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[epiexopeva pabnuaToc.

v EMdnUIoAOYIKG OTOIXEIQ.

v Eidn aakyxapwdouc diapntn (ZA).
v KAIvikn €ikova ZA.

v AIayvwaoTIKA KPITAPIA.

v OuolooTaon yAukolnc.

v 2ToIXela naBogualoAoyiac (ZA) 1 kai 2.
v’ @EPANEUTIKN.

v'OEglec kal XpoVvieC eNIMAOKEC ZA.



2016 vs 2021.
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in 25 years 1in 2 diabetic adults

1 out of 10 adults in the world has diabetes is undiagnosed

(estimated around
266 million people)

Diabetes by age (20-79 years old)
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532 million 783 million

in the world in 2021 in the world in 2045

IDF, 2021




GLOBAL TYPE 1 DIABETES ESTIMATES - 2017

PUBLISHED INCIDENCE
RATES OF TYPE 1
DIABETES IN CHILDREN
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ALL AGE GROUPS USING
DATA MODELLING
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GLOBAL NUMBERS OF
INCIDENT AND PREVALENT
CASES IN 2017




Opiopoc oakxapwoouc diaBnTn.

v/ ZUvoAo nabnoewv diatapaxnc HeTaBoAiopoU Twv
udaTavopakwv.

v YnepyAukaiyia.

v/ IXETIKN N anoAuTtn diaTapaxn €kKpIonG IVOOUAIVNG Kal
v aA\oTe aAAou BaBuou nepipepikn avTioTaon otn dpaon
TNC IVOOUAIVNC.

ETuuodoyia < priua «oiafaivaw».

Xpnoiuorioin@nke apyika ario Tov ArioAAwvio tov Meupitn ngpi To 230 1.X,,
[TPOKEILEVOU Va MEPIYPAPEI TO PaIVOUEVO MOAUOIWIAc kal noAvoupiac Twv
o1aBnTikwv aoBevav.



AITioAoyIkn Ta&vounon.

AiapnTnc Tunou 1.

(kataoTpo®r B KUTTAPOU, anoAuTn evdela IVGOUAIVNC)

AiapnTn¢ Tunou 2.

(avtioTaon oTtnv IvoouAivn, dlaTapaxn TNS EKKPIONG TNG IVGOUAIVNC)

AANoI €101KoI TUMOI d1aBnTN.
AlaBnTng TnG KUNONG.



H diayvwon Tou oakxapwdouc
d1apnTn ocuvnobwc YiveTal
KAIVIKQ:



upntopara ZA.

KaBuoTepnpuévn
ENOUAWON
TPAUHATWV

EUKOAN
KONnwaon

MoAudiyia

©apBog NoAuoupia
opaong




KAIVIKN €1KOVa.

ZUHNTONATA
- MoAudiyia.
- MoAuoupia.

- ©apBoc opaonc.
- AioBnua konwonc.

ZnHEia

- Akouaola anwAe&ia Bapouc.

- 2nueia o&eiac PeTaBoAIknG anoppuduionc.
- KA\IviIKG onpeia Xpoviwv €ninMAOKWV.

Zi1aykpne A. ©spata KAvikng MaboAoyiac kai Alagopikng AlayvwaoTikng, 2022.



Kpirnpia diayvwaonc.

Criteria

Assay Description for
Diabetes

Hb Ac Performed in laboratory by method NGSP-certified and
standardized to DCCT assay

Fasting plasma | At least 8 hour fast
glucose

Random plasma | In persons with symptoms of hyperglycemia or
glucose hyperglycemic crisis: Blood glucose measured at any time
of day

Two-hour Following a glucose load of 75 g anhydrous glucose
plasma glucose | dissolved in water

ADA's updated 2018 guidelines



FAukoluhiwpevn aipoagaipivn HbA1C

v Eupewc xpnoipgonoloupevn diayvwaTikn dokiyaaoia.
v EAeUBepn diaxuon YAUKOING EVTOC TWV EPUOPOKUTTAPWV.
v Mn avaoTpeyiun ouvdeon atnv Hb ~ [YAUKOCNG] iy,

@ Glucose + Hemoglobin
: |

Glycohemoglobin

blood cell

Nathan DM, Singer DE, Hurxthal K, Goodson JD. The clinical information value of the glycosylated hemoglobin assay. N Engl J Med 1984; 310:341.
Goldstein DE. Is glycosylated hemoglobin clinically useful? N Engl J Med 1984; 310:384.



FAukoluhiwpevn aipoagaipivn HbA1C




[[AYKOZH




T1 €ival n opgolooTacn TNE YAUKO(NG;

Glucose in balance

Balanced
Blood Glucose

The ability of the body to maintain balance and
regulate internal conditions is called homeostasis.




KAl

YwnAa enineda yAukoldnc oTo aipa= XaunAa enineda yAukolng oTo aipa=
YMNEPI'AYKAIMIA YTOIAYKAIMIA

insulinacts not enough food in
4 glucose in cells { glucose in blood

foodin insulin acts
T glucose in blood T glucose in cells




Hypoglycemic and

O IJ O I éGTG 0 rI Hyperglycemic Coma

]
T AU KO DAVID HURWITZ, M.D.#*
|
| |
any comatose patient, hvpe emia or hyperglyveemia
must be giv serious consideration. This is Lruu. if the patient arrives

with what appears to be another explanation for his comatose state. An
| example is the obviously alcoholic patient whose coma may be due to a
n blood sugar of 20 mg. per 100 ml. and who awakens as soon as glucose is
G GVTI K given. All comatose patients, therefore, should have blood drawn im-
’ mediately for glucose; intravenous glucose should be administered
promptly. A dramatic and quick response may occur commonly and indi-
cates both the diagnosis and appropriate treatment, On the other hand,
if the patient di not have hypoglycemia, or even if he has diabetic
acidosis, the administration of 25 to 50 grams of glucose certainly would
not be deleterious.

In addition to blood sugar and other blood chemistries, a specimen
should be obtained for urinalvsis. If the patient is so critically ill that he
is in coma, one should not worry about the possibility of urinary tract
infection from a single clean catheterization. We have seen delays in the
diagnosis of diabetic acidosis or of renal disease because of the failure
to collect a urine specimen. Now, even with the availability of Dextro-
stix, which can determine blood sugar in a rough way in a matter of
60 s ids from a single finger stick, the urine specimen is still nec
sary, for there is still no other way to demonstrate urinary tract infection,
albuminuria, and casts.

In considering coma associated with hy reemia or hypergly-
cemia, it might be well to make a classification in the following way:*

. Hypoglycemia

. Coma due to factors independent of hypo- or hyvperglyeemia; e.g., stroke,
overwhelming infection, drug ingestion, uremia

. Lactic acidosis

. Hyvperosmolar coma

. Possible combinations

. Diabetic ketoacidosis

*Clinical Pl:'uiE'ﬂhl.l!' of Medicine, Hma:-i Mn:u:l.lu.al S5c Chief of Diabetes Clinic, Boston
City H Hu\mn Mas: L : Chief of sion of Medicine, Mount Auburn
Hospital

Surgical Clinics of North America- Vol. 48, No. 2, April, 1968



duaioAoyikn opoloaTacn YAukolnc

v PuBuoC €10000U TNC YAUKO(NC aTNV KUKAO®opia.
v PuBpuoc anopakpuvon TnS YAukodnc ano Tnv KukAogopia.

?

EC Chao et al.Nature Reviews Drug Discovery 9, 551-559 (2010)



PuBpoc €10000u TNC YAUKOING OTNV KUKAO®pOpIa

(e€wyeveic kal evOoyeveiC MNYEC).

EvTepikn anoppogpnon

o O H H 0
H

( o) : A : H‘ gu H\;( < OH H\ < OH H\"(
anooopnon Tou YAUKOYOvVOU O \l |/ \| |/ 0~
H OH ) H  OH

8-12 wpec vnoTeiac)

r)\U KOYOVC'))\U C)'r] CH,OH H CH,OH CH,OH

Glycogen

[AUKOVEOYEVED o

(ouvBean yAukolng ano pn ot S—
UdaTavePaKIKEG NPOBPOHES EVWOEIG) (I | J

6 ~P T FAYKONEOIENEZH FAYKOAYZH
~ —

2 NUPOGTAPUAIKO + 4 ATP + 2 GTP + 2 NADH + 6 H20 — yAUKOZN + 4 ADP + 2 GDP + 6 Pi + 2 NAD+ + 2H




PuBuoc anouakpuvon TnS YAukodnc
ano TNV KUkKAogpopid.

Glucagon Insulin 2.

Skeletal
muscle

Fasting plasma
glucose

Nature Reviews | Drug Discovery

EC Chao et al.Nature Reviews Drug Discovery 9, 551-559 (2010)



NMwc anopakpuveTal n YAukoln ano tTnv
KukAopopia;
Outside the cell

Glucose Change in GLUT1 position

sl Y @y S

AS A g G v LA 6 /\Lmtu.u. AMLAAA ¢ LA LA

Asd i, dAded sl s @ sl WA A A \’ Aiad AL ¢ A AAAAL

S GLUTY i‘
/

Glucose into GLUT1

Glucose

Inside the cell



Prol_gin

Major isoform (aa)'

MeTagopeic YAukolnc.

Facilitative glucose transporters (GLUTA)

GLUT1

GLUT2
GLUT3
GLUT4
GLUTS
GLUTé
GLUT?
GLUTS

GLUT9
GLUT10
GLUT11
GLUT12
HMIT

492

524
496
509
501
507
524
477

511/540
541
496
617
618/629

3-7

7
1.4
6.6

?J
0.3
2

Na+ /glucose cotransporters (SGLT)

SGLT1
SGLT2
SGLT3

664
672
660

K.’ (mM) Major sites of expression

Ubiquitous distribution in

tissues and culture cells

Liver, islets, kidney, small intestine

Brain and nerves cells

Muscle, fat, heart

Intestine, kidney, testis

Spleen, leukocytes, brain

Small intestine, colon, testis

Testis, blastocyst, brain, muscle, adipocytes

Liver, kidney

Liver, pancreas

Heart, muscle

Heart, prostate, mammary gland
Brain H+/myo-inositol co-transporter

Kidney, intestine
Kidney
Small intestine, skeletal muscle

_Proposed function

Basal glucose uptake; transport

across blood tissue bariers

High-capacity low-affinity transport
Neuronal transport

Insulin-regulated transport in muscle and fat
Transport of fructose

Transport of fructose
Fuel supply of mature spermatozoa;
Insulin-responsive transport in blastocyst

Muscle-specific; fructose transporter

Glucose reabsorption in intestine and kidne
Low affinity and high selectivity for glucose
Glucose activated Na+ channel

Lele RD. Tc-99m glucoheptonate is poor man's fluorodeoxyglucose. Zndian J Nuc/ Med. 2011 Oct;26(4):165-70.



H opolooTaon Tnc YAUKOZNC anaiTei TIC
OUVTOVIOUEVEC OpACEIC NOAAANAWY opyavwyv

(veupikec odoi, YUNIKG onuara).

Insulin

A ,—T <

"/ Pancreas
ED. Rosen & BM. Spiegelman. Nature , 2006; 444:847-853.



[Moio opyavo diadpapaTilel
NPWTAYWVIOTIKO POAO;



/"Pancreas [T

_—r —_—

Beta cells Alpha cells

v v

Insulin Glucagon

Glucose uptake Gluconeogenesis Lipolysis

» Skeletal muscle

Rudd J et al. Nature Communications volume8, Article number: 15259 (2017)



A&ovikn Topoypagia KolAiag

~"portal vein
w (confluence




Mopiakn avaTopikn naykpeaToc.

Acinar cell
* Trypsin
y- ® Amylase

a cell

+ Glucagon

O B cell

« Insulin

F cell
+ Pancreatic
polypeptide

d cell

« Somatostatin

= Collagen

Nature Reviews Gastroenterology & Hepatology 14, 612—628 (2017)




O1 dUO I0YXUPOI pUBUIOTEC TNC opoloaTaonc TNS YAukolnc.

High blood sugar [

insulin
£ release

’ Raises blood sugar | Promotes

-——y
Stimulates glycogen g ’ \\

breakdown L Glucagon
geCNn L

T

i ‘;‘\’;.‘_
- . , <!‘25~
A
R

\s__ol “

-

Pancreas

’—-~\}/

Stimulates =~ Insulin 1

glycogen formation\ Y
Stigyeates /
= ==lucose §

/ Bl uptake /
Tissue cells from /’ Promotes

Lowers blood sugar blood /  glucagon
release

Low blood sugar

Copyright @ 2001 Bangamin Cummings. an imprint of Addison Wasley Longman, Inc.




OuoiooTaon TNG YAukodnc.
To O1-OpUOVIKO LOVTEAO.

CHO Meal

Glucose

Insulin

Glucagon

AN

60 0 60 120 180 240

Time (min)
Aronoff S et al. Diabetes Spectrum 2004 Jul; 17(3): 183-190



APKEI TO OI-OPUOVIKO HOVTEAO

YId TNV EPUNVEIa TNC
opolooTaon TG YAUkodnc;



To NOAUOPUOVIKO HOVTEAO
Food @

Intake™

Gastric
Emptying

.0
\ AR

Postprandial
Glucagon

N A

P %
N 4

Plasma Glucose

Glucose
Disposal

Insulin

Amylin

Tissues
A (muscle and adipose)

SL. Aronoff et al. Diabetes Spectr 2004;17:183-190




Hormone

Insulin

Glucagon

GIP

Somatostatin

Epinephrine
Cortisol
ACTH
Growth Hormone

Thyroxine

Tissue of Origin

Pancreatic p Cells

Pancreatic B Cells

Intestinal L cells

Pancreatic a Cells

Intestinal L cells *

Pancreatic & Cells

Adrenal medulla
Adrenal cortex
Anterior pituitary
Anterior pituitary

Thyroid

Metabolic Effect

1) Enhances entry of glucose into cells; 2) Enhances storage of
glucose as glycogen, or conversion to fatty acids; 3) Enhances
synthesis of fatty acids and proteins; 4) Suppresses breakdown
of proteins into amino acids, of adipose tissue into free fatty
acids.

1) Suppresses glucagon secretion after eating; 2) Slows gastric
emptying; 3) Reduces food intake.

1) Enhances glucose-dependent insulin secretion; 2) Suppresses
glucagon secretion after eating; 3) Slows gastric emptying; 4)
Reduces food intake. (Only works while food is in the gut)

1) Enhances release of glucose from glycogen (glycogenolysis);
2) Enhances synthesis of glucose (gluconeogenesis) from amino
acids or fats.

1) Induces insulin secretion. 2) Inhibits b-cell apoptosis
1) Suppresses glucagon release from a cells (acts locally); 2)

Suppresses release of Insulin, Pituitary tropic hormones, gastrin
and secretin.

1) Enhances release of glucose from glycogen; 2) Enhances
release of fatty acids from adipose tissue.

1) Enhances gluconeogenesis: 2) Antagonizes Insulin.

1) Enhances release of cortizol; 2) Enhances release of fatty
acids from adipose tissue.

Antagonizes Insulin

1) Enhances release of glucose from glycogen; 2) Enhances
absorption of sugars from intestine

Effect on Blood
Glucose

Lowers

Lowers

Raises

Lowers

Lowers

Haises

Raises

Raises

Haises

Raises




Glucagon-like Peptide 1

IVKPETIVIKN oppovn. Mpodyel Tov KOPETHO, EVIOXUEI TNV EKKPION IVOOUAIVNG Kal KATAGTEAAEI TNV
EKKPION YAUKAYOVNG w¢ anavrnon oTnv NnpocAnyn BpenTIKwWV GUCTATIKWV.

Brain v/
# gp;?etute Heart

T Glycogen synthesis ey 1 Blood pressure
T Glucose oxidation //J T Heart rate

T Myocardial contractility

Muscle

T Diastolic function

|f (1 T Cardioprotection
Kidney | is .

: : T Endothelial function
T Natriuresis

K

Gastrointestinal tract

Adipose tissue _ (O  Gastric emptying ﬁ

) l Acid secretion
T Lipolysis OG- Pancreas B

T Glucose uptake - T Insulin secretion { 7-.&--""'
N

{ Glucagon secretion

T B-cell proliferation

GLP1RAs Physiological levels of GLP1 Pre-clinical studies

A Andersen, et al. Nature Reviews Endocrinology 14, 390—403 (2018)



Islet neogenesis

O pOAOC TWV IVKPETIVWV.

y
: M
(e 4

sed lipolysis

creased fatty acid synthesis

}

S |

.

~

Adipccytes

? Pancreas

Intestines

= GIP
» GLP1 | —

Gastrin | -=

Ghrelin | -=

Decreased

gastric emptying

'

Increased nausea

Increased satiety Decreased
Decreased food intake  glucagon
Decreased body weight  secretion

2

glucose
sensing

I insulin secretion

cr 1sed insulin biosynthesis
Increased B cell proliferation

1sed [ cell survival




TO IVKPETIVIKO (PAIVOUEVO.

ADENON TG EKKPLONC IVGOVAIVIG LETA TNV OT0 TOV GTONATOS YOop1YyNon YALVKOING o€ GOYKPLoT UE
TNV £KKPIGT IVGOLMVNG UETE TNV 1GOYAVKAUKY EVOOPAERLA £yyvom YALKOING, OTaV KOl Ol OVO

GUVETAYOVTOL TOVTOCTUO EMITEOO YAVKONG GTO TAAGLAL.

Islet neogenesis

g,

f} cells

4
o s
j s,

ed lipolysis
ed fatty acid synthesis

}

~
Adipccytes

? Pancreas

. Intestines

GIP

Gastrin | -=

Ghrelin | <¢——————— Stomach/

Decreased

gastric emptying

# GLP1|—

Pancreas

ad nausea
| satiety Decreased

D&’r rease .< !ood intake  glucagon gl'uéé'sé

Decreased body weight  secretion  sensing

ed insulin secretion
sed insulin biosynthesis
isad B cell proliferation

sed B cell survival




OpolooTaon yAukodnc:
0 pOAOC TOU NNATOC.,




AEovikn Topoypadia KolAiag

~"portal vein
w (confluence




[Nyn TnG evdoyevouc napaywyns YAukodnc.

e Obesity
e |nsulin resistance
* High-fat diet

——

Dietary Adipose
fatty acids tissue

-

T Lipolysis Triglyceride ~—
T Triglyceride o Lipid droplet
synthesis 8)

/ T De novo
lipogenesis

® =
| “? T‘l’ -___/

T Secretion

Nature Reviews | Endocrinology

RCR. Meex & MJ. Watt. Nature Reviews Endocrinology 13, 509-520 (2017)



'EAEYXOC povonaTiwv JeETaBoAIouou YAUKO(NC.

['AUKOYOVOYEVEDN
['AUKOYOVOAUGH
FAukOAuon

| eadonaic PraNTEae insulin FAUKOVEOYEVEDN

Receptor

Glycogenin)
¥

Phosphorylase
Kinase

Glycogen Glycogen
Phosphorylase Synthase .

Glycogenin-1)

Cytoplasm

Hye-Sook Han et al. Experimental & Molecular Medicine 48, page €218 (2016)




OuoiooTaon YAukodnc:
0 POAOC TOU HUIKOU I0TOU.

OOOO Insulin . 00
0 0 ® @ ® Glucose

Sarcolemma
IR

LR ERRESS {188 | ARAECESTRE TR S PR R A E A A1 (5CHHI(HHI‘HHHH//,,/ \\\\\\\\“HHHHHHHH’HHHHHIHHI“!HHHH

5 GLUT4 S

AT AN

=
—
=
—
—

Transverse

; S tubule

AN
NNELLLETT

7

%

AlapecoAafoupevn ano Tnv IVOOUAIVN anopakpuvon Tng
YAukolnc peEow Tou peTagopea GLUT4




O perapopeac GLUTA.

Evepyonolgital povo anod TNV IVOOUAIvN;

Stimulation of
glucose transport GLUT 4 Cell Insulin
Exercise membrane Insulin |

} receptor__ - “l

AIIIDIDIIIIISIIPIPIIIDPE T
et |
MDA
R
APIILIDLLIDEIDIDIDPMET AL T RIS
=¥ 55N M3 AR
T e T

—J-‘“‘

3 5’-AMR-actnvated
kinase P(otem

: R
* “’Qﬁ:e 8 Tyrosine phosphorylatlon

Translocation
o to cell Phosphomosutlde— |RS
Exercase@ membrane wependem p110

responsive % % klnasgs

GLUT-4- E3 - % Phosphomosmde 3
containing } ',‘ \ /Atm/ kinase SH2

@meb () domains
@ Insulin- % % Cytoplasm
' responsive Y

g% GLUT-4- [

'_« containing & §
(f&“du@

PR. Shepherd & BB. Kahn. N Engl J Med 1999; 341:248-257




AlauecoAapfoupevn ano TNV aoknon PeTag@opa YAUkodnc.

b Early exercise ¢ Late exercise

Muscle capillary bed

a PI l. an R &P
] 1 i
s L v J ‘..l U _J

Mitochondrion

T ATP - P | , T ATP
> . EN
) production - /  production

Y : 5
Muscle Muscle
contraction contraction

Translocation

B
|

Givcoges) —— [l ga () \

N st ! Glycogen

‘ Glycogen

[ToAbmhoka poplokd GNUOTOOOTIKE LOVOTTATLOL, OLAKPLTA OTTO OVTA TOV EVEPYOTOIOVVTOL OO TNV LVGOLALVY.
P00Ouion amd dvo khplor LovomdTiar Tov aviyvebovy LETAPBOAEC GTOV EvOOKLTTAPLO HETAPOAKO TEPPAALOV
(AMPK) 1 unyaviké otpeg (RACL).

Sylow L et al. Nature Reviews Endocrinology 13, 133—-148 (2017)




OpnoiooTaon TnE YAukodnc:
0 pOAOC TOU AIMwOOUC I0TOU.

Pulmonary
adipose tissue

Periadventitial | ' : : ‘
adipose tissue ' & R Sm—— | Epicardial
) —F adipose tissue

Perirenal
adipose tissue

Bone marrow
dipose tissue




O poAoc Tou pertapopea GLUTA.
AlapecohaBoupevn ano TNV IVOOUAIVN
anopakpuvon Tne YAukolnc.




H ivaouAivn au&avel Tnv npocAnwn YAukolng oTta
AINOKUTTAPa PEOW PETAPOPAC KUOTIOIWV MOU
nepiexouv Tov GLUT4.

Adipocytes Adipocytes and muscle

Cholesterol-dependent endocytosis Clathrin-mediated
Cholesterol endocytosis
Dynamin
m. m @ m
Crr 22
*L

C LUT4 C lathrm

Caveolm AP2-¢

\Q‘ R f:’._f*
D (N
ylem\\ R'\x
Mucrotubule\
N\ &

Sorting endosome

D Leto & AR. Saltiel. Nature Reviews Molecular Cell Biology 13, 383-396 (2012)



O pOAOC TwV AIMOKUTTAPOKIVWV.
MpwTEiveC Ye eNidpacn oTnV opoioaTacn TnG YAukolnc.

Pro-hyperglycaemic Anti-hyperglycaemic

Resistin

TNF-o, IL-6,
other cytokines

Adipc%cytes Omentin

Evan D. Rosen & Bruce M. Spiegelman. Nature volume444, pages847-853 (14 December 2006)



O poAoc Twv NEFAs Tou Ainwdouc 10ToU.

Awmolvon 2 anedevfépmon NEFA oty kukhogopia. Ta ypovioe avénuéva enimeda NEFA
OVOGTEALOLY TNV TKAVOTITA TNG VCOVAVIG VO TPOBAYEL TNV TEPIPEPIKT] TPOSANYT YALKOLNG KoL Vo,
HELDGEL TNV NTOTIKY TOPAYYT) YALKOLNG.

Fat L Glucose
ells L-\(Ej't:} uptake

Gluconeogenesis

Glucose / ;
uptake /J

y

ED. Rosen & BM. Spiegelman. Nature 444, 847-853 (2006)



OuoiooTaon TnE YAukodnc:
0 POAOC TOU VE(pPOU.

e ][ Glucose

S| segment
of proximal
tubule

Collecting Distal S2/53
duct ‘ segment
of proximal
tubule

-90% reabsorption

~10% reabsorption

No glucose

EC Chao et al.Nature Reviews Drug Discovery 9, 551-559 (2010)



O unodoyeac SGLT?2.

Lumen

:@LUT:ZEE—» Glucose

Na* and Na’
glucose at 11
toichiometry Glucose

S1 proximal
tubule

Nature Reviews

EC Chao et al.Nature Reviews Drug Discovery 9, 551-559 (2010)



OuolooTacon TnG YAukodnc: o pohoc Tou KNZ.

Tpononoinon napaywync kai xpnoiponoinonc YAukodnc peow ANZ.

%@Q Leptin Insulin »*' ﬁﬂ'
r\ f_\ Pancreas

v

Autonomic nervous system

—— Sympathetic nervous system
—— Parasympathetic nervous system

Sympathetic

- 7 Pancreas BAT innvervation

Gluconeogenesis Pancreatic hormone secretion Glucose uptake

Nature Communications 8, Article number: 15259 (2017)



2TOIXEla nabopuaioAoyiac.



{
;

\gctivates 4 f

'
) !

defect in signaling

Insulin binds to insulin receptors
and triggers the opening of
glucose transporters in fat and
muscle cells, allowing glucose
removal from the bloodstream

Key: () glucose insulin insulin receptor _ | glucose transporter (Glut-4)




2akxapwonc diapnTng Tunou 1.



AlaBnTnc Tunou 1: ducAsiToupyia
£vVOOKPIVOUC NAyKPEATOC.

Erythrocyte Blood vessel Acinar Fell a Typel diabete ellitus

o, s | o gy
s ™ | oS
=40 ‘ | R AEAD

] o< N

< |[mmune
A
)— cell
= % infiltration
y)

Pancreatic

islet

Ductal
cell

Centroacinar cell \ Few B cells

duoioAoyIkO

Nature Reviews Gastroenterology & Hepatology 14, 612—628 (2017)



MaBoyeveia diaBnTn TUNou 1.
KataoTpopn B KUTTApwV = £vOEIa IVOOUAIVNC.

». \ autoantigen 4
N | [

« A ‘
L7 q

.

damage and /§&§
destruction

Islet of Langerhans

A Katsarou et al. Nature Reviews Disease Primers 3:17016 (2017)



H naBoyeveia Tou oakyapwdouc diafnTn Tunou 1 opeiAeTal
LOVO OTNV AVENAPKEIA IVOOUAIVNC TNV OMnoid CUVENAYETAl N
anwAEId TWV NAYKPEATIKWVY B KUTTAPWV;

a Type 1 diabetes mellitus
Erythrocyte—@ Blood vessel /—Acinar cell
: ¥

~ Immune
- cell

% infiltration
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Centroacinar cell - Few B cells

YNEPEKKPION YAUKAYOVNG

AlaTapayn TnG anokpionc TwWV a KUTTApwV TOOO aTnv au&énaon 000 kal oTn HeEiwon Twv eninedwv YAUKOInG.



[Moia n BepaneuTIKn
AvTIUETWNION Tou A Tunou 1;



KaTaypapn eninedwv YAuUkolnc.

FTATTGAACAACGCAAGGATCGGCC
CTAEGTEGEGRAGEETTATR




>UCTNMAa ouvexouc kataypapnc YAukolnc.




The Ambulatory Glucose Profile
summarises glucose data into
percentiles™ throughout the day.

It's a snapshot of a typical day revealing
hypoglycaemia and hyperglycaemia

Glucose Pattern Insights
trends.

29 January 2014 - 11 February 2014
LOW-GLUCOSE ALLOWANCE SETTING: Medium
MEDIAN GOAL SETTING: 8.6 mmolL (A1c: 7.0% or 53 mmol/mol)

Estimated A1c 7.2% Or 55 mmol/mol

0 Glucose 21
18
15

124

MEDIAN GOAL (8.6)

LOW THRESHOLD (3.9)

Likelihood of

LOW GLUCOSE

MEDIAN GLUCOSE

(compared with goal)

VARIABILITY BELOW MEDIAN O O

(median to 10th percentile)

VARIABILITY BELOW MEDIAN IS HIGH!
This makes it difficult to achieve the median glucose goal without increasing the likelihood of low glucose.

- g - A €actors that could contribute to variability below median:
I'he stoplight chart is designed to help [] Erratic diet [0 Variations in activity level

you quickly and easily focus on potential | L] Incorect or missed medication [J tiness

Al | t
trouble spots' (red and yellow EY Meotel consuaspin
; y \ - ‘ @ wow (© MODERATE (@ HIGH @ MEAL M BEDTIME
stoplights)




IvOOuAiveC

Rapid acting:
Insulin lispro, aspart or glulisine

-

Insulin level

Short acting:

E{ﬁg L”ar | Ll || " # Breakfast M Lunch # Cinner # Badtime

Intermediate acting: : Mealtime insu ”{jT
Long-acting insulin dose
NPH

Long acting:

Insulin Effect

Insulin glargine

Time (hours)




Tunol IvaouAivng

Rapid (Lispro, Aspart, Glulisine)

INntermesdiate (NPH)

Long (Determir)

Relatwve Insulin Effect

Long (Glargine)

8 10 g 18
Time [Howurs]

TYNOI INZOYAINHZ

Ixevaoua Apdon ‘Evapén Méywotn  Aapkaa

Humalog, Yneprayeia 10 30 - 90’ 24h

Novorapid, Apidra Short acting

Actrapid Taysia
Regular

Maxpa
Llong acting




BeATiwon papuakoduvapikwy Kat
(PAPUAKOKIVNTIKWV 10I0TATWV

| @ Glargine

® Degludec®
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Area Under the Glucose Infusion Rate Curve (Time Interval, h)




BeATiwon papuakoduvapikwy Kat
(PAPUAKOKIVNTIKWV 10I0TATWV

Insulin activity curves (AUC=1)

= Novolog: (4.26E-5)1t" 2*¢™17 V73
w— E|ASP: (3.31E-4)" e V>




Ynapyouv napayovTec rnou Oa
LUNoOPOUCaV va ENNPEACOUV TO

pUBUO anoppoPnonG, TNV evapén
kal Tn diapkeia dpacngc;
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The innovative MiniMed® connection
offers secure insulin delivery, with an
infusion set for every lifestyle.

The exclusive and simple to use blood glucose
meter CONTOUR® NEXT LINK 2.4 from Bayer
links wirelessly to the MiniMed® 640G,
providing accurate'? testing with Multipulse™
technology, and discreet remote bolusing.

SYSTEM'

Our Guardian™ 2 Link transmitter

and Enlite™ sensor allow continuous
monitoring of glucose levels with greater
performance and comfort.'*"

MiniMed' 640G

SmartGuard”™

Medtronic CarelLink® software includes
easy-to-interpret trend reports and useful
therapy considerations to support
treatment optimisation.




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Six-Month Randomized, Multicenter Trial
of Closed-Loop Control in Type 1 Diabetes

S.A. Brown, B.P. Kovatchev, D. Raghinaru, ].W. Lum, B.A. Buckingham,
Y.C. Kudva, L.M. Laffel, CJ. Levy, ).E. Pinsker, R.P. Wadwa, E. Dassau,
F.J. Doyle 111, S.M. Anderson, M.M. Church, V. Dadlani, L. Ekhlaspour,
G.P. Forlenza, E. Isganaitis, D.W. Lam, C. Kellman, and R.W. Beck,
for the iDCL Trial Research Group*

ABSTRACT

BACKGROUND
Closed-loop systems that automate insulin delivery may improve glycemic outcomes in
patients with type 1 diabetes.

METHODS

In this 6-month randomized, multicenter trial, patients with type 1 diabetes were as-
signed in a 2:1 ratio to receive treatment with a closed-loop system (closed-loop group)
or a sensor-augmented pump (control group). The primary outcome was the percentage
of time that the blood glucose level was within the target range of 70 to 180 mg per
deciliter (3.9 to 10.0 mmol per liter), as measured by continuous glucose monitoring.

RESULTS
A total of 168 patients underwent randomization; 112 were assigned to the closed-loop
group, and 56 were assigned to the cﬂntrol group. The age range of the patients was

The authors' full names, academic de-
greas, and affiliations are listed in the
Appendix. Address reprint requests to Dr.
Kovatchev at the University of Virginia
Center for Diabetes Technology, 560 Ray
C. Hunt Dr., 2nd Flr., Charlottesville, VA
22903, or at boris@virginia.edu.

“A list of the members of the iDCL Trial
Research Group is provided in the Supple-
mentary Appendix, availabla at ME|M.org.

Dirs. Brown, Kovatchey, and Back contrib-
uted equally to this article.

This article was published on October 16,
2019, at NEJM.org.
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Figure 1. Percentage of Time with Glucose Level in Target Range.
Panel A shows a bo of the percentage of time that the glucose level was
within the range of 180 mg per deciliter to 10.0 mmol per liter),
as measured by continuous glucose monitoring, during 4-week periods over
g patients who were assigned to rec treatment with either
0 stern (closed loop) or a sensor-augmented pump (control).
Black dots indicate the mean values, horizontal bars in the boxes indicate







[loia n onuacia Tou YAUKAIJIKOU
eAEYXOU;

[MpOANWN UIKPO- KAl HAKPO-AYYEIAKWV EMINAOKWV.



>nuacia yAukaiuikou eAeyyou (1)

Strict glycemic control prevents moderately increased
albuminuria (formerly called microalbuminuria) in
patients with type 1 diabetes mellitus

30 -

1 Conventional
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Percent of patients
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Cumulative incidence of moderately increased albuminuria

(formerly called micrealbuminuria) in patients with type 1 diabetes
treated with either conventional or intensive insulin therapy for up
to nine years. There was an increasing benefit of intensive therapy

over time (p <0.04).
Data from The Digbetes Control and Complications Trial Research Group, N
Engl J Med 1993; 329:977.




>Nuacia YAuKaipikou eAeyyou (2)

Relation between diabetic retinopathy and glycemic
control

per 100 patient years
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Rate of oroaression of retinooathwv.

Glycosylated hemoglobin, percent

Risk of sustained progression of retinopathy in patients with type 1
diabetes according to the mean glycosylated hemoglobin values at
six-month intervals (green line). Better glycemic control was
associated with a lesser rate of progressive retinopathy. The red

lines represent the 95 percent confidence intervals.

Data from: The Diabetes Control and Complications Trial Research Group. The
effect of intensive treatment of diabetes on the development and proagression
of long-term complications in insuwlin-dependent diabetes mellitus. The
Diabetes Control and Complications Trial Research Group. N Engl J Med 1993;
329,977,




AlaBnTikn vepponabeia (1).

Diabetic nephropathy Normal glomerulus

Light micrograph of a normal glomerulus. There are only 1 or 2
Light micrograph showing diffuse and nodular (N) Ce.”S per capillary tuft, Fhe -capil!ar'y lumens are o;_a_en, the P .
glomerulosclerosis in diabetic nephropathy. Note the dense thickness of the glon‘\erular capillary we.xll (long arrow.) is 'S|m|lar
appearance of the deposits and the rim of cells around the nodules, to that of th.e tubular basement .membr.c'.mes_ (ShOEt arr.ow), and
which distinguish this disorder on light microscopy from fibrillary the mesanglal C(f_‘lls.and mesangial m.a.tnx are located in the
glomerulonephritis or amyloidosis. central or stalk regions of the tuft (arrows).




AiaBnTIkn vepponabeia (2).

Basement membrane thickening in diabetic
nephropathy

Capillary
lumen

Electron micrograph in diabetic nephropathy shows a 2 to 3 fold
increase in the thickness of the glomerular basement membrane
(GBM). Although not seen, the mesangium is also expanded by
basement membrane-like material, a process that contributes to
nodule formation and glomerulosclerosis.

Mes: mesangium; Ep: epithelial cell.

Electron micrograph of a normal glomerulus

Electron micrograph of a normal glomerular capillary loop
showing the fenestrated endothelial cell (Endo), the glomerular
basement membrane (GBM), and the epithelial cells with its
interdigitating foot processes (arrow). The GBM is thin, and no
electron dense deposits are present. Two normal platelets are
seen in the capillary lumen.




AlaBnTikN aupiBAnoTposidonabsia.

Background diabetic retinopathy

Background diabetic retinopathy showing microaneurysms (small
arrows) and hard exudates. The blood vessels can be seen running
over the hard exudates (large arrow), indicating that the exudates
are due to leakage in the deeper retinal layers (in contrast to soft
exudates, which are microinfarcts in the superficial retinal layers
with obliterated blood vessels). Many of the hard exudates are
clustered around the macula, which is at the periphery at about
four o'clock.




AiaBnTIKN veuponabeia.

Class I Subclinical Neuropathy#*

Abnormal electrodiagnostic tests (EDX)

Decreased nerve conduction velocity
Decreased amplitude of evoked muscle or nerve action potential

Abnormal quantitative sensory testing {(Q5T)
Vibratory/tactile
Thermal warminag/cooling

Other

Abnormal autonomic function tests (AFT)
Diminished sinus arrhythmia (beat-to-beat heart rate variation)

Diminished sudomotor function

Increased pupillary latency

Class II Clinical Neuropathy
Diffuse neuropathy

Distal symmetric sensorimotor polyneuropathy
Primarily small fiber neuropathy
Primarily large fiber neuropathy
Mixed

Autonomic neuropathy
Abnormal pupillary function
Sudomotor dysfunction
Genitourinary autonomic neuropathy

Bladder dysfunction
Sexual dysfunction
Gastrointestinal autonomic neuropathy

Gastric atony

AIATAPAXH AEITOYPI'IQN ANz

AIATAPAXH AEITOYPIIQN
NMEPI®EPIKQN NEYPQN

(TaxuTNTa aywync VEUpWY, KIVNTIKNA Kal
alobnTIkn, Kal aieénTikoTNTA)

Gall bladder atony

Diabetic diarrhea
Hypoaglycemic unawareness {adrenal medullary neuropathy)
Cardiovascular autonomic neuropathy
Hypoglycemic unawareness
Focal neuropathy
Mononeuropathy (upper or lower extremity)

Mononeuropathy multiplex

Plexopathy

Polyradiculopathy {can occur with diffuse neuropathy)

Cranial mononeuropathy



Eye disease
(Diabetic retinopathy,
Glaucoma,
Cataract)

Renal failure
(Diabetic nephropathy)

Heart damage

Nerve disease
(Peripheral neuropathy)

Arteriosclerosis




2akxapwonc diaBnTnc Tunou 2



AiaTapayn opolooTacnc TnS YAukolnc

Control of glucose homeostasis b Disturbed glucose homeostasis in T2DM

20 e L

production Unllzanon production Utilization
» Glucose —p  GlUCOSE

|| Xpnoiponoinon ||

Jennifer Rieusset . Cell Death & Disease 9, 388 (2018)



[Moiol unxaviopoi cupBailouv
oTn dlaTapaxn TNC OPoIO0TACNC
NG YAUKO(NG;



[MaBopuaioloyia ZA Tunou 2 (1).
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DeFronso R et al. Nature Reviews Disease Primers volumel, Article number: 15019 (2015)




[MaBoguaioAoyia XA Turnou 2 (2).

v AvTioTaon otn 0pacn Tnc IVGOUAIVNC.

v AlaTapaxn TnG EKKPIoNC TNC IVOOUAIVNC Kal
NPOoOodEUTIKN EKNTWON TNC AEITOUpYiac Tou fB-
KUTTApPOU.

v ANpoopopn €KKPION YAUKayovnc.

v Auénuevn nnatikn napaywyn YAukodnc.

v MEIWPEVO IVKPETIVIKO (PAIVOUEVO.

v AUEnNUEVN VEPPIKN enavappopnon YAukolnc.
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v AUEnNUEVN VEPPIKN enavappopnon YAukolnc.




AvTioTaon oTnv IVGOUAivN.

Insulin
receptor

Insulin

l
. "/ Glucose channel




AvTiOTaOonN GTNV IVOOUAIVN.

Insulin sensitivity

Figure 1. Shows data from Kahn et al 2006 which shows how increased insulin

production compensates for decreased insulin sensitivity until 3 cell failure occurs and

impaired glucose tolerance and T2D develop (39).



[MaBogpuaioloyia ZA Tunou 2 (2).

v AvTioTaon otn 0pacn Tnc IVGOUAIVNC.
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v Anpoa@opn £KKPION YAUKayovnc.

v Auénuevn nnatikn napaywyn YAukodnc.

v MEIWPEVO IVKPETIVIKO (PAIVOUEVO.

v AUEnNUEVN VEPPIKN enavappopnon YAukolnc.




AlaTapaxn TnS EKKPIONC TNG IVOOUAIVNC.
Anpoac@opn £KKPION YAUKayovnc.

Subjects Without Diabetes Subject With Diabetes

After Insulin Infusion —e-
Before Insulin Infusion -©o--

CHO Meal GHO Meai
Insulin

@ Glucose

—y

Insulin

Glucagon

I T I 1

60 0 60 120 180 240 60 0 60 120 180 240
Time (min) Time (min)

Aronoff S et al. Diabetes Spectrum 2004 Jul; 17(3): 183-190



'EKNTWON AEIToupyiac B-KutTapou.
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B-cell mass

DeFronso R et al. Nature Reviews Disease Primers volumel, Article number: 15019 (2015)
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Au&énuevn nnaTikn napaywyn yYAukodnc.
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Gluconeogenesis
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Pancreas
&1\ Bcell
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tissues

T Gluconeogenesis
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Rines AR et al. Nature Reviews Drug Discovery 15, 786-804 (2016
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MEIWPEVO IVKPETIVIKO (PAIVOUEVO.

Healthy Patients Type 2 Diabetics

Reduced Incretin Effect

Mormal Incretin Effect

e,
|
S,
-
E
=
=
L
=

I | 1 T |
60 120 180 60 120 180

Time (min) Time {min)

w—— Oral Glucose (50 g/400 ml)

w |soglycemic IV Glucose Infusion Nauck M et al.
Diabetologia (1986) 29:46-52




[MaBoguaioAoyia XA Turnou 2 (2).

v AvTioTaon otn 0pacn Tnc IVGOUAIVNC.

v AlaTapaxn TnG EKKPIoNC TNC IVOOUAIVNC Kal
NPOoOodEUTIKN EKNTWON TNC AEITOUpYiac Tou fB-
KUTTApPOU.

v ANpoopopn €KKPION YAUKayovnc.

v Auénuevn nnatikn napaywyn YAukodnc.

v MEIWPEVO IVKPETIVIKO (PAIVOUEVO.

v Auénuevn veppikn enavappodnaon YAukolnc.




Au&nuevn veppikn enavappogpnon yYAukolnc.
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of diabetic nephropathy

Fioretto P et al. Diabetes Care 2016; 39(Supplement 2): S165-S171.



O¢paneia ZA Tunou 2.




AVTIMETWNION TNC UNEPYAUKaAlpiac.

EmbdiwEn kata tn Bepatreia Tou ZATZ eival n emiTEUEn Kan diatijpnon Twwv
KaBopilOPeEvLWY KOTA TTEPITTTWON YAUKQIYIKUWY OTOXWY

H aAhayr] Tou TpdToU {wiig (Slaima Kai Aoxknar) amoTeAoUv amapaiTnTeg
TUVIOTWOEC KABE TTPOYPAPPATOS avVTIUETWITIONS TNG UTTEpYAUKaIpiag aTtro
N oTiyur Tng didayvwong Tou LATZ. H epappoyr) Tpoypduparog diamag kal
aoknong amaTel CuaTNUATIKN Kal guveyr eKTraideuon Twy agBevwy
OtmoiabroTe QapUaKeUTIKI] aywyr) EmmpocTiBeTal oto Tpdypappa diai-
TOC Kl AOKNONG

H mpnon ¢ diaimac Kal TnE Aoknans TTRETTEl va ETTAVEALYYETAI TTEPIODI-
KLC KOl EVOEXOUEVWG va avaTTpogapuoletal, idiaitTepa pe kaBe alhayr) Tou
BepaTTEUTIKOU OXUaTog

Ta @papuaka Tou aToxelouv aTrn diopBwan Trg UTTEPYAUKaIHIag avijkouy Ot
DIGPOpPES KaTnyopieg, UE iapopouc unxaviopolg dpaonc kal TapepBaivouv
OE DIQPOPETIKES TIABOAOYOPUTIOAOYIKES DiaTapaxEs Tou LATZ:

Tnv avTioTaan othnv IVGOUAIVR PEivouy o1 Biyouavideg (LETQOpUIv) Kai
Kupiwg o ydmadoveg (moyhradovn)

Tnv EKKpIon WaouAiving TTpodyouy o goukpovuroupieg (SU), ol peyhimivi-
Beg, o1 aywwviaTig utrodoytwv GLP-1 kai o1 avacToAeic DPP-4

Tnv amoppopnan g YAUKOELNS atro To EVTEPO EMBpadlvouy 01 AVaoTOMEIG
Twv a-yAukogibaowy (akappBaoln)

Tnv augnuevn eTTavappo@nan yAuKoZns amd Toug veppols LEILIVOUY Ol
OVAOTOAEIC TOU CUUPETaQOPET vaTpiou - yAukodng icopop@nic 2 (SGLT2)

Ta okevdopara Ivaoulivrc avatmAnpuvouy Ty eAAeimouoa, Aoyw PEIOVE-
KTIKMS EKKPIOTS, EVDOYEVT] IMTOUAIVH. EAE, 2018




Class

Compaundis)

Callular mechanismis)

Primary physiclegical actlon(s)

Renal desing recommendations (63—66)"

Blguanides

Sulfonylureas {2nd
Eeneration)

Meglitinides
[glinides)

Thiazelidimediones
o-Glucesidase

Inhibitors
DPP-4 inhibitors

Bile acd
sequestrants

Dopamine-2
Bgonksts

QGLTZ inhibitors

QLP-I receptor
agonksts

» Metformin

# Glyburide
= Glipizide
# Glimepiride

= Repaglinide
+ Mateglinide

# Ploglitazone
» Rosiglitazoned

» Acarbose
* Miglitol

» Sitagliptin

# Saxagliptin
* Linagliptin

» Alogliptin

» Colesavelam

# Bromocriptine (guick
release)s

+ Canagliflozin

» Dapaglifiozin

« Empaglifiozin

# Exenatide

* Exenatide extenced
release

Activates AMP kinase (7 ather)

Closes Kyre channels on 3-cell
plasma membranes

Closes Kgre channels on B-cell
plasma membranes

Actlvates the nuclear
transcription factor PPAR=y

Inhikits intestinal c-glucosidase

Inhikits DPP-4 activity,
increasing postprandial incretin
[GLP-1, GIP} concentrations

Binds bile acids in intestinal
tract, increasing hepatic bile
acid production

Activates dopaminergic receptors

Inhibits SGLT2 In the proximal
rgphran

Activates GLP-1
receptors

| Hepatic glucose production

1 Insulin secretion

1 Insulim secretion
1 Insullm sensithvity

Slows intestinal carbohydrate
digestion/absorption

1 Insulin secretion [glucose
dependent];

| Glucagon secretion (glucoss
dependent]

? | Hepatic glucose preduction;
7 T Incretin levels

Madulates hypathalamic regulation
of mietabolism;

T Insulln sensithity

Blocks glucose reabsorption by the
kidney, increasing glucasuria

T Insulin secretion |glucose
dependent]

» Mo dose adjustment If eGFR =45;

dio net inlthate OR assess risk/Denefit If currenthy on metfarmin If eGFR 30-45;

discantinue if GFR =30
® Avoid use in patients with renal impairment
® |nitiate conservatively at 2.5 mg daily to avoid hypoghicemia
# |nitiate conservatively at 1 mg daily to avold hypoglycemia
* Initiate conservatively at 0.5 mg with meals if eGFR <30
# |nitlate conservatively at 80 mg with meals If eGFR <30
* Mo cose adjustment regulred
# No dose adjustment reguired
» Avoid if eGFR <30
® Ayoid If eGFR <25

» 100 mg daily if eGFR >50;
50 mg daily if eGFR 30=50;
25 mg dailly if eGFR <30

« 5 mg daily if eGFR =>50;
2.5 mg daily if eGFR =50
* Mo dose ad|ustment reguired

* 25 mg caily if eGFR =60;
12.5 myg daily if eGFR 30-50;
6,25 mg daily if eGFR <30

# Mo specific dose adjustment recommended by manufacturer

# Mo specific dose adjustment recommended by manufacturer

# Mo cose adjustment reguired if eGFR =60;
100 mg daily If eGFR 45-55:
avesd use and discontinue in patients with eGER persistently <45
# Avold Initlating If @GFR <B0;
rot recammended with eGFR 30-60;
contraindicated with eGFR <30
» Contraindicated with eGFR <30
# Mot recommended with eGFR <30
* Mot recommended with eGFR <30




Table 8.2—Continued

Class Compoundis) Callular mechanismis)

Primary physiclegical actlon(s)

Renal desing recemmendations (63—66)"

* Liraglutide

» Albighutide

» Lixisenatide

» Dulaglutide

Amylin mimetics  » Pramlintide& Actlvates amylin receptors

Insuling # Rapid-acting analogs Activates insulin receptors
Lispro
Aspart
Glullsine
Inhaled insulin

» Short-acting analogs
Hurman Regular

# |ntermediste-acting analogs
Human NPH

# Basal insulim analogs
Glargine
Detemir
Degludec

* Preamixed insulln preducts
NPH/Regular 70/30
70/30 aspart mix
TF5/25 lispro mix
50/50 lispre mix

| Glucagon secretion (glucose
dependent);

Slows gastric emptying:

T Satiety

| Glucagon secretion;
Slows gastric emptying:
1 Satiety

1 Glucose disposal;
| Hepatic glucose production;
Suppresses ketogenesis

# No specific dese adjustment recommended by the manufacturer; limited
experience |n patlents with severe renal Impairment

» No dose adjustment reguired for eGFR 1589 per manufacturer; limited
experience in patients with severe renal impairment

» No dose adjustment reguired for eGFR 50-89;
no dose adjustment required for eGFR 30=59, but patients should be
monitored for adverse effects and changes In kidney function;
clinlcal experiance is limives with @GFR 15-29; patients should be monitored
for adverse effects and changes in kidney function;
avoid if eGFR <15

# No specific dese adjustment recommended by the manufacturer; limited
experlence n patlents with severs renal Impalrment

» No specific dose adjustment recommended by manufacturer

» Lower insulin doses required with a decrease in eGFR; titrate per clinical
response

*aGFR is given In mL/min/1.73 m®. §MNot licensed in Europe for type 2 diabetes. GI2, glucose-dependent Insulinotropic peptide; PRAR-y, peroxisome proliferator—activated receptor 4.




MeTQOpUIVN

m KYPIO2 MHXANI>2MO2.:

AvaoToAn NNaTikng YAUKOVEOYEVEDNC.

m AEYTEPEYONTE2Z MHXANI>MOI:

BeATiwon nepIPePIKoOU PETABOAITUOU TNC YAUKOINC.
Meiwaon evTePIKNG anoppoPnaone TwV udaTavopakwy.
Auénon Tnc ekkpiong GLP-1.



MeTpopuivn: Mnxaviopoc dpacnc.

High-fat diet/obesity insulin resistance

Metformin-treated

Hepatic lipid
accumulation

Insulin QC

receptor

Insulin resistance

Elevated gluconeogenesis

=

Insulin QQ

receptor

Metformin

Lowered fatty acid
accumulation

Restored insulin sensitivity
Reduced gluconeogenesis

RJ Shaw. Nature Medicine 19, 1570-1572 (2013)




> OUAPOVUAOUPIEC

= 'EKKPION IVOOUAIVNC HE PN YAUKOZO-€EapTWHEVO NXAaVIOUO.

Insulin
IGF-1
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T ATP/ADP

'
'
'
'
'

A\
Pyruvate

Protein kinase C
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Kahn SE et al. Nature 444: 840-846, 2006
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MioyAiralovn

m Evepyonolsi Touc unodoxeic PPARy kal au&avel Tnv euaiobnaoia otnv IVOOUAivN.

Insulin

glucose

Adiopocyte

Lipoprotein lipase

Fatty acid transporter protein
Adipocyte fatty acid binding protein
Facyl-CoA synthase

Malic enzyme

Glucokinase

GLUT4

Thiazolidinedione

-

Activation
of PPARY

(Direct activation
Modification of gene

expression/transcription

of PPARY?)

(Direct activation
of PPARY?)*

+TNF-o
+Leptin
+Adiponectin

+ Lipolysis
+ Free fatty acids

Improved insulin sensitivity




AvaoTtoAeic DPP-4

= AvaoTéAlouv Tnv dinenTIOUA-NenTIOAON-4

= Au&avouv Ta enineda Twv GLP-1 kai GIP

DPP-4 enzyme
inactivates GLP-1

DPP-4
inhibitors

X block the )
DPP-4 Stimulates

enzyme insulin
Y secretion

» GLP-1
\Suppresses

Small glucagon
intestine secretion

Drucker DJ. Diabetes Care, 2007:30:1335-1343.



AywvioteC GLP-1

Brain Ll
GIT ¢A R J \
WGastric emptying peute i

; A Satiety
AAcid secretion ) 4 Heart e
55 Energy expenditure o
WG| motility MEnergy exp WBlood pressure

T ANHeart rate
AAMyocardial contractility
GLP-1 / ACardioprotection
/ or i
GLP-1R AGONISTS . '§)"”

Pancreas

.

Kidney

Alnsulin secretion 2 s ﬁﬁ ANatriuresis
*Glucagon secretion| 3 *'ﬂSUlln SenSIt'\”ty @

ANnsulin biosynthesis l
ANR-cell survival
A R-cell proliferation

Evepyonoinon unodoxéa GLP-1
AUENON £KKPIONG IVOOUAIVNG

Meiwon £kkpiong YAukayovng
Adipose tissue
Liver ALyposis Muscle
~bHepa’ric glucose ANFFA synthesis AGlycogen synthesis Enaywyrn KOpeoHOU
production AGlucose uptake A Glucose oxidation

A KaBuoTEpnon YaoTPIKNG KEVWONG

Meiwon ocwpartikoU Bapoug

Kerr Saraiva F & Sposito AC. Cardiovasc Diabetol. 2014;13(142)




AvaoToAeic SGLT2

= AvaoToAn VEQPIKAG enavappo®nons YAUKOnG .

m  Meiwon YAUKO(NG KE KN IVOOUAIVOEEQPTWHEVO TPOMO Kal Peiwon 2B.

¢ Diabetes and SGLT2-inhibition
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L Intraglomerular
pressure and
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Nature Reviews Nephrology 13, 11-26 (2017)



'Opyava oToxol Kal pnxaviopoi dpacnc Twv avTidiapnTIKWV papuaKwV.

Nature Reviews Endocrinology 12, 337-346 (2016)

Metformin

T Glucose uptake ,. TZDs

—_— . -
| Glucose uptake

TZDs )

Glucose uptake

Meglitinides, GLP-1RA
Sulphonylureas —— v Gastric emptying
U Insulin release

DPP-4i, GLP-1RA s e f"(",fi-‘i

+ Glucagon secretion

| Insulin secretion v I _ - Metformin
' | GLP-1

l —_—
v :
TZDs .—J + Glucose absorption

| Insulin sensitivity

Metformin SGLT-2i

- 1
+ Gluconeogenesis | Renal glucose excretion

The mechanism for metformin action remains uncertain: metformin might target the liver to reduce gluconeogenesis and skeletal muscles
to enhance peripheral glucose utilization, with a possible role inthe gut to increase levels of glucagon-like peptide 1 (GLP-1) . Sulfonylureas
and meglitinides increase insulin secretion in the pancreas. Thiazolidinediones [TZDs) act as insulinsensitizers in skeletal muscle, adipose
tissue and the liver GLP-1 receptor (GLP-1R) agonists (GLP-1RA) target the pancreas to increase insulinsecretion and reduce glucagon
production, as well as act in the gut to reduce gastric emptying. Dipeptidy| peptidase 4 [ DPP-4) inhibitors (DPP-4i) increase endogenous
incretin levels by blocking the action of DPP-4 . Sodium-glucose cotransporter2 [SGLT-2) inhibitors (SGLT-2i) reduce renal glucose
reabsorption




Dual Therapy! Sulfonylurea Thiazolidine- DPP-4 SGLT-2 GLP-1 receptor  Insulin (basal)
S D et dione Inhibitor Inhibitor agonist
Efficacy” high high intermediate intermediate high highest
Hypo risk moderate risk low risk low risk low risk low risk high risk
Weight gain gain neutral loss loss gain
Side effects hypoglycemia edema, HF, fxs rare GU, dehydration Gl hypoglycemia
Costs” low low high high high variable
e ™ T MM
Durability

“ -

\ \’ ()
™M & JV W 1
sats . & ™M () T ©
s v ~lf 1‘ () () w*

Weight

3
> - -
pan

not available TT TT

Diabetes Care 2016; 39(Supplement 2): S146-S153.




OEeiec eninAokeC ZA.

v AlaBnTikn keTo&ewon (AKO).

(unepyAukaipia, peTapPoAikn oewaon PE auénuevo xaouda
aviovtwv = (Na*) — [(ClI-) + (HCO5 )] mEg/L, keTovaipia).

v YNEPYAUKAIUIKO UNEPWONWTIKO N KETWTIKO
KWQ.

(unepyAukaipyia ouyxva >1000 mg/dL , 111 WOUWTIKOTNTA
nAaocpaTtoc ew¢ 380 mosmol/kg, veupoAoyikec dlaTapaxec).

v YnoyAukaiyia.



OEeiec eninAokeC ZA.

v AlaBnTikn keTo&ewon (AKO).

(unepyAukaipia, peTapPoAikn oewaon PE auénuevo xaouda
aviovtwv = (Na*) — [(ClI-) + (HCO5 )] mEg/L, keTovaipia).

v YNEPYAUKAIUIKO UNEPWONWTIKO N KETWTIKO
KWQ.

(unepyAukaipyia ouyxva >1000 mg/dL , 111 WOUWTIKOTNTA
nAaocpaTtoc ew¢ 380 mosmol/kg, veupoAoyikec dlaTapaxec).

v YnoyAukaiyia.



SN TN <

N

upntoparta AKO.

MoAuoupia

MoAudiypia

Konwon

AnwAeia Bapouc

NukTOUupiIa

KoAnikn j 0EpATIKN HuknTiaon
AlaTapaxec opaong

MoAugayia (apxika) =

Avopeia, vauTia, EPETOI, KOINIAKO
aAyoc (pseudoperitonitis diabetica).

AlaTapaxec eninedou ouveidnong

Spiked blood sugar



2nueia AKO.

v Ynepagpiopoc-avanvon Kussmaul-
anonvoia o&ovnc.

v KAIVIKG onpeia apudaTtwaonc.

v Meiwon evdayyeiakou OYKOU.

v NeupoAoyika onueia (unvnAia, Anbapyoc,
Kwua).

11T KAIVIKI enaypunvnon yia onueia Kai
OUMNTWHATA EYKEPAAIKOU O10NUATOC.



©2013 UpToDate @
Bedside evaluation of neurological state of children with diabetic ketoacidosis (DKA)

Major criteria
Altered mentation/fluctuating level of consciousness

Sustained heart rate deceleration (decline of more than 20 beats per minute) not attributable to improved intravascular volume or sleep state
Age-inappropriate incontinence

Minor criteria

Vomiting

Headache

Lethargy or being not easily aroused from sleep

Diastolic blood pressure =90 mmHag

Age <5 years

Diagnostic criteria

Abnormal motor or verbal response to pain

Decorticate or decerebrate posture

Cranial nerve palsy (especially III, IV, and VI)

Abnormal neurogenic respiratory pattern (eqg, grunting, tachypnea, Cheyne-Stokes respiration, apneusis)

I5igns that occur before treatment should not be considered in the diagnosis of the cerebral edema. Cerebral edema is diagnosed if any of the diagnostic criteria is present. Cerebral
edema is also likely if two major criteria OR one major and two minor criteria are present.




YnoyAukaiuia.



ZUMTITWHATA UTTOYAUKOIIOg

A. ADpEVEPYIKA CUUTTTUWHATA: TTRPOEPXOVTAI aTTo TN DIEYEPCT) TOU QUTOVOUOU

VEUPIKOU OuOTruaTog (EKKpiarn vopadpevaiivng)

E@idpwon, ayxog, mepixeihieg aipwdieg, vautia, aioBnua BepudTnTaC,

Taxukapdia, aiogdnua TTaApwy Kal TPOPWAEIS KIVIOEIS.

B. FAUKOTTEVIKA CuUPTITWHATA: o@EihovTal oTn PEiwpévn Tpogodoaia Tou

EYKEQAAOU pE YAUKODN.

Ke@ahaAyia, eAATTWON TNG CUYKEVTPWONGS, duoapBpia, diarapaxr Tng

CUMTTEPIQPOPAG, oUyxuon, utrvnAia, AfjBapyog, OTTAoUOI KAl Kwud.

Meiva, aduvapia, BAppog opacews Kal dITTAWTIa £ival UPTITWPATA JN

£10IKN G aiTioAoyiac.

Karnyopieg utroyAukaipiog

Emimredo

TipR yAukoing

Meprypagn

(1) Mhwkodn
ETMQUACKAC

<70 mg/dL

Emapkug yaunAn nipn yAukodng, waoTe evOEXD-
HEVwE va ypeialetan Hidpbuon pe Tayeiac amop-
poenong udaravBpakes Kal avaTTpooapuoyr TN
avTidiaBnmkRc aywync.

(2) KAvika

OT|HOVTIKI)
uTToyAukaigia

<54 mg/dL

Emapkwg xaunAn nipr yAukodng, evOeIKTIKN KAVIKG
ONUaVTIKAS uTtoyAukaipiacg, Trou Xpndel apeoncg &i-
OpBwong Y Tayeiag amoppoégnang vdaravBpakec,
yia va pnv eEehixBei og ooBapr] utroyAukaipia.

(3) ZoBapn
UTTOYAUKOIic

Xuwpig
OUYKEKPIUEVD
OpIo TIPNG
yAUKOING

20Bapry EKTITLWON TNS VONTIKAG AEITOUPYIOS KOl O
aoBevic xpeialeran efwrepikn BonBeia yia va &i-
OpBWOE TNV UTTOYAUKQIYIa KQI va aQImoKaragThioEl
TARPWE TNV ETTAQPr] TOU UE TO MEPIBAAhov.

EAE, 2018



OepaneuTIKN AVTIMETWMION UNoyAukaiyiac,

v A€loAoynon o€ kabe sniokewn =
«MaBaiveic unoyAuKaiyiec; »

v' e [yAukolnc] 60-70 mg/dL >
enaypunvnon Kair avanpooapuoyn.

v’ 3e [yAukolnc] <54 mg/dL >

O aoBevic diatnpei TIc aiodnoeic Tou = po 10-20 gr yAukolng n
onolaocdnnoTe popPnc udatavepaka (?). Enava&iohoynon pera ano 15°.

v’ 3e goBapn unoyAukaipia A1 = yAukayovn 1mg sc ) im.

v’ Ze napartsivopevn unoyAukaipia 10-30 gr iv 35% Ad
YAUKO(NC EvOOVOOOKOUEIOKA K OUVEXNC iv eyxuon YAukolnc.

EAE, 2018



OepaneuTIKN QVTILETWNION UNoyAuKaiyiac.

v lpoooxn o€ nepinTwon Ospansiac Pe GOUAPovUAoupida.
AnaiTeital ouvexnc xopnynon iv. yYAukolnc 5% vyia 12-72
WPEC Kal EVOOVOOOKOMEIaKN napakoAoudnon.

v’ 2e ZA2 gvdeikvuTal N Xopnynon yAukayovne;;;
| omg | ourationof biologicefiect,h

First-generation sulfonylureas
Acetohexamide
Chlorpropamide (Diabinase)

Tolbutamide (Orinase)

Second-generation sulfonylureas

u:3|ir;1_—.zﬁiride (Amaryl) 2 EAE, 2018



2UOXETION unoyAukaipiac kar HbAlc.

Increased risk of hypoglycemia with strict glycemic
control
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per 100 patient-years
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Hemoglobin Alc, percent

In the Diabetes Control and Complications Trial, there was a
progressive increase in the incidence of severe hypoglycemic
episodes (per 100 patient-years) at lower attained hemoeglobin Alc
values during intensive insulin therapy in patients with type 1
diabetes.

Data 1 o Diak Control and Cormn




LONG-TERM COMPLICATIONS
OF DIABETES

BRAIN STROKE

<

CEREBROVASCULAR
DISEASE

CARDIOVASCULAR
DISEASE

DIABETIC
NEPHROPATHY

DIABETIC
NEUROPATHY

DIABETIC RETINOPATHY
CATARACT

GLAUCOMA

PERIODONTAL
DISEASE

PERIPHERAL
VASCULAR DISEASE

FOOT DAMAGE




H peTafaon ano Tn YAUKOKEVTPIKN OTNV OAIOTIKN
aoBEVOKEVTPIKN BEPANEUTIKN MPOCEYYION.

Management of type 2 diabetes has evolved from a
glucocentric to a holistic and patient-oriented approach. The
focus now is not only on lowering HbA 1c concentration
without hypoglycaemia and bodyweight gain but also on
reducing cardiovascular and renal morbidity and mortality.

An ideal combination of antidiabetes drugs should have
complementary effects that correct the many
pathophysiological effects of type 2 diabetes and be safe,
durable, well tolerated, easy to administer, and cost-
effective.



AuvnTikol BEpANEUTIKOI OTOXOI TNV AVTILMETWNION Tou ZA.
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enteroendocrine i Bariatric surgery
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FGF1 MPC1 and MPC2 inhibitors FGF1 PDHK2 Acetyl-CoA inhibitors

PDHK4 inhibitors  PTP1B inhibitors FGF21 inhibitors Glucagon receptor antagonist
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Nature Reviews | Disease Primers
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