


THYROID DISORDERS: COMPREHENSIVE SU

MMARY

1. THYROID PHYSIOLOGY (OVERVIEW) 2. TRANSPORT OF THYROID HORMONES
« Praduces hormones: T4 (thyroxine) and « T4 and T3 circulate bound to plasma proteins.
T3 {trilodathyronine). « T4 binds: TBG (75%). transthyretin/prealburmin (20%), albumin (5%).
: Sl i « T3 binds: TBG (high affinity) and albumin (low affinity).
Th:;rn;d + Regulate . sa meta:oblc ll'ate. W‘V‘Qe' + Only a small fraction is free: FT4 = 1% (=2 ng/dL}, FT3 = 0.3% {=~0.3 ng/dL).
g8 consumption, grow! : mindedckippent. « Changes in binding proteins (pregnancy, iliness, drugs) affect total T4/T3
and many body functions. but not free hormane levels.
+ lodide (100 pg/day) is required for hormone « 1 Free T4/T3 = Hyperthyroidism; | Free T4/T3 = Hypothyroidism.
synthesis. — -
Buticrfiyehiped + lodide is trapped — oxidized by thyroid FACTORS AFFECTING BINDING PROTEINS
gland in front of peroxidase — used to produce T4 and T3. . Increase TBG F Decrease TBG
the neck) « T4 is converted to more active T3 in Physiologic | Pregnancy, Estrogen therapy | “Nan-thyroidal ilness, Nephratic
Trach peripheral tissues (liver, kidney, pituitary). . | wndmme. Liver disease
rachea « T4 and T2 are stored in thyroglobulin and Drugs Estrogens, Tamoxifen, ] Glucucamcmds Andmgens
released into circulation under the action Methadone | Danazol
of TSH. These affect total T4/T3, not free hormane levels.
—_— - ==
| REGULATION (HPT AXIS) 3. ACTIONS OF THYROID HORMONES
= T = — Cardiorespiratory Gastrointestinal Neuromuscular
| Hypothalamus Anterior Pituitary Thyreid Gland
| TRH TSH T4, T3
'y I A
] i ]
1 I 1
L e e et el b= —— o » T Metabolic rate — % 1 it M :
1 0, consumption veee It.y Mo ket * Sweating
i # - 1 Gl secretions and tone
Negative feedback: « Vasodilation T + Nervousness, anxiety
. il + lrel
T3 (mainly) and T4 inhibit e ;t‘:"h':‘"‘e Moo | ol + Difficulty in sleep
|\_ TRH and TSH secretion. J + 1 Cardiac output « May cause diarthea develapment = Aetivines WFWEME
and weight lass in infants I RIS Sy
b
4. THYROID FUNCTION TESTS
INTERPRETATION OF COMMON PATTERNS
Sel -based t i . T
o T’:" “"‘"‘:"““’”FT " Condition [T 7sH | FreeTs FreeTs | Notes
» Total T4 (TT4) and Free T4 ( 4) 5 g
Primary Hypothyroidism 1 High J Low lerN Most comman pattern
» Total T3 (TT3) and Free T3 (FT3) Ty .sh = = i -
5 TSH (thyrotropin) Subclinical Hypothyroidism ] His N Early/ mild thyroid failure
¥ Thyroid binding proteins: Primary Hyperthyroidism } Low 1 Hi?h t High Overactive 1h_yroid
TBG, prealbumin, albumin Subclinical Hyperthyroidism L Low N N Mild/early hyperthyroidism
P Autoantibodies: Secondary (Central) Hypothyroidism |} Lowor N 4 Low borN Pituitary/hypothalamic disease
+ Anti-thyroid peroxidase (Anti-TPO) +
+ Anti-thyroglobulin {Anti-Tg) Non-thyroidal lliness (Euthyroid Sick Morl 1 Low 1} Low Acute/chronic systemic iliness

« TSH receptor antibodies (TRAb) Syndrome)

+ Thyroid-stimulating immunoglobulin (TS1)

5 OTHYROIDISM

Definition: A hypometabolic state due te deficiency of thyroid hormenes (T4 and T3).

( 6. HYPERTHYROIDISM

Definition: A hypermetabolic state due to excessive thyroid hormone activity.

_— . - e
CLINICAL FEATURES | CAUSES | CLlHIC.ﬁL FEATUI!ES | | CAUSES
- Fatigue, lethargy A. Primary (Thyroidal) - Most Common ——— Weight loss A. Primary (Thyroidal)
- Cold intolerance . Chrurl'il: au‘h::imlmune thyroiditis — - Heat intolerance « Graves' disease (autoimmune)
{Hashimoto's disease) - Tachycardia «» Toxic multinodular goiter
. Slowed speech - lodine deficiency i hoktoen) - Taxic adenoma

and thinking « Surgical rempoval {thyreidectomy) « Thyroiditis (subacute, painless, postpartum)
- Hair loss + Radipactive iodine therapy - Tremors + Excess iodine or thyroid hormone intake
. Dy, coarsa skin » Thyroiditis (subacute, p?stpamm. etc.) 1 \ - Angiety, irmitakility « TSH-secreting pituitary adenama (rare)

« Congenital hypethyroidism ——= Sweating

- Weight gain + Drugs (amiadarene, lithium, interferon-a, etc.) \L - Diarchaa | B. Secandary
- Bradycardia B. Secondary (Central) - <1% of cases )\ Fine hair | TSH‘EEGPE_ﬁN; pituitary adenoma (rare} Y

Sanativati + Pituitary disease (4 TSH secretion) g‘ Mamstinial + hCG-mediated (e.g., gestational thyrotoxicosis)
- Constipation

i + Hypothalamic disease (1 TRH secretion) imegularities
. Menstrual = = - Fyaelgis DIAGNOSIS
irregularities DIAGNOSIS {exophthalmos in + Primary hyperthyroidism: } TSH + T Free T4 andfor T Free T3
F « Primary hypothyroidism: 1 TSH + | Free T4 Graves' disease) + T3 towicosis: | TSH + N Free T4 + T Free T3
— Depression + Secondary hypothyroidism:  or M TSH + | Free T4 + Graves' disease: Positive TRAB (TSH receptor antibodies)
(T3 may be low/nermal in both)
3 = TREATMENT
TREATMENT + Antithyroid drugs: Methimazole (preferred), Propyithiouracil {PTU)
+ Levothyroxine (T4) is treatment of choice. == « Beta-blockers: Symptomatic reiief (e.g., propranolol)
——t + Radioactive iodine (I-131) therapy

+ Goal: normalize TSH and relieve symptoms.
« Monitor TSH 6-8 weeks after starting or changing dose,
then every 6-12 months.

+ Surgery (thyroidectomy) in selected cases
» Treat underlying cause (e.g., thyroiditis is seif-limited)

08 @

Amrthyrmd Beta-blockers  Radisactive
Levothyroxine ine
7. SPECIAL CONSIDERATIONS
Pregnancy ladine Medications Affecting Thyroid Thyroiditis Red Flags
« 1 TBG — 1 total T4/T3 Q « Deficiency —» Gaiter, Q « Amiodarone, Lithium, -+ Subacute (painful): * Rapid weight loss
+ Free hormone usually normal |/ | hypothyroidism £ ‘;‘:e"‘“":“ | :::'*“t hyper — hypo — « Palpitations
« Glucoco " .
« Higher levothyroxine requirement | |« Excess — Hyperthyroidism @ oo PRI " » Severe fatigue
. ; - (71 1 T5H secretion + Painless/postpartum: . E trusion
in hypothyroid patients {Jod-Basedow phenomenon) : i ye profrusiol
» Estrogens T TBG transient and mild or visual changes
KEY POINTS

TSH is the most sensitive
marker for thyroid
function.

T3 is more active
(3-5 times more potent)
than T4,

©

!

Treat the cause and monitor
regularly.

Always interpret tests in
clinical context.
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The thyroid is a butterfly-shaped gland located in
the front of the neck just above the trachea.

The thyroid produces and releases into the
circulation at least two potent hormones,
thyroxine (T,) and triiodothyronine (T;), which
influence basal metabolic processes and/or enhance

oxygen consumption in nearly all body tissues.

Thyroid hormones also influence linear growth, and

brain function including intelligence and memory,

neural  development, dentition, and bone

development.




TRH : thyroid releasing hormone TSH: thyroid stimulating hormone
which secreted by hypothalamus ——»  which found in pituitary gland \’:,/
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- The thyroid gland produces hormones by utilizing iodide (100 pg daily
requirement) obtained either from dietary sources or from the metabolism of
thyroid hormones and other iodinated compounds. /== e o (s st ssdl sty Sbsnal £, 1l s
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- The iodide trapped by the thyroid gland 1s subsequently oxidized to

iodine by the enzyme thyroid peroxidase, which is then utilized to produce
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- T, is also produced in other tissues such as the pituitary, liver, and

kldney by the removal of an iodine molecule from T, and is the most potent

thyroid hormone produced (3-5 times more potent than T ).

- T, and T; are both stored in the thyroglobulin protein of the thyroid
gland and released into the circulation through the action of pituitary
ﬁdenved thyrotropm (thyr01d stimulating hormone (TSH)).
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TSH, secreted by thyrotroph cells located in the anterior pituitary
gland, regulates thyroid gland function and hormone synthesis and
release. TSH secretion is induced by thyrotropin-releasing hormone
(TRH) produced in the hypothalamus

The secretion of both TSH and TRH is regulated by negative
feedback from thyroid hormone, predominantly T,, from the

circulation and/or T; that is produced locally from the intracellular
conversion of T, to T,.
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FIGURE 32-6.The hypothalamic-pitustary-thyroid feedback
system, which regulates the body levels of thyroid hormone.

TRH, thyrotropm-releasing hormone; TSH, thyroid-stimulating

hormone.
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Feedback :

Inhibition Thyroid Gland

Regulation of Thyroid Hormones

The figure illustrates the hypothalamic-pituitary-thyroid
feedback system, which regulates the levels of thyroid
hormones in the body.

K

Stimuli:
Cold, stress, and lack of sleep
activate the hypothalamus.

Hypothalamus:

It secretes Thyrotropin-Releasing
Hormone (TRH).

Anterior Pituitary Gland:

TRH stimulates it to release
Thyroid-Stimulating Hormone (TSH).

Thyroid Gland:

TSH stimulates it to produce
thyroid hormones (T; and T,).

Target Tissues:

T, and T, affect various tissues in
the body to regulate vital functions.

Negative Feedback:

High levels of T; and T, inhibit the
secretion of both TRH and TSH to
maintain balance.

This precise system maintains the balance of thyroid
hormones and ensures normal body function.

¥
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T, and T; circulate bound primarily to cartier proteins. e s (%75) cesoal bl odpstal 3o T b,

(65) ceassls (%20 cowiapenailll) ungddl 15 o ool
T, binds strongly to thyroxine-binding globulin (75%) and weakly to prealbumin
(transthyretin, 20%) and albumin (5%).
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T, binds tightly to TBG and weakly to albumin, with little binding to prealbumin.

Only a small amount of free T, (approximately 2 ng/dl) and T, (approximately 0.3
ng/dl) circulates in a free state, and it is this free concentration that is considered
responsible for the biological effects of the thyroid hormones.
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Any physiologic situations associated with a change in the serum concentration of these

thyroid-binding proteins-such as pregnancy, non-thyroidal illness, or ingestion of
drugs that affect the level and/or affinity of these binding proteins, will lead to changes
in the concentrations of total T, and T, ISR e b R et Rt sea
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The serum concentration of free T, and free T, are raised in hyperthyroidism and
© decreased in hypothyroidism.
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Cardiorespiratory function: the 1increase in
metabolism will increase the O2 consumption and
metabolic end product which will cause vasodilation.
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“*“¥* Gastrointestinal function: It increases motility and
GI secretions leading to diarrhea. Increase in appetite
and food intake due to an increase in metabolic rate
and weight loss.

Actions of
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thyroid

hormone Neuromuscular effects: an increase in the hormone
increases the muscle function and tone leading to
tremors. It is also important in the brain development
in infants and an increase in the hormone leads to
sweating, nervousness, anxiety, and difficulty in sleep.
These match the activation of the sympathetic
nervous system and sympathetic antagonist were
found to be of great benefits.




THYROID
FUNCTION

TESTING
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Serum-based tests available by immunoassay
include:

Total thyroxine (I'T, and TT,) and free (FT, and FT5)

hormone. (FTs FT) 5>l sasdlls (T TT) 501 euSaradl 5030

Direct measurements of thyroid hormone binding plasma
proteins, thyroxine-binding globulin (IBG), prealbumin,

and albumin are also available. PO o ...

oS g2l Il 1y guglally (a8 yall Bl g0 sgl
asdilly oasdil LB (G934l (TBG)

Thyroid-stimulating hormone (TSH, thyrotropin) assay.

(059932l TSH) &840l 3aal) auall y9a54)l (ad

Other methods in thyroid testing include the measurement
of thyroid gland autoantibodies, including antithyroid
peroxidase, antithyroglobulin, and antibodies against the

TSH FECEPLOL.  plul s 5 Lo sy 5asl 25001 Solisll placxHl ol d 530 B0l s 3 339 50l Jads
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Hypothyroidism
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Hypothyroidism 1s a hypometabolic state result from a
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Its major clinical manifestations are fatigue, lethargy, cold

Hashimoto's Disease

intolerance, slowed speech, and intellectual function, slowed
reflexes, hair loss, dry skin, weight gain, and constipation. It is

more prevalent in women than men.

The most common cause of hypothyroidism 1s a ‘disease of
the thyroid itself, primary hypothyroidism. The most
common cause of primary hypothyroidism is chronic
autoimmune thyroiditis (Hashimoto's disease), in which
the thyroid 1s destroyed by antibodies or lymphocytes that
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Other causes are fadioactive iodine and surgical therapy for
hyperthyroidism or thyroid cancer, thyroid inflammatory

disease, iodine deficiency. ol als gaall ssdl s ool Jads
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'/\\ *+'Secondary or central hypothyroidism may also occur rarely (<1% of
cases) as a result of deficiency of TRH or impaired TSH secretion due to
hypothalamic or pituitary disease, respectively, because of the negative
feedback relationship between serum T, and T, levels and TSH
secretion.
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If an individual has a high serum TSH concentration and a low free
T, level, it confirms the diagnosis of primary hypothyroidism.

The diagnosis of secondary hypothyroidism is based on the™
findings of a low serum free T, level and a serum TSH level is low. \-/
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Hyperthyroidism
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Hyperthyroidism is a hypermetabolic state, that results from
excess production of T, and T,.

Its major clinical manifestations are nervousness, anxiety, heart
palpitations, rapid pulse, tatigability, tremor, muscle weakness, weight
loss with increased appetite, heat intolerance, frequent bowel
movements, Increased perspiration (sweating), and often thyroid
oland enlargement (goiter). Most individuals with hyperthyroidism
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The most common cause of hyperthyroidism is Graves' disease, an

blad byal E g ySYI ol

Soann... autoimmune disease characterized by the production of antibodies
bz 3slaw alusl zLol . . . . .
Jeswasnonens  that activate the TSH receptor, resulting in stimulation of T, and T,
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Al sl 205 production and enlargement of the thyroid.
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Diagnosis of Hyperthyroidism
Other causes of hyperthyroidism are a multinodular goitet, solitary
thyroid adenoma, thyroiditis, iodide- or drug-induced
hyperthyroidism, and, very rarely, a TSH secreting pituitary
sl lgally ¢ galyaidl 48,01 usll p g WOlstiall sumio &85l Badll @i 485l .3l blas byl gyl oLl Jass «
TSH 09058 3yaall dpalsull sl ayg i 15alis (ayes¥l sl sl e aa bl a8l 8uadl blas b ydg a8yl
The diagnosis of hyperthyroidism is based on the findings of a high
serum free T, level and a low serum TSH concentration. ®
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Effect of Medications on Thyroid Test Results

High doses of glucocorticoids (adrenal hormones) can lower the serum T,
concentration by inhibiting the peripheral conversion of T, to T, and lower serum T,

. °1.°,.° . i sl sasll b Olay6S3y 85 sS aladl cpe ddlell Sleyad) Say
(and T,) by inhibiting TSH secretion. RO AAPCn A
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Iodide, contained in solutions used to sterilize the skin and in radiopaque contrast
media used in coronary angiography and many other radiological procedures, can cause
either hyper- or hypothyroidism, depending on whether the individual has a nodular
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goiter or some unsuspected thyroid injury. e e S e e
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The iodide-containing drug amiodarone, given to patients with cardiac arrhythmias,
can also cause either hypothyroidism or hyperthyroidism in appropriately susceptible
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85025 33650y o dbla! Slaglas -high aldosterone, increasing water retention, increasing
blood sodium, decreasing blood potassium ( H+ and

Adren al gland potassium move the same direction) alkalosis.

_ low cortisol, low blood glucose level as using fats and
proteins and producing energy (lipolises and proteolysis)
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About 5 g size each located over both kidneys.
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The adrenal medulla is responsible for the production of adrenaline.
(3 Ugaym B Ll e Wgdue iy ] Bud)| By e

The adrenal cortex is responsible for the production of three hormones:

Mineralocorticoid (aldosterone) along with renin-angiotensin system
which is responsible for the hemostasis of sodium and potassium.

powalisdly posgall 3lei e Josuall dpaniigamil-cpas sl aUAS go (4 oeiugall) iasall (50l
Glucocorticoids have anti-inflammatory actions and aid in regulating
glucose, protein, and fat metabolism during periods of stress.
slgadl Olyb M5 30l gyl HeSladl izl @dds b aeludy HLlgdd Balas Oyl Sl ey sS sS gl

Adrenal androgens: exert little effect on daily control of body function
but they probably contribute to the development of body hair in women.
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Primary adrenal cortical insufficiency

Addison's disease

Adrenal glands
not produce
sufficient steroid
hormones

Adrenal crisis:
- fever;
- syncope;
- convulsions;

- hypoglycemia;
- hyponatremia;
- severe vomiting
and diarrhea.

Skin

Hyperpigmentation

Low blood pressure

Weakness
Weight loss

Gastrointestinal
Nausea

Diarrhea
Vomiting
Constipation
Abdominal pain

g Skin

Vitiligo

N

the low level of cortisol
triggers the release of
another hormone called
adrenocorticotropic
hormone (ACTH).

High ACTH leads to high
levels of melanin, the
chemical that gives skin
its color and causes skin
discoloration known as
hyperpigmentation
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Adrenal corticoid excess

signs and symptoms

1l g8 s dadlae Red cheeke Aene Thinning of hair
. . \ T
Cushing syndrome results in: “ ,, o ace
(555l Jan o) Ssiadl sl 3 s o0 TP -

Increased
facial nair

Glucose metabolism defect (glucose intolerance). i

Thin skin
Easy bruising

Disorders of sodium and potassium regulation (increase
sodium retention and potassium 10SS).  csussis psnsal i 5oLl

_(pwb’g.)[ oladsg pgg.\g,oﬂ goles| 'é_!l,g_'))

Impaired ability to respond to stress because of inhibition of
inflammatory and immune responses. bl bl ol e 808l hns

e laally Zolgl Shlezadll bl s Thin arms and legs,

weak bones

Signs of increased androgen levels such as hirsutism. @)oo \
Aglymadl Jas (e gyaiidll
Pendulous abdomen

The syndrome may result from pharmacologic doses of
glucocorticoid, pituitary, or adrenal tumor, or an ectopic
tumor that produces adrenocorticotropic hormone
(ACTH). ol 185,536 sS ool m Al Slegr e Bayohiall 55 55

a3l 235 pg ol (sl Baall ol dealsll Badll 8 59
(ACTH) 5511 338 e>90 (9030 Z

Slow wound hezaling

Swelling of feet/legs



TYPE 1 DIABETES

Autoimmune destruction
of pancreatic B-cells —
Absolute insulin deficiency

Immune
attack

destruction

Usually presents in children,
adolescents or young adults

Sudden onset of symptoms

Requires lifelong insulin
therapy

Mot preventable

Accounts for ~5-10%
of all diabetes

KEY FEATURES
« Little or no insulin production
« Prone to ketoacidosis

« Associated with other autoimmune
diseases (e.g., thyroiditis, celiac)

RISK FACTORS

- Genetic predisposition (HLA-DR3,
HLA-DR4)

= Autoimmune disorders

+ Environmental triggers {viral
infections, etc.)

DIABETES MELLITUS: TYPES

A group of metabolic disorders characterized by chronic hyperglycemia

TYPE 2 DIABETES

Insulin resistance +
Relative insulin deficiency l

Insulin
resistance
{} response

'] @
v
| L] _-’i @ b
1 /1 Glucose
| ]
¥ l( in bload

, Pancreas preduces insulin
but not ensugh [ ineffective

Usually in adults {can eceur in
children)

Gradual onset

Lifestyle modification + oral
medications; may require insulin

Partly preventable

Accounts for ~90'-95%
of all diabetes

9
&
KEY FEATURES
» Maost common type

» Associated with obesity, inactivity

« Increased risk of cardiovascular
dizease

RISK FACTORS

+ Overweight/obesity

+ Physical inactivity

« Family history

« Age > 45 years

- Hypertension, dyslipidemia

COMPARISON OF DIABETES TYPES

GESTATIONAL DIABETES OTHER SPECIFIC TYPES

Due to other diseases,
genetic syndromes or
drugs/chemicals

Glucose intolerance with
onset or first recognition
during pregnancy

Includes:

+ Monagenic diabetes (MODY)

« Diseases of the execrine pancreas
{e.g., pancreatitis, cystic fibrosis)

@ Oceurs in 2-10% of pregnancies

#) Usually in 2nd or 3rd trimester

+ Endocrinopathies (Cushing's
syndrome, acromegaly, etc.)

« Drug or chemical induced
{e.g., glucocorticoids, atypical
antipsychotics)

+ Infections {e.g., congenital
rubella, CMV)

Often resolves after delivery
but increases risk of future
Type 2 diabetes

Requires monitoring and
management during pregnancy

)

Risk of macrosomia, preeclampsia,
preterm birth

KEY FEATURES

- Placental hormaones cause insulin
resistance

« Usually asymptomatic

« Requires screening at 24-28
weeks of gestation

RISK FACTORS

+ Overweight/obesity

« Age = 25 years

+ Family history of diabetes

- Previous gestational diabetes

« Polycystic ovary syndrome (PCOS)

KEY FEATURES

= Heterogeneous group

« Mechanism varies

« Treatment depends on
underlying cause

RISK FACTORS

« Genetic mutations

+ Pancreatic disease

» Hormonal disorders
» Certain medications
« Infections

Treatment

Prognosis
L l

Increased thirst
(Polydipsia)
Frequent urination
(Palyuria)
Increased hunger
{Polyphagia)

0%
(O
Q
Fatigue

Blurred vision

Unexplained weight loss
(especially in Type 1)

Slow healing of wounds

i‘;‘a Frequent infections

Maintain healthy
body weight

Insulin (lifelong)

Chrenic, requires
lifelong management

COMMON SYMPTOMS (All Types) ACUTE COMPLICATIONS

Diabetic Ketoacidosis (DKA)

i) {Mainly in Type 1)

+ Hyperglycemia
« Ketone body production
+ Metabolic acidosis

Lifestyle + oral drugs * insulin

Chrenic, can be controlled
with proper management

Feature Type 1 Diabetes Type 2 Diabetes Gestational Diabetes Other Specific Types
Sudden, any age Gradual, usually > 45 years During pregnancy :
o] ! 5 Variable (d d
fra (usually < 30 years) (but increasing in young) (2nd-3rd trimester) ariable (depends on cause)
e Autoimmune destruction Insulin resistance + inadequate Hormonal changes — Other diseases, genetic defects,
of B-celis insulin secretion insulin resistance drugs, etc.
insulin level Very low or absent Normai.or high Initially; Normal or high Variable
lower in advanced disease
Ketoacidosis risk High Low (except in severe stress) Variable

Low |

Diet, exercise + insulin Treat underlying cause + insulin

Depends on the
underlying condition

Usually resolves after delivery,
but T future risk of T2DM

CHRONIC COMPLICATIONS

Cardiovascular: Coronary artery disease,
stroke, hypertension
ketones Neuropathy: Peripheral neuropathy
— (numbness, tingling), autonomic neuropathy

Hyperosmolar Hyperglycemic

State (HHS) (Mainly in Type 2)

+ Severe hyperglycemia
+ High serum osmaolality
» Dehydration

+ Mo significant ketones

Nephropathy: Diabetic kidney disease,
proteinuria, chronic kidney failure

Retinopathy: Diabetic retinopathy,
blurred vision, blindness

Hypoglycemia
(All types, due to treatment) 70
\ Lawty;m R il Foot problems: Ulcers, infections,
+ Sweating, f;e e frsion *I° poor wound healing, amputation risk

dizziness, loss of consciousness

PREVENTION & MANAGEMENT

w

Healthy
balanced
diet

Regular physical
activity

L)

Regular screening:
Blood glucose,
HbA1c, BP, Lipids

Adherence to

Q treatment & follow-up

Awvoid smoking &
Timit alcohol

=
o —
o —

S
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Diabetes Mellitus

Diabetes mellitus is a group of metabolic
disorders sharing the common underlying feature
of  hyperglycemia. Chronic hyperglycemia
and attendant metabolic dysregulation
may be associated with secondary damage
in multiple organ systems, especially the
kidneys, eyes, nerves, and blood vessels.
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DiPiro IT, Talbert RL, Yes GC, Matzke GR, Wells BG, Posey LM: Pharmacotherapy:
A pathophysiologic Approsch, Tth Edition: Http://www.accesspharmacy.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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The insulin gene is expressed in the [ cells of the pancreatic islets.

Preproinsulin is synthesized| in the rough endoplasmic reticulum from insulin
mRINA and delivered to the Golgi apparatus. There, a series of proteolytic cleavage
steps generate mature insulin and a cleavage peptide, C-peptide. Both insulin and C-
peptide are then stored in secretory granules and secreted in equimolar quantities
atter physiologic stimulation; thus, C-peptide levels serve as a surrogate for -
cell function, decreasing with loss of B3-cell mass in type 1 diabetes, ot
increasing with insulin resistance—associated hyperinsulinemia.

The most important stimulus for insulin synthesis and release is glucose
itself’ A rise in blood glucose levels results in glucose uptake into pancreatic

B cells, facilitated by an insulin-independent glucose-transporter, GLUT-2.
L
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» B-cells express an ATP-sensitive K+ channel on the membrane, which comprises two
subunits: an inward rectifying K+ channel (kir6.2) and the sulfonylurea receptor (SUR1), the

latter being the binding site for oral hypoglycemic agents (sulfonylureas) used in the

S sl ﬁwby 3L 1 opoie v a9 pa 9SS q_;zﬂg dglae e (ATP) O laagall u.)))b et 93 dusliws ngnliqn BLB e &5U)I Lsdl i<
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> Metabolism of glucose by glycolysis generates ATP, increasing _B-cell cytoplasmic
ATP/ADP ratios. This inhibits the activity of the ATP-sensitive K+ channel, leading to
membrane depolarization and the influx of extracellular Ca through voltage-dependent Ca
channels. The resultant increase in intracellular Ca stimulates the secretion of insulin,

presumably from stored hormone within the (3-cell granules. This is the phase of the wumediate
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> 1f the secretory stimulus persists, a delayed and protracted response follows that involves the
active synthesis of insulin. Other factors, including intestinal hormones and certain amino
acids (leucine and arginine), also stimulate insulin release, but not its synthesis.
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Glucose
G ‘D GLUT-2

o, ‘-\-‘

Glucose

<>

K+ channel
protein
inactivated

Membrane | |
depolarization

CaZ* channel

FIGURE 2427 Insulin synthesis and secretion.
Intracellular transport of glucose is mediated by GLUT-2,
an insulin-independent glucose transporter in B cells.
Glucose undergoes oxidative metabolism in the B cell to
yvield ATP. ATP inhibits an inward rectifying K* channel
receptor on the B-cell surface: the receptor itself is a
dimeric complex of the sulfonylurea receptor (SUR1) and a
K -channel protein (Kir6.2). Inhibition of this receptor leads
to membrane depolarization, influx of Ca®" ions, and release
of stored insulin from B cells. The sulfonylurea class of oral
hypoglycemic agents bind to the SUR 1 receptor protein.

Copyright © 2010 by Saunders, an imprint of Elsevier Inc.
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Insulin Synthesis and Secretion:

3959kl Gle Baaine &l :lgu¥l 1r8ly Ruiuals

A Glucose-Dependent Mechanism

(in Pancreatic B Cells)

(Al Sl B LS ($)

Glucose
GLUT-2 jus joSoladl Joo w} o Glucose entry via GLUT-2
Sy JSidu B adzdl L jeSelsdl s i]ﬂ i GLUT-2 Glucose enters the B cell by facilitated ﬂﬂ
GLUT-2 j5Sgladl J3U jue . s < = diffusion through GLUT-2.

Sulfonylurea

i receptor
ATP zLilg j9Sgha| Ml (SU;] 9 Glucose metabolism and ATP production
Sl Ml ¥l dulas) joSaladl guas Glucose is metabolized (glycolysis and
T B : i | Krebs cycle) in mitochondria, increasing (@
daja Lae «byaigSeiuall (8 (pussS 899 . :
= i K* ATP production.
ATP 15 ;e == Q@ @
Q Q | @ e Closure of K* channels
. - =1 S g -
e K lh%"'"b}-'“ olis @iel o Q ATP binds to the inward rectifying K* channel
poswliodl 8LA) Ll el ATP by =i K charfne[ Q Q (Kate channel), a complex of the sulfonylurea
s 152 (K v chanrel}is )21 i I,.g K* protein (=) Insulin receptor (SUR1) and Kir6.2 protein, causing
e39535 (SURT) Lijsy elig Aol Jdz ) (Kir6.2) T the channel to close.
8Ll @Ye| I 535 Lao (Kir6.2 —
- |rlfll..l1l;(+ \j M-.’:sn.ﬂa!'ane depolarization S
& el wlaaiwl dllyl of Ca Closing K* channels reduces K* efflux, £
& 5 : o o S it Memjrane causing the cell membrane to depolarize L. i
Poealigdl Zgy3 oo iy K* zg)s @dle] !; ! depolarization {less negative)
1) eLiiill dusbo Jg538 il (ro Ui |
(olaiiayl e Opening of Ca®* channels Ca?*
185 =, > Ca?* channel Depolarization opens voltage-gated _w_
posl Sl Olgis ia Ca ®_ o Ca?* channels, allowing Ca®* to enter
pouallSIl Oilgid 7id (po Llbaaiuwdl Alj| wj —[D— @ the cell. 950
Addl )] Ca?* J5aud cagadl Lle doainall Ca®*
o Insulin secretion
Ol gl 1581 @ The influx of Ca®* triggers insulin granules %O
Silns ¢lys5 jamad (sl U] Ca?t U5 C:])O to move and fuse with the cell membrane, g% -
wgoladl eliall mo Lg=loaily ulgauiil &a@ releasing insulin outside the cell. @
a3l gl gl 5L] ] (250 Les
[du¥l yasls Vo | | daga bli Summary: , -
ATP L] a3 pag B asdsdl L) jaSaladl U350 e a3 pall (3 jaSaladl glilhy] - (~\ = | K* Olgid liig SURT 5 bauiy (il Jie) Ljgs duigaludl # An increase in blood glucose increases glucose entry into = o =
(Ca?* Gilgid ity wllaiial &3] cldtl] Cllaizal Jojud K°_D|gi§@1ngTp w | oslaeidl 518] auji = ATP Lolasl ga Lis B cells and ATP production. ATP closes K* channels, 3

| causing depolarization. This opens Ca** channels; Ca**

LA el Lo aaied (Clusilagus 153 (i) Karp Cilliz do o . _ i i )
influx triggers insulin granule exocytosis.

Oyl 3,8] 3 Ca?® Jgoo

Clinical Relevance

Sulfonylurea drugs (e.g., glipizide, glibenclamide) stimulate insulin secretion
by closing Ka7p channels, and are used in the treatment of type 2 diabetes.
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Insulin receptor

SLUT-a2
vesicle
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Increased glvcogen/lipid/protein synthesis

Decreased lipolvysis
Cell grovwih and differentiation

FIGURE 24229 Insulin action on a target cell. The metabolic
actions of insulin iNnclude promoting glycogen synthesis

by activating glycogen synthase, and enhancing protein
synNnthesis and lipogenesis while imnhibiting lipolysis. Dashed
arrows represent ntermediate proteins and binding partners
that are not shovwn in this overview diagram.

Copvyright © 2010 by Saunders, an imprint of Elsevier Inc.
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GLUT-4
vesicle

Insulin Action on a Target Cell

Promotes Glucose Uptake and Regulates Metabolism

Insulin binds to its receptor
Insulin binds to the receptor on the cell
surface, causing a conformational change
and activating the tyrosine kinase activity
of the B subunits.

Phosphorylation of IRS proteins
Insulin receptor phosphorylates insulin ®
receptor substrates (IRS-1, IRS-2, - @
IRS-3, IRS-4) and GAB-1, which serve ®®
as docking sites for other proteins.

Activation of signaling pathways
+ MAPK pathway via MEK/ERK: regulates
cell growth, differentiation, and protein
synthesis.
» PIBK/AKT pathway: enhances glucose

X

AN
odgadly gl Buliig sumeSalal (idig ;‘, uptake, glycogen synthesis, and lipid
’ i ) 8 and protein synthesis.
= ;-;

o eldll JI GLUT-4 Jlazil MEKIERK Translocation of GLUT-4 to membrane
Elags Js! L] PIBK/AKT budi 504 1 : Activation of PI3K/AKT promotes /: .
433 Lo lg=loailg dudadl clie | GLUT-4 v 3 translocation of GLUT-4 vesicles to the I\HE)

s ; s s 5 5: plasma membrane, increasing glucose S
o el MAPﬂ:(mase oo uptake into the cell.
pathway
dbwgll Slisgudly 8)LiEl audais = \?_‘; e Regulation of signaling and intermediates
GLUT-4 claygs @S5> pbaiy :CBL o Chatn = « CBL: regulates GLUT-4 vesicle trafficking.
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insulin receptor and inhibits signaling.

Final outcomes

Decreases lipolysis, increases glycogen
storage and protein synthesis, leading to
cell growth, differentiation, and energy
balance.

@

Quick Summary

+ Insulin binding activates intracellular signaling. Rge ) -
b

* Promotes GLUT-4 translocation and glucose uptake. %’f

+ Increases glycogen, lipid, and protein synthesis.

+ Inhibits lipolysis and regulates cell growth and differentiation.
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Classification s

I~ Majority of diabetics are classified into 2 categotries:

Type 1: absolute deficiency of insulin. s s s -

ol 9l 31481 olasil o ) guiM daglia sg>g 2 ¢ odl

Type 2: the presence of insulin resistance with reduced insulin

secretion.
Endocrinopathy: A disease of an endocrine gland . the
term endocrinopathy is commonly used as a medical

GeStatlonal dlabeteS: Shaete term for a hormone problem. common endocrinopathies

include hypothyroidism and hypothyroidism

Triggered by the stress of pregnancy.

Jaxdl bas e oy

Other specific types:

-
Infections, drugs, endocrinopathies, pancreatic destruction, genetic
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Classification
Type 1 diabetes

An autoimmune disease characterized by pancreatic (3-cell destruction and
an absolute deficiency of insulin. It accounts for approximately 5% to 10%

of all cases and is the most common subtype diagnosed in patients younger
than 20 years of age.
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Type 1 DM Pathogenesis
Preclinical period: w-ustom

Immune markers present. - ews.s:

B-cell destruction. wuiwwi.s
Hyperglycemia: .. <o

80 to 90% of B-cells destroyed. = ssiou901800
Transient remission: =3

. - o s o

Established disease ... ...
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Type 1 DM Pathogenesis

- Genetic predisposition »
e T Immunologic abnormalities >
N Normal ingulin
= € rel > ' ]
= ; - < Frogressive impairment
;i 100 /, ; in insulin release
— i Overt
K >
§ . L diabetes
8 g i "Honeymoon
=Y i pﬂiﬂd"
ol 4 3

0
Birth Time {yr)

DiFiro JT, Talbert RL, Yee GC, Matzke GR, Wells B, Posey LM: Pharmacotherapy.
A pathophysiologic Approach, 7th Edition: Http://www.accesspharmacy.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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-Deficiency of insulin decreases fat and lipids synthesis...... 2oy Sualy) 38 Sl bl uile | SIS SRR el haa WA 1 Q:J

increases lipolysis and proteolysis-Weight loss-polyphagia, N : 3 2 ; : 58
decreased renal capabilities to reabsorb glucose, I I | tO I I l S WS‘J;Si‘ b8 el suddl il oy FoxSI Jolaadl I 6985 Joedl 338 /
glucosuria with polyuria leading to ketoacidosis due to 4 ygamdl OMEzwall btid Bayb e idasll 538 JLdbg Jgudl

polyuria, thus polydipsia by osmoreceptors activation

The onset is marked by polyuria, polydipsia, polyphagia, and, when severe, ketoacidosis,
all resulting from metabolic derangements. Since insulin is a major anabolic hormone
in the body, deficiency of insulin results in a catabolic state that affects not only

. . . 0952 beaseg cbydall pgills apaadl adaslly ( Joudl 8355 54l Sray
Zlucose metabolism but also fat and protein metabolism. i y oo e i s 59 plaod Jivs

oiaxdls ool izl e Ll Sl 568 sladl ozl e bad 13553 dgasm Alo | g8y sl o 16 uusnd] 3 cdy eliy (19038 52 (ped sl (Y 1515
Unopposed secretion of counter-regulatory hormones (glucagon, growth hormone,
epinephrine) also plays a role in these metabolic derangements. The assimilation of
glucose into muscle and adipose tissue is sharply diminished or abolished. Not
only does the storage of glycogen in the liver and muscle cease, but also reserves
are depleted by glycogenolysis. The resultant hyperglycemia exceeds the renal
threshold for reabsorption, and glycosuria ensues. The glycosuria induces an
osmotic diuresis and thus polyuria, causing a profound loss of water and
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-Deficiency of insulin decreases fat and lipids synthesis...... increases lipolysis and proteolysis-Weight loss-polyphagia, decreased renal capabilities to reabsorb glucose, glucosuria with polyuria leading to ketoacidosis due to polyuria, thus polydipsia by osmoreceptors activation


Symptoms &)

/¢ The obligatory renal water loss combined with the hyperosmolarity resulting from the
increased levels of glucose in the blood tends to deplete intracellular water,
triggering the osmoreceptors of the thirst centers of the brain. In this manner,
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With a deficiency of insulin, the scales swing from insulin-promoted anabolism to
catabolism of proteins and fats. Proteolysis follows, and the gluconeogenic amino
acids are removed by the liver and used as building blocks for glucose. The
catabolism of proteins and fats tends to induce a negative energy balance,
which in turn leads to increasing appetite (polyphagia), thus completing the
classic triad of diabetes: polyuria, polydipsia, and polyphagia. Despite the increased
appetite, catabolic effects prevail, resulting in weight loss and muscle weakness. The

combination of polyphagia and weight loss is paradoxical and should always raise the suspicion of
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Main symptoms of

Diabetes

agreen = more common

CSIO‘:;S! l in Type 1
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- Polyphagia Eyes
- Lethargy - Blurred vision
- Stupor
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Type 1 DM pathogenesis =

Type 1 diabetes most commonly develops in childhood, becomes manifest at
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Since the disease can develop at any age, including late adulthood, the
appellation “juvenile diabetes” is now considered obsolete. Similarly, the older
moniker “insulin-dependent diabetes mellitus” has been excluded from the recent
classification of diabetes because insulin dependence is not a consistent

distinguishing feature. Nevertheless, most patients with type 1 diabetes depend
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Without insulin they develop serious metabolic complications such as

N’
ketoacidosis and coma. A rare form of “idiopathic” type 1 diabetes has been
described in which the evidence for autoimmunity is not definitive. A
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* As with most autoimmune diseases, the pathogenesis of type 1 diabetes represents the
interplay of genetic susceptibility and environmental factors. <= == /o8 & el el e oo Jo s
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* Epidemiologic studies, such as those demonstrating higher concordance rates for
disease in monozygotic vs dizygotic twins, have convincingly established a genetic basis
for type 1 diabetes. More recently, genome-wide association studies have identified
multiple genetic susceptibility loci for type 1 diabetes, as well as for type 2 diabetes.
Over a dozen susceptibility loci for type 1 diabetes are now known. Of these, by far the
most important is the HI .4 /ocus on chromosome 6p21; according to some estimates,

the HLLA locus contributes as much as 50% of the genetic susceptibility to type 1
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Diabetic ketoacidosis
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Diabetic ketoacidosis is a serious complication of type 1 diabetes but may also
occur in type 2 diabetes, though not as common and not to as marked an extent.

These patients have marked insulin deficiency, and the release of the
catecholamine hormone e¢pinephrine blocks any residual insulin action and stimulates

the secretion of glucagon- 092 B slal 3133 Sadnis dguil) Beza Jae ol i ) asires] sodsS oSl (y503m S 63829 orlsull B sl s a o sall g ilay

The insulin deficiency coupled with glucagon excess decreases peripheral
utilization of glucose while increasing gluconeogenesis, severely exacerbating
hyperglycemia (the plasma glucose levels are usually in the range of 500 to 700
mg/dl). Hyperglycemia causes an osmotic diuresis and dehydration
characteristic of the ketoacidotic state.

A iy pall ySs bo 36 @BlaT J| ¢34y laa jgSoladl Silaswnnl 8343 g auseall 35S gladl plasersl (olasil I 9 Selal Balii oidall oSl ads LY P
(&) QJ}Msn uoLco«.H LS D S NN N S 15/l 700 ) 500 515 5 Lol 0_9)9591>J| Elosius 555 L o) (=)

AR SR, ~ | Y 2 s

) > /




Diabetic ketoac1d051s ot ssad il ()

O The second major e o _

uob'ﬂ' LRt J.a.) Losse o_).>=J| cu...m.;“ uoLzo-i' ubgm LJ.Q OJLJ_)_g ugm_\“ Q)bm_).;..u.i) u” 6J9J laa JL...J u_;.:_gy_guﬂ[ [AJ_}J QJsam'il Ul ooy
gl eyl a8

adipose stores, and an increase in levels of free fatty acids. When these free fatty

| acids reach the liver, they are esterified to fatty acyl COA. .10 usses 1515 asii w3 o clisss sasl o |
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 Oidation of futty acyl CoA molecues within the patic mitochondria produces ketope bodle
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If the urinary excretion of ketones is compromised by _ systemic «

—Release of ketogenic amino acids by protein catabolism
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Diabetic Ketoacidosis

Diabetic emergency

Precipitating factors:

* Insulin omission. el Jlaa]

 Illness, infection. (s3sll o all
* Initial DM presentation.

Diagnostic laboratory values

* Hyperglycemia.

* Anion gap acidosts. ol S g iy
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Na™, K* deficits.
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I H* +
HO—C—CH, NAD* NADH O=C—CH, H* CO, CHq
| | | /\
CH, - \—// = CH, \—-/ - 0=C
| | |
COO~ COO~ CH,4
B-Hydroxybutyrate Acetoacetate Acetone

Source: McPhee 51, Ganong WF: Patbophpsiclogy of Diseasa: An Inkrodustion
ko Clindica! Madicine, Sth Edition: httpiffwww, accessmedicine, com

Copywright ©@ The McSraw-Hill Companies, Inc All rvights reserved,

Ketogenesis due to insulin deficiency leads to increased serum levels of ketones, and
ketonuria. Jodl 8 Olal yogb gl b Sl Oligtue il L] o guclll o e 2l OUgl oS5 50 +

Acetoacetate, B-hydroxybutyrate: ketone bodies produced by the liver; organic acids that
cause metabolic acidosis. ol plandl s e laol s S g s a5l oaSasaerlint Slialyi

Respiration partially compensates; reduces PCO.: when pH < 7.20, deep, rapid respirations
2
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Acetone: minor product of ketogenesis; can smell fruity odor on the breath of diabetic

ketoacidosis patients. oSl sl plandl oo olai 8 2518 Bty ) 3555 ] ars cilisnSl a5 e 2 st
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* Type 2 diabetes is caused by a combination of peripheral resistance to

= insulin action and an inadequate secretory response by the pancreatic 3 ==

cells (“relative insulin deficiency™). =
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IEG: impaired‘rélsting glucose. impaired the glucose tolerance

_ impaired fasting glucose (IFG) is where blood ™)
IGT: impaired glucose tolerance. (IGT)is where blood glucose levels g cose levels are escalated and the fasting state &’
3 OGTT: oral glucose tolerance test. 2;6()3'5;1?; Lheaglggsrggsljbaust Si(;tbzltgehs but not high enough to be classified as diabetes -
[ J
C Risk factors for type 2 DM
v'BMI > 25, v'CV disease.
v’ Physical inactivity. v'HDL < 35 mg/dL.
v/ 15t degree relative with DM. v'Triglycerides > 250 mg/dl.
‘/High risk ethnic group (latino, african ¥ Delivery of > 9 Ib baby.
american, native american, asian v'History of GDM.
american, pacific islander)..= s s 2o sesnne , ,
" Sl v'Insulin resistance:
IFG, IGT. (s v’ Acanthosis nigtricans, severe obesity
5 > Z (Ao yaall Lawdl gl dlgall
v'HTN: = 140/90 mmHg or on therapy v'Polycystic ovary syndrome. =
e - A Sttt e ity e SEit \ A e SEAAT {aii: ——

,


IFG: impaired fasting glucose.
IGT: impaired glucose tolerance.
OGTT: oral glucose tolerance test.
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Levels of blood glucose proceed along a continuum. Individuals with fasting glucose
concentrations less than 100 mg/dl, or less than 140 mg/dl following an OGTT, are
considered to be euglycemic. However, those with fasting glucose concentrations
greater than 100 mg/dl but less than 126 mg/dl, or OGTT values greater than 140
mg/dl but less than 200 mg/dl, are considered to have impaired glucose tolerance,
also known as “pre-diabetes.”

Pre-diabetic individuals have a significant risk of progressing to overt diabetes over time,
with as many as 5% to 10% advancing to diabetes mellitus per year. In addition, ptre-
diabetics are at risk for cardiovascular disease, as a result of the abnormal
carbohydrate metabolism as well as the coexistence of other risk factors such as
low levels of high-density lipoprotein, hypertriglyceridemia, and increased
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Complications

Microangiopathy
Cerebral vascular infarcts
Hemorrhage

Retinopathy
Cataracts

Hypertension Glaucoma

Myocardial infarct

Atherosclerosis

Islet cell loss
Insulitis (Type 1)
Nephrosclerosis Amyloid (Type 2)
Glomerulosclerosis
Arteriosclerosis

Pyelonephritis

/

Peripheral vascular
atherosclerosis

Gangrene

Peripheral neuropathy Infections——

Autonomic neuropathy

FIGURE 24—-32 Long-term complications of diabetes.
Copyright © 2010 by Saunders, an imprint of Elsevier Inc.
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pa]l sliacl Cilide 8 wlacly digeudl ducgdl Al sy o jall ySudl £1435;51 Chronic high blood sugar damages blood vessels and nerves in different organs
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5. Diabetic Retinopathy
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+ Diabetic retinopathy
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1. Cerebrovascular Complications
» Eloall 3 Ludiall dueg¥l Jliel(Microangiopathy)
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= Microangiopathy

= Cerebral vascular infarcts (strokes) « Cataracts
+ Hemorrhage * Glaucoma
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Increased risk of high blood
pressure due to atherosclerosis

Myocardial infarct
(heart attack)
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7. Pancreatic Complications
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A g wilgalh » Amyloid (Type 2 diabetes)

* Diabetic nephropathy
(glomerulosclerosis)

= Atherosclerosis

*» Pyelonephritis
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8. Peripheral Vascular Disease
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Paripheral vascular

atherosclerosis

and decreased blood flow
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9. Diabetic Foot
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4. Neuropathy
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« Infections

= Chronic ulcers
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Prevention & Follow-up
* Keep blood sugar under control

pUETL 4l Jl dusjlase Golor:} control f’f blood sugar, blood pressure, lipids, . Eat a Iheal'lhy ;ii:t
all B ; Shisaas quitting smoking, and regular check-ups help SExeroseegulatly, o
padlly Sy cuall dg95 Ologas 1 prevent or delay these complications. * Regular eye, kidney and foot exami nations









