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Endocrine System Pathology: Cortisol, Calcium and Glucose
Introduction
Any discussion about endocrinology should start with the hypothalamus. Usually, however,
endocrinology is traditionally organized by an anatomical classification that started over a
century ago.
-

Pituitary gland
Thyroid gland
Adrenal gland
Gonads
Parathyroid gland
Pancreatic islet cells

The hypothalamus does not even appear in this anatomical view of endocrinology. It is seen
therefore as a vague structure that sits above the pituitary gland, releasing hormones to the
pituitary gland. The pituitary gland is viewed as central to regulation.
This is a deeply flawed view. The hypothalamus is the central controller of our endocrine
system because it regulates the internal functions in response to changes in the external
environment. Every major influence of the outside world will end gets signaled to the
hypothalamus. It is the hypothalamus that will then make the necessary adjustments to our
internal environment using neurohormonal signals. Consider these core functions that
hypothalamus is involved in regulating:
-

Temperature (sympathetic nervous system)
Osmolality / Blood volume (ADH)
Basal metabolic rate (thyroid)
Growth (GH)
Stress (cortisol)
Reproduction (sex hormones, prolactin, oxytocin)
Appetite / weight (leptin, ghrelin)
Sociability (prolactin, oxytocin)

The hypothalamus sits at the center of endocrinology. The pituitary gland is merely the
amplifier that allows the hypothalamus to send signals from its position in the CNS to the body.
It is striking, therefore, to find any key endocrine functions that are not regulated by the
hypothalamus. There are two:
a. Glucose (β cells of the pancreas)
b. The minerals calcium / phosphorus (PTH)
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The hypothalamus/pituitary/ endocrine gland/end organ axis

Structure
-

The pituitary gland is not a regulatory organ, but the connection between the hypothalamus in
the CNS and body. The gland projects through the dura mater, surrounded by a fold of the dura.
It should be considered the amplifier of the hypothalamic signals.
• It is confined by the bony sella turcica and cannot expand without increasing the pressure
in its space.
• Any action expanding the pituitary gland compresses the gland. The anterior pituitary is
the more vulnerable portion, as it has only venous pressure in its blood supply (see below).
Panhypopituitarism can be caused by a macroadenoma (i.e. >1 cm) in adults,
craniopharyngiomas in children and apoplexy (i.e. hemorrhage into an adenoma, which
tend to be very vascular).


-

For a pituitary mass to compress the optic chiasma, it must project through the
dural fold and then expand to fill the 0.5 to 1 cm distance to the nerve.

Blood supply
• The superior hypophyseal artery supplies the lower hypothalamus and then forms a
vascular plexus at the median eminence. This forms a venous connection to another
capillary plexus in the adenohypophysis.

A portal system connects 2 capillary beds. The portal system connecting the
viscera to the liver is well known. This is a second important portal system.
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-

The neurons of the arcuate nucleus end in the portal plexus in the median eminence. The
releasing factors released by these nerves then diffuse into the capillary plexus.
• The median eminence has no blood brain barrier and the capillary endothelial cells are
fenestrated. This allows for immediate and direct diffusion of the releasing hormones into
the systemic portal system.
• The slow venous flow of the portal system allows for maximal contact of the hypothalamic
releasing hormones to the receptors of the anterior pituitary cells.

•

•
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The inferior petrosal vein empties into the internal jugular vein. In Cushing disease, the
inferior petrosal vein can be catheterized and directly sampled for ACTH. In tertiary
medical centers, this has replaced the high dose dexamethasone test for differentiating
pituitary adenoma from an ectopic source of ACTH production.
Sheehan syndrome: in pregnancy, there is hyperplasia of the anterior pituitary gland
cells. This causes some degree of increased pressure in the bony sella turcica together
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with an increased demand for blood. With significant hypotension such as a postpartum bleed, the anterior pituitary infarcts, as it only has venous pressure from the
portal system. The posterior pituitary does not infarct as it has arterial blood pressure
and no increase in demand.

Regulation
-

The feedback regulation of the endocrine system through the adenohypophysis is seen in
the image. In any clinical situation with an increase or decrease in hormone level, the nest
determination is the level of the defect: 1°, 2°, 3° or the target cell.

-

Using this feedback model of homeostasis, the endocrine systems regulated by the
hypothalamus can be summarized in a table (see below).
Note that the glucose and Ca+2 /PO4-2 systems are not regulated through the CNS
The hypothalamus releases hormones in a pulsatile fashion with very short half-lives
• This allows for precise signaling
• Pulses can vary in frequency and amplitude, allowing for a different signal for a
single hormone. For example:
 Frequent, low amplitude GnRH pulse……………………. LH
 Slow, high amplitude GnRH pulse…………………………. FSH
 Leuprolide is a gonadotropin agonist, but suppresses production of FSH/LH
because it has a continuous signal

-
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Adenohypophysis: The H > P > Organ Axis

-
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There are 6 hormonal systems included in the traditional “endocrine” system (see image
below).
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Hypothalamus

-
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The neurohypophysis does not work by a negative hormonal feedback system.
• Anti-diuretic hormone (ADH), aka vasopressin (AVP)
 Released from neurons of the supraoptic and paraventricular nuclei in response
to hypotension and decreased osmolality (BP > osmolality)
 Target cells:
• Principle cell (kidney): Gsα receptor, upregulation of AQ2 channels for
resorption of water
• Smooth muscle cell (arterioles): Gq receptor, vasoconstriction
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 ADH has other complex effects in the CNS
• Oxytocin
 Released from neurons of the supraoptic and paraventricular nuclei n response to
input for other neurons (e.g. milk let-down reflex)
 Target cells:
• Peripheral: breast myocytes (milk let-down reflex) uterine smooth
muscle (myometrial contraction, cervical dilation)
• CNS: pro-social behavior
The CRH / ACTH / Cortisol Axis as a model of the Hypothalamus / Pituitary / Organ endocrine
system

Structure
-

-
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The adrenal gland sits atop the superior pole of the kidney, outside of the renal capsule
but beneath Gerota fascia.
o The adrenal gland is usually removed with the kidney in a radical nephrectomy,
which is usually performed for a renal neoplasm
The adrenal gland is two separate, unrelated organs:
A. Cortex: an endocrine organ formed from mesothelial cells
B. Medulla: part of the sympathetic nervous system, it is neuroectodermal and
provides a systemic signal from the nucleus tractus solitarius (NTS).
- The cortex has three regions that produce three different
hormones from cholesterol.
1
1. Zona glomerulosa (L. “ball of yarn”): lacks 17α-hydroxylase
and so produces aldosterone. It is under regulation by AT-II
and potassium.
2. Zona fasciculata (L. “bundle”): produces cortisol under
2
regulation by ACTH.
3. Zona reticularis (L. “small net”): produces DHEA, a weak
androgen precursor. DHEA is pleiotropic (i.e. affects many
different cells), including skin (converted to testosterone),
3
vagina (converted to estrogen) and the CNS (many complex
effects).
Medulla
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Steroid hormone synthesis
Steroid synthesis: enzyme nomenclature
This is a very difficult area, with many legacy and vernacular names. Use this table as a Rosetta stone
for different articles and references, but do not learn it. Note these 3 enzymes:
1. CAH: 90% are due to 21-hydroxylase deficiency. The CAH deficiencies are not worth the
effort.
2. The cells of the zona glomerulosa lack 17-hydroxylase, and cannot make cortisol or DHEA
3. The cells of the zona reticularis lack 3β-HSD and so cannot make aldosterone or cortisol.

Understanding the biochemistry of steroid synthesis:
-

8

Start with the zona fasciculata and cortisol synthesis.
1. Dehydrogenase……..removes a hydrogen
2. Hydroxylase…………..adds a hydroxyl group
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-

The cells of the zona glomerulosa do not have 17 hydroxylase
and so cannot make 17-0H progesterone
• Aldosterone is progesterone with 21 hydroxylation and
11 hydroxylation followed by aldosterone synthase
oxidation of the C18 hydroxyl group.
Aldosterone

9
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-

The cells of the zona reticularis do not have 3β hydroxysteroid dehydrogenase (3β HSD)
• DHEA is pregnenolone without 21
hydroxylation and 11 hydroxylation.
• A small amount of androstenedione is
produced by transitional cell that overlap the
zona fasciculata and zona reticularis. These
have 3β HSD
• DHEA and androstenedione are converted to
DHEA
testosterone in the peripheral tissues that do
have 3β HSD.

Steroid synthesis:

1. The steroid hormones are made from the substrate of cholesterol. While the cells can
make cholesterol de novo, most is derived from LDL.
a. The LDL is taken in from pinocytosis of the LDL / LDL receptor complex

10
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2. Aldosterone is regulated by angiotensin II (ATII), from the juxtaglomerular apparatus of
the kidney and potassium.
• Glomerulosa cells are hyperpolarized through K+ leak channels. When these are
inhibited, voltage-gated Ca+2 channels open and calcium becomes the signal.
• The ATII receptor is Gq. It inhibits the K+ channel and the IP3 effects the release
of Ca+2 from the endoplasmic reticulum. Note that this is similar to the use of K+
channel inhibition in the β cell of the pancreas to release insulin.
• Increased K+ in the serum / interstitial fluid decreases the polarity of the cell
membrane, which activates the voltage-gated Ca+2 channels.
• Aldosterone synthesis is increased acutely by increasing the transfer of
cholesterol into the mitochondria through StAR transporter and chronically by
increasing aldosterone synthetase (aka 11β2)
3. ACTH receptor is a Gsα with ↑CAMP and PKA phosphorylation cascades.
4. As with all steroidogenesis, the rate limiting step is the transfer of cholesterol into the
mitochondria through the StAR transporter.
5. 3β hydroxylase is mostly absent from reticularis cells. This means that the 17OHpregnenolone cannot be converted into aldosterone or cortisol.
6. The cells of the zona glomerulosa lack 17-OH and therefore cannot convert
pregnenolone or progesterone into their 17-OH derivatives in the cortisol or DHEA
pathways.
7. 21β hydroxylase deficiency causes >90% of congenital adrenal hyperplasias.
8. Aldosterone synthase (AKA 11β2) is only found in the zona glomerulosa and is
responsible for the sequential 3 hydroxylation needed to make aldosterone.
9. DHEA is only mildly androgenic. It is considered to be a prohormone as there are no
receptors in the peripheral body. In females, it is converted in peripheral tissue to
testosterone and this to estrogen by aromatase. In males, it is converted to
testosterone.

11
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Cushing disease
Pathophysiology
-

-

The commonest causes are:
o Pituitary adenoma (called Cushing disease in honor of the describing
doctor)…………………………………………………………………………………………………….…70%
o Ectopic ACTH (in 1% of small cell carcinomas, of which there are
≈30,000/yr)……………………………………………………………………………………………...…15%
o Adrenal neoplasm:
 Adenoma…………………………………………………………………………………………10%
 Carcinoma…………………………………………………………………………………………5%
Cushing disease is commonest in women age 25-45 years old.
Cortisol affects >10% of the genome, so almost every organ system is affected. The key
effects of clinical importance are:
o Catabolism, with decreased collagen synthesis leads to easy bruising, proximal
muscle weakness and osteoporosis.
o Anti-regulatory anti-insulin effect: hyperglycemia (i.e. diabetes mellitus Type II)
o Mineralocorticoid effect (it’s more complex than this): hypertension
o Anti-immune effects (seen in severe disease): recurrent infections
o Other symptoms are not well explained (e.g. mental changes, fat distribution
etc.)

Presentation

12

-

The main problem in establishing a diagnosis is that the most specific findings in
hypercortisolism are uncommon, but the most common findings are common in nondisease.
o Symptoms (most common):
1. Weight gain
2. Easy bruising
3. Weakness and fatigue
4. Psychological changes (depression, insomnia)
o Signs (correlated to symptoms):
1. Moon facies, buffalo hump, abdominal pannus
2. Abdominal striae that are >1 cm across & red/blue in color (i.e. the
vasculature is seen); skin on back of hand <1.8 mm (not useful in the
elderly)
a. These are both due to thinning of the subcutis
3. Proximal muscle weakness

-

Diagnosis
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o In addition to the above pattern of signs and symptoms, testing is also warranted
in patients with unusual behavior of diabetes mellitus Type II, osteoporosis and
thromboembolic disease
o A challenge in diagnosis is that cortisol has a marked diurnal variation and
baseline changes with chronic stress conditions.

8 AM

12 AM

o There are 3 testing strategies for dealing with this problem:
 24 hour urine free cortisol: 24 hours is one full cycle. This is the gold
standard test.
 Midnight saliva: saliva levels correlate well with serum levels. Using an
absorbent device to collect saliva just before midnight should show a low
level in a normal individual
 Dexamethasone suppression test: a low dose of dexamethasone (e.g. I mg)
will suppress a normal hypothalamus enough to give a low 8 AM level.
o Investigation of Cushing syndrome

13
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o Testing is based on feedback control: HPA
 Estrogens, especially pregnancy, increase
cortisol-binding protein, raising total
serum cortisol. 24 hour urine free cortisol
measures filtered cortisol (i.e. it is
unbound) and therefore avoids this
problem.
 An elevated ACTH indicates 1° disease and
should be followed by imaging, looking for
an adrenal mass.
 Pituitary adenomas, the commonest cause
of 2° disease, are suppressed overnight by
high doses of Dexamethasone (e.g. 8 mg).
Ectopic sources such as small cell
carcinoma are not suppressed.
 Petrosal sinus sampling is now performed in tertiary medical centers. The
sinus can be catheterized from the internal jugular vein.
 MRI, considered the most sensitive technique, still only identifies about
50% of secreting pituitary adenomas. If a larger adenoma is identified (i.e.
>6 mm), it can be considered the source of the ACTH.

15
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Natural history
-

-

Cushing syndrome has a poor prognosis with a 5 year survival of 50%
o Commonest causes of death are cardiovascular (there is associated dyslipidemia,
diabetes and hypertension), thromboembolic disease (hypercoagulable state)
and infection (with severe disease).
Treatment:
o Treatment of choice for pituitary microadenomas is transphenoidal resection
o Treatment of choice for ectopic production is resection of tumor, or its
destruction if small cell carcinoma of lung (e.g. irradiation, chemotherapy)
o Treatment of choice for adrenal neoplasms is adrenalectomy

1° Adrenal Insufficiency (Addison disease)
-

-
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When first described by Addison, over a century ago, the commonest cause was
tuberculosis
Now, over 90% is due to a Type IV autoimmune disease, often referred to as
autoimmune adrenalitis
Pathophysiology
o The hereditary pattern is DR 3 and DR4 linked
 Like all cytotoxic autoimmune disease, this is because the HLA-Dr complex
is an MHC II receptor of antigen presenting cells (APCs)
 Over 50% of cases have Type 2 autoimmune polyglandular syndrome
(APS). Other organs commonly involved are:
• Autoimmune thyroid (Hashimoto or Graves)
20%
• Type 1 diabetes mellitus
10%
• Celiac sprue
10%
• Hypogonadism
10%
o Anti-21 hydroxylase antibodies appear years before failure, followed by a rising
ACTH level
 The entire adrenal cortex is destroyed, including the zona reticularis. An
increase in renin is often the earliest finding.
Presentation
o Symptoms: non-specific, a high degree of clinical suspicion is necessary
 Anorexia
 Weakness and fatigue
 Gi symptoms (N&V, abdominal pain, constipation, diarrhea)
 Postural hypotension
o Signs:
 Hyperpigmentation, especially sun-exposed areas
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• Due to increased production of
POMC, a prohormone that results in an
increase in ACTH and MSH. These both
stimulate melanocytes

 Hypotension

-

17

Diagnosis
o A.M. serum cortisol: peak cortisol occurs at 8 A.M. A low serum cortisol at this
time is quite specific for deficiency, although not very sensitive
o Diagnosis of primary disease is confirmed by showing an elevated ACTH.
o Equivocal results can be further evaluated by the adrenal response to injected
ACTH
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-
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Treatment
o Short acting hydrocortisone is usually used to try and mimic the normal diurnal
variation (highest at 8 a.m., lowest at midnight)
 Dose is usually based on clinical assessment of symptoms
 Some authors use ACTH levels
o Mineralocorticoid replacement is usually necessary
 Dose is based on symptoms (postural hypotension, BP)
 Some authors use serum renin levels as well
o DHEA replacement is common in women, as it gives a sense of well-being
o Stress dosing: during acute illnesses or surgery, doses are often tripled, and this
continued for 2 days after return to normal.
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Endocrine System: PTH & calcium metabolism
Introduction
-
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-

Most of the body calcium, an estimated 99%, is stored in the bone as hydroxyapatite
crystals. Bone has an immediately available liquid pool for release, after which serum
calcium is replenished through osteoclast bone remodeling.
Serum calcium is mostly bound, 45% to albumin and another 15% to inorganic anions
such as phosphates, sulfates and citrate. The biologically active form is the free (aka
ionized) calcium (40% of total).

-

Total serum calcium is a good indicator of the ionized/free calcium. Serum calcium is
not a good indicator of calcium balance or total body calcium stores.
o Total serum calcium must be adjusted for hypoalbuminemia and changes in pH
that shift the bound to unbound calcium.

Corrected Calcium
- Serum calcium can be corrected for low albumin levels with the following formula:
Corrected calcium = Measured calcium + 0.8 (4 – serum albumin)
- Shifts in bound : free calcium due to changes in pH require direct measurement of
the ionized/free calcium level by a special probe.

-
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Serum calcium is highly regulated, normally varying <2% from its set-point.
There are 3 key hormones that regulate calcium metabolism:
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1. Parathyroid hormone (PTH): solely regulates serum calcium ,and also regulates
formation of active 1,25 (OH)2-Vitamin D (calcitriol)
2. 1,25 (OH)2-Vitamin D (calcitriol): regulates calcium absorption, hence calcium
stores
3. Fibroblast growth factor 23 (FGF 23): not well understood yet, its primary effect
is phosphorus excretion by the kidney
Parathyroid hormone: regulation and secretion
- PTH is released within seconds to minutes of any decrease in free calcium
levels through the actions of the calcium-sensing receptor (CaSR), found on
the surface of the chief cell. PTH has a half-life of 2-4 minutes.
- The CaSR has both Gq and Gi functions and the effect of hypocalcemia on
the CaSR is to decrease intracellular calcium, allowing preformed PTH in
cytoplasmic vesicles to be released into the blood.
o The CaSR is a rare example of a ligand that is as small as an ion, compared
to the protein or polypeptides required of the typical receptor
o Calcium is a common second messenger in numerous intracellular
pathways. Vesicle release of PTH induced by a decreased intracellular
calcium level is the opposite of the typical pattern (e.g. neurotransmitters,
insulin etc.)
The CaSR is exquisitely sensitive to ionic calcium levels, as
seen by the steepness of the curve in the adjacent PTHCalcium graph. Small changes in serum calcium induce rapid,
large responses in the PTH level.
The CaSR has decreased function in familial hypocalciuric
hypercalcemia (FHH). This requires a higher level of PTH to
keep serum calcium levels in the normal range.
o CaSR also regulates calcium reabsorption in the distal
nephron. In FHH, this results in increased
reabsorption (discussed below).
Lithium is used as a mood stabilizer in bipolar disorder. It
reduces the sensitivity of the CaSR, causing a clinical pattern
similar to FHH, with hypercalcemia (in 10-25%), increased PTH and hypocalciuria.
o Other metabolic effects of lithium include nephrogenic diabetes insipidus and
hypothyroidism.

The short T1/2 of PTH has
application in the surgery of
parathyroid adenomas.
Proof that the excision of a
parathyroid mass is curative
can be established during
surgery by showing a drop
in serum PTH within 10-20
minutes after excision.

-

-

-

PTH: biologic actions
-

20

Kidney
o The regulation of calcium at the level of the kidney is complex and not
completely understood. There is local control, through the CaSR and systemic
control through PTH. There is reabsorption both through tubular cells
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-

Gut

(transcellular) via membrane transporters and around the cells (paratubular),
regulated by gap proteins, the claudins.
o A second effect of PTH on the kidney is the upregulation of 1α-hydroxylase in the
PCT. 1α-hydroxylase converts 25-(OH)Vitamin D (aka calcidiol) to its active form
1,25-(OH)2Vitamin D (aka calcitriol).
o Calcitriol increases the active transcellular absorption of calcium, mostly through
increased intracellular transportation.

Hypercalcemia and Vitamin D Toxicosis
The body stores of Vitamin D are mostly in the inactive form of 25-(OH)Vitamin D. The active form,
1,25 (OH)2Vitamin D can only be made by PTH. In the investigation of hypercalcemia, an elevated
level of 25-(OH)Vitamin D would be caused by an exogenous source, while an elevated 1,25(OH)2Vitamin D is caused by a granulomatous disease like sarcoidosis, as macrophages have
significant levels of 1α-hydroxylase.

-

Bone
o

o
o

21

PTH releases calcium from bone in 2 phases
 Immediate: there is a release pool in equilibrium with the extracellular fluid
(ECF)
 Delayed: sustained PTH stimulation releases calcium through bone resorption
PTH stimulates osteoblasts that then stimulate the formation of osteoclasts through
RANK-L. This interaction is regulated in turn by osteoprotogerin.
Osteoclasts resorb bone through 2 main processes:
 Type 1 collagen: proteases
 Hydroxyapatite crystals: through acid formed from carbonic anhydrase.
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Alkaline Phosphatase (ALP)
This enzyme is found in all tissues, but especially the bone and biliary tree. In
the bone, it is found in osteoblasts, where it plays a key role in the mineralization of
collagen. ALP inhibits extracellular pyrophosphates (themselves inhibitors of
mineralization) and increases intracellular phosphorus. Both of these effect an
increase in calcium-phosphorus crystallization and the formation of the
hydroxyapatite crystals that give bone its hardness.
PTH stimulation of osteoblasts is always associated with an increase in serum
alkaline phosphatase.

Drugs of osteoporosis:
1.
2.
3.
4.

22

Teriparatide
Raloxifene
Denosumab
Bisphosphonates
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Summary of calcium metabolism and PTH effects

23
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Serum Calcium versus Calcium Balance
Serum calcium and calcium stores are largely independent of each other. There are
fixed losses of calcium in urine and feces and so the calcium resorbed from bone in periods
of fasting must be replenished from the diet. A calcium intake that exceeds losses will be
protective of bone stores, but an excessive intake will lead to soft tissue deposits. A net
negative calcium balance does not cause hypocalcemia but rather leads to a measurable
loss of bone calcium. Many studies have shown that in post-menopausal patients, increased
dietary calcium is protective of bone calcium content.
Phosphorus
-

-

-

Most of the body’s phosphorus is found in the hydroxyapatite crystals of bone, but
phosphorus is regulated in the proximal tubule (PCT) of the kidney.
Phosphorus is completely filtered and then reabsorbed through sodium / phosphorus
transporter channels (NPT). The number of NPCs determines the completeness of the
reabsorption by the tubule
An increase in serum phosphorus will cause the release of fibroblast growth factor 23
(FGF 23) from bone. This causes a decrease in NPTs and phosphaturia.
Increased levels of phosphorus will also decrease serum calcium due to complexing. The
drop in serum calcium will cause a rise in PTH, which also decreases the number of
NPTs.
Absorption of phosphorus from the gut and its release from bone are important in
establishing the filtered load of phosphorus, but it is the reabsorption in the PCT that
determines steady state levels.

Pathology of the Calcium / Phosphorus / PTH system
Hypercalcemia
PTH and calcium regulation: Summary
Serum calcium levels are regulated by 3 hormones:
1. PTH
2. Vitamin D (specifically 1,25-(OH)2Vitamin D, aka calcitriol)
3. FGF-23 (this is important in phosphorus regulation, is not well understood, and
will on be further considered in chronic renal failure)

24
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-

-

-

Fasting serum calcium levels reflect the balance between
mobilization from bone and excretion by the kidney, both regulated
by PTH
o Vitamin D mostly regulates gut absorption of calcium, which
affects the body stores of calcium and these are not closely
linked to serum levels.
Preformed PTH is released from vesicles in the chief cells of the
parathyroid gland. Regulation is by the calcium-sensing receptor
(CaSR). Control is very fast and tight.
PTH effects:
o Bone: Only osteoblasts have PTH receptors. Sustained high levels of PTH cause
osteoblast release of RANK-L, which activates and stimulates osteoclasts, with
bone resorption and release of calcium and phosphorus from the hydroxyapatite
crystals.

o Kidney:
 PTH increases all aspects of the active, transcellular reabsorption of calcium
in the distal convoluted tubule, including the calcium channel, intracellular
transport and the sodium/calcium exchanger. (There is also local control of
paracellular resorption by regulation of the gap proteins, the claudins, by
the CaSR).
 PTH upregulates 1α-hydroxylase in the PCT, which converts low activity 25(OH)Vitamin D to high activity 1,25-(OH)2Vitamin D. Vitamin D increases
intestinal absorption of calcium
Approach to hypercalcemia
-

25

In the US, >80% of hypercalcemia is diagnosed in asymptomatic patients when they get
a chemistry panel.
o There was a huge surge in cases in the 1970’s when the first chemistry panels
became available.
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-

-
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o There was a second surge in cases in the 2000’s when screening for osteoporosis
became widespread. A diagnosis of osteoporosis lead to measurements of Ca+2
and PTH.
In the US, over 90% of hypercalcemias are due to 1° hyperparathyroidism or
malignancy. Any diagnostic approach starts by differentiating between these two.
o In an otherwise well individual, 1° hyperparathyroidism is most likely.
o In hospital patients or with very high [Ca+2], (i.e. >13 mg/dL), malignancy is more
likely.
Two things to note about the diagnostic algorithm below:
o Familial hypocalciuric hypercalcemia is not included. In these families, the
decreased sensitivity of the CaSR leads to an asymptomatic mild hypercalcemia,
but PTH is only elevated in about 20% of cases. Diagnosis keys on hypocalciuria.
o Serum phosphate can be useful in establishing a diagnosis. Phosphates are
reabsorbed in the PCT by the NPC (sodium/phosphate channels), which are
inhibited by PTH. Serum phosphate is low in hyperparathyroidism and
malignancies with PTHrP but increased in Vitamin D toxicities (exogenous and
sarcoidosis) and bone breakdown diseases like bone metastases (i.e. osteolytic
lesions) and hyperthyroidism.
o 25-(OH)Vitamin D reflects oral ingestion of Vitamin D. 1,25(OH)2Vitamin D
comes from the action of 1α-hydroxylase, upregulated by PTH. In the setting of a
normal PTH, a chest X-ray looking for lymphoma or sarcoidosis as the source of
the 1α-hydroxylase is warranted.
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Primary versus Secondary Hyperparathyroidism
Primary hyperparathyroidism (1° HPT) is defined as abnormal regulation of PTH by calcium. While
accurate to a fault, this definition does not convey the idea that “primary” means a patient with an ↑Ca+2
and an ↑PTH. Secondary hyperparathyroidism then means that an ↑PTH is needed to maintain a normal
serum calcium. Examples include Vitamin D deficiency, dietary deficiency and renal failure. The usefulness
of this classification breaks down when applied clinically. Where should one put hypercalcemia from
thiazide use? Thiazides decrease the sensitivity of the CaSR, mimicking familial hypocalciuria
hypercalcemia (FHH), which is considered a 1° HPT. Where does malignancy with ↑PTHrP go? Over years,
chronic renal failure, considered to be a 2° HPT, can cause parathyroid gland hyperplasia. This is not
considered to be a 1° HPT, but a 3° hyperparathyroidism.
The best way to use this classification, then
1° HPT: ↑Ca+2/↑PTH, that is expected to be due to abnormal parathyroid gland production (i.e.
adenoma, hyperplasia & carcinoma)
2° HPT: renal failure
3° HPT: when on the renal dialysis service, the only place you should see this.

Primary hyperparathyroidism (i.e. ↑Ca+2/↑PTH)
-

-
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In clinical practice, the term “primary hyperparathyroidism” (1° PHT) is used instead of
the actual parathyroid gland pathology of hyperplasia, adenoma or carcinoma. This is
because the commonest patient presentation is that of an asymptomatic
hypercalcemia, which is then shown to have an elevated PTH.
• The next step in patient management is to decide whether or not surgical
exploration of the parathyroid glands is indicated, because no other diagnostic
tool is as good as open surgical exploration. Many patients require only
observation. If investigation is warranted (see Treatment, below), surgical
excision is the only cure for abnormalities of the parathyroid gland.
• The decision of whether or not to undergo surgical exploration requires an
understanding of the pathophysiology and natural history of 1°
hyperparathyroidism.
Pathophysiology:
A. Hypercalcemia:
 Kidney:
• Nephrocalcinosis: high levels of calcium in the urine lead to deposition
of calcium phosphate crystals in the medulla and interstitial damage.
• Nephrolithiasis: the commonest presentation of hypercalcemia, with a
10-20% incidence of stone formation. There is no predictive test; urine
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calcium levels are often ordered, but there is no data to prove their
worth. In a general population, calcium stones are common, but <5%
are associated with hypercalcemia.
 Neuropsychiatric:
• Weakness and fatiguability are commonly seen. Other symptoms
include mood disorders and cognition dysfunction up to psychosis.
 Gastrointestinal:
• Abdominal pain, constipation and nausea
 Cardiovascular: there is an increase in mortality in 1° HPT that is associated
with hypertension, vascular disease and arrhythmias.
B. Hyperparathyroidism
 Decrease in bone density is associated with HPT, resulting in osteoporosis
and insufficiency fractures (especially hip, vertebra and distal radius).
 End stage bone disease is called osteitis fibrosa cystica, in which bone loss
leaves cystic spaces that can hemorrhage. The resulting hemosiderin
causes the color of these so-called “brown tumors”.
• Bone resorption is first seen as subperiosteal resorption in the middle
phalanges and distal clavicles.
• Risk of insufficiency fracture in best evaluated by the bone density
studies of DXA (i.e. dual X-ray densitometry).
The classic mnemonic for the
symptoms of hyperparathyroidism is:
•
•
•
•

-
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Bones
Stones
Abdominal moans
Psychic groans

Treatment
• The majority of patients with 1° HPT (i.e. ↑Ca+2/↑PTH ) are women over the age
of 50 years who are asymptomatic. Most patients will only require observation.
• Surgery is indicated in all patients with symptoms and/or:
 Kidney stones
 Renal GFR <60 mL/min (i.e. stage 3 renal failure)
 Osteoporosis and/or insufficiency fracture
 Age < 50 years
• Parathyroid surgery includes bilateral exploration of all 4 parathyroid glands,
which is necessary to exclude multiglandular disease (i.e. hyperplasia).
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Parathyroid gland surgery: bilateral exploration
85% of people have 4 parathyroid glands, which means that 1 of 7
patients will have >4. In addition, it is common for parathyroid glands to migrate
with an organ other than the thyroid gland during embryology. This includes the
thymus gland, and so parathyroid glands can be found in the mediastinum.
A typical parathyroid adenoma, the source of the ↑PTH in 85% of
patients, is about 1 cm in diameter. This is too small to detect by palpation.
Imaging techniques lack the necessary sensitivity, hence the need for exploratory
surgery. Intraoperative confirmation of cure is achieved by showing that the
serum PTH level has dropped to normal within 15-20 minutes of the excision
•
•

The commonest pathology is parathyroid adenoma (85%)
Multiple endocrine neoplasia I (MEN I) is seen in 10% of cases and should be
excluded.

Hypercalcemia in malignancy
-
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Hypercalcemia is common in malignancy (20-30%), but occurs later in the disease,
usually after the malignant diagnosis has been established.
The commonest cancers causing hypercalcemia in the US are breast, kidney, lung and
multiple myeloma.
Hypercalcemia is marker of poor prognosis.
Hypercalcemia in cancer has 3 common mechanisms:
o Secretion of parathyroid hormone related peptide (PTHrP) by non-metastatic
neoplasm (80%)
 PTHrP mimics the active portion of PTH, with increased bone resorption
and decreased renal excretion of calcium in the DCT and increased
excretion of phosphates in the PCT.
 PTHrP is not measured in the usual assays of PTH. It has its own assay.
 PTHrP does not usually activate 1α-hydroxylase, so there usually is not an
increase in Vitamin D, specifically 1,25-(OH)2Vitamin D
o Boney metastases with local secretion of cytokines that activate
osteoclasts.(15%)
 Activation of osteoclasts can be by multiple proteins, including RANK-L and
various cytokines.
 Rapid resorption of bone leads to lytic lesions, with weakening of the bone
resulting in pain and pathologic fractures.
 The model disease for this is multiple myeloma, which commonly presents
with bone pain in the lumber spine.
o 1.24 (OH)2Vitamin D toxicity from tumoral 1α-hydroxylase
 Seen in lymphomas.
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Treatment
o Severe hypercalcemia (i.e. >13 mg/dL) requires treatment to prevent coma,
arrhythmia and metastatic calcification.
o Treatment consists of:
 Hydration
 Calcitonin
 Bis-phosphonates

Vitamin D toxicity
-

-

-

Vitamin D regulates calcium absorption in the gut, with minor effects on bone and
kidney.
o In the gut, it increases all aspect of calcium absorption, but especially
intracellular transport
o Vitamin D has widespread effects though out the body, including the immune
system, but these are not yet well defined.
Vitamin D is produced in the skin when exposed to ultraviolet or is absorbed form plant
sources in the diet.

Vitamin D toxicosis cannot come from overexposure of the skin to UV light.
Vitamin D3 toxicosis can occur by excessive use of vitamin pills, but it requires high
doses taken over months
1,25(OH)2Vitamin D toxicosis is most commonly due to an increase in 1α-hydroxylase in
the macrophages of granulomas (e.g. sarcoidosis) and rarely in lymphomas.

Hypercalcemia with medications
Thiazides
-

-

Hypercalcemia is a well-recognized association with thiazide use
Its mechanism is not clear, as the hypercalcemia typically appears after 5 years of use,
too late to reflect an alteration in renal tubular function. Serum calcium levels will often
not decrease with cessation of the medication.
If it is investigated, over 70% of patients will have 1° hyperparathyroidism from a
parathyroid adenoma.

Lithium
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-

-

Lithium used in the treatment of bipolar disorder, has a well-known association with
hypercalcemia and hyperparathyroidism.
o Lithium decreases the sensitivity of the calcium sensing receptor (CaSR),
requiring a higher level of PTH to maintain serum calcium levels
o This is a similar pattern to familial hypocalciuric hypercalcemia.
Lithium has significant renal toxicity, including nephrogenic diabetes insipidus, and
interstitial nephritis.

Hypocalcemia
A. Hereditary
22q11.2 Deletion syndrome (Parathyroid aplasia)
-

-

-
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Introduction
o The 22q11.2 ds is the commonest microdeletion syndrome, seen in 1/4000
births.
o It is now screened for routinely in pregnancy.
o It is characterized by the triad of findings:
 Heart defects
 DiGeorge syndrome
 Hypocalcemia
Pathophysiology
o Most of deletions in chromosome 22 are spontaneous, as the genes
in the region have few copy repeats, making it vulnerable to deletion
events.
o The 30 genes in the 22q11.2 region are responsible to the
organization of the pharyngeal arches.
o The thyroid, thymus and parathyroid glands develop from the 4th
arch. The aortic arch and lower face and neck develop off the arches
as well.
Presentation:
o DiGeorge syndrome
 There is a wide spectrum of severity and most patients do not have
immunocompromise.
 When there is <1% of the thymus formed, there is a critical loss of T-cells
(i.e. CD3(+) lymphocytes) with a severe combined immunodeficiency that
presents with recurrent sinopulmonary infections in the first years of life.
o Hypoparathyroidism
 Hypocalcemia is seen in 60% of 22q11.2ds, presenting in a spectrum from
jitteriness to tetany and seizures.
 Patients have a ↓PTH, ↓Ca+2 and an ↑phosphorus
o Heart defects
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Seen in >80% of patients, most have a defect that causes congenital
cyanosis. The most common of these is Tetralogy of Fallot (ToF). As many
as 25% of ToF have 22q11.2 DS.
o Characteristic facial features
 Elongated face, with the not-so-obvious findings of low set ears,
hypertelorism, broad bridge of nose, down-turned mouth and other
abnormalities.


Pseudohypoparathyroidism
-

-

A disease caused by a loss of function defect in the G-coupled receptor for PTH in the
renal tubules.
o A defect in the Gsα unit fails to stimulate adenyl cyclase with lack of cyclic AMP.
o This leads to a failure of signal transduction and
McClune-Albright syndrome is due
decreased calcium recovery in the distal convoluted
to a gain-of-function mutation in the
tubule and increased recovery of phosphorus in the
GNAS gene with overproduction of
proximal convoluted tubule.
hormones in addition to skin and
o The defect is in the GNAS gene, and all Gsα organs may
skeletal abnormalities.
show organ hypofunction (TSH, ACTH, FSH/LH, ACTH,
GHRF and glucagon).
The elevated level of PTH can lead to osteoporosis and osteitis fibrosa cystica.
Patients have a distinctive phenotype with short stature, moon facies, dental
hypoplasia, and most memorable, short fourth metacarpal bone. This leads to the
“dimple sign” when making a fist.

-

Diagnosis:
o Serum: ↓ calcium, ↑PTH, ↑alkaline phosphatase
o Urine PTH → cAMP test. In a normal person, an injection of PTH will cause an
↑cAMP in the urine as the G-coupled PTH receptor has a working Gsα subunit.
Patients with pseudohypoparathyroidism will show no response.
B. Acquired
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Post-total thyroidectomy
-

Total thyroidectomy is most commonly indicated for differentiated thyroid cancers >4
cm in diameter.
During surgery, identification of all four parathyroid glands is mandatory. Also identified
is the recurrent laryngeal nerve.
Post-operative monitoring for hypocalcemia is indicated

Presentation of Hypocalcemia
Symptoms:
Initially, starts as perioral tingling, followed by cramping. Severe manifestations include
seizures.
Signs:
- Trousseau sign: application of upper arm pressure with a blood pressure cuff
causes carpopedal spasm
- Chvostek sign: tapping of the facial nerve causes ipsilateral twitching of the
facial muscles.

Vitamin D deficiency (for more, see: Bone, Acquired disorders, osteomalacia and rickets)
-

In developed countries, many foods have Vitamin D supplementation, This, together
with Vitamin D production from the skin, means that deficiency is only seen in specific
groups.

o Elderly: they make less Vitamin D in their skin; they absorb less and the often
have poor diets.
o Northern climates with winter: 1/3 of people living in a Northern latitudes will
have Vitamin C deficiency by March.
o Chronic renal failure: see below
o Malabsorption: this can be seen in malabsorption conditions like celiac sprue,
cystic fibrosis and gastric by-pass surgery for obesity.
o Advanced liver disease: the cholecalciferol produced in the skin or ingested is
converted to 25-(OH)Vitamin D in the liver. Decreased synthesis can occur in
cirrhosis.

34
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Acute pancreatitis
-

Lipolysis by free lipase produces free fatty acids that form soaps from available metals.
This includes calcium.
Hypocalcemia is common in acute pancreatitis and is considered to be a poor prognostic
marker.

Hypomagnesemia
-

Magnesium is necessary for the proper functioning of PTH.
Magnesium deficiency is seen in malabsorption and alcoholism.

Chronic renal failure
-

-

-

-
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Abnormalities of bone and calcium metabolism are a complex subject, collectively
referred to as “chronic kidney disease: mineral and bone disorders (CKD-MBD)”. What
follows is a simplification that is adequate at the non-specialist level.
With a drop in GFR, as early as Stage 2 failure (i.e. <90mL/min), there is decreased
phosphate excretion. The increase in serum phosphorus triggers both an increase in
FGF-23 and an increase in PTH due to a decrease in serum calcium from its precipitation
with the phosphorus.
o This precipitation leads to extraskeletal calcification, especially blood vessels like
the coronary arteries. This is felt to partially explain the ↑cardiovascular risk of
chronic renal disease.
Secondary hyperparathyroidism: While this ↑PTH maintains normal serum calcium and
phosphorus levels, the increase in PTH causes resorption in bone, osteitis fibrosa
cystica.
When GFR drops below 40 mL/min (i.e. in late Stage 3 chronic renal failure), ↑PTH and
↑FGF-23 are insufficient, and the first measurable changes in serum calcium and
phosphorus can be seen.
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The Calcium/ Phosphorus / PTH Tables

Hypercalcemia
Disease
1° HPT2
Vitamin D toxicity3
Sarcoidosis4
Hyperthyroidism
Malignancy (PTHrP)5
Malignancy (bony metastasis6)

Calcium
↑
↑
↑
↑
↑
↑

Phosphorus
↓
↑
↑
normal
↓
↑

PTH
↑
↓
↓
↓
↓
↓

Alk phos1
↑
normal
normal
↑
↑
normal7

Calcium
↓
↓
↓
↓

Phosphorus
↑
↓
↑
↑

PTH1
↓
↑
↑↑↑4
↑

1. Alkaline phosphatase, 2. Hyperparathyroidism, 3. ↑ 25-(OH)Vitamin D, 4. ↑ 1,25 (OH)2Vitamin D,
5. ↑PTHrP assay, 6. i.e. lytic lesions, 7. ↑ with fracturing

Hypocalcemia
Disease
1° Hypoparathyroidism
Vitamin D deficiency3
Chronic renal failure
Pseudohypoparathyroidism

1. Parathyroid hormone, 2. Alkaline phosphatase, 3. ↓25-(OH)Vitamin D,
4. These are the highest levels of PTH found in medicine

Alk phos2
normal
normal
↑
↑

PTH in disease
Disease
1° HPT3
Malignancy (PTHrP4)
Chronic renal failure
1° Hypoparathyroidism
Pseudohypoparathyroidism

PTH
↑
↓
↑↑↑
↓
↑

Vit D1
↑
↓
↓
↓
↑

Calcium
↑
↑
↓
↓
↓

Phosphorus
↓
↓
↑
↑
↑

Alk phos2
↑
↑
↑
normal
↑

1. 1,25-(OH)2Vitamin D (calcitriol), 2. Alkaline phosphatase, 3. Hyperparathyroidism, 4. PTH-related peptide

Grouping of diseases on a PTH versus calcium plot
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1
2
3
4
5
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Disease
Chronic renal failure, pseudohypoparathyroidism
1° hyperparathyroidism
1° hypoparathyroidism
Malignancy (PTHrP), Vitamin D toxicity,
sarcoidosis, hyperthyroidism
Osteoporosis
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Diabetes Mellitus Type II
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

38
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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.
• 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

3

Mechanism of action
Disaccharidase inhibitor
↓gluconeogenesis, ↑insulin
sensitivity
↑insulin sensitivity (PPAR-γ)

4
5

SGLT-2 inhibitor
KATP channel closure

6
7
8

Amylin analog
GLP-1 analog
DPP-4 inhibitor

1
2

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
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There is a strong genetic component, HLA-D linked (these are the HLA MHC-2
antigens)
• Identical twin concordance = 50%
• 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%
A. Polyuria and polydipsia are caused by the osmotic diuresis.
B. Polyphagia is due to the inability to use glucose for energy.
• Diabetic ketoacidosis (DKA): seen in 35%
A. 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, GAD 65, 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:
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•

•

•
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• Genetic: highly correlated to family history, through a complex interaction
of polygenic and environmental factors.
A. 90% identical twin concordance
• Ethnic: Native Indians > African Americans > Hispanics > whites & Asians
• 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:
A. Exercise: can lower serum glucose independent of insulin as the
depletion of energy (AMPK) upregulates GLUT 4 transporters.
B. Smoking: associated with hyperglycemia through uncertain
mechanisms
C. 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).
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-

• 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:
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).
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•

-

-
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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)

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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