DIABETES MELLITUS in the Clinic Setting
With Emphasis on Type 2 Diabetes

Deborah Omori, MD

Patients with Diabetes Mellitus have fasting hyperglycemia with an abnormal metabolism of carbohydrates, fat and protein.

CLASSIFICATION:
Type 1:
IDDM: Insulin dependent, ketosis-prone [10% DM in US]


Autoimmune destruction of insulin-producing beta-cells


Twin studies: Type 1 developed in only 50% of identical siblings
Type 2:
NIDDM: Non-insulin dependent [insulin 'resistant] [-90% DM].


Not prone to ketosis unless severe stress, illness, Ml, etc


Twin studies: Type 2 dev in almost all identical siblings


Insulin resistance & insulin secretion are improved if fasting glucose is normalized.

Gestational:
2% pregnant women develop GDM [usually 2nd or 3rd trimester] If untreated, assoc with increased fetal morbidity & mortality 30% of GDM women eventually develop Type 2 DM within 5-10 years

Other Endocrine: Cushing's syndrome. acromegaly, pheochromocytoma, etc
Drugs:
steroids, thiazides, nicotinic acid, etc

Pancreatic Diseases: chronic pancreatitis, hemochromatosis, cystic fibrosis
Genetic syndromes: muscular dystrophies, hyperlipidemia
Malnutrition
IGT:
Impaired Glucose Tolerance: higher than normal glucose but not diagnostic of diabetes mellitus. 30-40% eventually develop Type 2 within 10 years.  Patients at risk for cardiovascular complications but not for retinopathy or nephropathy.

DIAGNOSIS:
2 separate fasting blood glucose levels (126

WHO TO SCREEN:
Strong Family History of Diabetes


Marked Obesity


Women with babies > 9 lbs at birth


Pregnant women between 24-28 weeks


Recurrent skin, genital, or GU infections

HISTORY:
Symptoms:
Polyuria/polydipsia/polyphagia [osmotic diuresis]

Blurred Vision


Weight loss, weakness, fatigue (catabolic state)


Frequent infections


Sxs of DM complications [esp cardiovascular ROS]

Delayed wound healing


Hypoglycemic symptoms (if on oral hypoglycemic agent or insulin) [ask about nocturnal hypoglycemic sxs]
Dietary habits: On an ADA Cal diet?  How many meals a day?  What times are their meals?

Weight and exercise history: Gaining or losing weight?  What do they do for exercise?

Cardiac Risk Factors: Age, Gender, HTN, DM, Smoking, Lipid Profile, Family History, etc

Other Past Medical History: DKA, Hyperosmolar NonKetotic Coma, Hypoglycemia, Gestational DM
Medications: Steroids, thiazides
Family History: for diabetes and cardiovascular events
Hx Diabetic Complications: retinopathy, nephropathy, macrovascular diseases, neuropathy

Psychosocial/Economic Factors which may affect management / compliance
PHYSICAL EXAM:
Vital Signs: Be on the lookout for hypertension, postural hypotension, tachycardia, fever
Evidence of Retinopathy? [Refer to DM Ophtho Screening Clinic for a formal exam)


95% of Type 1 DM have clinical retinopathy after 15 yrs of diabetes


Leading cause of Blindness in the US [esp proliferative retinopathy]

Complications: vitreal hemorrhages, retinal detachment, fibrous scarring

See increased frequency of Cataracts & Glaucoma

Type 1: start regular ophthalmology exams after 5 years of onset 

Type 2: start regular ophthalmology exams when diagnosed

a.  Nonproliferative Retinopathy:
[1] Background Diabetic Retinopathy - most common form; see microaneurysms, esp near macula [central vision & visual acuity], punctate dot hemorrhages [leaking microaneurysms] leading to hard exudate formation.  Can affect central

vision/acuity if enough present to cause macular edema.

[2] Preproliferative Diabetic Retinopathy - cotton wool spots [microinfarcts], retinal infarcts

b.  Proliferative Retinopathy: late stage of retinopathy; see neovascularization (new vessels] growing from the retina into the vitreous.  New vessels are thin-walled, fragile, tend to bleed into the vitreous [temp loss of vision].  Scarring then occurs and can lead to retinal detachment [from traction) and loss of vision.  Treatment: Photocoagulation [laser]

Cardiovascular Exam, Including Pulses/Bruits

Evidence of Neuropathy?

[1]
Peripheral [distal sensory neuropathy] - bilateral paresthesias, numbness, hyperesthesias, pain [worse at night].  Loss of vibratory sense first, then proprioception, pain, temperature, decreased DTRs
[2]
Autonomic neuropathy - gastroparesis, nocturnal diarrhea, neurogenic bladder, orthostatic hypotension, impotence

[3]
Asymmetric, proximal motor neuropathy [mononeuritis multiplex]

[4]
Mononeuropathy [CN III, IV, VI, VII, wrist/foot drop]

[5]
Compression/Entrapment neuropathy [carpal tunnel syndrome]

[6]
Diabetic Amyotrophy - weakness & atrophy of proximal muscles, weight loss, asymmetric
[7]
Neuropathic Cachexia - males, age 60's, weight loss, anorexia, bilateral peripheral neuropathy
Evidence of Nephropathy?
Associated with the highest mortality [leading cause of ESRD and death in DM]

Must control Blood Glucose and Blood Pressure to retard development of renal failure 

30-40% Type 1 develop clinical nephropathy; 5-40% Type 2 develop clinical nephropathy

Normal urine albumin excretion < 30 mg/day [or < 20 ug/min].  Normal urine protein excretion is < 150 mg/day.

At onset of DM: kidneys are enlarged ("superfunction").  Later, microalbuminuria appears [urine albumin 30-300 mg/24 hr or 20-200 ug/min] - not detectable yet on UA.  Then macroalbuminuria appears [Urine albumin > 300-550 mg/24 hr].  With macroproteinuria, renal function declines with GFR decreasing at 1 mL/min per month.  Nephrotic syndrome develops, azotemia, & ESRD occurs.  HTN accelerates this decline.  Treatment: Control HTN, use ACE inhibitors, low protein diets [late stages].

Evidence of Infection/other complications?
Skin -
cellulitis, furuncles/boils, carbuncles (infected hair follicle), ulcers, abscesses, necrobiosis lipoidica-diabeticorum on anterior legs

Head -
malignant externa otitis [usu Pseudomonas, 50% fatal if facial nerve paralysis occurs], Rhinocerebral mucormycosis in DKA, dental caries
Respiratory - pneumonia, tuberculosis
GI -
esophagitis, cholecystitis, diarrhea

GU -
UTIS, pyelonephritis, vaginal moniliasis
Bone -
osteomyelitis
Foot Exam: At each visit, check for infection, ulcers, dry skin [leads to cracks in skin], loss of sensation 


Prevention is KEY: good foot care, wear shoes, regular Podiatry visits, moisturizer


If at risk for or if ulcers occur, consult Diabetes Limb Preservation Clinic [Thurs Afternoons]

LABORATORY/TESTS:
FBS, Electrolytes, BUN/Cr

Urinalysis [for proteinuria/infection]

Yearly timed urine collections or Albumin/Creatinine ratio for Albuminuria [if abnormal, confirm with 2 out of 3


collections over 6-12 wk interval, then q 6 mos after starting therapy] 

Periodic Glycosylated Hgb [to follow patient's response to therapy]
Lipid Panel [cardiovascular risk]
Baseline ECG

TFTs when indicated
BE ON THE LOOKOUT FOR ACUTE DIABETIC METABOLIC COMPLICATIONS:

a.
NonKetotic Hyperosmolar Coma - can be life-threatening 


Clinical Presentation:
(1)   Severe Hyperglycemia ( > 600 mg/dl)

(2)  Slight or no ketosis

(3)  Plasma Hyperosmolality [ > 340 mosm]

(4)  Dehydration

Also. think if: mental status changes, shallow respirations, no acetone on breath

b.  
Hypoglycemia - usually glucose < 50-60 & hypoglycemic symptoms.  Can be precipitated by: too much insulin/oral 


agents, too much exercise, too little food, alcohol

c.
Diabetic Ketoacidosis - due to insulin deficiency and a relative/absolute increase in glucagon.  Can be seen in 


Type 2 Diabetics with severe stress/infections/Ml.


History:  Precipitating factors?  Infections, MI, CVA, pancreatitis     Exam:


Symptoms:
Anorexia, Nausea, Vomiting


Hypothermia


Dyspnea




Volume depletion [tachycardia, hypotension]





Abdominal Pain



Altered mental status




Drowsiness, stupor, coma


Tender abdomen, ileus




Polyuria/polydipsia



Hyperventilation [Kussmaul respirations]




Fruity ketone odor on breath
TREATMENT OF TYPE 2 DIABETES

GOALS OF THERAPY:
To achieve normal blood glucose levels

Prevent vascular complications:

macroangiopathy[atherosclerosis]


microangiopathy [retinopathy, nephropathy]
Address other cardiovascular risk factors

1. DIET [Nutrition Consult]        CALCULATION OF CALORIC REQUIREMENT
I.BW. Estimate:
Women - 100# for 5 ft + 5# per inch over 5 ft



Men - 106# for 5 ft + 6# per inch over 5 ft 



(for SMALL FRAME: Subtract 10%; LARGE FRAME: Add 10%)
Caloric Requirement:
Basal: 10 cal/lb of I.W.

Sedentary: Add 20-30% of Basal Requirement

Mod. Active: Add 50% of Basal Requirement

Active: Add 100%

Cal Requirements for Weight Loss/Gain:
For 1 - 1.5 lb wt loss/week: Subtract 500 cal/day




For 1 - 1.5 lb wt gain/week: Add 500 cal/day

The Diet should consist of:
60-70% calories from mono unsat fatand carbohydrates 



10-20% calories from protein


< 30% Total Fat [< 10% Sat Fat & < 300 mg/day Cholesterol]

2. EXERCISE - decreases weight, increases peripheral glucose utilization, and increases insulin

receptors.  Check first for significant/active cardiovascular disease, significant neuropathy or active proliferative retinopathy.

Start slowly, include stretching exercises, warm-up and cool-down exercises

3. IDEAL BODY WEIGHT - See above. [60-80% obese Type 2 can decrease glucose with weight loss)

4. EDUCATION - patients need to be educated about their disease, the therapy, what to do on 'sick' days, daily foot examinations, regular eye exams, etc.  Send patients to Diabetes Education Classes taught by Diabetic Nurse Practitioners.
5. ORAL HYPOGLYCEMIC AGENTS (TYPE 2 ONLY]: The sulfonylurea acutely augment insulin secretion [though with chronic use, insulin levels return to baseline].  They also reduce hepatic gluconeogenesis and increase insulin receptors.  Those most likely to respond:


onset DM after age 40


diabetes < 5 years


has never used insulin


obese or NL weight


requires < 40 units/day insulin for control

2nd Generation
Dose in
Duration of

Active



mg/day
Action [hrs]
Metabolism
Metabolite
Glipizide/Glucotrol
2.5-40 mg [QD-BID]
12-24
Liver

Inactive

Glyburide
1.25-20 mg QD
16-24

Liver

Active/Inactive

Micronized Glyburide
Start: 1.5-3 mg QD
24

Liver

Active/Inactive

[more bioavailable]

Max: 12 mg QD

[Onset of action: 1 hr, t 1/2: 4 hr]

To START Oral Hypoglycemic Agents: [diet, exercise and weight loss program continues]


Start with lowest dose [esp if elderly] and follow blood sugars

Gradually increase dose 1-2 wks according to blood sugar response

Risk of HYPOGLYCEMIA if:
Poor eating habits
Medications that Interact [check P



Significant renal or liver disease
Elderly



ETOH

CONTRAINDICATIONS to Oral Hypoglycemic Agents:


Type 1 Diabetics [Insulin-dependent, ketosis-prone]
Children


Major Surgery, Severe Infections/Stress/Acute MI
Pregnant/Lactating Women


Allergy to Sulfonylurea/Hypersensitivity Rxn
Significant Renal or Hepatic Disease

SIDE EFFECTS of Oral Hypoglycemic Agents: [2nd Gen: 2-4%]


Hypoglycemia
Hyponatremia


GI [N/V, Abdominal Pains, Cholestasis]
Pulmonary


Antabuse Effect [flushing/nausea] with ETOH
Dermatologic [rashes, purpura]


Hematologic [leukopenia thrombocytopenia hemolysis]

FAILURES of Oral Hypoglycemic Agents:

Over 20% fail to respond to oral agents [Primary Failure]

~5-1O% of patients/yr have 2( failure [check dietary compliance, illness, stress, and infections]

DRUG INTERACTIONS:


Mechanism
Drug
Mechanism
Drug

Potentiate
Salicylates
Antagonizes
Diuretics


Hypoglycemic
Sulfonamides
Effect of
Rifampin, INH


Effect
Allopurinol
Sulfonylurea
Dilantin, Phenobarbitol


[decreases
Probenecid
[increases
Estrogens, Glucocorticoids


  glucose]
Chloramphenicol
  glucose]
Nicotinic Acid, L-thyroxine

6. Metformin: NOT a sulfonylurea.  For treatment of Type 2 DM not controlled by diet alone [but can also be used with sulfonylurea].  Decreases hepatic glucose production.  Decreases intestinal absorption of glucose.  Improves insulin sensitivity.  Excreted unchanged by the kidneys.  Does not cause hypoglycemia in usual use [but can if used w/glucose-lowering agents, ETOH, deficient caloric intake].

Adverse Effects:

GI (Anorexia, Nausea, Vomiting, Diarrhea, Metallic taste]

            Caution:
Cimetidine increases metformin concentrations 



Vit B12/Folate absorption is decreased



LACTIC ACIDOSIS [rare if normal renal function]

DO NOT USE if:
Abnormal renal function [Cr > 1.5 male, > 1.4 female] or if liver disease 


Abnormal creatinine clearance [as seen in AMI, sepsis, shock]

Alcohol Abuse

Acute or Chronic Metabolic Acidosis, DKA

Known Hypersensitivity to Metformin
STOP 2 days before IVP/angio/dye studies, restart when renal function normal

STOP if hypoxemic conditions occur (CHF, hepatic failure, shock, surgery)

Dose:
Start w/500 mg BID w/meals, usual dose: 850 mg BID.

7. INSULIN - increases glucose uptake & peripheral metabolism [muscle, adipose tissue] & suppresses hepatic gluconeogenesis.  However, patients on insulin may have an increased appetite, gain weight, and become more insulin resistant.  Stress dietary compliance to patients.

Insulin SQ:


Peak Action [hrs]

Duration of Action [hrs]
Rapid Acting:
Regular
2 - 4
6 - 8

Intermediate:
NPH
8 - 12
18 - 24

Long Acting:
Ultralente
18 - 24
24 - 36

70/30 Insulin:  70% NPH + 30% Regular insulin

Humalog:  rapid-acting insulin

To START Insulin Therapy:


a.  [ONE WAY]  Depending on Blood Sugars give anywhere from 6-15u.  NPH SQ with breakfast.  Check blood sugars during the day [Fingersticks QID: FBS, ~11OO, ~1700, QHS].  Increase insulin in small increments/ day based on blood sugars.  Remember Peak Action and Duration of Action of NPH.

If NPH alone is not controlling the blood sugars adequately, consider adding Regular Insulin to the regimen [see chart below].  Start with 4-6 u. Regular depending on blood sugars.  Consider the 70/30 Insulin.  Also, consider Split-Dosing if on a HIGH dose of morning NPH Insulin [40-50+ units], give 2/3 the total NPH dose in the AM and 1/3 the NPH dose with the evening meal.


This Insulin:
Controls this Blood Sugar:

AM Regular
>Pre-Noon


AM NPH/Lents
>Pre-Supper


PM Regular
>Pre-Bed


PM NPH/Lente
>Pre-Breakfast


b.
[ANOTHER WAY] Calc Total Daily Dose Insulin: 0.5-1.0 units/kg body wt, give 2/3 in AM, 1/3 in PM

c.
BIDS therapy: Bedtime Insulin, Daytime Sulfonylurea
If Morning FBS is HIGH, measure blood sugar at around 0200 hrs:

0200 Glucose
Somogyi Effect
LOW
Rebound hyperglycemia 2( to counter-regulatory hormone release after hyperglycemia

Dawn Phenomenon
NORMAL
Early AM rise in glucose due to nocturnal rise in GH level

Waning Insulin Effect
HIGH
Not enough Insulin

8. Blood Pressure Control: Use ACE-I with target BP < 130/85.  Check K+, Cr on ACE-I.

[can add low dose Diuretic or verapamil or diltiazem]

Do not use ACE-I if pregnant;  or even in women of child-bearing age.
9. Acarbose: oral alpha-glucosidase Inhibitor (complex oligosaccharide) that 'interferes with hydrolysis of dietary disaccharides and complex carbohydrates, delaying absorption of glucose and other monosaccharides [Med Ltr, Feb 96].  Improves postprandial blood sugars with 0.5-1% improvement in HgbA1C level.  No hypoglycemia unless given with insulin or sulfonylurea.  Compliance hindered by [dose dependent] GI side effects [cramps, flatulence, abdominal distention, diarrhea, borborygmus].  Don't use with metfornin [It decreases the bioavailability of metformin and may have additive GI side effects].  

Dose: start with 25 mg TID ac; increase every 4-8 weeks up to 50 mg TID ac [if < 60 kg] or 100 mg TID ac [if>60kg], depending on postprandial blood sugars. 

10. Lipid Control: Target Chol < 200; LDL < 130; HDL > 35 and TG< 200 [if CAD, LDL < 100]

11. MANAGEMENT Recommendations:

a.
Emphasize Diet [Nutrition Consult!], Exercise, and Weight Loss if overweight

b.
Smoking Cessation

C.
Control blood sugar, blood pressure, lipids;check BP and weight at every visit

d.
If motivated and/or on insulin: Home glucose monitoring [Consult to Nurse Practitioner]

e.
Ophthalmology: yearly dilated eye exams

f.
Careful Foot exams at every visit [consult Podiatry if necessary]

g.
Glycosylated Hgb – quarterly if rx changes or if not meeting goals; every 6-12 months if stable

h.
Yearly labs: lipids, UA for protein, microalbuminuria, if no protein on UA

i.
Clinic Follow-up: [always include BP & Weight q visit]




If major changes in insulin - daily F/U [visit or phone at least]




If lesser changes in meds - monthly F/U [visit or phone at least]




For Routine visits - approx q 3 months, esp if on insulin [if stable, consider q 6 mos] 



j.
Recommend Pneumovax, Flu shot, Medic-Alert type bracelet/necklace
GOALS [from the ADA Recommendations]
Normal
Goal
Action Suggested if


FBS / Preprandial Glucose
< 110 mg/dL
< 120 mg/dL
< 80 or > 140 mg/dL


Bedtime Glucose
< 120 mg/dL
100-140 mg/dL
< 100 or > 160 mg/dL

Glyco Hgb [NL 4-6 %] 

<6% 

< 7 % 

> 8 %

Prevent Hypoglycemia and Ketoacidosis
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