >20% IBW or 

BMI > 27 kg/mL
 Race/Ethnicity
 Age > 45

Previous IGT or IFG
 BP (> 140-90) ‏
HDL < 35 mg/dl
Triglycerides > 250 mg/dl
GDM or baby > 9#



Diabetes Type II -
NIDDM - Pathogenesis

Deranged Insulin Secretion
 Increased Insulin Secretion
 Delayed Insulin Secretion
 Deficiency of Insulin 

Secretion

Obesity
 80% Type II Obese
  Insulin

Insulin Resistance
 Number of Receptors
Postreceptor Defects
Reduced GLUTS







Body Mass Index





Complications of diabetes in the United States

Heart disease and stroke
Heart disease is the leading cause of diabetes-related deaths. Adults with diabetes have heart 

disease death rates about 2 to 4 times higher than adults without diabetes. 
The risk for stroke is 2 to 4 times higher among people with diabetes. 
About 65% of deaths among people with diabetes are due to heart disease and stroke.

High blood pressure
About 73% of adults with diabetes have blood pressure greater than or equal to 130/80 mm 

Hg or use prescription medications for hypertension. 

Blindness 
Diabetes is the leading cause of new cases of blindness among adults aged 20-74 years.
Diabetic retinopathy causes 12,000 to 24,000 new cases of blindness each year.



Kidney disease
Diabetes is the leading cause of end-stage renal disease, accounting for 44 percent of new cases.
In 2001, 42,813 people with diabetes began treatment for end-stage renal disease. 
In 2001, a total of 142,963 people with end-stage renal disease due to diabetes were living on chronic dialysis 

or with a kidney transplant. 

Nervous system disease
About 60% to 70% of people with diabetes have mild to severe forms of nervous system damage. The 

results of such damage include impaired sensation or pain in the feet or hands, slowed digestion of 
food in the stomach, carpal tunnel syndrome, and other nerve problems. 

Severe forms of diabetic nerve disease are a major contributing cause of lower-extremity amputations. 

Amputations
More than 60% of nontraumatic lower-limb amputations occur among people with diabetes.
In 2000-2001, about 82,000 nontraumatic lower-limb amputations were performed annually among 

people with diabetes. 



Deaths among people with diabetes, United 
States, 2000

Diabetes was the sixth leading cause of death listed on U.S. death 
certificates in 2000. This ranking is based on the 69,301 death certificates in 
which diabetes was listed as the underlying cause of death. Altogether, 
diabetes contributed to 213,062 deaths. 

Diabetes is likely to be underreported as a cause of death. Studies have found 
that only about 35% to 40% of decedents with diabetes have diabetes listed 
anywhere on the death certificate and only about 10% to 15% have it listed as 
the underlying cause of death. 

Overall, the risk for death among people with diabetes is about 2 times that of 
people without diabetes.



Total Annual Costs: $98.2 billion*(2007 174 billion) 

Direct Costs = $44.1 billionIndirect Costs = $54.1 billion

Disability ($37.1 billion) 

Premature Mortality ($17.0 billion) 
Excess Prevalence of
General Medical Conditions
($24.6 billion) 

Diabetes/
Acute Glycemic Care 
($7.7 billion) Excess Prevalence of

Chronic Complications
($11.8 billion) 

American Diabetes Association. Diabetes Care. 1998;21:296-309.

Economic Consequences of Diabetes in the 
United States, 1997

*1997 dollars.





Complications of Diabetes Mellitus

 Microangiopathy
 Nephropathy
 Retinopathy
 Neuropathy



























Na+-glucose cotransporter 
type 2 (SGLT2)






