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Pancreas Beta Cell
(produces insulin)

Alpha cell (produces glucagon)

Interlobular Duct
Glomerulus

Diabetes Mellitus

Anterior pituitary

in brain exerts
influence on

beta cells in pancreas

Low insulin causes
blood sugar to rise
above normal
(hyperglycemia).
The increased sugar
cannot be absorbed
by the kidney, and
sugar appears in
the urine.

E;;hausted Beta . Cells
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Function of Insulin
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Function of Insulin

Functions of Insulin

Insulin

_—-r

¥ X . e 1Y ____'.-"' ™ :,_,.-f/

Converts sugar to fat where it is stored in fat depots

-

. @&y —— = —— by

Facilitates metabolism of carbohydrates in muscle




|. General Considerations
A. Type | ("Juvenile Onset” or IDDM)

* Type | diabetes represents 5-10% of adult diabetics

* Type | DMs
characterized by
autoimmune destruction
of pancreatic beta cells
—> inability to produce

and secrete insulin
- IDDM

Liver unable to store

@ No<7

Insulin

Damaged pancreas unable to produce insulin

\@\

Sugar cannot enter cells

X X
High blood sugar outside cells

Even though

blood sugar is 5 7 S /
high - cells are not |Not-enough sugar inside cells - “cell starvation”

able to use this as
fuel.

* Type | diabetics are f,
subject to diabetic Sinvgcels (2585

break down

ketoacidosis (DKA) st
ketones : _/ KETONES

Diabetic Ketoacidosis in Type 1 Diabetes




|. General Considerations [
(AYA) proTERS / L

AMING ACIDS GLUCOSE CANMOT
I FREELY EMTER i l
. I = MUSCLE OR FAT t\

CELLS IM ABSEMCE FarTy acio| S

‘-‘——--.._.___‘____u_______‘_..-:._..-/f OF IMSULIN \_ 5 ___,_.,/'
 Diabetic Ketoacidosis

(DKA) ® @

Diagnostic criteria for DKA
7
Mild Moderate Severe

Plasma More than 250 More than 250 More than 250
lucose(mg/dl BLOOD

£ ( g/ ) L GLUCOSE

EXCEEDS

Arterial PH 7.25-7.30 7.00-7.24 Less than 7.00 \ THRESHOLD

- - 1
Serum 15-18 10-14 Less than 10 t KETOMES

bicarbonate(mEq/L) : UREA | INCREASED

Urine ketones +ve +ve +ve UREA CUTPUT
] INCREASED
Serum ketones +ve +ve +ve

Effective serum Variable Variable Variable

osmolality(mQsm/k WATER LOST
WITH SUCAR

g) AMND UREA

Anion gap More than 10 More than 12 More than 12 i : ;E'ff.FT. 1‘_-!I:P
’ B EATHING

Alterationin Alert Alert / drowsy Stupor / coma
sensoria

Normal Values
BG: 90-110 mg/dL 5 i GLYCOSURIA,

POLYURIA

PH:7.35-7.45 : : KETO—ACIDURIA,
Bicarbonate: 21-28 mEq/L _ . MINERAL LOSS

14 GE L L
MITROGEM LOSS CEA,




|. General Considerations

B. Type Il ("Adult Onset” or NIDDM)

* Type Il DM is characterized by a progressive deficiency of insulin
secretion and insulin resistance - hyperglycemia.

Type Il diabetics are subject to hyperosmolar hyperglycemic state
(HHS) - severe dehydration and obtundation.

Type 1 Diabetes Type 2 Diabetes

* Although DKA is p— e
uncommon in Type || DM, v =

Hyperglycemia
Hyperlipidemia

it is more likely to occur ek U

Insulin

during acute illnesses o
(e.qg., sepsis, acute MI). :

e
e

Insulin resistance

Absolute Insulin deficiency Relative Insulin deficiency
Hyperglycemia Hyperglycemia

L insulin & Insulin receptor




|. General Considerations

B. Type Il Diabetes Mellitus (cont.)

o Typ e | I D M | S 3 Decreased insulin seéfretion
com PleX d Isease Inefficient glucose uptake f
. . (skeletal muscle)
involving many

Path ol Odg IC Increased hepatic glucose
fa ctors production

Decreased incretin effect ﬁ
< -

v

Increased glucagon secretion \:—-}

Increased free fatty acids

Neurotransmitter dysfunction * _Q¢

. R
Increased glucose reabsorption G’




Il. Acute Complications of Diabetes

* Acute Symptoms: polydipsia, polyuria, polyphagia, nocturia,
hypoglycemia, fatigue, and blurred vision.

* Type | DM: Diabetic Ketoacidosis (DKA) - Coma

* Type Il DM: Hyperosmolar Hyperglycemic State (HHS)
- Non-Ketotic Coma

Hyperosmolar
Diabetic ketoacidosis hyperglycemic state

Diagnostic Criteria
. . Mild (serum glucose > 250 mg  Moderate (serum glucose  Severe (serum glucose  Serum glucose > 600 mg
fO r D e bet I1C Criterion per di [13.88 mmol per L]) > 250 mg per dL) > 250 mg per dL) per dL (33.30 mmol per L)

I<etoaC|dOS l S (D I<A> Anion gap* > 10 mEq per L (10 mmol > 12 mEq per L (12 mmol > 12 mEq per L (12 Variable

per L) per L) mmol per L)

and Hype rosmolar Arterial pH 7.24 10 7.30 7.00t0 < 7.24 <7.00 >7.30

Effective serum  Variable Variable Variable > 320 mOsm per kg

H y Pe I’g |yce m |C osmolality* (320 mmol per kg)

Mental status Alert Alert/drowsy Stupor/coma Stupor/coma

State (H HS) Serum 15 to 18 mEq per L 10 to < 15 mEq per L < 10 mEq per L (10 > 18 mEq per L (18 mmol
bicarbonate (15 to 18 mmol per L) (10 to < 15 mmol per L) mmol per L) per L)

Serum ketonet Positive Positive Positive Small
Urine ketonet Positive Positive Positive Small




II. Chronic Complications of
Diabetes Mellitus

A. Microvascular and
Macrovascular Disorders

1. Microvascular Disorders:
RetinOPathy e ——

Microvascular Macrovascular

©0C ,jve\ @

Eye Damage (Retinopathy)

‘) [ [ 1 |
Kidney Damage (Nephropathy) U i \ s
*wt 7~ > ) )
*) /\ % de

Nerve Damage (Neuropathy) A5 Peripheral vascular disease




l1l. Chronic Complications of Diabetes Mellitus (cont.)

A. Microvascular and
Macrovascular Disorders

2. Macrovascular Disorders

 Cerebrovascular Disease
- CVA (Stroke)

Cardiovascular Disease
- CAD (coronary artery
disease) > MI

Peripheral Vascular Disease
—> Diabetic Foot Infections
— Gangrenous Extremities
—> Limb Amputations




I1l. Chronic Complications of Diabetes Mellitus (cont.)

. . DIABETIC NEPHROPATHY
B. Kidney Disorders B

Chronic Kidney e=——=) m
Disease (CKD, DKD) A ...

AFFERENT
ARTERIOLE

Pyelonephritis

MIXED PICTURE: ARTERIOLOSCLEROSIS,
PYELOMEPHRITIS AND GLOMERULOSCLEROSIS

PUS CELLS ] PRESSURE )

AND

BACTERLA
~_ IN URINE

KIDNEY
PLUS SIGNS

OF DIFFUSE
GLOMERULO—
SCLEROSIS AND
EVENTUALLY
RENAL FAILURE

NORMAL GLOMERULUS




lIl. Chronic Complications of Diabetes Mellitus (cont.)

e LOSS OF VIBRATION SEMSE

C. Diabetic Neuropathy

1. Chronic Neuropathic Pain
2. Paresthesia

3. Orthostatic Hypotension
4. Gastroparesis

5. Diabetic Foot Ulcers




IV. Criteria for Diagnosis of PRE-DIABETES & DIABETES

A1C >5.7%, but <6.5%

OR

Fasting plasma glucose >100 mg/dL (fasting is no food for at least 8
hours), but <126 mg/dL

OR

Two-hour plasma glucose >140 mg/dL during an oral glucose tolerance
test, but <200 mg/dL

A1C >6.5%

OR

Fasting plasma glucose >126 mg/dL (fasting is no food for at least 8
hours)

OR

Two-hour plasma glucose >200 mg/dL during an oral glucose tolerance
test

OR

Symptomatic patients with a random plasma glucose >200 mg/dL

NORMAL PREDIABETES DIABETES




I\VV. Criteria for Diagnosis of Pre-Diabetes and Diabetes (cont.)

* A1C may also be reported as “Estimated Average Glucose (eAG)”

mmol/L
7.0
78
8.6

9.4




V. Treatment: Lifestyle Modifications

A. Nutrition
. Timing of Meals
Body Weight Considerations
. Exercise

1. Exercise improves
utilization of glucose.

. Exercise improves insulin
utilization.

. Exercise improves lipid
profile.




V. Treatment: Lifestyle Modifications

E. BEE (basal energy
expenditure)
formula allows us to
estimate daily caloric
requirements.

Sample Caloric Requirement (BEE) Calculation for Stressed Patients

Female: 655 + (9.6 x wt. in kg) + (1.85 x ht. in cm) - (4.7 x age)

Male: 66 + (13.7 x wt. in kg) + (5.00 x ht. in cm) - (6.8 x age)

Sample Calculation (based on patient-specific parameters: ht, wt, age, and
disease state)

S.Y. is a 64 year-old female patient with major sepsis. Calculate her caloric
reguirement based on her pathologic condition. Her height is 5’4" and body

weight is 140 pounds.

Conversion Factors:

s body weight from pounds to kg. : 140 lbs / 2.2 = 63.64 kg
« height from inches to cm. : 54" = 64 inches x 2.54 = 162.56 cm

BEE = 655 + (9.6 x 63.64) + (1.85 x 162.56) — (4.7 x 64)

(655 + 610.94 + 300.74) — (300.8)

1265.88 kcal / day
Multiply the BEE value by the appropriate “disease stress factor”, which provides
additional calories to account for the degree of physiologic stress (based on
increased metabolic requirement during pathologic condition — i.e., major sepsis).

BEE for major sepsis = 1.5 X 1265.88

Answer - 1898.82 kcal / day




VI. Pharmacologic Management of IDDM

A. Insulin Products MU :100.cing

Humalog:
-" the first insulin
~ analog to

1. Rapid-Acting Insulin:

more closely

Humalog (Lispro) parallel
U M A L O

* onset: 10 -15 mMin insulin lispro injection (rDNA origin)

) . _ the way
e peak: 45 min -1 hour iy

natural insulin

* duration: 2 - 4 hours  works.




VI. Pharmacologic Management of IDDM (cont.)

A. Insulin Products (cont.)

2. Short-Acting Insulin: Reqular Insulin (Humulin R)

* onset: 30 - 60 min =2 peak: 2 - 4 hours

e duration: 4 - 8 hours
3. Intermediate-Acting Insulin: NPH (Humulin N)

e onset:2—-4 hours > peak: 4—-10 hours

e duration: 10 -18 hours




VI. Pharmacologic Management of IDDM (cont.)

A. Insulin Products (cont.)

3. Long-Acting Insulin:

insulin detemir (rDNA origin) injection

 onset: 2—3 hours

a. Detemir (Levemir) - BID /jgm;gmmm

peak: 6 — 8 hours

| Levemir®
Insulin d i g
(DNA oﬁ;‘?:; Inject”

e Duration: 5.7 —23.2 hours | [
b. Glargine (Lantus) =2 Q24H (mostly) / BID
e Onset: 4-6 hours 2

e peak /duration: same
action throughout the day for 24 hours




Insulin Comparison Chart

Insulin Name

When does it
start working?

When will the
effect be the

How long will it
lower blood

Motes for Use

Cost estimate

(onset) greatest? (peak) | glucose?
(duration)
Bapid Acting
Lispro (Humalog™) <15 minutes 0.5-3 hours*® 3-5 hours If mixing with NPH, rapid acting 596 (10 ml vial)
insulin should be drawn into syringe 5183 (5x3 ml pen canrnidees)
Aspart (Novolog™) <15 minutes 0.5-3 hours* 3-5 hours first. Mixture should be given 5102 {10 ml vial)
immediately to avoid effects on peak 5205 (5x3 ml pen canndges)
Glulisine (Apidra™) <15 minutes 0.5-3 hour* 3-5 hours action. 596 (10 ml vial)
5184 ({523 ml pen cartridges
Short Acting
Regular (Novolin R™ or | 0.5-1 hour 2-4 hours 4- hours May be mixed with NPH in same 553 (10 m] vial Humulin or Novolin)
Humulin B™) syringe. Mixing order should be the 5121 (5x3 ml Novolin pen cartridges)
clear regular drawn up first, then the 589 (5x3 ml Innolet cartndges)
cloudy NPH (ie “clear to cloudy™).
Intermediate Acting
NPH (Movolin N™ gr 2-4 hours 4-10 hours 10-18 hours Available as pen or in vial to be used 552 (10 ml vial Humulin or Novolin)
Humulin N™) with syringe. 5121 (5x3 ml pen cartridges) 591 (5x3 ml
Innolet cartridges)
Long Acting
Glargine { Lantus™) 4-6 hours Same action 24 hours Do not mix with other insulmns. 597 (10 ml vial)
throughout the Available as pen or in vial. E177 (5x3 ml Solostar pen cartridges)
day Duration (climeal tnal data):
Detemnir ( Levemir™) 2-3 hours 6-8 hours Dose-dependent 6 hrs (0.1 Wikg), 12 hrs (0.2 Ulkg),20 | 5395 (10 ml vial)
5.7-23.2 hours hrs (0.4 Udkg), 23 hrs (0.8 U/kg and 5182 (5x3 ml pen cartndges)
1.6 Ukg)
Combinations
Humulin or Novolin 0.5-1 hour 2-10 hours 10-18% hours T08%%6 NPH +30% regular msulin. 554 (10 ml vial)
T0/30 Insulin action mcludes 2 peaks (] 5135 (5x3 ml pen cartndges) 594 (5x3 ml
from cach formulation). Innolet cartridges)
Novolog Mix 70/30 <15 minutes 1-2 hours 10-18 hours Movolog Mix: Humalog Mix 75/25:

Humalog Mix 7525 or
50450

aspart protamine 70% + aspart 30%
Humalog mix:

75/25=T5% lispro protamine + 25%
lispro

50/50=50% lispro protamine + 50%
lispro

Insulin action includes 2 peaks (]
from each formulation).

£102 (10 ml vial),
$174 (5x3 ml pen cartridges)




Time Profile Curves of Current Insulin Products

Lispro (Humalog), Aspart (Novolog), Glulisine (Apidra), Reqular (Humulin R),
NPH (Humulin N), Detemir (Levemir), and Glargine (Lantus)

Rapid (Lispro, Aspart, Glulisine)

Short (Regular)

Intermediate (NPH)
Long (Detemir)

——

wng (Glargine)

8 10 12 14 16 18
Time [Hours]

d

O
D
Y
Ll
=
E

v
£

()
=
)
S

Q
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VI. Pharmacologic Management of IDDM (cont.)

B. Insulin Regimens

* General Estimate of Daily Insulin Requirement:
0.5 - 1.0 units insulin / kg body weight / day

 General Rule: 1-2 units insulin %l 30-50 mg/dl BG

Low Dose Medium Dose High Dose
Glucose Level Regimen Regimen Regimen
°
Huma |Og (mg/dL) (0-6 UNITS) RPN CRENIE)
s AC & HS AC & HS AC & HS
Sliding

< 70 25-50 Ml Dextrose 50% |VP

Scale 60 — 150
151 -199

Regimen: 200 -249
QID (AC & HS) oo s -

350 — 399 10 14

> 400 12 18
Call MD/PA Call MD/PA Call MD/PA




B. Insulin Regimens (cont.)

 Method A: Lispro (Humalog) + Glargine (Lantus)

Method A: Basal/Bolus
Regimen Mimics Normal

Insulin Profile .

» Short-Acting Insulin
Bolus with Long-Acting
Insulin Basal Coverage

Method B:

Bolus/Intermediate Insulin
Regimen |

* 7JAM: NPH:Reg
(2/3 of daily insulin dose)

* 6 PM: NPH:Reg
(1/3 of daily insulin dose)

A Breakfast Lunch

Rapid acting

Method B: Reqular Insulin (Humulin R) or Lispro + NPH (Humulin N)

Dinner Bedtime

prandial insulin :

Insulin
Effect

EAMT
Lispro Lispro
or Aspart

Insulin
‘Split-mixed’
regimen

T T & AM
Lispro Glargine (24 hrs)
or Aspart

NPH
——— Regular
Ultralente

NPH + Regular NPH + Regular




VI. Pharmacologic Management of IDDM (cont.)

C. Biochemical Indices of Metabolic Control

Index Normal Intensive Acceptable Poor
Fasting < 115 70-120 <140 >200

2 hrs pp < 140 <180 < 200 > 235
HgbA1c 4—-6% < 6.5% <7% > 10%
Urine Gluc neg rare intermit constant

Urine Keto neg rare rare Intermit




VI. Pharmacologic Management
of IDDM (cont.)

D. Monitoring Patients on
Insulin Therapy

* AC&HS
(before meals and at bedtime)

occasionally at 0300 during
periods of insulin dose
adjustments

* whenever hypoglycemia is
suspected

Blood Sugar

; @ g g
Islet of Langerhans |

Food in stomach

Pancreas

Normal blood mixture . ; :
of glucose and insulin Blood with glucoses =88
e

but without insulin

Testing for blood glucose level




VI. Pharmacologic Management of IDDM (cont.)
E. Signs & Symptoms of Hypoglycemia

* Palpitations, tachycardia,
blurred vision, sweaty g .‘9

palms, generalized
sweating, tremors, (’A ' _

hun.ger, FOI?]fUS.an, Shaﬁng or Faster Extreme
anxiety, Irrita blllty, trembling. heart rate. hunger.
headache, tingling and

numbness, and seizures.

Nocturnal hypoglycemia:
nightmares, restless )
sleep, profuse sweating,

and morning “hangover.”

Confusion/difficulty
Sweating. concentrating. Dizziness.




VI. Pharmacologic Management of IDDM (cont.)
F. Treatment of Hypoglycemia

* 15/15 rule: 15 gm rapidly LOW BLOOD SUGAR CAUSED BY:
(WITH DIABETES) (WITHOVUT DIABETES)
a b S O r be d C a r b O h Yd ra te (M R ” - TOO MUCH INSULIN - EATING LESS or - ALCOHOL

EXERCISING MORE
- T00 MUCH THAN USUAL. - UNDERLYING

|n ']5 m | NS |f BG < 60 Or |f ?OAD':%:L Eggé?r?on - SOME MEDICATIONS _:2::3\'/?5
patient is still symptomatic) SYMPTOMS:

15-15 RULE:

TEST BLOOD Eat/Drink 15 GRAMS of WAIT 15
- HUNGER = o GLUCOSE e FAST-ACTING ChRes MINVTES
- FATIGUE

® Examples: OJ (1/2 CUP), - SHAKING ”o S ) | / ‘

- SWEATING

apple juice (1/3 cup), e
- DIZZINESS RN THEN TEST AGAIN

g ra P e J. u i Ce (1 /4 C u P) l l * REPEAT UNTIL BLOOD SUGAR LEVELS ARE > 70 mg/dL
sugar (2 ts p Or 2 Cu bes) , Ao : GLUCAGON INJECTION:

- BLURRED VISION \ INTECT AT 90 @;7

Lifesavers (5-6 pieces), e : ) m
B/D glucose tabs (2 tabs) [

 If patient is unconscious, give glucagon 1 mg SC, IM, or IVP.

* In Clinical Settings: Dextrose 50% =2 12.5-25 gm (25-50 ml) IVP




VI. Pharmacologic Management of IDDM (cont.)

G. Signs & Symptoms of Hyperglycemia

» polydipsia, polyuria, polyphagia, fatigue,
blurry vision, ...

How to Lower Blood Sugar Immediately

*Hyperglycemia can become a medical emergency, be sure
1 to contact your healthcare provider if symptoms don't subside

At

Exercise

B e

Take missed
medication

Take insulin

Ry
N\

Hydrate

HYPERGLYCEMIA
gy (HighBlood Glucose Level)

Causes: Too much food, too little
insulin or diabetes pills, iliness, or stress.

Onset: oftenstarts slowly: may lead
to medical emergencyif not treated

SYMPTOMS:

NEED TO
URINATE OFTEN

i\

DRY SKIN

A

BLURRY VISION

DROWSY

SLOW-HEALING

WHAT CAN
YOU DO:

@

CHECK BLOOD
GLUCOSE

\
L
>/

CALL YOURHEALTHCARE
PROVIDER

Call your healthcare provider if your blood glucose levels are higher

than normal for 3 days and you don't know why.

Drawings by Valeriia ® TheDiabetesCouncil.com




VI. Pharmacologic Management of IDDM (cont.)

G. Signs & Symptoms of Hyperglycemia

* Somogyi Effect: “post-hypoglycemic hyperglycemia” or
“rebound hyperglycemia” that occurs at 3-4 AM

Treatment includes ... Somogyi Effect

. . Morning blood sugar
* reduction of evening _ check s “elevated

reqular insulin dose T

check is “in-range”

* increase calories at
evening meal

Blood glucose level (mgfdL)

* increase evening
NPH dose

10 11 12 2 4 5] & ) 8
pm pm pm am am am am am am am am am

Time




VI. Pharmacologic Management of IDDM (cont.)

H. Drugs Associated with Hypoglycemia

Drug

ethanol

beta-blockers

salicylates

Effect Mechanism
+++ (-) gluconeogenesis
(-) insulin secretion
(-) glycogenolysis
masks sx’s hypoglycemia

I insulin secretion/sensitivity

I serum sulfonylurea levels




VIl. Management of Type || DM
A. Pathogenesis of Type Il Diabetes Mellitus

Decreased incretin effect

Islet B cell

Increased lipolysis
and reduced
glucose uptake

Impaired
insulin

Islet o cell
secretion '

Al Hyperglyaemia

Increased [
glucagon
secretion
Increased glucose
reabsorption

/' Decreased glucose
uptake

Increased hepatic glucose
production

Neurotransmitter
dysfunction




VIl. Management of Type |l Diabetes Mellitus
A. Pathogenesis of Type Il Diabetes Mellitus

AN LT M glucose
Y\ T satiety uptake by
40D/ appetite muscles

"~,_,\;_T_,.;.,;, " Release .
sz G Active
GLP-1 and GIP

| gut
motility /

Inactive

“““Pancreas

« P glucose-dependent

insulin release, T B-cell
regeneration? (GLP-1 & GIP)

* | glucose-dependent
glucagon release from
I
o-cells (GLP-1) Ve ucgse
production

Adapted from Drucker D). Cell Metab. 2006;3(3):153-165.
Nauck MA. Am J Med. 2011;124(1 Suppl):S3-18.




VIII. Pharmacologic Management of Type || DM

A. Sulfonylureas

1. MOA: Sulfonylureas
increase insulin release by
beta cells in the pancreas. e

transq-:ﬂer

GLUTZ2™,

)

block K channels

depolarizes beta cells

K+ channel
Sulfonylurea drugs

| (block, depolarnize) |

{Closes channel,
depolarizes cell)

Ca* channel
(depolarization

GlIUCOSE m— Ao tabolism = || + opens channel)

t Cat <——— Ca™

. fee
Insulin -_._._,;f'ua-
i

Exucyrtcnsis_\

_ﬂu &
Insulin—"" g

In the resting cell with normal (low) ATP levels, potassium diffuses down its
. . concentration gradient through ATP-gated potassium channels, maintaining the intra-
T | n S u I l n re | ea Se cellular potential at a fully polarized, negative level. Insulin release is minimal. If
glucose concentration rises, AT production increases, potassium channels close, and
depolarization of the cell results. As in muscle and nerve, voltage-gated calcium

channels open in response to depolarization, allowing more calcium to enter the cell.
Increased intracellular calcium results in increased insulin secretion. Insulin secret-
agogues close the ATP-dependent potassium channel, thereby depolarizing the
membrane and causing increased insulin release by the same mechanism.




VIII. Pharmacologic Management of Type || DM

A. Sulfonylureas (cont.)

2. Other MOAs associated with ————
SU|fony|ureaS inC|Ude e Inefficient glucose uptake {I’r‘ -
\

(skeletal muscle)

‘\,’ ,
* reduction of serum glucagon incressed hepatic ghuose @Y ff

9 redUCtlon Of hepatlc Decreased incretin effect ﬁ

o

o

£
g | u CO S e O u t P u t Increased glucagon secretion \I;’? E ‘ ;

»
€

Increased free fatty acids

* increase insulin receptor
sensitivity at peripheral
target sites

Neurotransmitter dysfunction * {?

. R
Increased glucose reabsorption G>'

3. First Generation Sulfonylureas

* Tolbutamide (Orinase), Tolazamide (Tolinase), and
Chlorpropamide (Diabinese)
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A. Sulfonylureas (cont.)

4. Second Generation Sulfonylureas b~ =%
, . DIABETES

- MEDICATIONS
L g

* Glipizide (Glucotrol)
* Gyburide (Diabeta, Micronase)
* Glimepiride (Amaryl)

5. Side Effects

* Hypog |ycem 1a Sulfonylureas (2" generation)

 most common SE, esp. with glimerpiride - Peak °°mm°nside
Dose/day (mg) | (hrs) | Interval effects

A A Glyburide 2.5,5mg 4 QD -BID | Weightgain

> We I g ht G a I n (Micronase®, | 1.25mg-20mg . Low Blood

DiaBeta®) Sugar

 weight gain may be mitigated with exercise (Glloto®) | omg—toms et

Sugar

1=

° 1 1 1 1 Glimepiride 1,2, 4m 2-3 Weight gain
if weight gain worsens rather than improves [l el .“ i
glycemic control, discontinue sulfonylurea Suger




VIIIl. Pharmacologic Management of Type || DM (cont.)
B. Metformin

1. MOA: decreases hepatic glucose production
2. Other MOAs associated with metformin include ...
» decreases intestinal absorption of glucose

* improves insulin sensitivity (increases glucose uptake / utilization)

3. Side Effects (Gl): diarrhea, nausea, vomiting, bloating, flatulence.

4. Dose: 500 mg — 2500 mg / day in divided doses (BID) with meals.
5. Cautions and Contraindications:

GFR < 30 ml/min = contraindicated = risk of lactic acidosis
GFR < 45 ml/min = caution: consider risks vs benefits

6. Metformin is a 1%t line agent for newly diagnosed Type Il diabetics.




VIIIl. Pharmacologic Management of Type || DM (cont.)

C. Acarbose (Precose)

1. MOA: inhibits breakdown of carbohydrates by inhibiting alpha
glucosidase (secreted by small intestine)

2. Side Effects (GI):
abdominal pain, diarrhea,
and flatulence (due to

UndigeSted Cal’bOhydl’ateS Glucose production @
in lower Gl tract) a@;

Blod vl
Dose: 50 -100 mg TID N
with first bite of each

Skeletal | — -
muscle | ® ey == Glucose utilization

-

Intestine Carbohydrates

meal




VIIIl. Pharmacologic Management of Type || DM (cont.)

D. Thiazolidinediones (TZDs or Glitazones):
Rosiglitazone (Avandia) and Pioglitazone (Actose)

1. MOA: TZDs increase insulin receptor sensitivity and improve
glucose transport in muscle and adipose tissue.

. Other MOA associated with TZDs includes a decrease hepatic
glucose production

3. Side Effects: weight gain, fluid retention, and osteopenia.

. Pioglitazone (Avandia): 15-30 mg once daily.
5. Cautions and Contraindications:

« TZDs should not be used in patients with heart failure or any evidence
of fluid overload.

 TZDs should not be used in patients with a history of fracture or at high
risk for fracture (e.q., postmenopausal women with low bone mass).




VIIIl. Pharmacologic Management of Type || DM (cont.)

E. DPP-4 Inhibitors ("Gliptins™):
Sitagliptin (Januvia) and Linagliptin (Tradjenta)

1. MOA: inhibits DPP-4

enzyme % PrOIOngS i M glucose
. . . ' ; 0/ satiety uptake by

active incretin levels i ’ s

(GLP-1 and GIP). \

P 7| Release

. R —_— Active _,-'—':; 2o T
. Side Effects: & o L T AR p
naSOPha ryng Itis (SC%))l &y / * 1 glucose-dependent

insulin release, T B-cell

U Rl (1 O/O), na USea (20/O>, regeneration? (GLP-1 & GIP) g

* | glucose-dependent

d |a I’I’h edqa (4—Cy0) - / gliicegon iElease flom - glucose

a-cells (GLP-1) production

Inactive

. Sitagliptin (Januvia):
0 Adapted from Drucker D). Cell Metab. 2006;3(3):153-165.
100 M g PO once d ball |y Nauck MA. Am J Med. 2011;124(1 Suppl):S3-18.




VIIIl. Pharmacologic Management of Type || DM (cont.)

F. GLP-1
Receptor
Agonists

Increase Insulin Release
+
Decrease Glucagon Release
+
Increase Satiety

+
Delay Gastric
Emptying Time

g% 'L | Gastric emptying Agonists

Semaglutide (Ozempic, Wegovy, Rybelsus): SC/PO
Dulaglutide (Trulicity) SC

Liraglutide (Victoza): SC

Exenatide (Byetta): SC

Tirzepatide (Mounjaro): SC

Gl Tract GLP-1 or GLP-1R Heart

! Blood pressure
T Heart rate
T Myocardial contractility

.\ 1 GImotility
T Acid secretion

Brain

|\ L Appetite A7 Kidney
. T Satiety A . .
T Energy expenditure ':g | T Natriuresis

T Insulin Sensitivity

g / Liver Adipose tissue Muscle
 Glucagon secretion ] F? ) —_——
T Insulin secretion L >

T Insulin biosynthesis g
T B-cell proliferation

Pancreas

| Hepatic glucose 1 Lyposis T Glycogen synthesis
production 1 FFA synthesis T Glucose oxidation

T Glucose uptake




VIIl. Pharmacologic Management of Type || DM (cont.)

Semaglutide (Ozempic, Wegovy, Rybelsus): SC/PO
F. GLP-1 Dulaglutide (Trulicity) SC

Receptor Liraglutide (Victoza): SC

Agonists Exenatide (Byetta): SC
Tirzepatide (Mounjaro, Zepbound): SC

1. General Considerations

* GLP-1 receptor agonists are indicated for use in combination with metformin
for patients with existing ASCVD when weight loss is a primary consideration
and when cost of injectables formulations are not limiting factors.

GLP-1 receptor agonists may also be used in combination with basal insulin
with or without metformin when HgbA1c levels remain persistently high.

Tirzepatide (Mounjaro) is a dual-acting GLP-1 and Gl receptor agonist for
Type || DM without ASCVYD who may benefit from weight loss, since there is
insufficient evidence yet that tirzepatide provides protection against ASCVD.

2. Adverse Effects (GI): nausea (26-50%), vomiting, and diarrhea.

* Nausea is reduced with gradual dose titrations and wanes with continued use.




VIIIl. Pharmacologic Management of Type || DM
F. GLP-1 Receptor Agonists

3. GLP-1 Receptor Agonist Benefits in ASCVD
(Atherosclerotic Cardiovascular Disease) UGS P |t vasoditation
and CKD A ! 1 Plague Stability

1 Blood Flow

* In CKD, GLP-1 RA induces natriuresis
and diuresis by inhibiting the Na*/H* e upte 1 iwrangn | itommaton {preien Lo
exchanger-3 (NHE3) located in the bisharemjury Haartrase i
renal proximal tubule = increases
tubular Na* transport to the macular
densa - reduces intraglomerular ) ;fw% s oo g & B,
pressure and hyperfiltration > restores  EREECNEQND RTINS cHN Q) Bt
tubular glomerular feedback and s
improves kidney outcomes in CKD TN\ premslemerier gy

(normalization) [
4 GFR I

| Inflammation

/~Macula densa

1 Na*delivery ~ T Na* delivery

In CKD, GLP-1 RA decreases circulating \ W .
concentrations of angiotensin Il = " [ gL e G [

N

decreases BP and Na/H,O retention. stz nisior TLLT__,
@HED | GLP1

agonist

TNO

Nature Reviews | Nephrolog




VIIl. Pharmacologic Management of Type || DM (cont.)

G. SGLT> Inhibitors Canaglifozin (Invokana)
(Sodium-Glucose Dapagliflozin (Farxiga)
Transport Inhibitors) Empagliflozin (Jardiance)

|

MOA: inhibit SGLT2
transport mechanism g \ | sGuzinhinters
S | N d ' action of SGLT2
ower bloo A e _
glucose levels by SRR © o sano O ¢

- inhibitor
increasing kidney RS oy e
excretion of glucose [ . | N
into the urine B

e O
- Reduce glucose
reabsorption

SGLT2 Inhibitors: Mechanism of Action




VIIl. Pharmacologic Management of Type || DM (cont.)

G. SGLT2 Inhibitors Canaglifozin (Invokana)
(Sodium-Glucose Dapagliflozin (Farxiga)
Transport Inhibitors) Empagliflozin (Jardiance)

. Adverse Effects: vaginal candidiasis (10-15%), UTls (6-8%),
dehydration - hypotension, DKA, necrotizing fasciitis of the
perineum (Fournier’s gangrene), bone fractures.

* "Euglycemic” (BG < 250) DKA has been reported in pts with
T2DM; therefore, serum ketones should be measured in patients
with nausea, vomiting, malaise who are taking SGLT2 inhibitors.

. Note: SGLT2 inhibitors only lower plasma glucose levels by blocking
reabsorption of filtered glucose, which decreases as plasma levels
decreases. Therefore, SGLT2 inhibitors do not cause hypoglycemia.

. Note: SGLT2 inhibitors are less effective in pts with renal insuff and
are not recommended in pts with CrCl < 30 ml/min.




VIIIl. Pharmacologic Management of Type || DM (cont.)

G. SGLT2 Inhibitors and Cardiovascular Protection

4. Empagliflozin
and
Canagliflozin
have shown to
decrease
ASCVD
morbidity and
mortality in
patients with

T2DM and CVD.

Diuresis

Natriuresis

Glucosuria

Uricosuria

¥ preload xh 4 afterload
e

Systolic blood pressure .L
Arterial stiffness l.
| Volume of blood .I,
Body weight l
Hyperglycaemia l.
. .
Glucagon Ketones

Glucose toxicity ,L

Insulin resistance l,




VIIIl. Pharmacologic Management of Type || DM (cont.)

G. SGLT2 Inhibitors and Chronic Kidney Disease

5. SGLT-2 Inhibitors block sodium and glucose reabsorption in the renal proximal
tubule = increase delivery of sodium to the macula densa = constrict abnormally
dilated afferent arterioles = reduce intraglomerular pressure and reduce
glomerular hyperfiltration = normalize GFR = lower progression of CKD

normal TGF

‘ ] ’ elevated

appropriate macula afferent GFR

afferent densa arteriole
normal =
arteriole vasodilation -
GFR

tone

SGLT-2

J

)

decreased

Na* delivery to

macula
densa

?

]

I

Normal physiology Hyperfiltration in early

stages of diabetic ne

hro

ath

restored TGF
$ 3 |
5]

afferent e
normalization

o arteriole of GFR
constriction ‘ ;

o/

SGLT-2
inhibition
in proximal
tubule

SGLT-2 inhibition reduces
hyperfiltration via TGF




VIIl. Pharmacologic Management of Type || DM (cont.)
G. SGLT2 Inhibitors and Cardiorenal Protection (Summary)

Recent results in non-diabetic
experimental chronic kidney
disease models

} Oxidative stress

} Fibrosis induction

4+ Local inflammation
} Tubular senescence
1 Glomerular damage

I
I
|
|
I
|
|
I
I

I
Possible direct




VIIl. Pharmacologic Management of Type || DM (cont.)

Efficacy’

Weight change’

CV effects

Renal effects

Effect on MACE

HF

Progression of DKD

Oral/sa

Dosingluse considerations®

Clinical considerations

Metformin

High

Neutral {potential
for modest loss)

Potential
benefit

Neutral

Neutral

Contraindicated with eGFR <30 mLimin | Dral
per 1.73 m*

[l side effects common; to mitigate Gl side effects, consider slow dose titration, extended
release formulations, and administration with food
Potential for vitamin B12 deficiency; menitor at regular intervals

SGLT2 inhibitors

Intermediate
1o high

Loss
(intermediate)

Benefit:
canagliflozin,
empagliflozin

Benefit:
canagliflozin,
dapagliflozin,
empagliflozin,
ertugliflozin

Benefit:

canagliflozin,
dapagliflozin,
empagliflozin

See labels for renal dose considerations | Oral
of individual agents

Glucose-lowering effect is lower for

SGLT? inhibitors at lower eGFR

DKA risk, rare in T20M: discontinue, evaluate, and treat promptly if suspected; be aware of
predispasing risk factors and clinical presentation (including euglycemic DKAJ; discontinue
before scheduled surgery (e.g., 3-& days). during critical illness, or during prolonged fasting to
mitigate polential risk

Increased risk of genital mycotic infections

Necratizing fasciitis of the perineum (Fournier gangrene), rare reports: institute prompt
treatment if suspected

Attention ta volume status, blood pressure; adjust other volume-contracting agents as applicable

High to
very high

Loss
(intermediate to
very high)

Benefit:
dulaglutide,
liraglufide,
semaglutide
(50)

Neutral:
exenatide
once weekly,
lixisenatide

Neutral

Benefit for renal
endpoints in CVOTs,
driven by albuminuria
oulcomes:
dulaglutide,
liraglutide,
semaglutide {S0)

See labels for renal dose considerations | S0: oral

of individual agents {semaglulide)
No dose adjustment for dulaglutide,

liraglutide, semaglutide

Maonitor renal function when initiating or

escalating doses in patients with renal

impairment raporting severe adverse

Gl reactions

Risk of thyroid C-cell tumors in rodents: human relevance not determined (liraglutide,
dulaglutide, exenalide extended release, semaglufide)

Counsel patients on potential for 61 side effects and their typically temporary nature; provide
quidance on dietary modifications to mitigate Gl side effects (reduction in meal size, mindful
eating practices le.g., stop eating once full), decreasing intake of high-fat or spicy food):
cansider slower dose litration for patients experiencing bl challenges

Pancreatitis has been raported in clinical trials but causality has not been established.
Discontinue if pancrealitis is suspected

Evaluate for gallbladder disease if cholelithiasis or cholecystitis is suspected

GIP and GLP-1 RA

Very high

Loss (very high}

Under
investigation

Under
investigation

Undler investigation

See label for renal dose considerations
No dose adjustment

Manitor renal function when initiating or
escalating doses in patients with renal
impairment reporting severe adverse

Gl reactions

Risk af thyroid C-cell tumors in rodents; human relevance not defermined

Counsel patients on potential for Gl side effects and their typically temporary nature; provide
quidance on dietary modifications to mitigate Gl side effects (reduction in meal size. mindful
eating practices le.g., stop eating once full], decreasing intake of high-fat or spicy food);
cansider slower dose titration for patients experiencing Gl challenges

Pancreatitis has been reported in clinical trials but causality has not been established.
Discontinue if pancrealitis is suspected

Evaluate for gallbladder disease if cholelithiasis or cholecystitis is suspected

DPP-4 inhibitors

Intermediate

Neutral

Neutral

(potential risk,

saxagliptin)

Neutral

Renal dose adjustment required | oral
[sitagliptin, saxagliptin, alogliptin); can

be used in renal impairment

No dose adjustment required for

linagliptin

Fancreatitis has been reported in clinical trials but causality has not been established
Discontinue if pancrealitis is suspected

Jaint pain

Bullous pemphigoid (postmarketing): discontinue if suspected

Thiazolidinediones

Sulfonylureas
(2nd generation)

Potential benefit:

pinglitazane

Neutral

Increased risk

Neutral

Neutral

Neutral

No dose adjustment required Oral
Generally not recommended in renal
impairment due to potential for fluid

retention

Glyburide: generally not recommended | Oral
in chronic kidney disease

Glipizide and glimepiride: initiate
conservatively to avoid hypoglycemia

Congestive HF (pioglitazone, rosiglitazone)

Fluid retention (edema; heart failure)

Benefit in NASH

Risk of bone fractures

Weight gain: consider lower doses to mitigate weight gain and edema

FDA Special Warning on increased risk of CV mortality based on studies of an older sulfonylurea
(tolbutamide); glimepiride shown to be CV safe (see text)

Use with caution in persans at risk for hypoglycemia

Insulin

Analogs

High to
wery high

Neutral

Neutral

Neutral

Lower insulin doses required with a ! 50; inhaled

Low (S0}

decrease in eGFR; litrate per clinical

respanse S

High

Injection site reactions
Higher risk of hypoalycemia with human insulin (NPH ar premixed formulations) vs. analogs

CV, cardiovascular; CVOT, cardiovascular outcomes trial; DKA, diabetic ketoacidosis: DKD,

diabetic kidney disease; DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; FDA,
U.5. Food and Drug Administration; G, gastrointestinal; GIP, gastric inhibitory polypeptide; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; NASH, nonalcoholic steatohepatitis;
MACE, major adverse cardiovascular events; SGLT2, sodium—glucose cotransporter 2; 5Q, subcutaneous; T2DM, type 2 diabetes mellitus. *For agent-specific dosing recommendations, please refer
to manufacturers’ prescribing information. *Tsapas et al. (62). *Tsapas et al. (114). Reprinted from Davies et al. (45).




IX. ADA Algorithm: Management of T2DM (2023)

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (in addition to comprehensive CV risk management)*

+ASCVDt +Indicators of high risk +HF

Glycemic Management: Choose Achievement and Maintenance of
Defined differently across While definitions vary, mest Current or prior approaches that provide the Weight Management Goals:
CVOTs but all included comprise 255 years of age symptoms efficacy to achieve goals:
individuals with established with two or more additional of HF with : . .
_ - Metformin OR Agent(s) includin
mle,q.l!.strnke, any risk factors llljdtﬁuM documented COMBINATION thgrap;r that prwi:E : . e
ma.sui;ruhun nuca\.il'lrull. Irﬂnﬁmsm srmiu.nq.. HFrEF or HFpEF is adequate EFFICACY to achieve Eeneml‘lliesryle'ng|ce: Intensive evidence-
Variably included: conditions dyslipidemia, or albuminuria) et e sl el medical nutrition based structured
stich as transient ischemic ¢ . g therapyleating patterns/ weight management
attack, unstable angina, Consider avoidance of hypoglycemia a physical activity program
amputation, symptomatic priority in high-risk individuals
or asymptomatic coronary (]
artery disease.

[ Set individualized weight management goals

Consider medication Consider metabolic
- PREFERABLY In general, higher efficacy approaches for weight loss surgery
i i ; SGLT2:" with primary evidence of have greater likelihood of achieving

; . : glycemic goals When choosing glucose-lowering therapies:
HF benefit reducing CKD progression d
+ASCVD/Indicators of High Risk iy

S Efficacy for glucose lowerin i i ith high-to-very-hi
in this Use SGLT2i in people with an eGFR yiorg 9 Consider regimen with high-to-very-high dual

population =20 mL/min per 1.73 m?; once initiated Very High: glucose and weight efficacy
GLP-1 RA* with proven SGLT2i¢ with proven should be continued until initiation Dulaglutide (high dose),

CVD benefit CVD benefit of dialysis or transplantation Semaalutide, Tirzepatide | |

. i Insulin Efficacy for weight loss

STt o ot Contnaton . Combiation try g

Injectable (GLP-1 RA/Insulin) Semaglulldfz. Tirzepatide

High: High:

If AC above target, for patients on GLP-1 RS.:.; i]r_u;t lsistl;ed aI:ovel, .!'r"lze;fnrmin. Dulaglutide, Liraglutide

= For patients on a GLP-1 RA, consider adding SGLT2i with e b
proven CVD benefit or vice versa

L DPP-4i
« TID*

Intermediate:
GLP-1 RA (not listed above), SGLT2i

Neutral:

DPP-4i, Metformin
7 ! & 7

If additional cardiorenal risk reduction or glycemic lowering needed J— —[

If A1C above target
* In people with HF, CKD, established CVD or multiple risk factors for CVD, the decision to use a GLP-1RA or SGLTZi with proven benefit should be independent of background use of metformin;t A strong Identify barriers to goals:

recommendation is warranted for people with CVD and a weaker recommendation for those with indicators of high CV risk. Moreover, a higher absolute risk reduction and thus lower numbers needed to treat = Consider DSMES referral to support self-efficacy in achievement of goals

are seen at higher levels of baseline risk and should be factored into the shared decision-making process. See text for details; * Low-dose T20 may be better tolerated and similarly effective; § For S6LT2i, CW/ « Consider technology (e.g., diagnostic CGM) to identify therapeutic gaps and tailor therapy
renzl outcomes trials demaonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHE and renal outcomes in individuals with T20 with established/high risk of CVD; « Identify and address SDOH that impact achievement of goals

# For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, MI, stroke, and renal in individuals with T2D with established/high risk of CVD.

Figure 9.3 —Use of glucose-lowering medications in the management of type 2 diabetes. ACEj, angiotensin-corwerting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardi
vascular disease; CGM, continuous glucose monitoring; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOT, cardiovascular outcomes trial; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomer
lar filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HHF, hospitalization for heart failure; MAC
major adverse cardiovascular events; M, myocardial infarction; SDOH, social determinants of health; SGLT2i, sodium-glucose cotransporter 2 inhibitor; T2D, type 2 diabetes; TZD, thiazolidinedione. Adapted from Davies et al. (45).




: lling p! lodic Indicati | Considerations (Type Ll DM

In the absence of specific contraindications (e.g., CrCl < 30 ml/min, lactic acidosis),
metformin is recommended in the initial therapy of newly diagnosed Type |l diabetics.

e Metformin is effective in maintaining glycemic control and is well-tolerated
with a favorable cost.

e Metformin starting dose: soo mg PO daily with the evening meal and, if
tolerated, add a second soo mg dose with breakfast. The dose may be increased
up to 2000 mg/day.

e Metformin extended-release formulations (e.g., metformin XL), dosed once
daily with breakfast, may be better tolerated in patients with Gl side effects
(i.e., diarrhea, flatulence, bloating, nausea/vomiting).

e Metformin is associated with fewer episodes of hypoglycemia compared to the
sulfonylureas and is associated with less edema and weight gain compared with
the thiazolidinediones, such as pioglitazone (Actos) and rosiglitazone (Avandia).

gmmm&&&w& a) Hyperfiltration in early diabetic renal disease b) SGLT2 inhibition reduces hyperfiltration

Kid Di CKD:

e For patients with CKD / DKD, use SGLT-2
inhibitors, since SGLT-2 inhibitors reduce
progression of CKD by reducing
glomerular hyperfiltration.

e SGLT-2 Inhibitors: Canagliflozin
(Invokana), Dapagliflozin (Farxiga),
Empagliflozin (Jardiance)

e SGLT-2 Inhibitors block sodium &

glucose reabsorption in proximal s
tubule 2 increase delivery of sodium to the macula

densa - constrict abnormally dilated afferent ) ) Mb-m'
arterioles - reduce glomerular hyperfiltration T = T. Poers
- slow progression of CKD. @ o @

SGLT2 inhibition + +

e Note: SGLT-2 inhibitors are contraindicated in patients - s bociage. 4 ; Furr
. . — reduction in
Wlth CrCI S 30 ml/mln. @ :;;;ui;tiun '9‘ gvrgzg:jorrenerular
e RAAS blockers are also recommended in CKD, since ACE-I’s s S
and ARBs inhibit Angiotensin-Il from constricting

glomerular efferent arterioles > reduce hyperfiltration.

Weidht Loss Considerati

e |f weight loss is a priority, GLP-1 receptor agonists or
SGLT-2 inhibitors may be helpful options.

e GLP-1 RA: increase satiety (reduce appetite) and
slow gastric emptying time.

e SGLT-2 inhibitors: increase glucose excretion.
e DPP-4 inhibitors: Sitagliptin (Januvia) and Linagliptin

(Tradjenta) are “weight neutral” and may also be
reasonable options for some patients.




\SCVD (At lerotic Cardi lar Disease

For patients with established ASCVD, use GLP-1 RAs, since they have demonstrated
favorable cardiovascular outcomes, i.e., reduction of major adverse cardiovascular
events (MACE).

e GLP-1 RA: Semaglutide (Ozempic, Weqgovy), Dulaglutide (Trulicity), Liraglutide
(Victoza), and Tirzepatide (Mounjauro).

GLP-1 [7<3e amide]

H
A

— | su| int
/ GLP-1
h -,ﬁ_uuq:.u [9-36 amide] Glucagoﬂ ]

GLP-1 -
GLP-1
receptor

"o | 1 vasodilation ical CV risk factors
Blood Blood Blood
glucose pressure lipids

Endothelial function 1
| 1 Plaque Stability Plaque stabilty 1

/

IL/
Q
l‘_

Myocardial contractility 1
Glucose uptake 1

Heart rate 1

Ischemia tolerance 1

Arterial stiffness |
Vascular inflammation |

Angiogenesis 1
GLP-1R

{
1 Blood Flow Body Platelet aggregation |
weight |
J Smooth muscle
J Inflammation 3 N

proliferation

| Inflammation

1 Glucose uptake 1 LV Function
Diuresis 1

Insulin
' resistance |
| Ischemicinjury 1 Heart rate t 4 Sodium Cardioprotection \ﬁ Liver fat |

Function Aggregation excretion Peripheral
EETeE ) — 6
77 )\ ’

inflammation |
1 A /(

Inflammatory
cytokines




Summary of Glucose-Lowering Pharmacologic Agents in Type Il DM

Intervention

Initial therapy

Lifestyle change to
decrease weight and
increase activity

Metformin

Additional therapy"

Insulin (usually with a
single daily injection of
intermediate- or long-
acting insulin initially)

Sulfonylurea (shorter-
acting agents preferred)

GLP-1 receptor agonist
(daily to weekly
injections)

Thiazolidinedione

SGLT2 inhibitor

DPP-4 inhibitor

Alpha-glucosidase
inhibitor

Expected decrease in
A1C with monotherapy
(%)

10to 2.0

10to 2.0

15t03.5

1.0tc 2.0

05t01.5

05to 1.4

0.5t0 0.7

0.5t0 0.8

0.5t00.8

Advantages

Broad benefits

Weight neutral

MNa dose limit, rapidly
effective, improved lipid
profile

Rapidly effective

Weight loss, reduction in
major adverse
cardiovascular events
(liraglutide, semaglutide,
dulaglutide) in patients with
established CVD and
potentially for those at high
risk for CVD

Improved lipid profile
(pioglitazone), potential
decrease in MI
(pioglitazone)

Weight loss, reduction in
systalic blood pressure,
reduced cardiovascular
mortality in patients with
established CVD, improved
renal outcomes in patients
with nephropathy

Weight neutral

Weight neutral

Disadvantages

Insufficient for most within
first year owing to
inadequate weight loss and
weight regain

GI side effects,
contraindicated with renal
insufficiency (eGFR <30
mL/min/1.73 m2)*

1 to 4 injections daily,
monitoring, weight gain,
hypoglycemia, analogs are
expensive

Weight gain, hypoglycemia
(especially with
glibenclamide or
chlorpropamide)

Requires injection, frequent
Gl side effects, expensive

Fluid retention, HF, weight
gain, bone fractures,
potential increase in MI
(rosiglitazone) and bladder
cancer (pioglitazone)

Vulvovaginal candidiasis,
urinary tract infections,
bone fractures, lower limb
amputations, DKA

Possible increased risk of HF
with saxagliptin, expensive

Frequent GI side effects, 3
times/day dosing






