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Endocrine, Hyperglycemia and Diabetes Mellitus
Introduction
-

Hyperglycemia is a better way to think of this condition than the term diabetes mellitus
(DM). Hyperglycemia reflects the pathophysiology, while the term ”DM” suggests Type 1
or Type II disease, awkwardly leaving out the many other hyperglycemic states.
Whenever this author hears the term “DM”, he thinks “hyperglycemia” and then waits
for the etiology next (See: Classification of DM, below).

Etymology of “Diabetes mellitus”
Diabetes was known to the ancient Greeks, who coined the term “diabetes”, meaning “passing
through” or “siphon” in recognition of the large urine flow due to the osmotic diuresis.
“Mellitus”, Greek for honey, was added in 1798 in recognition of the urine’s sweetness to the
taste. This was to differentiate it from urine that had no flavor, that is “insipid”.

-

It is hard to overstate the importance of DM and its association with our increasing rates
of obesity. DM and its complications are one of the top causes of disease in our society.
A complete review of the subject is beyond the scope of the article. Rather, it will show
a way to organize one’s approach to the subject.

Glucose physiology and pharmacology
A. Absorption
• The enterocyte can only absorb monosaccharides. The major source of carbohydrates
is starch. This is broken down into disaccharides by amylase (10% salivary, 90%
pancreas). There are disaccharidases in the brush border for sucrose, lactose and
maltose.
• Glucose is actively absorbed through the sodium-glucose linked transporter, SGLT-1.
This is active transport and the transporter is different form that found in the proximal
convoluted tubule of the kidney, so it can be selectively targeted by drugs. Glucose is
passively passed into the portal vein through GLUT-2 channels. GLUT-2 does not have
to be upregulated like the GLUT-4 transporters.
• Pharmacology: disaccharidase inhibitor (e.g. acarbose)
B. Liver
• The liver absorbs glucose passively through GLUT-2 transporters
• Glucose only starts the glycolytic pathway at high glucose levels because its glucokinase
has a high Km. This keeps systemic glucose at high enough levels for the glucose-only
cells of neurons and RBCs.
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Hepatocytes have glucokinase, a specific hexokinase found in regulatory cells.
Glucokinase has a high Km. and is only active after a meal, when portal vein glucose
levels get as high as 360 mg/dL.
• Insulin activates storage pathways in the hepatocytes(e.g. glycogen, triglycerides).
C. Lipocytes and myocytes (tissue cells)
• Glucose is first conserved for neurons and RBCs, so most tissues cells can only uptake
glucose in the “fed state”, which has the signal of a high insulin level.
• Insulin upregulates the GLUT-4 transporter and synthesizing enzymes through the PI3K
receptor.
• Note that the lipocyte is a storage cell and can release glucose and fatty acids when
stimulated by glucagon. The myocyte is an end user and does not have a glucagon
receptor. Instead, it has an epinephrine receptor to increase usage in acute stress.
• Resistance of these cells to insulin is the basis of DM Type 2.
D. Insulin, the pancreatic β-cell and glucose regulation
• Insulin release is regulated by an ATP signal that closes the KATP channel, often
summarized as, “ATP-dependent KATP”. This results in membrane depolarization that
opens the Ca+2 channel. Intracellular calcium induces fusion of insulin-containing
vesicles to the cell membrane, resulting in release of insulin.
• The ATP signal is proportional to serum [glucose] as it enters on a passive gradient
through GLUT-2 transporters. The glucose then undergoes glycolysis by glucokinase
(the same found in the liver). This has the unique attributes of a high Km, positive
cooperativity (higher [glucose] causes higher activity) and no inhibition by its metabolic
product (glucose-6-phophate).
• Mutations in this glucokinase account for roughly one-half of the hereditary diseases
of the β-cell (aka maturity-onset diabetes of the young (MODY)).
E. The kidney
• Glucose is freely filtered by the glomerulus and is recovered in the proximal convoluted
tubule by SGLT-2.
• SGLT-2 is saturated at a serum [glucose] of about 180 mg/dL. The presence of
glycosuria therefore infers glucosemia and diabetes mellitus.
• SGLT-2 is inhibited by the gliflozin drugs.
•
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Pharmacology of Type II Diabetes Mellitus
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Mechanism of action
Disaccharidase inhibitor
↓gluconeogenesis, ↑insulin
sensitivity
↑insulin sensitivity (PPAR-γ)
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SGLT-2 inhibitor
KATP channel closure

6
7
8

Amylin analog
GLP-1 analog
DPP-4 inhibitor
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Drug
Acarbose
Metformin

Side effects
Bloating, diarrhea
GI upset, lactic acidosis(?)

TZDs
…azones
…gliflozins
٠Sulfonylurea
٠Meglitinides
Pramlintide
…tides
…gliptins

↑ weight
UTI, dehydration
Hypoglycemia
Not widely used
Nausea & weight loss, pancreatitis
Weight loss

Etiology of hyperglycemia

•
•
•
•

•
•

-
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Diabetes mellitus Type 1: Type IV hypersensitivity
Diabetes mellitus Type 2: insulin resistance followed over years by failure of β Cells
Hereditary defects of the β cell
Endocrine: a high level of a counter-regulatory hormone, either endogenous or
therapeutic (i.e. cortisol)
1. Cortisol
2. Catecholamines
3. Growth hormone
4. Glucagon
Pancreatic failure (e.g. cystic fibrosis, chronic pancreatitis)
Pregnancy: placental-derived insulin antagonists (e.g. human placental lactogen)

Type I Diabetes Mellitus
• Description: Immune destruction of pancreatic β-cells leading to complete insulindependency
• Pathophysiology
 There is a strong genetic component, HLA-D linked (these are the HLA MHC-2
antigens)
• Identical twin concordance = 50%
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• Associated with autoimmune polyglandular disease type II
Insulin is considered to be a pathogenic antigen. Other autoantibodies include
GAD (glutamic acid decarboxylase) and IA-2 (insulinoma-associated protein)
 Cytotoxic T-lymphocytes destroy the β-cells and suppress them with cytokines.
 Typically presents in childhood
Presentation:
 Symptoms:
• Polyuria, polydipsia and polyphagia (the 3 P’s): seen in 90%
o Polyuria and polydipsia are caused by the osmotic diuresis.
o Polyphagia is due to the inability to use glucose for energy.
• Diabetic ketoacidosis (DKA): seen in 35%
o In addition to the 3 P’s, there are neurologic symptoms of
drowsiness and lethargy.
 Physical examination:
• Dehydration
• Fruity breath in DKA
Diagnosis:
Diagnosis of DM
 Usual criteria for hyperglycemia
Fasting……………….. >126 mg/dL
 Autoantibodies (anti-insulin, GAD65, IA-2)
Random……………... > 200 mg/dL
 Glycosuria indicates a serum glucose > 180 mg/dL
GTT at 2 hours ….…> 200 mg/dL
• Due to saturation of the SGLT-2 transporter.
HbA1c…………….…… > 6.5%
 DKA: hyperglycemia, ketosis, acidosis (see below)
Treatment:
 Insulin replacement
 Balancing of strict glycemic control versus risk of hypoglycemia


•

•

•
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Type 2 DM
• Description: hyperglycemia associated with variable degrees of insulin resistance and
decreased insulin synthesis.
• Epidemiology:
 Highly correlated with obesity (>90%), therefore T2DM is rapidly increasing in
prevalence. Estimated to be present in 8-9% of American adults and expected
to increase with the high prevalence of childhood obesity
 Risk factors:
• Genetic: highly correlated to family history, through a complex interaction
of polygenic and environmental factors.
o 90% identical twin concordance
• Ethnic: Native Indians > African Americans > Hispanics > whites & Asians
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• Obesity: direct correlation. Obesity is seen in 90% of T2DM, higher BMIs
correlate with higher rates of T2DM
• Fat distribution: central or abdominal fat has highest risk
• Lifestyle factors:
o Exercise: can lower serum glucose independent of insulin as the
depletion of energy (AMPK) upregulates GLUT 4 transporters.
o Smoking: associated with hyperglycemia through uncertain
mechanisms
o Diet : Mediterranean diet best; highly processed food worst.
Pathophysiology
 There is no consensus on how obesity leads to insulin resistance. There is felt
to be a genetic risk of insulin resistance that unmasks an underlying decrease
in insulin production.
• Insulin resistance may be due to cytokines, called
adipokines, released from stressed fat cells.
 Over years, insulin production continues to decrease
until patients become insulin dependent
 Amylin is a polypeptide produced in vesicles
alongside insulin. It builds up over years and forms
amyloid deposits in the islet cell spaces left by the
apoptotic β-cells. It is not known if it is pathogenic or
an end product.
 Patients are asymptomatic until a vascular
complication (see Natural History, below).
Presentation
 Most patients now are diagnosed by screening for hyperglycemia.
 Symptomatic presentation is from a cardiovascular complication (see below).
Diagnosis:
 Hyperglycemia (usual criteria)
 There is an increased risk of complications for blood glucose greater than 90
mg/dL. This means that there are pre-diagnostic states that carry increased risk
of complications.
• Impaired fasting glucose (IFG): defined as glucose levels 110-125 mg/dL
(>126 mg/dL is diagnostic of DM).
• Impaired glucose tolerance (IGT): in the standard 75 gm oral glucose
tolerance test, 2 hour levels of 140-200 mg/dL (>200 mg/dL is diagnostic
of DM)
Treatment principles:
 There are 2 schools of thought in priorities (but are not mutually exclusive):
1. Strict control of serum glucose:
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a. This has the obvious effect of minimizing AGEs and sorbitol
production and is of proven benefit in decreasing
microvascular complications (i.e. retinopathy, glomerulopathy
and peripheral neuropathy). Macrovascular benefits are
probably seen, but this is much less clear.
b. Disadvantages include the risk of hypoglycemic events and the
use of multiple medications with predictable poor compliance
2. Prevention of complications
a. This includes control of hypertension, hyperlipidemia and oral
aspirin.
 Lifestyle choices: exercise, weight loss and diet.
Hereditary defects of the β-cell
• Formerly known as maturity-onset diabetes mellitus of the young (MODY)
• These are genetic defects in the β-cell regulation of insulin and are typically
monogenic and autosomal dominant
 The commonest defect is hexokinase. The others are mostly in transcription
factors
• Their presentation mimics that of DM I
 They account for 3-5% of childhood diabetes.
• They can be recognized by the lack of antibodies (e.g. anti-GAD 65, anti-IA, antiinsulin)

Pathophysiology of hyperglycemia
Acute complications
-

Diabetic ketoacidosis
Hyperosmolar hyperglycemic state

Chronic complications
-
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There is an increased risk of complications for blood glucose greater than 90 mg/dL. This
means that there are pre-diagnostic states that carry increased risk of complications.
• Impaired fasting glucose (IFG): defined as glucose levels 110-125 mg/dL (>126 mg/dL is
diagnostic of DM).
• Impaired glucose tolerance (IGT): in the standard 75 gm oral glucose tolerance test, 2
hour levels of 140-200 mg/dL (>200 mg/dL is diagnostic of DM)
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Advanced Glycosylation End-products (AGE): Non-enzymatic glycosylation of proteins leads
to AGE’s that damage the endothelial cell, cross-link Type IV collagen of the basement
membrane and extends into, and damages, the extracellular matrix. This results in
macrovascular and microvascular pathology (see Table).
Sorbitol accumulation
• In certain tissues, such as nerves and the retina, increased cell glucose gets converted
to sorbitol by aldose reductase of the fructose pathway.
• This leads to osmotic swelling and metabolic damage that have been implicated in
diabetic retinopathy and peripheral neuropathy.
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