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| Decreased . |causes secondary hypoadrenalism
due to:

Insidious course sneky
Progressive weakness, easy fatigability™

Gastrointestinal disturbances — nausea, vomlt’ng
anorexia, weight loss, diarrhea —

Pituitary or hypothalamic disease resulting in'decreased ACTH ‘\
Prolonged administration of exogenous steroids
———Suppresses ACTH and adrenal production of glucocorticoids

Hyperpigmentation of skin at sun exposed areas and
pressure points — caused by elevated levels of pro-
opiomelanocortin (POMC), p1 €cursor to ACTH and
MSH  TACTH "

With mineralocorticoid (aldostel one) deficiency —

i" hyponatremia, hyperkalemia, volume depletion,
hvpotenswn

Hypoglycemla may occur in glucocorticoid deficiency

Clinical manifestations similar to Addison disease
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No symptoms of salt wasting s
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Hypertension
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of its hormone.
* Relatively rare, affects both men and women

e manifests itself whel of adrenal
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ting Hormone; byprod:
production).

(Melanocyte

Symptoms: Dizziness,
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Pathology — when
it does NOT go

Cortisol levels are not normal
normally

break ings
down |

Actions/of Glucoco
. Elevated Corti
Hypercortisolism

Decreased Cortisol
Hypocortisolism

abruptly stopped
glucorcorticoid

tratment)

DHEA and androstendioné —
weak activity —

n males, they are converted to the more potent
testosterone in the testes and have little
significance (wellbeing?)

In females: this is a significant source of .
androgenic compounds (with testosterone]
from the anterior pituitary) stimulates the
step of synthesis

=

Cholesterol

Side Chain l

Cl E
eavage tnzyme 17a-Hydroxylase

Pregnenolone ——>

17 OH
Pregnenolone
SBrHydroxysteroidl
dehydrogenase 17a-Hydroxylase
Progesterone ——> 17 OH
Progesterone 17,20
21-hydroxylase
l 21-hydroxylase
Deoxycortocosterone
1

11B-hydroxylase l Deoxycortisol

Corticosterone . —
|11B-hydroxylase
Aldosterone l .

Synthase Cortisol =J1ress

rea
Aldosterone
Mineralocorticoids Glucorticoids

Zona glomerulosa Zona fasciculata

ACTH ACTH & ACTH & ACTH
Pituitary Adrenal cortex Pituitary Adrenal cortex

Secondary Primary Secondary Primary
isoli hypocortisolism

(ACTH secreting (Cortisol secreting (head trauma, thadison's

disease) Srten) ez

Dehydroepiandrosterone
(DHEA)

Androstenedione

|

Testosterone - M

Androgens

Zona reticularis

A Al At

[Adrenal Insufficiency (Hypocortisolism)

Secondary Adrenal Insufficiency: Bad 1, jnjury +

due to hypothalamic or pituitary disorder > dec

* NO skin/mucosal hyperpigmentation

Symptoms: Dizziness, nausea, vomiting, weight loss, fatigue.

X
Tertiary Adrenal Insufficiency (Due to Treatment):

Adrenal Insufficiency (due to withdrawal of high doses/ prolong therapy of
exogenous glucocorticoid) = Lower the dose slowly for HPA axis to regain

activity (Can take upto 1 year after discontinuation of exogenous steroid
c FATAL

Veornsol due 1o
F[mim»«j qucm

o VACTH

. @hypupigment-,
aldosterons

grimulared by

A’nod,ﬂ J. @salt
wmﬂ'm%



ADDISON { DITEA " replawment terapy for LIFE | start LOW, go SLOW

— oral hydrocortifonc = drug of choic¢ —> correcty glutocorticoid deficiency

oV

— Prednisone - Frcgnan(y drug of choice bC activated 1 prednisolone in Iiver 5FcbuJ dhver )

)
—¢Fludrocorrsone = ONLY (F MINERALOCORTICOID DEFIcIENCY )

‘an@II may bc mmnminmg aldosfcrone. (csp (F 27 adrenal /'n/wﬁ#/c/‘fncj)

K Glycocorticoid ADE
- obesity, diasetcs, & asteoporosi s
~AUUFC cerrat’on —>acute adrenal in/uf#/z/mcy (Partal)
| HYPERALDOSTERONISM |
1° = URAAS + okt
9° + TRAAS +« k'
%' mincralocornioid recepror antugONis (comperttivily inhiboit)
—Sigpivonolactoney ADE* Hyper kalumia * Jynacomastio
—iepicronone™ ADE Hypor calermio

| CUSHING Y NDROME )

TX :
@ Jurqcrﬂ In piuitavy / adrenad +umory —>rcpla/,emcm‘ Sewids for life
@ radiation
@ medicohbn 40 control cortiso| wnen | 4‘2 dont wore
J
ANV N K decreast androgens choles terol w;vzo\]/a;lf\c
&f« g [eerownazole)s innivitt 17,20 yasc @ 1ow dose ; innibif3 side chain cleavage (@ hign dose  OMMOT
MIT0TAND © arsfects adrenocortical mitdchondha —> deweascs all hormeney
MENFABOAE”. innivits  \Bhyd oXyloke — decrease cortisol galdosreronc | snould TACTH
diagnostic a’mg 1 tes+ hypotralam/sc ;‘piru//wy reponse
Migepristone - 00 lUoLorLoid recepror — treatd nypekgijcerm a in cwhing}
[HPa Axis Dugy)

% Leuprolide / Gonadorelin © GnRH analogy j sustained releasc s inhikirory

bwaluaﬁ% HPG funcnon

@ Lw cndommiom} precocious puberty, Breast CA | g pallignve X of progtate CA

¥ ADE: DVT, not Flasneys, CIL in pregrancy 4 laraarion
kTEJ‘TOJTERONE FLARE |
ANNANNANNATAANAAAN

®

pt loegins pathative carc ||
for advanted prosriie CA ||

gexperiences bone pain
g arrnythmias. MoA of

*M { GnRH antagon.s+
x for advanud projiate CA
CI Preg., lactation, g Whendwn camsc Vag. blecding

DFLARE
can promott (0IfeQpororrs

KeFlutamide : androger antagonts-
NNV -
I metautaric prostare CA Liesmpsr. Fiare

» Spinal compression

X you snould admini ftee T

Testosterone Flare

* May drive rapid growth of small tumors

Drives bone pain

%

Renal ureteral obstruction
Cardiovascular crisis % arrnythmia &
Leuprolide — induced may surface in 3
days to 3 weeks.

Y fesrosterone Fare w|
Flutamide (ardrogen antagon o+)



1. Explain the synthesis, dissect the regulation of secretion, and
predict the actions of:

insulin

LOT  Glucoie Metmbplism a.

b. glucagon

2. Apply above knowledge to integrated hormonal regulation of
. . . lucose homeostasis and intermediary metabolism.

-k\l NJULIN: \ promotes urorage of ingested nurricntT g ry
glucosc 4‘ kt intoceld

kpepnde hormone Ag B cnam/ conncered by C-peprde

2 cleaved ISLET FUNCTIONAL STRUCTURE

Y dyntnesized in ER of Bcelds i Gy, ) ,
WVt Se- de reteascel in equal amount wl injuli > g VT o 7 creting B cells|are
f\;}%ﬁ:ﬁ’g‘ — .C—EM aved £LRue g i’ cental tﬁemiz-gonty — they are
endno'o * Gluose mediased inguiin relealc located centrally

e¥0%5in .

i Glucagon secreting a cells
are located more
peripherally

@gluwlc taken up into «M via GWT2 (@ rneed insulin)
@ . @ grose forms ATP T (1ATP: ADP ratio)

Blood enters in the center of

® AP closcs K* hanncly
@ Depolarize

catecholams nAS
inhiort injulin
secreion by

the pancreatic islet and flows
towards the periphery —
optimal for paracrine

LcAMP signaling — pancreatic
hormones alter each-others
secretion — insulin inhibits

glucagon secretion

® tintracellular Ca?*
@ indulin relaie vid cxowtod/y

Pancreatic islet

Adjacent cells are connected
via gap junctions — allow for

Stimulants of Insulin Release

Blood enters direct cell-to-cell
from the -
- A center
and draing ‘The message is released
outward. in roximity to
Amplifiers of Glucose-Induced Insulin Release(E increting Y 1o the
inuealt
njuun
ampiifiers e
- pofcn rafe other cells within the islet.
responsc of
cett 10 )
Inhibitors of Insulin Release ‘9[u o/t INCRETINS  INCREASE INSULIN

Gl REGULATORY HORMONES ((FEED
FORWARD) — PREPARE THE BODY FOR
NUTRIENT METABOLISM - ORAL
GLUCOSE ADMINISTRATION EVOKES
GREATER INSULIN RESPONSE THAN IV
ADMINISTRATION (INCRETIN EFFECT)

X 1Wo pcaks -
food = B -10min peak — 30-45nun peak — bascline@90-120Mm:n
sprke SIoW rteady ridic

¥ @lucoje Tranport : m

GLUT 1 brawn § RBC +, unidieshonal, @ requiive insulin

INSULIN-INDEPENDENT GLUCOSE UPTAKE - LIVER
Feedforward Mechanism
+ FED state RS
« Insulin binds to its receptor and facilitates glucose 6- . g
phosphorylation| xokinase) that traps glucose and gcm na réaad 3
Kkeeps intracellular glucose concentrations low for Jugar %
- Trapped glucose is stored as glycogen or converted to ° Prepares to
fat for storage uptake fats
» FASTED state
+ Glucose levels increase in the hepatocytes (from

* Prepares to

vefore wWe
uptake sugars eror

gor it

'\im glycogen n and gluconeogenesis) — glucose
_(,0(,! 5\ or leaves th and enters the circulation to maintain .
ik . L ) bloodgiacose lovels forciical gucose dopgndent Insulin release
aord b | GLUTZE B-cuuls /iiver, vidiceunonal; @require inutin ne o,
L%\%W GLUTS = adipowytes . ‘
= POWIts, fiel m. ; REQUIRES INSULIN : I
ANnAaANANANAANAAAN
il : . ‘ Cholecystokinin (CCK)
wt [ SaLTL: s mieirine | - == of LY e
et
gﬂ-,dv” EAY trandpor+ [t like peptide 1 (GLP-1
‘go\” SG_LT_Z mdm“f’ PcT pe INSULIN-DEPENDENT MECHANISM OF le"m:::g::lepewe ( )
ACTION
Insulin binds to cell surface receptor («
subunit) - turns on tyrosine kinase (3
¢ntrgy Jonor e e GLOT
Eiocan ke,

%Wm: inorain, liver, mucle R
Linraulwar glucose = VATPE TAMP = TAMPE
'®
*

5. Insulin-receptor complex is internalized
nsuiin down.regulates is own
roceptor on target eells
iy

want fo uhilize
encrgy Jtored in

—autivarcs catabolic parnway —>
A1 \aodg be LATP

@ 1FA oxidazion

T insutin-dependernt glutose uprake

/ ¢ mtor ﬁ"met/i'l Jynth patmway ('cn’:"v”';ycnrq
Taensitivity +o insulin

Mctformin
athvareS

GUUCABON: cynmusized as 1 protcin (proglucagon ) by gf celdS in pancreas & intestinal L cely (make GLPL ,GLP2 only)
*The Mo/t important ctimulus for glutagon secrehbn 4 BG <(O0 mg/dL

GLUGAGON MOA -

*1 @glwajor\ binds ::‘ = adenytyl cyclasc
Stimulatory Factors somaﬁTDJmn MPT * +
Homimgece WA nivits oo™ (@ adenyly) cyclase —eAMP %

inhibitory
effect of

insulin on
glucagon

release

glucagon £

iniulin for
dready S

glucagon release

(3 ¢ AMP pnosphonylatts things
phdiphory
for metab. effects oF glucagon

Mmakey Jonic o
§oUu can W ne
Quuiose youre

maxing <%




@ LIVER: 31\4{09&?101‘45"5 //imm'bl'l— W

Wy .- . L e .

g‘\ﬁmcg?& f&f%@ Jluconcoacne.ﬂ'S //inlmwi' lycolygid by mh-\olfmg glutokinasc  PF, Pk

wort fg‘\:c‘w fa¥v oxidarion // innipit acyl ¢0A cavvoxylart .. breaking down W”
‘0",(’(0’

SOMATOITATINY poly pepnde synthn. by hypotnalamus § & cetts §'GI mucosa

LSinnivits  gecrenon of insulin § 9lucagon in: paracrine +ashion @Nleh;l
prolongs gartric EMPTYiNgG , decreades gastric acid — Glowd Things down
smulated by (@il nutrienis 4 B adrenergic agoniits

+ Understand pathogenesis of T1D N |
 Recognize symptoms of TID /7 K E ik nigh profe
Eila‘ff\ ;::?-éefr;lrgcommendations to guide 12 X : @ Lrin BG
- Recognize presentation of acute complications of - -pp! wl :
ilDl biochemical and physiologit le f quPO‘j"jWV”“
: " ghicose metaholiam o manage aeuts | T X eed o odd
LO 8 Tl D gimphczue‘nasbo} D ge acut ! '},ﬂf #protein o
+ Understand implications of T1D in a pediatric \Z QA Calo vith
patient Pepilee meal 1o Flatt

ngulin (wve

X W + wlet autoantibodies destroy pancreattc Beelhs (T-cell mediared )
* @ wgulin ; R ceus do NOT respond +o insulinogenic Itimudi
& gucagon (vody minks i3 starving)
* @ (ver, muwck §fat = BREALDOWN
= ketone build up
=7 reversibu wl exogenows  insulin (oral medicationy Dwork)
* TrIL ; super nigh genetic link
—protective = DaB1*0w02, DAAI*020| DRB1|40]
X|Envirgnmenra! facrors: |
/]\lelé {' virujes : COXB | rubclia
T asceptic livin
- breastfeeding >bmos
- infvo of cerealy vetween 3-Tmog

v
O oawtdimmunity
@ IFG and or 16T; Doy
@ rymproman ¢

VR [

JIanNg — polyuria, Polgo/lpf/'ﬂJ Thirdk, biurred vigion, nocturia, weaeness [faflgue

t weight Josy due 10 Umuicly mars (carabel im)

@ 21
X

Insulin and glucagon levels are

both increased by high protein

meal for minimizing the effect
on blood glucose levels

-acals

|

1 Glucagon

Promotos collar uptake
and assimiation

Hyperglycsmia

%ig. 1921, p. 125
Slocd glucose

PSST...this is the reasoning for BALANCED meals remains normal

Aurdimmuwhity in T1D:

X Antibodies against Beta cell proteins
= Glutamic acid decarboxylase (GAD
= Islet cell antibodies (ICA)
= Tyrosine phosphatase IA-2 autoantibodies (IA2)
= Insulin autoantibodies (IAA) y
"« Detectable prior to onset of hyperglycemia — Stage 1
= Occasionally decades earlier in LADA T

ost sensitive |

= Risk increased with increased # of autoantibodies — nearly
100% risk with two or more followed over 10 years
Jensitive

@

—>Jupc

pt wl family i of TID (ot pavents) presents wio vxs
youcan get glutamic acid decarboxylarc (GAD) level

Diagram of Possible mechanism for
development of Type | diabetes

Tslet Cell Destruction
Tnsulin Deficiency

Clinical
Diabetes

— altcred tevel of congciowneSs, swect smeding brearh (ketoacidosis) | vomiting

r impaired growtin i children, Untqual aitercd vidudl acuity , in¥eoti

. SRS o
—9]mwh’h replacment TPy ; requires freguent BA monitovin

X BalJal Bolul

[ACUTE coMPLIcATION! ]
X Hypoglycerda — Fata|
XBG 230 LOC/ sic2ur
% causes +F hypoglycemian
- Behavioral
- (ounwvrfjm]mﬁhj_——éjlufagon reJponéc \

4 ENPOGLYCEMIA
kiLLs Jou No

¢ —> ptimancnt brain damage /dlearn

v (©

¥g,ﬂcr\t%£wyﬂ > X X glutoic 1x |63 carbs = rechece ISmMin (@Mndtd UMYI)
ﬂﬂ" zlz:fl“‘?oéo S wiK, gioke TAV\LS, oke
2

-follow w| mead

*lD VaAi * vapid mobiliz;an0N oF ehergy stores TBG Tretones bur @ insulin

X X X ketone = - hvajl‘v)(ybuh/mrc

A et —vedenydianon & decreased excretion of +/*
T
gc'o:g;‘ﬁzf * caused by © new onsck T1D, Qdose, stress, noncomplian
"
% X Py 12 olays worrening soludip/poluwria . NIV fariaue

d

ong

ACUTE COMPLICATIONS OF T1D —
* HYPOGLYCEMIA #¢ o 22

» Symptoms related to level of hypoglycemia
« BG <60 mg/dL
« Nausea, hunger - parasympathetic
+ Tachycardia, palpitations, sweating, tremors - sympathetic
+ BG <50 mg/dL
itability, confusion, blurred vision, headache
oglycopenic effect
0 mg/dL
£ Loss of consciousness or seizure |

[‘t; * Relative hypoglycemia

« In patients with persistent hyperglycemia/poorly controlled
diabetes

+ Will “sense” or “feel” hypoglycemic at normal blood sugar levels
+ Not arisk for neurologic compromise unless d/t drastic change in
“BG - )

o MANAGEMENT OF
POMRVIN  HYPOGLYCEMIA
\ S o, L0galgeose = omoet
in I8min

» 20g gluco:

se = 60mg/dL
over 30 min

« Fat will decrease glucose
absorption
Candy bars are not good for
treatment of hypoglycemia
xamples:
4 oz fruit juice .
|* 3-4 glucose tablets ™
| - 6 0z “pop” or “coke”

©

= Recom foll
glucose treatment with a
meal

W (skip olose 10 /2se weight)
awdomirnal vaun



X Labs "

v v o

ﬂg\

(O 1 sotonic saline +o X Nyperglycernia
AANAAAANAANAANANN

®

thar we cansred by inulin
L0 Obeyity

% Encvgy balance

%Ehcrq\ﬂ in food conjumed - cxXfomal wovk + MW+/- stoved energy
& Positive tnergy alanw ' energy coniumed > exturnAl wore + heatr

£ Neganve ensrgy waignie * energy conumed < extemal wone  + hear
Regulatory system for food intake: .
Long and short-term afferent signals — sense energy status * METﬁBOU c RA'TQ :

©0-10". = basal (BMR)
30-40 /. =external Work

Integrating brain centers — hypothalamus
Efferent signals — regulate intensity of hunger, energy expenditure

This system avoids starvation — the system is more biased toward
avoiding energy deficiency than to prevent excess storage

* Feeding Behavior

S8aniation - fecling + fuline sy ; SHORT - TERM S1GNALS
—> ghrelin, CCK, Peptide VY, GLP 1 | fIJ PP

'/J‘m N pmlongaﬁon of intorval unti] hunger
—> inJulin, glucagon, leptin
LONG TERM adiposity vignal (drcety related ro fat orores)
—in grarvation: Vleprnn < W
—in obesiny 2 Ticprin = Iepnin resiskance ; brain ignores vignai
— stimulatz s ;&_A’J' —->A{jv]\'/!‘\j\

ADI FONECTIN’ inveriely reloted 1o fat mass | Tinulin seniirivity

¥ secreted by ,m/,)oocyh:f
* medianed hy AMPK.
—Serimutarcs FA oxdation § glucoic uprake
in muscle by GLUTY
skrntec2olid inedrones Tadporectin

VFood hizake

X cauies § pathogenesis of obesity [pathopnyy. consequences
§ comp licatrons of obciity

X long- ferm conse qucrnce s

Systemic Consequences
~of Obesity
-

M

etabo’l
Adipose tissue = a metabolic ORGAN

Adipose tissue — stores energy
releasing adipokines — pathoph

Obesity is a chronic inflammatory

D acts as af crine organ
iology of obe: d its complications

“Psychoso
Low - society looks down on weight
Social and cultural standards for dietary pattermns
cial and larger scale social connections increase likelihood

vy and hard @n joints.
ight exponentially increase pressure on knees

X pathopnys consepuence s §'compiizarroma- of obenty:
—% visceral fat = greatcr VYick e closc 1D Viceeral a/gpm/

* adipokines : \[\\Lndipommﬂ

Third
ventricle

Ghrelin

S PAI 1 aterorclrosis §thrombosi s
A\ NS ANNNAN

- Ang-om\xino?cn—% d;’){

@ inqulin rxaeidogic (may need 1o add giucose )
aming —>IWiteh 1o JupQ once acidosis resolucy
’I >/5—0mg/0/L/hV AB@ = c:rcbra,/ edcma //
AAVAV AV AL "

© Seorsisensnsgustne sypermomemia § Hyporatemia

AGPR /NPY

VNPY/AGPR

ANDREXIA

v v 7 LA v ° 4
TBa , NPERLadwmar, HYFOnatrenua, denydration, mitab. acdosis (HAGMA)

ACUTE COMPLICATIONS OF T1D —
DIABETIC KETOACIDOSIS (DKA) -
TREATMENT

{Hydration treats hyperglycemia

2-3L of isotonic saline dlufc

+ SECONDY Insulin replacement freats acidosis
- Bolus insulin dose after initial hydration
+ Continuous insulin infusion until acidosis resolves ||
- Dropping BG faster than 150mgy/dL/hour shifts fluids and can
causelce edema) piud oni s
xtrose to IV fluids when BG <250 mg/dL

- THIRD: Electrolyte management. ©
- Na+ will increase as glucose falls, switch to hypotonic saline
following initial rehydration to préevent hypernatremia
+ K4 wil fall as glucose normalizes, add to fluids once K+ 5.5
/L of 1658 Yo prevent NyPoKalemia g ¢ once i normadize.
- Severe acidosis: pH <
+ One amp bicarb in

@ Know this slide and keep it handy on rofations!!

Identify major components and discuss regulation of energy balance in humans.

saline solution

Identify short- and long-term goals and describe regulation of food intake (appetite).
Analyze causes and pathogenesis of obesity; identify pathophysiologic consequences and
discuss complications of obesity.
Explain the long-term consequences of obesity in both children and adults
Identify pathophysiologic consequences and discuss complications of obesity.
Describe strategies for weight loss and maintenance

Lifestyle strategies

Pharmacologic therapy

Surgical options

Primary feedback
mechanisms that control
food intake

« Stretch receptors in the stomach activate
sensory afferent pathways in the vagus nerve
and inhibit food intake. feeling o Fullncar

« Peptide YY (PYY), cholecystokinin (CCK), and
insulin: Gastrointestinal hormones that are
released by the ingestion of food and suppress
further feeding.small in

fgrlelin‘ released by th&stomach;especially
duri sting, and stimulates appetite.

«[Leptin: Produced in increasing amounts by fat

cells as they increase in size. It inhibits for

intake. / rimulant/inh

ongrerm

TFatr l
\

[ Tlepmn Zinsulin )

A @\
Fes

POMC/CART

\

TamsH
reLeasc

|

PAmsH vinds
o MCR4 rewepton

PARAVENT.
NucLE W

decreasc

Neurons Neuron
of PVN

[ Yire

MCR-4

f Food
intake,

Tenergy
expepditurce
AGRP) Y1
NPY Arcuate

nucleus

MCR-3 POMC/

Lo o2y CART
R ‘=
o-MSH (Ll'pR

MCR-3

Insulin,
leptin



* M@ recruited wl weight gain
-TTNFa g IL-1B — worsen insuiin resirtanc
— Cardio C‘omloll‘wlﬁO'V\S
% lunit TBMI = TS 7, rice VD men § T/, women
4 HTN, HF, CAD, PAD Al
A altered hemod ynamies

Sleeve gastrectomy

our

™M
Gaining popularity even in super obese (BMI

.% H'JPOYIHJMIMCYVIWI —Qﬁ c‘” #ﬂl?ukc % TZDM 2 | ;?Ol)c)e%z«ijtliznts as a stand-alone bariatric
} ° Q) , Laparoscopic operation
— Non-Alcoholic Fm‘Yy hiver df (70 "QO /° ) . NS First step of Roux-en-Y procedure
* Ta deposition = cirrhoyis & carcinoma V) G TR e
Improves T2D independent of weight loss
— Canter dl.(c ‘o 7\ CJWOQW qlaj)dragcru — BVraJl‘/cna/amc t. CA Favorable changes in gut hormones
ANNNMNNANNANANNNAS NN
X Hormonal comporunt + inflammatory mudiarors 4R
—> Repro 1o main@in wL:
Cnergy cxpenditure
% PCOS : TLH bur Bsurge; VFSH = Bovulation ; hyperinwulinemia iy more imporiznt
NN Mmanh caloric

redirichowm

x i stratreg jes f Mantenance

~ monitored weight (08§ programd = most cffechnVe in mm‘nm:‘nmg long ferm weight 1045

- (50 min excrcric/week can prevent DM Roux-en-Y Gastric Bypass
‘/\‘//‘\E/l\)/\ff Wore in brain; only work whie you take em - e

Mechanisms of weight-loss:

~ phenturmine /‘fDPn’ama"C (WIFFC'HH rough o{o(oa,miru) { i
W ('rFOMC ﬂLT"IVl'fLI) . Malab.sorption

SovliStatr (inhibits llel—C) ; g , diaphoresis,
palpitations)
- TURGERN : [BMI >490 or BMI >35 + comUVb,d,h(/(TZD CVD)] Altered Gl hormone levels:
" ghrelin |, GLP-1 and peptide

Y
¥ Restrictive : wmall meals, ymall intulin response (1 (0w giycermi +o0ds) d

Mc¢ = adjustare band
fieeve qasrrectomy — improves T2D  indgpendent of WL

F Malabsorptive : long tearm WL ; moit chfecrive BMI >SO ; +x T2Dj need vitaming +orever
Roux-en-Y : "Gold Handard = —> makes hormones normal)

Understand the impact of obesity and Type 2 diabetes on the US

L/O FQ’”’] i; Py oF 72D« population

Diagnose T2D and “prediabetic” states by applying history and
physical findings to currently accepted diagnostic criteria

Describe pathophysiology of insulin resistance and beta cell

* Geraronal Piavetesy (afrr 24 weeks) destruction
. Describe mechanistically selected factors that reduce response to
- TRF: obcyiny | FamHx DM, cwrrent indutin insulin
P Discuss systemic inflammation related to obesity as it contributes to
fedidfante (ex: PCOJ)I POC insulin resistance and beta cell destruction

- (complicationy. macrosormrniaq fmorm/:‘ly Apply understanding of development of insulin resistance syndromes
N 2 to prevention of diabetes
Trisk of T2D in baby

< pamogenesis: human platental lactogen iy
analogye o 1GF -1

j' Type 2 Didbetes)

- Highest ris b in (Native Amcricans | Alaieany
AL LVVNAAAAAANANAN
- prevalence Tlogan‘mm/ca,uy

¥ Diagnoytic Crircrig :
X . . o . o
@ Table 2.2—Criteria for the diagnosis of diabetes

(OUaDly (” FPG =126 mg/dL (70 mmol/L). Fasting is defined as no caloric intake for at leagt t8h, ‘)

Prediabetes

mpaired fasting glucose i

4 OR
C sting blood sugar > 100mg/dL (/
A%‘ﬂon 2-h PG =200 mg/dL (11.1 mmol/L)durmgah QGTT. Thetgstsholl\d be performed as described d glucose tolerance pran
qu by the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose glucose, elevated after g P st-prandial
dissolved in water.* Typical of insulin resistance

OR

Oral Glucose Tolerance Test (OGTT)

75g glucose load

A .5% (38 mmol/mol). The test should be performed in a laboratory using amethod that
is NGSP certified and standardized to the DCCT assay.*
OR

. Positive test is BG 140-199 mg/dL after 2h
[-A1C5.7-6.4% |

- People with prediabetes have an increased risk of developing
type 2 diabetes, heart disease, an

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, arandom plasma
glucose =200 mg/dL (11.1 mmol/L). —> £p/low/ wl ALC

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing. confinuum — ¢




N e R
X EVERNONE |

¥ 45y0 wl @RF %cvcrggym,:,

X any adulr wl RF —>cvery 3 yeans if normal
ex: FamHy, Poc , Hx CVD, HTN, PCOS, inachvily, prediabctes , G DM (Cvcmj 3char\r) HIV

P

" Polyuria, polydipsia, polyphagia (more insidious ensct than r1Db)
M/C*_ blurry virion § nocrutia inkechons like (Candidhidiris
ONANNNAANANT
- Fcr"lohcm,l neuroparhy

k* HYPERINJULINEMIA down regulased  ingulin receprors —> INULIN RESIITANCE
*W = INJULIN RESISTANCE 2\ onty T2P

@ = hyperkerarosis § hyperpigmentation
—caused by Tinsuin binding t (GF recprors on melanin cormuhing celly

...alfo wl insulin resifrance -
Hyperardnagenism in women —> anovularon (FCOS)

* Insulin_Jignading patmway:

l. mu, P eFFect by insulin refiltane . hyper insulinemia —> proléeration inflammation, etc.
2. muttbolic | via PI3 kinasc activanon —> mTOR Tprorein synmn; Innigition « mTOR - hypergiy enmia
— inhiwvit Jlycogen vyntave Kinasc
—> increased expression of GLUT4

ominoun/ o(tket:

Decreased
Incretin Effect

s Fel e /
OMINOUS Octet (] ™ol iger s pathophy. __Ominow o¢ket:
@”VCV" Makey more fugg;—/-)g/u(ofox/‘dfy T@@P /\ - Increased

Tglucagon ‘LLL.
Islet—cx cell

Lipotoxitity — qiuwoncogencyi<

@mwcu: lean T2D = more vcvere insulin Yeslftarce
down regulatcd insulin receptors

Increased

IRS 2 dysrPunctron = Bvarod:latron Bl Giucagon \
NORMAL MAPK —> inflammazton, cell proliferation, §atnerofclero/is Secretion/” ncreased R
e - Upta -

Neurotransmitter
Dysfunction

insulin reiivtance forces Bicells foroverprodite
£ evenrually  decompeniate

* Lipotoxicity

* Glucotoxicity

@ * |APP - m secrered 11wl insulin
L deposits m Beehs —> %]

@Bcell:

(@ Adipowyte : resittance 1o antilipolyric effect oF insulin
i} m \[,qdl'joonu,ﬂv\ A 'Yad‘\OO kined
— 9luoncogenesis

— hyperropnic adipocytes @erore +at well
S T@ store in liver, Beells, g fmpdth m. QMW

EARLY MANI FECTATION  #

@GL: inuctin effeet —> orar gjucole > IV glucosc

@ Lsin 720 \ncretin effeet v VGLP1 & Tresistanea o GLPI of Jff:/;r;r;ig/um/c
ANANANNATA

AGIP yut resistant 1o cHeers —ST2D

AL

@ Ocell: Hypergiucagonemia ; \ suppreson by GLP1
liver (f more r://oan//'lxc 1o 7\9/LICM0’) —>makeS more 9lucose



@ridrey: TSGLTZETGLTINS perperuating hyperqlycemia (maladaprive)

@ brain' inwlin cesisrance in cercioral hisue = ¢JMPPy¢;;,'on of food intake

u"a‘

AN - . . . . N L
(J\;\/‘\l‘\(g Utilize mechanisms of action of antihyperglycemic medications to optimize
w

. ' pharmacologic treatment of Type 2 diabetes
INFLAMMAHON /’ Describe pathogenesis of clinical complications of Type 2 diabetes
TC/'\JP 4 /[_-lIB = PdeI'(,ﬁVC of TZD ‘ Understand screening protocols for complications of Type 2 diabetes
. \ Discuss pharmacologic approaches to prevention and treatment of diabetic
* TCRP vest womarker of CVD in T2D \ complications

~ what, when, why

L11 Compiications of T2D: wiat  population for whieh

Wy med works 4 How

Goals*
ALC<1'le DECREASES (OMPLILATIONS

ALl ¢ 0.5 for newly dy young diabznc s
A1C 1.5-81 = JHORT LIFE — 2 MEDJS
A\ N\ANNA

Higher AlC: more inkknic mrapy

lNlTIAL CHOICE UNLEGS CONTRAINDIC ATED : (ETFORMIN)
/\/\/\/\/\/\/\/\/\

= weak insuhn JCWIRTZEr 10 M.

X \hepatic giucosc production
4 VAIC tmen Twl peeuts farlure
Low RISKE oF HYPOGLNCEMIA + T%D - g“m%o FFAQ
nc =
& Tiazolidincdiones © Pioglitazene - cdemae (P HE

Xx\ALC j preserve B cell Fix)
protcct agonni+ (APP toxicity

S PEARICHGERITF rodilizes Fak, prevens Lipomoxieity # GLIPTANS = DPPIV
®JIynergy wi ametformn - QHQI‘OCJC/’V)&( @A’GEI

—S Rk ,,,c eI i

% incretin mimetieS
Injectable” GLP-1 agoniir : “‘tide”
~longrerm preserve B cell F(x)

(bjo - restores normal glucode - sAmulared insulin secret10n
W_onel -wL
g™

oral.; DPP-IV inhibitor
?ﬂ)\\ - prevenrs breakdown of GLP
@\,\ - Bhypoglycemia ANGIOEDEMA
-~ @ affecton wright

¥ $GLT 2 inhibitors  'glf102in” [0 Wl HF or cLD
@ - @PCT. pte out glutoic
—> good for acrivt middle eged Pt w| CV dz
¥y RUE of denydranon § genital yealr inFecnon(

% Intulin = Basa\ Bolug
S RIS of weight gain 4 Wypoglyemio imig VALC
= profets B celdt



¥ Julkon ylureas
BAD LONG TERM by exhausting BeeUs

FIRST-LINE Theragy is and C ive Lifestyl»
e ——

[ INDICATORS OF HIGH-RISK OR ESTABLISHE ASCYD, GKD, OR HF'

CONSIDER INDEPENDENTLY OF BASELINE A1C,
INDIVIDUALIZED A1C TARGET, OR METFORMIN USE*
IF A1C ABOVE INDIVIDUALIZED TARGET PROCEED AS BELOW

s required or patient Is
unable 10 tolerats GLP-1
RA end/or SGLT2|, choose

agents demonstrating
CV benefit andior safety:

* For patients on a

GLP-1 RA, consider

adding SGLT2! with

proven CVD benefit
and vice versa'

- Tz
= DPP-4i it not on
GLP-1RA

* Basal insulin®

. SU J
1. Proven CVD banefit means & has label Indication of reducing CVD everts
2 Low Some sy be betier loknsted Tough ies well stucied for CVD effects
3 Deghuciec or U100 glargine have demonstrated CVD safety
4

Choose later guneration SU 1o lower fsk of hypoglycemia
GAmepirice has shown simiar CV safety 10 DPP4i

COMPELLING TO MINIMIZE
HYPOGLYCEMIA

lswm&xl ’SGLT?I ] ‘ T }

=
HAIC | HAIC ]
above above
target target
r r \
GLP-1 Ml SGLT21
OR OR
OoR DPP-4 [ ]
OR OR
20 J ~GLP-‘ RA

T20

¥ AIC sbove target

Continue with addition of other agents as outined above
M AIC above target
Consider the addition of SU* OR basal insulin:
* Choose later generation SU with

lower risk of hypoglycemia
* Consider basal insuin with lower risk of hypoghycemia*

7. Proven benefit means it has lsbel Indication of
reducing heart fafkare In this population
8. Rafor 1o Section 11; Microvascular Complcations and Foot Care
9. Doghudec / glargine U300 < glarghne U-100 / deturrir < NPH Instin
10. Sarmagh tide > Iraghstde > dudaghitice > exaratide > Exisenatde
11. 1 f0 specific comorbicies (6., 10 estabiished CVD, low fisk of
rypoghyoemia, and lower priarty 10 vokd weight gain
06 10 weight-relatied comorticities)
12. Comider country- and mglon-apeciic cost of dgs. n same

COMPELLING NEED TO
MINIMIZE WEIGHT GAIN OR
PROMOTE WEIGHT LOSS

&lev/@a

gaad Wuq

- -
HAIC sbove target

If quadruple therapy required,
or SGLT2 and/or GLP-1 RA not
tolerated or confraindicated, use

regimen with lowest risk of
weight gain

PREFERABLY

DPP-&i (f not on GLP-1 RA)
Dasad on weght neutrRity

If DPP-4i not tolermsed or
contraindicated or patient aimady
on GLP-1 RA, cautious addition of:

* SU* - TZD' - Basal nsulin

COST IS A MAJOR
ISSUE™=

wh ragart 1o idcatec level of oGF 1 or eytistion and corsn.md use Ohucoselowertg Sassiee
medcasons.
. Countran TZDn we ristivety more expersive s DPP 4 are * Moat patierts e ved |1 he rrievart e s were 0n meTioma & - Rlsasboectfastlon

5 Do awars Pt SGLTZ iabesing vavies by gk and indida agert . = T — \ American
—— o L

Chvonit (omplication!*

Recommendations for the Treatment of
Confirmed Hypertension in People With Diabetes

5
y_ﬂll (10“\=1¢+ BPaJ (IW ay pt can Tolcratc

=|30/90 ml'vll“\a_
X ACE-1 /ARRs /- CCB or tuazide

sta . mtracellulan oxldatwe stress which over time causes
\ . cellula Y — vaJculow (mpatpmicnt

widelings —
3 4( I(lz\cGrEased intracellular advanced glycation end products
s

Pathogenesis of
vascular
complications

« Increased polyol pathway = 0nly when lots of sugar

Increased consumption of NADPH leads to increased “‘m‘”‘J

Alters} intracellular processes and extracellular matrix
prote
Altered protems bind to endothelial cells, mesangial
cells, macrophages

Cause expression of cytokines IGF: , TNF alph.

¥ Diaxtic Nephropatny * systemic HTN — qlom hyperfiltration
- Vasoconstniets  effarent (Aﬂgl) - ) ‘ Irg_LrJﬁgaon t‘)nyEGF pathway leads to vascular

Activati f Protein Kinase C

—Fyrone glomcrulus | {intracellutar glucose i
Il\ﬁa lgcreased intracellular glucose increases diacylglycerol

Mﬂﬂazﬁmm‘-f BP cacn visit

uvine aloumin g Cr anﬂuwu\fj ( ) VD

X ACE-i o ARB

"‘DA’@ Protein kinase C activated, leads to expression of NO
Synthase, endothelin 1, etc
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X Diabetic Retinopathy: M cause o biindnest

Nonproliferative

¥ RF : G/Uraﬁan , normonal Ds Earliest stage of retinopathy ?Eowth of_new capillaries and
Retinal calpillgries geakll DI rous msie n reltma )
proteins, lipids, red cells into ue to small vessel occlusion
@ % Jcreen wi ANNMAL DILATED retina causing tissue hypoxia and

EE T'NAL = XAM If occurs in macula - macular resulting in angiogenesis
edema leads to decrease visual More common in T1D
:Acmty ¢ ) Le(ajdgltodretinal detachment

I ost conimon cause of visual and blindness
¥ Bariarric Jurgery issues irl T2D
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Adrenal medullary
catecholamines are part of an
integrated stress response.
Catecholamines work with

cortisol (from adrenal cortex
and other stress hormones and
neurotransmitters).

Production of epinephrine is

‘ endent on cortisol

: r-m’”“;; tivat\on by cortisol)
Je
: : cortiro!

. dﬁzﬁom llockers \NBOT
4

Don’t forget that beta blockers will block may
e i symptoms of hypoglycemia..‘ex

hypertension = Qtacnyiardia , @ anxit

cduate dabctie prs
“nat JWCMﬁY\q_

Adrenocortical steroids, primary action = ypegiyeemia

i ™eyie on insulin

or sccrefngogu e/
Table 9-11 Actions of Adrenocortical Steroids \?

ons of Glucocorticoids

Adipocytes

Complement factors Hormones

WHY do appearance-

Ckontivirmra il e conscious adolescents skip

Adiponectin

( Adipocyte Aipone their insulin???
L WBOT

- Oxteidy - T1D +cnager compliant
Angiotensinogen
RBP4 / w| invUlin

Enzymes Substrates % X
Aromatase ree fatty acids % % PKA_ i .
11B-HSD-1 > - gkipped iniulin dasc 1o so0c weight

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 19th Edition.
vivw.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.

— Increased expression of GLUT4 transporters and activation of fat synthesis in fat cells
-formation of triacylglycerols (fat synthesis and storage)

-inhibition of hormone sensitive lipase a&ﬁl/afcd vy cortrvo/

-fat cells are immunologically active, secreting TNFa, IL6, and adipokines that modify

Answer

A 64 year old female uses Novolin 70/30 twice
daily to control her type 2 DM. Her morning
glucose is consistently elevated. What action is

N when
most appropriate?

Dawn phenomenon covirsol T
Add basal insulin (e.g., Lantus) Py = Tqlucare
. Somogyi effect
Add metformin OT A oyl

Check blood glucose at 0300 V\’/

Surgeof Insulin
growth  inhibition
hormone

Elevated pre-breakfast MANM

glucose level P13 en
h-‘ﬂ:c glycemic agent
—rebound of hormong,

Decrease PM dose of insulin

Increase PM dose of insulin

Blood glucose level

n lf_;FonJ 0
Elevations in AM glucose in patients on hypoglycemic overnight hypogiycern.
agents may be due to lack of insulin (Dawn Adrenergic outpouring
phenomenon) or rebound from adrenergic response
to hypoglycemia (Somogyi effect). Check 0300
glucose to determine whether to increase insulin
(Dawn phenom) or decrease insulin/add slow
carbohydrate (Somogyi)

Undetected hypoglycemia

8am

Hypogiycemic @ Sam = wrop what caused 1+

— decreasc bed time giucose
o — add (ong term agent




« Drugs that cause hyperglycemia
Antilipid: statins, niacin
Calcium channel blocker (overdose):
nifedipine (Procardia)
Diuretic: hydrochlorothiazide
(HydroDiuril) ~
Glucocorticosteroids: e.g., H‘ﬁ’“‘{‘g“"’”@
prednisone (Deltasone) #Wclﬂhf 341"
Thyroid hormone: levothyroxine
(Synthroid)
Calcineurin inhibitors: cyclosporine
(Sandimmune) tacrolimus (Prograf)
Atypical antipsychotics: Clozapine,
Olanzapine, Quetiapine
Protease inhibitors (-avirs that are —
navirs) eg ampreNAVIR, ritoNAVIR

L0V 54003

Effects of metformin

* Metabolic/overdose
« Rare risk of lactic acidosis (next 2 slides)
* Minimal risk of hypoglycemia
* Helps norm fasting blood glucose (important, because if you
awaken with high BG, it only rises from the starting point when
carbs are consumed!
* Gl cood
« Upset, diarrhea flatulence — tape wil 004
* Nutritional:
* B12 deficiency
« ?diarrhea —> TMMA ; mega Wla ki
« ?interference with Calcium dependent B12 absorption = anemia
« ?inhibition of intrinsic factor secretion ipnera | new
* Weight neutral

PPARYy agonists: thiazolidinediones

+ Mechanism: activate PPARy to
[a— increase insulin sensitivity of
i Tupa muscle and fat (increases

5 expression of GLUT4 among

other effects)

+ small reduction in hepatic glucose
n

* Decreased inflammation
* Weight gain

vl N Hepatotoxic
W‘«p’ﬁw = Macular edema
oYt J + Fracture, w
Nat Med. 2012; 99: 560 make 1 Anemia
0. . N S . ce.

#% (Pioglitazone (Actos) WOFSE, Cancer?

FYI rosiglitazone (Avandia) Te)
L o&

(Hvarce/

Substance P contributes to angioedema; DPPIV is'a
| ) major degradation pathway for substance P when

Nl y ACE is inhibited. Bradykinin is partially degraded by

[ o] e () (o) By oot Y F 9 y

| < APP aminopeptidase P, DPP-IV dipeptidyl peptidase IV, NEP

neprilysin, ACE angiotensin converting enzyme o

Bradyinin o . carboxypeptidase N (Hypertension. 2009;54:516-523) P

asiate
P 1S

ain ; infeorion

neuropeptide Y is
also degraded by
DPP-1V, there is an
increased risk of
arthralgia and pain

« Canagliflozin (Invokana) dapagliflozin (Farxiga), empagliflozin
(Jardiance), ertugliflozin (Steglatro)
« Inhibit glucose reabsorption in proximal tubule
+ Benefit in heart failure (empaglifiozin)
* Adverse effect
—

mia/hypotension~ 0ring
A"+ Increased urination, thirst g
* Hyperkalemia i ot

lumen of * Hypersensitivity reactions

Lo . « Increases in LDL

e necrotizing fascis of the perineu, i lso referred to as Fournier’

Nat gangrene. (FDA
2B Tglucose Impaired renal function (FDA bulletin 6.14.16)
+ Clin renal failure (eGFR < 30m/min/1.73m?
Increased amputation risk (canagliflozin)? (FDA 5.16.17)

Increased hepatic glucose production, increased fatty acid oxidation
(FDA bulletin 12.1.15)

« Euglycemic ketoacidosis
« Pancreatitis (Health Canada 2018)
Advantage
« Weight loss
*+ Oraltx
+ Disadvantage
* Recently intro'd to market

FYI: Current Drugs for Diabetes

Drugs that increase insulin sensitivity or
decrease carb absorption or increase carb
clearance

Amylin analog

Pramlintide (Symlin®)

a-glucosidase inhibitors

Acarbose (Precose®), Miglitol (G

Bile acid sequestrant

PPG = post- lam (Welchol®)

prandial blood | pipeptidyl peptidase 4 inhibitors

glucose level | 40 clintin (Nesina®), Linagliptin (Tradjenta®),
, Sitagliptin (Januvia®)

Drugs that
affect PPG>
fasting

Saxagliptin
Dopamine 2 agonist
Bromocriptine (Cycl
Incretin mimetics
Albiglutide (Tnazeum) Exenatide (Byetta®)
dulaglutide )(rulicity), Liraglutide (V
Lixisenatide (Adlyxin). Semaglutide
(Ozempic®)

Thiazolidinedione

Pioglitazone (Actos®)

Rosiglitazone (Avandia®)

SGLT2 antagonist

Canagliflozin (Invokana), Dapagliflozin
(Farxiga). Ertugliflozin (Steglatro)
Empagliflozin (Jardiance)

Biguanide Tr overnigh

/| fasting>PPG
Metformin (Glucophage’ A;M

Drugs that increase insulin level in blood stream (thus
may cause hypoglycemia when used as monotherapy,
will cause weight gain) (0uld cau k¢ Wypogiycom]

Rapid insulin (used preprandially)
Insulin aspart (Novolog®)

Insulin lispro (Humalog®)

Insulin glulisine (Apidra®)

Short acting insulin (preprandially)
Regular insulin (Humulin or Novolin R®)
Intermediate insuf

NPH insulin (Humulin N® or Novolin N®)
Inhaled rapid insulin

Insulin Powder (Afrezza)

Sulfonylureas

Chlorpropamide (Diabinese)

Tolazamide (Tolinase)

Tolbutamide (Orinase)

Glimepiride (Amaryl®)

Glipizide (Glucotrol®)

Glyburide (DiaBeta® or Micronase®)

Nataglinide (Starlix®)(a d-phenylalanine derivative)
Repaglinide (Prandin®)

Long-acting basal insulir{ at bedtime )

Insulin glargine (Lantus®)— iF s77/l waking wl
Insulin detemir (Levemir®); Insulin decludec (Tresiba)

Major actions of drugs for type || DM

Blood glucoze

Tahrani, Barnett, Bailey. Nat Rev Endocrin. 2016; 12: 568.

* Alpha glucosidase inhibitors — prevent
absorption of disaccharides

GLP1 agonists (incretin mimetics) —
increase glucose dependent insulin
release, increase satiety, delay gastric
emptying
* DPPIV inhibitors block breakdown of GLP1
Insulin increase glucose uptake and
utilization
* Secretagogues (sulfonylureas and glitinides)
increase insulin release
Metformin — decreased hepatic and renal
gluconeogenesis
Thiazolidinediones —increase insulin
sensitivity
SGLT2 inhibitors — urinary loss of glucose
MnJubin
Ain

Yryn

Summary Drugs and weight

* Promote weight loss/ weight
neutral
* Metformin
* GLP1 agonists (loss)
* DPPIV inhibitors

* Alpha-glucosidase inhibitors (loss)

SGLT2 inhibitors (loss)

* Weight gain
* Drugs that increase insulin in body
* Insulin
* Secretagogues
* Thiazolidinediones
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