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{ GLP1 enhances Glucose dependent insulin secretion}
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[[Insulin secretion]]

OsSwbetacells Jl e o ¥l 5180
Mediated by increase in blood glucose level in additionto
Prandial Glucose dependent insulin secretion
(Incretin effect of GLP1)
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Mechanism?

Glucose ----> GLUT in cell membrane of beta cells in pancreas

@

Closure of ATP sensitive K channels
4
tintracellular K ----> Calcium release

@

Secretion of Insulin from granules

Station 3 () &2 +kaal insulin secretion JI (ewis

ACTIONS OF INSULIN

All actions of insulin has a certain goal
----> To lower blood glucose level Through the following actions

v’ stimulation of Glycolysis
v’ stimulation of Glycogenesis ( synthesis of Glycogen from glucose)

v" inhibition of Gluconeogenesis
(Gluconeogenesis: synthesis of Glucose from amino acids & fatty acids)
v' stimulation of lipogenesis

(Synthesis of lipids from fatty acids)
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The liver (hepatic glucose production)
Through the reverse actions of insulin:
- Stimulation of gluconeogenesis
- Stimulation of glycogenolysis
- Stimulation of lipolysis
Free fatty acids as a source for glucose synthesis (gluconeogenesis)
Leansl Cli g0 2 2 Mediated 225
Counter-regulatory hormones

Glucagon

Cortisol
Epinephrine
Growth hormones
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Hepatic glucose production
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Summary of glucose stations in the body

Food containing carbohydrates --> stomach ---> intestine ---> digestion
Polysaccharides & disaccharides --> glucose
--> Release of GLP1 agonist (station 1)
--> Glucose absorption from intestine (station 2)
---> Insulin secretion from Beta cells (station 3)
---> Insulin entry into cells & sensitivity station (4A) & PPAR gamma 4 B
----> Hepatic glucose production in between meals (station 5)
---> SGLT2 in the kidney (station 6)
v" Glucose in blood is either postprandial >>>>> Phase (1)
Or
In between meals & at night Phase (2) -->basal blood glucose
s a4k ale
stations &) e b <32y &l dads anlgial Gladlacal phases s stationsd!

) G agdll Qi L Lginé 5 textbook J) @ phases |
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Clinical significance

JsSslal) £ s ga agd et

1) Every station is a site of action of anti- diabetic drug

+* Incretin based therapy (oral glucose dependent mediated insulin secretion) >>>>Station 1

= GLP (incretin)--> GLP1 agonists >>>>Station Al
- Liraglutide ---> Victoza
- Dulaglutide -->trulicity).

= DPP4 ---> inhibition ( DDP4i) ---> Station 1 B
- Staglptin -->Januvia
- Vildagliptin --> Galvus
- Linagliptin --> Trajenta
+* Intestinal absorption ( station 2)

=  metformin ( Glucophage)

+* insulin secretion from beta cells (Insulin secretagogues) ( station 3)

= Sulphonylureas
- Glibenclamide ->Daonil
- Gliclazide -->Diamicron
- Glimepride --> Amaryl
= Non sulphonylureas secretagogues

Glinides:

- repaglinide — Novonorm
+* Insulin sensitivity And Insulin sensitizers ( station 4)

=  Metformin ( Glucophage) station 4A
= Glitazones ( Thiazolidinediones) Acting on PPAR gamma ( station 4B)
- Pioglitazone (Glustin or diabetonorm)

+* hepatic glucose production ( station 5)
- Metformin ( glucophage)

+** SGLT2 ('sodium glucose linked transporters) (station 6)

=  SGLT?2 inhibitors
Dapaglifluzin ( Forxiga)
Canaglifluzin ( Invokana)
Emaglifluzin ( Jardiance )
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2) Insulins act on phases of blood glucose ( prandial & basal blood glucose)
+ Drugs acting on phases ( Insulins)

+ Drugs acting on prandial blood glucose ( phase I)

= Short acting insulin

Regular insulin (Actrapid & Humulin R)
Ultrashort insulin
o Insulin glulisine ( Apidra)
o Insulin Lispro ( Humalog)
o Insulin aspart ( Novorapid)
++ drugs acting on Basal blood glucose ( phase 1)

» intermediate acting insulin ( isophane)
NPH --> Humulin N

= Jong acting insulin
Insulin glargine ( Lantus)
Insulin degludec ( Tresiba)
** Insulin regimen must cover both phases of blood glucose to be effective ( prandial & basal blood
glucose)
eﬂ\@)&“ﬂGMM‘JPJM\MMNY\MO‘MY“‘\-."Lr."“:’
s st ol 1 yéia Jong acting insulind! Jlesiv) (Sas Y
oral 4yl ae 5l Jsriall jual Gl susV) ae 335 ) Ll pall (& Sl

3) destruction of pancreatic Beta cells ---> absolute insulin deficiency ---> like Type 1 DM

replacement <-- Gl swi¥) s Lk aadle

- Oral anti- diabetic drugs are not suitable for the treatment of Type 1 DM

4) lack of insulin sensitivity ---> insulin resistance --- > Type 2 DM
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DIABETES MELLITUS

Introduction:

glucose J oo aula Sl slaa Lid je e 2ay
e s Al Goai Tas ¢ ol (L) (A sl aadls

g5 S Clielian b 4l 5 ¢ 53 S Gigan (M o A Jad) 4yl 5 40 )5 S

Definition of Diabetes:

Group of chronic metabolic disorders characterized by
Abnormalities in insulin secretion or action (or both)

The resulting hyperglycemia is associated with disturbed carbohydrates, fat and protein
metabolism which lead to long term organ dysfunction

Ol V) (50 8 (el (e AUl g e Jall Gl ja¥) e 4o sane 00 ¢ adlA 5 (sale [ e 3 e (e R Ak yal (1
23S Ji lalia y& I ol gVl ey getionsd) JS (2 JA) Lgale o i Al g e aleld axe

1) Hyperglycemia
2) Hyperlipidemia
3) Protein catabolism (in severe cases)
L8 anadl (8 4 seall e V) S e cilie Lias Jaahy 0 Ol gis (530 e (50 L) Y]
<. end organ damage!! 25w S
Renal failure, MI, heart failure,
Strokes, Leg ischemia, diabetic foot,
Peripheral neuropathy, Retinopathy
aclid) Conin s

increased risk of infection
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Classification:

1) Type 1 diabetes:
Absolute deficiency of insulin secretion due to beta cell destruction
Beta cell loss is either immune mediated (90%)

Or idiopathic (10%)

+ All patients require insulin, typically are non-obese , prone to ketoacidosis

adolescence 43a) yall (s childhood 4 sadall (e (Al LWlle 1 J gV g sill (e Sl
And early adulthood..

axdle ol = pia ) Cigme e gl Llle elie cud heta LA Adaud g cpd s ) 8 JalS il agan
(Jradilly o sVl

2) Type 2 diabetes :

Combination of insulin resistance and relative insulin deficiency (progressive insulin secretory
defect), often preceded by a period of abnormal carbohydrate metabolism (pre-diabetes)

Patients are typically obese, may not immediately require insulin, and are not prone to
ketoacidosis.

e allall b Sl s S e 7 AS iy 1 Sl (e Al g il
el e ) ce Cliga Y5 CLEDEN AL oo Ll oy oy,

BMIJ' s central obesityasxic J8YI Jde o) 4ian agadl

oral J) 453U cuniun oa g g1l 0 25 (e SiS) ageliy
Dl e gl 22 Laid Gl gl zling (San g )i el il (8 JBY) e
(Jrafilly 4ndle ol 7yl ) Gl
3) Gestational diabetes mellitus ( GDM)

(LSA\YMM)LSSJAL‘DLMJAJSMM
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4) Specific types of Diabetes due to other causes

a) Monogenic diabetes: Maturity onset diabetes of the young (MODY)

Y Gpall sl aa) (b Sll (6 B (oaim e o ) (B OsSe a )Y s e g dsedd) G B o Sl G e (e g 58

=l ol s )5 (e
HNF 1 A, HNF 4 A, Glucokinase (GCK) <<<< clbadll tpall caua g 53l ad
b) Disease of the pancreas
Vs o beta WA (& Gl i Jean 5 JSS (aly S0l1 332 Canan (a e dai e Sl (e s 5l g 51
G OAY) Ul e cila ) S digas
Examples
- Chronic pancreatitis ( steatorrhea + Epigastric pain + diabetes )
- Cystic fibrosis Gu 4s 5 (A Gl jal Hrall
- Hemochromatosis ( iron overload)
(Liver affection + DM+ bronzed skin + hypogonadism + arthropathy + heart affection).
c) Endocrinopathies
Gl S o g2 48 Hall aaall & il el (535
(Counter-regulatory hormones) ol sws3U saliaall <l sa jell 581 83305 oo o sl (535
sl (B HSslall ety M
# Acromegaly (1Growth hormone)
# Cushing Syndrome (1 Cortisol)
# Glucagonoma (1Glucagon)
d) Drug induced or chemical induced:
Thiazide, steroids, Niacin, atypical anti-psychotic drugs and others
Lelaxinal 5 (pre-diabetes) sSedl g Lo dls jo (& (o jall o) Lia g ol & Sl ety 4y 500 (535
e) other genetic rare syndromes
S daalian (585 0 )l 4 ) 5 Gl el 525
- Friedreich's ataxia - Wolfram syndrome (DIDMOAD)
- Myotonic dystrophy - Glycogen storage disease
+ Others
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Pathophysiology of Diabetes

¢ Sl Gasa b lapdally Juaay ) 4y

A. Type 1 DM
48 Janpn Al b S0l 5
M Beta cell destruction due to either autoantibody or genetic predisposition
HLA- DR/DQ alleles
Or idiopathic (could be post-viral)

l dagull
Absolute insulin deficiency
Marked Hyperglycemia

Blood glucose exceeds the Capacity of kidney tubules
Spilled into the urine
Glycosuria
Osmotic diuresis (polyuria)
Excessive th%st (polydipsia)

# On the other hand

M Lack of the fuel (glucose) in the Cells as a source of energy (| Glycolysis)
The body uses another source of energy (Fat)
Lipids cata%olism (lipolysis)
Weight Igss (significant)
M In severe cases of hyperglycemia

Acute marked lipolysis

Production of ketone bm#es in the body & blood (acids)

Acidosis (diabetic Ketoacidosis: DKA)

Type 1 DM is prone to Ketoacidosis.
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B. Type2 DM :

Visceral obesity + genetic predisposition

UL

Insulin Resistance

W
Lack of glucose utilization
+

Lack of insulin utilization
Wil
Hyperglycemia
+
Hyperinsulinemia

VAR

More stimulation of beta cells to secrete more insulin
W
Glucotoxicity With
More insulin secretion which Results in progressive decline
in the beta cell mass over the time
>> programmed cell death

>> Apoptosis mediated by TNF a

W

(Relative insulin deficiency)

LWL

Failure of glucose utilization
W
Utilization of another source of
Energy (lipids)
W
Lipolysis

AR
Hypertriglyceridemia/{Free FA

+
Accumulation of small dense LDL (C) ---> athergenic
(Occurs also in TIDM)

Lipotoxicity
LW
Atherosclerosis & risk of ASCVD (CAD & strokes)
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#0n the other hand

Hyperglycemia
W

Glycosuria

l

Osmotic diuresis
}
Polyuria + Polydipsia

!
Weight loss (less marked in T2DM)

N.B1:
Most of patients with T2DM develop a stage of asymptomatic mild elevation of blood glucose
before they develop diabetes ---> prediabetes

N.B2:

It is estimated that, at the time of Type 2 diabetes diagnosis ----> patients have lost about 50%
of their secreting beta cells.

Pathophysiology of Complications
(any type of diabetes)

Long standing Hyperglycemia
W
Glucose enters abnormal pathogenic pathways
(Polyol & sorbitol) Pathways

WH
Formation of Advanced glycation End products (AGES)

VARA)

M Toxic to blood vessels particularly microvessels in essential organs
W
Retina ---> Retinopathy
Kidney ---> Nephropathy
Peripheral nerves --> Neuropathy
M In addition to affection of macrovessels
W
Coronary artery --> CAD.
Cerebral vessels --> Strokes.
Limb vessels --> Ischemia.
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What is the clinical picture of Diabetes?

Both type 1 and type 2 shares the same classic features:
- Polyuria
- Polydipsia
- Weight loss
Js¥ g sill (A i€ I ale ) S o (Typel&Type2 ) Sl Gkl (e sl i asa se )5l Js3it adasala
Other features:
- Polyphagia
- Fatigue
- Blurring of vision
J0sSh Of OSaddl e (1) Aala 4l sala
First presentation of Type 1 DM is
# DKA #

tachypnea ge (& ae Ohall alb (o el oo

confusion ¢S« s kaussmal breathing J) ass
heS (BN (53 (al e V) ps Lk
Marked polyuria, polydipsia
+ Evidence of dehydration
Sl g sl e Sl (g 30 58 O Sl e (1) Aala b sale
Type 2 DM --> Asymptomatic
screening 4lesiy 43 ma¥) 5l Jalad Jeay 58 5 ddaally Gaddiy & e
ADA guidelines —
o e st e Jb e e 4 B 3 lasha g
Type 2 DM --> Symptomatic

beta cell mass J) e 7 0+ (M o 288 ) <o
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It is a laboratory diagnosis
ol cpe 2SN Judail) Jantgasd (<88 Lal (o) G Bad jiy el e V)

Saad) Jallasi g1 gl

> (Fasting blood glucose) aba Jilas
Alelu A J8Y) e o gean (s jall
Normal fasting B G (FBG): 70 - 100 mg/di
> (postprandial blood glucose ) bl Jalas
Ofie L JSY) 2my
Normal PPBG: 80 - 140 mg/dI
» (Random blood glucose) ) sde Jilas
g sl (A
Normal random blood glucose: 80 - 140 mg/DL
» Glycosylated hemoglobin ( A1C)
D56 ¥l e Sl Gl )l das e oy I (aS1 A (6 Sl Gl sanell 0
Normal A1C < 5.7

What are the international diagnostic criteria for Diabetes?
1) Fasting blood glucose > 126 mg/dl
[[ORI]
2) 2 hours postprandial blood glucose > 200 mg/dl
During Oral glucose tolerance test (OGTT)
Glucose dissolved in water .alsa 75 231 5 (i el G g cpie by JSY) 2ay S ) Jalas
[[ORI]]
3) HbAIC>6.5
e 5 apallall Ciliaal pall ildao (bl ol ¢y S5 6 S 55 (5 S (sl e (ol
Certified from NGSP & standardized to the DCCT assay.
[[ORI]
4) Patients with classic symptoms of hyperglycemia or hyperglycemic crisis

+ Random blood glucose > 200 mg/dl
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ce oS U Ll S3 Le (5 ) 4ag peall Sl il je by clabiadl L Gl ) s agd iy (I am pall e} <
(%) A criteria J) 5200 J) sara i pge iy (A glial) Jilatll

éo%&@@\ﬂ\wd\ﬁ 111 GM\%\;&@S\JEM&\ G.AJ\“ ‘)S...ueAA.\.c U‘RG-“‘A'“"’L‘J’-’ <
d 3haed HAY Wl dallai g 2 3lall e 50 sl
American Diabetes Association {ADA} guidelines

Criteria of Prediabetes:

1) Fasting blood glucose (100 - 125) mg/di
2) PPBG or OGTT: 140 - 199 mg/dI

3) A1C: 5.7 - 6.4 %.

What are the risk factors for Type 2 DM?

1) Family history of Diabetes

2) Overwight or obese patients (BMI > 25)

3) Physical inactivity

4) Ethnicity J sa¥! 42 2l

African american, Native americans, Hispanic and Asian Americans
5) History of impaired glucose tolerance or pre-diabetes.
6) BP > 140/90.

7) Metabolic syndrome

8) History of Gestational Diabetes (GDM)

Or delivery of a baby weighing > 9 pounds)

9) History of conditions related to insulin resistance

- Polycystic ovarian Syndrome in females

- History of Acanthosis Nigricans in males or females
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Classic Symptoms of diabetes
Polyuria + polydipsia £ weight loss
Sl Gandzil dgallall ulaall Gl 23S i Wi 583 W Jallail s Jans o 3Y
Type 2 DM & <l Ul e Ay sl e <

ccuﬁwdﬂbq&hcujlmym‘)ﬁddj“W\}\dbwbw}ﬁdhu@ﬁﬂ\uéu&u\
“Q&M&jh&&ﬁbd}bﬁ&bﬂ@j

$oag samgall da lsan 5 clalall b
st dall bk o gl

Screening of diabetes in asymptomatic patients {ADA guidelines}
¢ e VNS (A5 il JS (B Gl e ) Gilaaina (I Gl S Jllas Jass da
laaks ¢ Y 7 anaY)
padic (IS gl S ) 25 agelly BMIJ) A cpallill (oa yall S

One or more of the aforementioned risk factors

¢ Wl S3 e shadll ol se e I ) o) shad dale (Jiay
G ¥ JS bty sl Jidail alla

Risk factor 4312 as 800 jiS) gl 4 €0 5 yac (ya1 3 ol

Jary o )Y 02 S risk factor cs) slas (5 5Ss zlisa (i

Screening for diabetes

M}Wvdsw\dgu“amwﬂkbﬂj
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¢ Type 2 Y5 Typel sais gl o) el )]

Type 2 s siizid We oo G a2y ba suad & 5Ll G (8 S sie 4 (adl) (g jall 1 ©

adults J) & xSl Geoa g sill (lie GlaS ceallall (8 Sl (a0 IS (0 % 90 - 85 Laads jglV) 43
23X Ji8 lali )3 sy ghadll Jalse pe ) o) aal g 8 Wle

Sl daladl g ee i SN 5 (BMI > 25) (sl 33k ) @AY & Lgaal o shaall Jal 5o

Mlax age Type 2 DM J) 2 risk factor 25 s (e 2SI Lagla

adolescence s\ childhood JI & s We sa WiTypel LuSa

dﬁlsj(adolescence)i;&.ﬂ\dﬁu}&\ﬂ\ J sy (8 o) diha a g Siwodic 43 ad il )l J @
L%L’.Ajbd&‘—‘&;.ué\j)&ml\ua\)c‘

Significant weight loss & negative family history
Type 1 We o200l 50 50 51y DKA (& Ja2 02 g yall
Ol sl Llle 4aBle aa 5 0 Qi) pline Glaoa
risk factors Ui siie L sType 2 LUl g sl (e S odie ) (i) o iUl (§ 68 4iuw OIS (lay yall Il ©
G U il 03 ) (8 el Ldaw 03 (BMI <Y0 ) &l ) Jie 43 ) 55 4anal
It is not Type 2 Diabetes
autoimmune 4= s Type 1iw (pee & 502
Late Autoimmune diabetes of Adults 4wl 5 ¢c oD 2y Llle jalia law G
LADA s baisl oa

Destruction of beta cells 4 Jiasy 4 5102

typel o Wail o) gea g il G Gl guaid¥) (A s Jrms

S o gl i (g o Al (B an 0S (liie

oral treatment s diet e Jadsin o S oy jall

s gald g Al Type2 ) b d,¥ 8

Ol S Y1 Gy pall iy W (4L ) gl ) o S (e o 588 2an g
ez o 3 4ie UG Glie o2

Autoantibody + C-Peptide

QL) zlisa o & il
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¢ Type 1 and Type 2 & Gaofill 4pasli e Jaad Jasally el qub

We measure Autoantibodies when the diagnosis of
Type 1 or Type 2 is uncertain by clinical presentation:
Glalall (e 4ala 5
- Thin patient with age < 50 with poor response to
initial therapy with Sulphonylureas or Metformin.
- Personal or Family history of autoimmune disease
(Grave’s disease, Hashimoto's thyroiditis,
Celiac disease, Addison's disease)
A bSI oaxll ol 48 5ol 023l (A e lia Gl e (a0 Fa )l 2
- Overweight or Obese Children or Adolescents
Presenting with apparent Type 2 diabetes, who
actually may have an early presentation of Type 1.
¢ Laalall 4 bl
2 il (e 2al 5 SV e
- Anti- GAD 65 antibody

- Anti- Islet cell antibody

- Anti- insulinoma associated protein 2(1A-2 antibody).

+

Serum C- peptide (predicted to be low)
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What is MODY?

It is the most common type of Monogenic diabetes, it is inherited as an autosomal dominant
pattern. There is primary genetic defect in Insulin Secretion

03 Al o san 5 <6 03 ayall (e g 58 IS5 Gald aze gene 4 s (Sl Sl G e e g 500
Maturity Onset Diabetes of the Young (MODY)

It has 5 types

1) MODY 1

J & mutation 48 A ea

Hepatic nuclear factor 4 A (HNF4A)

The Secretory defect is progressive, the patients typically has hyperglycemia in adolescence or

early childhood.

Sulfonylureas J! cusivn J V) (A sa (an all

INSUliN zlian s ¢¢ oy adilainl o yid ey

2) MODY 2

Mutation in Glucokinase gene (GCK gene)

The hyperglycemia in such type is minimal and stable

Patients with GCK gene (MODY 2) can often be controlled with diet alone
i JSY) aplaity oty Saa g dav (5SSl cesa g il 8

3) MODY 3

The mutation is in HNF 1A gene

- It is sensitive to Sulfonylureas

4) MODY 4

The mutation is in Insulin promoter factor 1 (IPF 1)

5) MODY 5

The mutation is in HFN1B

It is associated with pancreatic atrophy (can be evident on CT abdomen)
Renal involvement (dysplasia, cysts)

This can be evident by US abdomen
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$9¢ MODY yadui cis
OS g sill 4ia o el g Genetic test J) Jelaty ad iy

Type 1 4l hle (adiin Wle 4Y Typel (e 4% i canys

Sulphonylureas J! cuaivw MODY QS s c¢ Gmall (8 oamn (lie

insulin L& (e
M aga € Juladl) Jaad e

When there is high index of suspicion?

1) Familial diabetes with autosomal dominant pattern

Of inheritance > 2 generations

Ol 8 allas 500 Sl imy

JIsAY s clea¥) (sl) alee V5 Y11 J5Y) Jaal
el sl LS alaay) s Sl Jaall
2) Onset < 25 years
O i) 5 Gueddl G J8 (50l Sl
3) Non - Obese

250+ J8l 4clhs BMI J o)) (e

4) Negative autoantibodies

Type 1 &LADA bl <5

t_il_u\ C\AAA 0l &}.\J\
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TREATMENT OF DM

Sl z3le 8 dnaiiical) 4y 9Y)
Aadle e AKER 4o il s Aad B 4Ky Sl Ga e oo LS Le 2xg

Uan g il ke o Blall Adad (o jad (a5 JY) AnDle (8 deodiiall 4g 92V o i o Y Sl (e e el (i
Sl

L 4 501 (e alSn
Ole 58 Sl (a0 z3le (A danadinall 4y 53V

Al]] Oral anti- diabetic drugs:
copdll (B Sl (g gl Jaadi e Bdll 3y 5k e g 450l (525
anti-diabeticasls ¢ s lalaa S38
injectable casll b e 35

GLP1 agonists

B]] Insulins

ol sms¥) 2D 5l a3y 5k e 38 de 53 S L) Gl gV 5 e Jpaailly LS g g3l add 5 pusi¥) 03 Lanka g

A eLs () 038 aay Jaaldilly ajle Al
A.ORAL DRUGS
4c gana JS (8 4053V cland 5 A ganall anal g CoaaDU a28Y) (e i L 4g oY) Shia

I. INSULIN SENSITIZERS:

A. Biguanides :
Metformin 4ew! e axiie Mg sl 5 Sl #3le 8 Craasiin) ) Cle senall Qi ) (0 535
il 438 jle UK Lyl
Trade name: Glucophage (Brand)
Concentrations: 500 mg & 1000 mg tab
Generic: Cidophage 500, 850, 1000 mg
Dose:

4 g Leluai g ¢ gl JS 500 2550 4e all 3y Ladal sy Sl ity 5 sLiil) day G Jadh 500 2a 5 (s Ty
e Sl (8 Lei jgle Liad (AN A8 )3 Jaa 63 e aad oy il 0 g 339 4l
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Maximum dose: should not exceed 2 gm /day, in some textbooks (old editions, dose may reach up to
2.5 - 3 gm) but side effects will occur with such doses.

So, keep in your mind that maximum dose is 2 gm.

e1aal) 2ay 500 (pare s Uadll axy S 500 i 3 35 Wl g eLiall 22 500 saa g T Jimaee Gl sl e andiiyde jall bk

maximum sl (8 ax 2 J Jea i e a1 1388
A4S Y jabaal) (e 38N udi Lo 585« NICE (UK) JU ks 02 23K
Side effects J ¢ JH&l 58 ac jall 8 il 5alé
Side Effects
1- GIT upset
Llle ) g cc Jlgd Ulal 5 (e 5 e b)) o (8 daaaniy (535
1 5aS) elalall 028 (liie c6 a0 J gl (o L 0 puS e J 55 () S
LSS e ae ) (S il ol e
2- Vitamin B12 deficiency
oAU i g aglS (e (ada pall (e At B0y a2y Jianoa
oale) e (Sl g pall g (Sass e le 5
Peripheral neuropathy
OS5 73l e Gy Lo
3- Unexplained macrocytic anemia
4- lactic acidosis
23l ) (el b Gilans e 2
Metformin
s oS (Lie renal insufficiency oaie
Contra-indicated in such patients
¢ Jaiday metformin J) ¢V M
Sl (S all (85 S ) gam gl Lina ) 5l el

¢ 2l station ! e Jaidn o o pzia
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Mechanism of action of Metformin:
1) It increases the insulin sensitivity (Major insulin sensitizer)
I.e: it decreases the insulin resistance in Type 2 Diabetes.
2) It decreases intestinal absorption of glucose (so it is beneficial in weight stabilization)
3) It decreases hepatic glucose production
¢ Ailaladicd g 03 ¢ gal) il jraa 4l

Metformin is used in the treatment of T2DM

Qﬁc\}uw\dcw‘@gi@‘sj}‘d&ﬁaJccu.ug}aASij

O Y 4l 4y oY) ga 5l sl
Metformin is a major insulin sensitizer
Insulin resistance s ! 4w Sual T2DM lash
.Cardiovascular riskd) Jlw s
Jaladind a4 ¥ J ) WSy GM\ e bl O sSa OSy a DA
¢ metformin J) (hasddied La el
4alaaiuY contraindications & !

Contraindications of metformin?

. Renal impairment when GFR < 30
Generally it can be used with Creatinine up to 1.5 mg/dI
. liver cell failure
. congestive heart failure
. acute Ml

M Advantages of Metformin
- Cheap
- Strong reduction of A1C
- No hypoglycemia
- Neutral on weight

- Durable drug (no exhaustion of Beta cells).




DR. HOSAM MOKHTAR DIABETES MELLITUS ... SIMPLE AND UPDATED

B. Thiazolidinediones TZDs ( Glitazones)
insulin resistanced! (e Jaidl 4o ganne S (535
As “INSULIN SENSITIZERS”
memberce S e (53 4o sanall ik
= Rosiglitazone ( Avandia : old ) : withdrawn from market since > 10 years
(Cardiovascular risk)
aand W 392 0 A memberd) W
» Pioglitazone
Brand: Glustin (15 & 30 mg) Actos (15&30)
Generics:
Actozone (15, 30, 45 mg)
Piojet (30 mg)
Diabetonorm (45 mg)

Dose: we start by 15 mg once daily
Oz s 30MQ A 253 YA e JB 230 sl /Ll 5 (VY 0 oA ) e aaluall

Maximum ---> 45 mg
E.g. Diabetonorm (45 mg)
¢ Pioglitazone J) Jaidu 1))
Aol o il S e Jaida o815 insulin sensitizer o2
Peroxisome proliferator receptor gamma
= receptors J activation Jexx. 5 adipocytes J!
free fatty acidsd! 2al apaall LA s, Jall
Blood JI 2 62 52 5
Mgl o anall LIS jaaneagce g2 LA o g Lg3 jad
Insulin sensitivityd) ¢a o Jal g a8lall juadS 558l
Uses
Contraindicated ¢S Metfomin o) 4 & insulin sensitizer & T2DM J! z3le axaiuy

<L Oral ¢ 5 ¢l s) metformin &= add on therapy s
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Side effects of pioglitazone

1) Fluid retention & weight gain particularly in patients With IHD & Heart failure (contraindicated in
CAD & CHF)

2) Osteoporosis & fragility fractures (better avoid in postmenopausal women)
3) Risk of cancer bladder (low risk)
Advantages of Pioglitazone

1) Strong reduction of A1C
2) No risk of hypoglycemia
3) Beneficial if DM is associated with NASH (Non -alcoholic steatohepatitis)
ailay 31 &L )) ae 2SI () 583 iy e
4) Durable (no exhaustion of Beta cells)
5) Price: reasonable sl G S

Disadvantages of Pioglitazone
1) Weight gain & fluid retension
2) Can’t be used in CAD patients

3) Risk of fragility fracture in postmenopausal women.

[II. INSULIN SECRETAGOGUES Z]
25y wlboSall L peta WA e Jaidsy A Gle gaadl (595

(e saaa J g2 insulin secretion oA gy )4
- Sulfonylureas
- Non- Sulfonylureas secretagogues (glinides)
A. Sulfonylureas (SU)
Laladiiad LSS0 5 Sl 0le 8 Cile ganall a8l (o g 1o o) sgulia A gana (535
generations e gl 4c saal)
M First generation : Tolbutamide , Acetohexamide : old drugs

dm\kﬂ & ‘)S.\.d\ C).c ‘_,,J(.\JA:\M.J JH?!aJ d}‘}“ d,)_;j\
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M Second Generation :

1) Glibenclamide ( Glyburide in USA)
BNF ey nll 4g50¥1 ) sl Bl JleS 035 Glibenclamide sa Lalle el el
Glyburide«s 4au) 4.5, el 45 15 5) 5 1Sy yal & (S
Brand: Daonil 5 mg
Dose:
Dl e 5) Ul J8 (a5 (i i aaa 5 5) 2.5 de a o T (K
targetd! basileanle o JS2.5 243
Maximum dose: 20 mg (divided)
2) Gliclazide
Brand: Diamicron 80 mg tab
sliall g Uil ae Lia g3 (455 o s s
Maximum dose:
sliall s g B Y 5 Jladll e (80MQ) L= Y
Total (2x80 + 2x 80) = 320 / day

M 3rd Generation:

= Glimepride
Brand: Amaryl (1, 2, 3, 4mg)
Generics:
Glaryl (1, 2, 3, 4) Diabenor (1, 2,3mg)
Dolcyl (1, 2, 3, 4) Glimadel (1, 2, 3, 4)

Dose:

lada can Sl cplial s e sl Sl i g o Sad) Ao Uiada 4l &1 6391 ae delis ao o Jladll U ane Y e gy
“Q;)uudmyu&ccULct)m\dS@)ﬁh e.;.q\ 29 ) YA« wdﬁ\)bﬁlé\}ﬁcj(\v~ 'A')C)‘“HL‘AL}:‘X&H
LLASJULAS}“Wﬁhﬂ\u&h}\@a/\@\)}jwﬂuh‘éccﬁ\ﬁ‘@(Q‘B:\S\L;{.\MAQA‘\_\SMALP ?43'.\}
. Hypoglycemia e2 38 il axy Jaasia WD Y asse £ (e Jin Bl

4k gala

Al Al g g ySaabiall g a e ba gond 66 poaa PLAPNRENY Sile sanall FSI 0ga Sulfonylureas J)dc sana
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¢ Sulfonylureas J) Jaiddy 1))
Insulin secretagogues 2 4= sanall,
S Gaoh e ¢ G Sl B eaga ge ) beta LA (el g 18Y 3 Jine el ia
Closure of ATP sensitive channels
Tintracellular K
Calcium release
Insulin secretion
Uses:
MODY ¢« z3e (& Lyl sT2DM Sl (2 30 0 el (AUl g 5il) 23l (8 aadiny
LADA J) & e T Jsl (b ading
Type 1 DM & palls Giadiy L (K],
Side Effects
1) Hypoglycemia

e ol syl 581 Aty g0 Ay V) (ldie ey e annilal) (il e W1 T el (g2

Gl 35505 Uia i L (55 4% 4o iy Tty Lind ) Lela

2) Weight gain

4l s lipogenicss (G e gl sma¥1 31580 83k ) 4 03

Sl g g b s (e eds e 2w )0

3) Not safe in patient with renal insufficiency and chronic liver disease as well.
aadic AN Gl 8 daany e eS Gliie

Chronic renal failure (CKD)

Chronic liver disease axie ) SUX

4) Some patients have allergy to SU

Advantages of SU:

- Strong reduction of A1C (potent)

- Cheap ozl pas )
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Disadvantages of SU:
1) Durability : less durable drug
Exhaustion Lelexy s beta cells J) g Jaidin 43Y 43 68 28an( i ) S8 ll g9 30 a0 ¢l gall () olina (524
O ee oS a8 Ul ¢ Lial 5 beta cell mass J) Jawn (Ml 5 <
beta cell mass J) ¢ 7 0+ J8Y g 288 ) S (il jebh cabias Saedie () addd) 43) 3 ey (g )
lole bl Jimd fl) gom gt Sl (e lag aly sl cpi allsy W oy jall 8 effective i g2 e senall idia UL
sk s yi
2) Hypoglycemia
2SI 5l (S (8 (e e mge (e (Sl OIS ) GRISILa g 6 sall aa) (i el o GlaS 5 ccde pall a5 Wl deaaty (535
3) Weight gain
O30 Gupmadd ¢ el Gl ghad aa) e ey c6 S (Sl o) o8 Aiand) WIS Y 6 Sl ay e (B G sS e 03

. 35 Gaze 4l BMI U e (B (o D) (B (UL e 80l ) e

B. Glinides ( Non - SU secretagogues)
Calite ¢ sall el S il G SU J) o 4gand (50 4 sanall
= Repaglinide
Brand: Novonorm (0.5, 1, 2 mg)
Generics: Diarol (0.5, 1, 2)
Repaglinide (0.5, 1, 2)
Dose
8 oS ol S5 I s ) Jaa g Lo sl e pailly 29 i g el (s dan 5 JS U a 30,5 58 53 o iy
Ll o e jall (ilia g e beads coe il g BN alll 4 90V & Cpandiie 16 MY (o 4iSan 40 ja sl

¢ Glinides J) Jasday 1))

Sulfonylureas J 4=l& mechanism of action J) st

Closure of ATP dependent K channels
---> fintracellular K --> release of Ca
---> |nsulin secretion
Prandial blood glucose regulators W sewn slalall
Lk s 0 i gl) (a8 2o all (8 daliine (e g co JSY) Gl 8 adadlae e (I (ulill (3 Sl Jaadiiy L) LS S
action ui Ll ¥ Sulfonylureas Ji lae Le 4l 4y 509 ¢ Caliatiy
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Uses of Glinides:
Used as add on therapy for ttt of T2DM
At ) 4e saaaS guidelinesd) (2 SN axd alg ce |5l Y addiid de geaall sda 2af ol s adasale
Side effects: very similar to SU
ol (Sl SUJL las 4gud 4pailadl (il e V)
- Weight gain
- Hypoglycemia

Advantages & Disadvantages: so similar to Sulfonylureas (SU)

Combinations
A. Sulfonylureas + Metformin
% Glucovance (Glibenclamide + Metformin) 1.25/250 & 2.5/500

&_1;)&\&_\.majj‘).a}oh\)af‘)w\&&}25/500)&5‘}\4\&.\.\\_&9

% Diavance (1.25/250 & 2.5/500 & 5/500)
ol lall 83 ga ga e 5/500 a8 5 (8 Lia (uy uild slall (55
% Glybofen (5/1000)
(Glyburide 5 + Metformin 1000 mg)
N.B: Glyburide (USA) = Glibenclamide (UK)
J dias By Oaa i 23 Gy sall 51 () G slall (Ao all
Metformin J! g% maximum
B. Sulfonylureas ( SU) +Glitazones TZDs
# Glimepride + Pioglitazone
% Zanoglide (Glimepride 2/Pioglitazone 30 & Glimepride 4/ Pioglitazone 30)
% Amaglust (Glimepride 2/30 pio & Glimepride 4/30 pio) xx 5 31 s
% Glimepride plus (Glime2/30 pio & Glime4/30 pio) 38 A (e sl 53
insulin secretagogue + Insulin sensitizer gasl (Sas S <¢ (52 combination J) 3
E/Y 0 5 Y/¥ s ac jall oy S anl g 53 B
DPP4i sl Metformin le | sty (See JleS 5
Gl madBU o sl () 50 iy 6S )l | gma
4] 30d dua sty e Sl ilasl g e o) cppnys 2/ 300 Fasis Lo s 02al 5 0 g e ol
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C. Metformin + pioglitazone
% Bioglita plus (Metformin 500 + Pioglitazone 15)
PN i FENENTI D PSS-SV PN PRS T TR KNS
% Pioglumet (Metformin 850 + Pioglitazone 15)
45d el metformin J S 55 L
insulin sensitizer o8l (w aead) 58 22 combinationd) & s

il 3mSU ¢ salll (53 o 58 il )y s e DPPAT 5l SU g 58 e | siliaty (Saa

(111, INCRETIN BASED THERAPY |

DSl G e gl GeldS aall 5 S sl Can gy 80 i e iNCretin J) g sea se Lis 5 Ll

e Jaiiiy (e sena L incretin based therapy Jis
Oral glucose dependent insulin secretion
Oie sana Lt
1- GLP1 agonists
2- DPP4 inhibitors

1) Glucagon Like Peptide 1 Agonists { GLP1 agonists }
(Injectable therapy )

¢GLP1 agonist’s J! Jaiis ) )
2z insulin Jb 318y (el ySall LA 44y (53 e ganall
GLP1 Jl 0sen e Jaidiy g ¢ auagll dlac aldi) 22y elaa¥) (e S slad) (aliaial

GLP1 agonists are called GLP1 mimetics

I.e, they do the same action of GLP1

They cause delayed gastric emptying

4 pall Cun Bl )l Lgle 7 50 dala 2281 Adausd o alal) il caall 3y sl e padiuly s 4500

% Exanatide (Byetta)

(Sl B asase) pae Gl 3 leods




DR. HOSAM MOKHTAR DIABETES MELLITUS ... SIMPLE AND UPDATED

% Liraglutide (Victoza) 18 mg pre-filled pen
4ia 1350 Mas e
(6 AS JalS g gl Baal laddl ala st Juady o6 alall it 2315 o plall Lhadaiy 0.6 A o Ty
¢ 1.8 4 sl diasi (San G Jill J el pae Al 85 o6 Jlaill Aalia pace ba sy 1.2 42 g
nausea,diarrhoea,constipation ,bloatinges ) 4xiall Gl e ¥ lie o sa gl fag 2 3Y Ll
Delayed gastric emptying s (s yall caia ) sSu g
% Dulaglutide (Trulicity) prefilled pen
0.75 & 1.5 (monthly cost 4 pens: 2000 L.E)
“Lﬁébhvjaﬂemaukﬁ}\;gg“uﬁﬂg\‘;\;ﬁtﬁuw@eh\ﬁfﬁuﬁgu
1500 Y1 ae all 23l o Sl 2lika 5 Le 515 0.75 4o oy T

Used in the treatment of Type 2 DM in combination with other oral drugs especially metformin
and inCombination with insulin particularly basal insulin.
GLPlagonists, Particularly Liraglutide (Victoza) induces weight loss throughout sense of satiety

due to delayed gastric emptying, it is FDA approved in the treatment of obesity with BMI > 30 .

Advantages:

- Induction of weight reduction, so they are beneficial in obese & morbid obese patients.
- reduce the cardiovascular risk (CAD, MU and strokes) e

, S0 they are recommended by the last updated ADA guidelines in the treatment of DM with associated
ASCVD.

- No hypoglycemia at all

- Durable drug (no exhaustion of Beta cells)

Disadvantages:

- So expensive & s

- Modest reduction of A1C

- Side effects (&2 WL <))

- Injectable (Gl Gook e 33 5)

- Low risk of pancreatitis.
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2) DIPEPTIDYL PEPTIDASE 4 INHIBITORS { DPP4i}

¢ DPP4iJ) Jasddy ) 3)
" Sl agdl (S ) 5SS lall M s £ g ge (e b ge L)
4l s a3l (A ol g B gl J s Jed Juady i GLPL JV w33
¢ ol gria Bl gy (Lie ) 3 DPP4 4aul
GLP1J i b g 03 a 33U sdbias 4 DPP4 J) oS (e «
L) Al i o)) SE) agdll (o _ilae e 4d) )
LtV 4l e Llla Sl 45500 jed) (e Cinnal ¢ic 4o ganall
+* Sitagliptin
- Brand (Januvia 100 mg)
- Generic (Gliptivia 100)
(s)e 5l jUad) JSY) aa o gall (Booal g pe 2l eng
+%* Saxagliptin
- Brand (Onglyza 2.5 & 5 mg)
Ao ym iy Sitagliptin J ) asd) (B easls e je 23l eay
psdl (B ana 5 J diashy G JUll ilihas e gy asll 8ane 25
+* Vildagliptin
- Brand (Galvus 50 mg)
- Generics (Gliptus, Vildagluse, icandra)
slnll an g 85 Jladll aa a8 Lt 4 ol
+¢* Linagliptin
Brand: Trajenta 5 mg (329 L.E)
Generics: Linajenta, Prevaglip
(S85 ) (B ) ) IS pabagodal go e A 1 4c jal)
N.B: Linagliptin is safe in patients with renal impairement, so No adjustment in the dose

While the doses of other DPP4i should be adjusted in patients with renal insufficiency
Uses:
- DPP4i are used in the treatment of Type 2 DM

In combination with other oral drugs and also basal Insulin
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Advantages:

- Little side effects (Wle Jiia)

- No hypoglycemia

- No weight gain

- Price (Accepted, not so much)

Sl daadl ba pad

- Durable drug (no beta cell exhaustion) linagliptin

Disadvantages:

- Aggravate heart failure in cardiac patients, Particularly in CAD patients (CI)
s oY Qi) Aliae Corda XS 5 (AL Gl A ) s (sain e (8 Al Caind

- Low risk of pancreatitis (so rare)

- Brands (relatively expensive)

¢ Combinations with metformin
- Sitagliptin + metformin
Brand: Janumet 50/500 & 50/850 & 50/1000
e G 5 Le Gy 0 g i G Ul GElba s Lo Lal g 4o ja JBL sy ¢ Lia g 0a) 5 6y addien
100 mg Sitagliptin & 2000 mg metformin
- Vildagliptin + metformin
Brand: Galvus met (50/500 & 50/850 & 50/1000)
Generics: Gliptus plus, Vildagluse plus, Icandra plus (50/1000 only)
maximum Js be s i e 50/500 3_siall 4o jally fas
L 52 05 = 50/1000
- Linagliptin + metformin
Prevaglip plus (2.5/500 & 2.5/850 & 2.5/1000)
Con il Jem 5 Lo aad g 5l 25335 eVl ds all oy ealallS
( DPP4i + Metformin) 2 combination dJ! 5« :4k sala
Ol 5 e Al (Saall (e s (ol sV aladind (0 Sl Japlatl 4l £ ) 55l aa ) sas g andin (Sae 4l

laa i (Vildagliptin + metformin) ¢ combination J ba saa
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[IV. SODIUM GLUCOSE COTRANSPORTER 2 inhibitors ]

(SGLT 2 inhibitors) W _laisl
Gliflozins Ly (ceusece | A 50 el M Gile ganall duaal (e 525
¢ SGLT2 inhibitors ) Jadd
J' & glucose reabsorption J inhibition Jazi (53 4c gasall
Proximal convoluted tubules (PCT)
PCTJ WA i aal sia s m 3 5 inhibition of SGLT2 Gk o=
sl (8 aie paladlly 558 glall (lasd N4l 8 g2 0a g
Renal glycosuria ---> | blood glucose level

+* Dapagliflozin
Forxiga (5 & 10 mg) price: 333 L.E
(SY1 U8 5l JSY) e )asal) (8 ama © 2a) 5 i Ty de )
e ) v diasiag yi Ll

+* Canagliflozin
Invokana (100 & 300 mg) price: 436 L.E
Voo dasyasiildsealse e Ve de oo ae o,

¢ Empagliflozin
Jardiance (10 & 25 mg)
¢ e sy oaal 5o e ane 10 de o fasiy : de yal)
pae 250 J a5 Ul Gililas e Sl
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Used in the treatment of T2DM in combination with other oral medications and also with insulin

Advantages:

- Effective reduction of BG.

- Great benefit on cardiovascular risk, so it is the drug

of choice in diabetic patients with CAD & CHF ( ADA 2019)

invokana & Jardiance ba sad AUl g il ) gad ae S (e ¢ silay Gl (ia yall (8 s

- Also in CKD, but dose is adjusted if GFR < 60 (ADA 2019)

- Weight reduction ---> s
- Blood pressure reduction

b e Sa e O silag (Al (amsall (8 Slias

Disadvantags:

- Recurrent UTI (common Side effect)

ce Laada Jsall (B LS JSudga s Leam g oo Lo |50 gty aim all 5 ¢ adapuny LGN

--->Vulvovagnitis in females

- Risk of DKA (low)

- Lower limb amputations ( rare)
- Dehydration.

- EXPENSIVE

adle LIS (53 4e sanall,

ran Boisia e Sl e Ol 5 Al g ) s 2 g 4k ale
L

- Amylin Mimetics (pramlintide), Colesevelam, etc
o Ll = i) J S 6355 & ADA guidelines JI b S5 Al
AACE guidelines J) (8 ki < S5 LS e Sl

American association of clinical Endocinologists (AACE)
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Hzdall dbd ¢ AUl g oil) cra Sl (e gdle B Lgeadiad (o) g Sl 4y g8 il gl () )
TREATMENT STRATEGY

4359V e gl T o pai L) las g ¢ ALC (oaS) i Jala Jami Lo a5 Sl (it () ) L e Le ay
4y 93¥) JS U je L day (51 )) aa jlida

) A (sl ol (e ilee U5 cc ADA Sl 450 5e¥1 s a5 ) ieia Ui o) 4iin)
Dasie s Je sl agin Le medi Jglad g agd s8ia c¢ z3lall

(st ) Js¥1 JsS 5590

ADA 2017 protocol

JosSi ol e e IV (e ALC JVdad e i gin oyl gtV Lod) laS g 40 0oVl 2ae lial o a5 <8 )

Aala2iuY contraindications 2ss s ade da i 43 fas 53 ¢l 5l 8 Metformin

I- IfAlCis<9

Step 1

» Life style ( diet control M alliie)

> Begin with Meformin alone ( Metformin MONOTHERAPY)
elaall dayy (sl ) JUadll Jd coll 8 S Jilas daglia e Tel Lialiad 130 ey il 0 g 3 g 4 e Ji Tavia
(88 ) Cre samd (g sasl 33ad ods 4o ja IS re (oa g S (e Ly
VYo o Av oo W target fasting J) oS Cusg
YA« VY. e 8 target post-prandial BG Js
e daSig e sl (8 e iz pa ¥ (il a5l Ao gl S il 2 g 5 a8 ¥ e8I i 6l 15 6
¥ S dxlic pe dile JaSuyallilia s gl e V(e JB) Ll Can Jlll g 0 ALC J) Gl (pama s ) s ¥ 32al (s oiiall
Voph o shall Jitiy Gilila gl sl ol )l Qi ol painB ) 5ol
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Step 2
» Add another agent to Metformin (DUAL THERAPY)
e sty LY ¢ gl sl ok
another comorbidity .2s>5 )
Al e el (55 Y
DY) 8 S35 weight gain Jexis A <« hypoglycemia desis A 4n 39 e G108 slaiyy) ¥
(425 g gm 50 8 L S5 G
Aalall (yomy yall Sl 5 o) all A8IST ) ya) €
GOLDEN ROLE
la <3 @bl parameters O s (oa)sil) JS (e 4l ) aulia e 4y 500 an jall Juadia
Y (e aaly LA e
DPP4i. Ex --> Galvus
SGLT2i. Ex --> Forxiga
GLP1 agonists. Ex --> Victoza
TZD. Ex --> Glustin
SU. Ex --> Amaryl
Or
2 Combination in one agent (42s2¥! G s aal )
c Targets J) oudins o (V) oshad 8 lede W@ 48, Hlal) (i HSuall Jalat Conn il 25 355 40 e AL Taia
ALCans 568 ¥ an
(7) 68 o shaall Jains ¢¢ ililia g La cc duda o @i g el (s o JaSia Vg JBl Ulas )

Step 3
» Add a third agent to the above combination ( Triple Therapy )

Jilas 85 g <« combinations ) L S Gilull Cile sanall (e a5 i g o Lay) 48Ul parameters J Lk
s Alla 8 Ll ecdgsa¥) adi e JaSiy cun Ul J g gl Als g o e T amy aST Al 5 lalill 5 ailiall Sl
(i)asjo}kﬂjds.\.m&"_t;‘)wd)m)j\
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Step 4
» Add basal insulin
Insulin glargine (Lantus)  Or  Insulin Degludec (Tresiba)
To
Metformin x another non-insulin agents
(Sl LY G sy gl pe (e sitall (I (sac B Gl gV ddlial )
Oilila 5 La 0alallS 43 50Y) Mo JaSiy can Jlll ilia s o 0 56l 7 2r 5 Adiliall 4y plall iy Aalii g Sl (i
(©) ¢80 shaall Jatiia ua Ul
Step 5
» Combination injectable therapy
(V) O kil e 535
Jg¥) LAy

A] Add rapid acting insulin to basal insulin + Metformin

Basal insulin (Lantus or Toujeo or Tresiba)
+
Prandial insulin (rapid acting acting agents)

Ex. Humalog or Apidra or Novorapid

I fa iy

Basal + one dose of prandial insulin before largest meal -> basal plus 1
YTy exS e bl e

Switch to ¥

Basal + 2 meal doses of prandial insulin before 2 meals (Basal plus 2)

DTy e e e (e
Switch to ™

Basal + 3 meal doses of prandial insulin before 3 meals (basal - bolus regimen) _se-&l)
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ol 8 pdle fagi o (Sadl) (gt adasala
Basal - bolus regimen

plusd\aw&dﬁuﬁmah\‘jaf
NI VS andiaidcle Y Hlae e 4o jall cawad o)) e

50% --> basal insulin
50% --> bolus

J) i
Bolus + 3 meals

: Ui
Jl A shS e 4i s G e )
Total insulin dose/day
(o Lgania ceoaag Vo A Lo Taia )
Basal --> 15 units before bed
Ex: Lantus 15 unit before bed time
+
Apidra Solostar
5 units before each meal
(6 ssilly danita Cle ) IR
Ge 255 il (Sl pag oo Sl oam pal Conliall gl oUsty o) ST o e 1 8 JSY1 30aS )3l 53y
4eS JS) ) ilaa gl (8 ISV 208 155 pae Alla (A ce (5 sbad ()50 damadla ()5S0 Capmy il ol 48 (e 4 5 o)
(sl g HUadlly 45 Hl8ally elandl 8 L o S

de ya hadas (lie olasd) J8 Jlai s cc a5l Ji basal JIde e s liie jUadll Jd Sl Jlay ks <
Liall Ji A jm Jauli e o il 8 Jla g elaal ey Jaai e oLiall Jd Jlaiy Uil

Aﬁ\udbah)j&am&}ayézsﬁzd&ﬁb)m cc@\yhuﬂwﬁ\@m@cw A.L);SA
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B] Add injectable GLP1 agonists to basal insulin

+
Metformin
Victoza or Trulicity

o+

Lantus or Tresiba
O o ke 1S el (A J 5 uaa el 50 G 4k ala
GLP1 RA + basal insulin in one pen
> iDegLira = insulin degludec + Liraglutide
» iGlarLixi = insulin degludec + lixsenatide
Basal bolus regimen J! oUai te calasy caa Ul Gililia s Le slee z0lall (1o Hoes ¥ ooy <

C] Change basal insulin to
Pre-mixed regimen/Split mix regimen (prandial insulin: regular or rapid acting insulin
analogues + intermediate acting agents: NPH or protamine)
+ Metformin
e alyaslS JSunit +.0 de o o e g pall (s cn dela YE e o (ol gt S o 2 3 Lilane
aloa LS dShunit + Y e caady cc Gl LS (a el ol aSl (i i e ) SI il ) gl i e (S
Lodns O (5K Aol YE lae e Lo faia (U cl pud¥) A i cc paS ) v v el (535 51 3 Slia

(o galy al gl eldall Ja8 /) d\))‘i:ﬂ\d.ﬁ@)ﬂ\“/*)¢W\}J¢ﬂ\dﬁe}:ﬂ\éuyf‘;s(»»m‘&c‘)ﬂ\
(Caenill 0 ) i) oliial) B VY 5 (L 70 ) Uil i sam s VY 0 ot Ll s e (358 1) Jil) canen
;m‘dﬁaLJYOJJM\dﬁbh}\‘o L.J)SEUSMJ
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EXx

= Regular insulin +NPH intermediate) ¥

# Mixtard vial L pand )l 5 2 ) siwall el

# Insulinagypt 70/30 s _rasl)

# Humulin 70/30 vial 2 siue

Or

= Rapid acting insulin analogues + intermediate acting insulin (protamine)
Ex

Humalog mix pen (Expensive)

Novomix pen (Expensive)

Gy cee JUadll Jdde ya Jasal olital) J8 (a5 oliall U ey Jasad Uil J (ol co Sl Jallas sl s,

Llay o e oed ¥ amageece YA S VYo e 8 eliall J8 o 5Ll g ee VY0 2 Av e adll i cas U1 5 60
YU d8 e ¥ e cle ) ands iy o (ililia g Lo ez Olall Gt e JaS Gl o (ALC < 7)) caa il
SV opie Hoed ¥oamg Gilila s Lo e Ll Lo (o) JaSiy 11 o Ul Uilia g 4y Hall ity jSaall adllii g cc il

Basal bolus regimen

A Gow S

II- I1fA1C:9-10

Consider dual oral therapy from the start
"STEP 2"Y i, osha culS g2y
el Cas de jall 30l ) ) ae agie 2a) 5 Metformin J) 058 o) e comb < 1)
G LS JaShy (pams
IT1I- If A1C > 10 or random B.G > 300
Consider combination injectable therapy from the start
STEP5 © a0 gbd ilS (535

dn i o LS JaSi
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A IS 55 5

(4ol caal)
{{ ADA 2020 }}J'JsSsigrneas
) lielias ol G yall die o) shad ol o 3 5a 5 s (g jall 20le HLia¥ Gl ) slas 50 J5S 5l (8 elaladl
ASCVD, CKD, heart failure

ASCVD: Atherosclerotic cardiovasuclar diseases e.g Coronary artery disease, stroke, TIA,
carotid stenosis > 50% by duplex scan, lower limb ischemia and LVH...

in patients > 55 years old.

Begin with [metformin] unless contraindicated + Diet control /life style measures
Jasaclioee AIC J el shee sei ¥ 2e 5« metformin ) 4msill oS J8 caa il A1 4y jlall ey favia
(V)e&‘)o‘ﬁ:}ﬂd&l\.&) 13 uﬂm}u“ CM\Q&J&QMQ}JU&S

Indicators of high-risk or established ASCVD, Chronic kidney disease {CKD}
or Heart failure (HF)
Or Not
oo g el (e dala saic Jl
g B
Pathway 1
s Aalall e dals (i gaiza ]
g B
Pathway 2
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Pathway 1:3¥7¥7¥

The patient has indicators of high risk or Established ASCVD, Chronic kidney disease {CKD}
or Heart failure {HF}
J ¥ Jlaialyl

S il g B sal s heart failure osx <« ASCVD 4l gyl €
= add GLP1 agonist with proven CVD benefit
EX:
Victoza / Trulicity
Or

m Add SGLT2i ¥
EX:

Forxiga / Invokana / Jardiance / Mellitofix

111Ju$\“Q;)ﬂ&h}hubﬁﬂ\}]“AlCd\d&)}@ivMJG‘%}Z&LASM\J#@LBS} C
+ if the patient on GLP1 agonist
»Add SGLT2i

+ if the patient is not on GLP1 agonist
» Add DPP4i (e.g Galvus)
Or
»Add basal insulin eg Lantus or Tresiba
Or
»Add TZD (pioglitazone) : cheap
Or
» Add Sulfonylurea {SU} e.g Amaryl: cheap
¢ Calll Gla s L AIC J) sl e Hogd ¥ ams ©
» Switch to {{ Injectable therapy }}
Y JsS5i5 ) (8 A )l o
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CKD s HF 4l (= 3l ) ©
EF <45%d)s ¢« HF 4 (s all
J ) GFR : 30 - 60 J\s <« CKD 4
ACR > 30, particularly if > 300

NI II I

SGLT2i

o Lgie b ¢ Lgie Al Gl el dlian slec (50 40 sanall Jaadiun (5 )3 el 1 ©

GLP 1 agonist

SGLT2i J) e Y

52 QLAY (e aal 5 Cadaia oo G Al ila g lace AIC JI 5) Hsgld Y amay ©
21
» if patient on SGLT2i add GLP1 agonist
Or
» Add DPP4i (except Saxagliptin {Onglyza} if there is HF
Or
» Add basal insulin
Or
» Add Sulfonylurea
s daliild 4dh gale

83l heart failure J) (o 3« (& ¢« TZD JI alasialee UL leia g giae

3 Q.AJ\:\DJILLAJIAA]_C”J‘)SGG J}@.u:\‘l:u C
» Switch to injectable therapy
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L G gaina g 5al) Sl <
Indicators of high-risk or established ASCVD, Chronic kidney disease {CKD} or Heart failure
J B aia

Pathway 2. ¥ ¥ ¥

Metformin JI e (ibudail laacliy AIC J eyl
T 4l o ghall i
STEP 2

¢ obese or not ua: sl Ja
e siaall Cailiay (il (e 2ad g JUA) (A ad )5 30k ) ael sle Ul ) cc obese uay el s

» GLP1 agonist
Or

» SGLT2i
PRILL W) el iy o aeliy con yill Elea s e ALC J) sk Hoed ¥ 2y &

» Add SGLT2i if the patient was on GLP1 agonist
» Add GLP1 agonist if the patient was on SGLT2i

PRI Y dee) o ccacliy o Jll Gla s W ATIC ) slee )5l Yoy ©
» Add DPP4i if the patient was not on GLP1 agonist
Jl sl «« GLP 1 agonist e OS (an sl
DPP4i: contraindicated or not tolerated
E0s0 935 50 agdY Hang ) sliay cc 4330 (e aal 5 Canal U] 2y
» Add SU
Or
» Add TZD

Or
» Add Basal insulin
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Nyl 8 hypoglycemia adll (& Sl (5 s aladi) cand Sl 4 391 e 2l
Ay )l (e 2a) g ol Jlidia Metformin J (e Gidaadai) be (e jall ) oS olie
» DPP4i
» GLPlagonist
» SGLT2i
»TZD
LY ee) B e acliy can Ul (il s e ATC J) slee Hogls ¥y ©
= if the patient was on Metformin + DPP4i
» Add ---> SGLT2i or TZD
= if the patient was on Metformin + GLP1 agonist
» Add --> SGLT2i or TZD
= |f the patient was on Metformin + SGLT2i
»Add GLP1 RA or DPP4i or TZD
= |f the patient was on Metformin + TZD
» Add GLP1 RA or SGLT2i or DPP4i
J ol geall & gian s Aigale
GLP1 RA (agonist) and DPP4i

c&@&&;JUﬂuﬂm}uA]_Cd\}]“ )}G_&VA,_;) (¢
55855 038 U8 gl Lo U1 (pn a5 il i

Gl (e aaly Jlisia o (@58 M S A8l a2 ) e aclhy Cn Al ila s L ALC J) sl il )5l Y ama s ©
» Add SU with least hypoglycemic effect (Glimepride: Amaryl)
Or

» Basal insulin with lowest hypoglycemic effect (Insulin degludec: Tresiba)
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Gllil) yaiall

A 52V 4SS iy s (i (i saina 5h dimnd 4 oY) e (s i (B0 Le g 4pale JSLE (e Slag (sl )
[Poor patients] Wu o $S2all
ceacliy G Jill ilia s L ALC JI e (e siinall (1 )5l ¥ oy ©
Col (e aal g Canal UAS 0 SY) Jeel iy
» Add SU
Or
» Add TZD

LML) el B e aeliy con il ila s e AIC J) sl Hoed ¥ a5 ©
= |f the patient was on Metformin + SU
» Add TZD
= if the patient was on Metformin + TZD

» Add SU

PRLLE Y el iy e 4oy can Ul (ilea s e ALC JI shee sel ¥ anas ©
» Add basal insulin with lowest cost
Adldl) d aa) g J8)
Or
»DPP4i with lowest cost 4alss Jil
Or
»SGLT2i 4alss )

Pathway 2 J! 4ledd Clias s ¢ aa S5 Grw I pualic ¥ Jl cudginl 1 ©
Pl &y e aely Ca Jull il L AIC )

» Combination injectable therapy




