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Prevalence of diabetes (2017 and 2045)

2017 Proportion of IME@N with diabetes

One in 11 adults had diabetes
425 million people

2015 -9.1%
2045 - 10.0%
Proportion of WOIMEN with diabetes

v
48% 2045 2015 - 8.4%
Sl 629 million people 2045 - 9.7%

will have diabetes

The age group 65-79 years shows the highest diabetes prevalence in both women and men
International Diabetes Federation. IDF Diabetes Atlas. 8th edn. Brussels, Belgium: International Diabetes Federation, 2017.
Available at: http://www.diabetesatlas.org Accessed November 2018



S 1.7 x more likely

Death
M
Hospital- 1.8 x more likely
DMVI: 7th ization
leading
cause of
death Stroke
Hospital- 1.5 x more likely
ization

CKD 44% of all new cases



Every 6 seconds, 1 person dies from
diabetes-related complications

Diabetes significantly increases the risk of...

| Heart Stroke
disease by by > 2-4 fold
2-4 fold

...there will be 1104 new | ..180 patients

j . ...133 patients | | will have an
cases of diabetic J will start 117 | amputation
retinopathy, which can dialysis LS

lead to vision loss

1. International Diabetes Federation. IDF Diabetes Atlas, 6th ed. http://www.idf.org/diabetesatlas. Accessed on: 13 January 2014. Estimated based on
mortality data. 2. Adapted from CDC. National Diabetes Fact Sheet, 2011. http://www.cdc.gov/diabetes/pubs/estimates11.htm#12.
Accessed June 2011; 3. Fong DS, et al.

Diabetes Care. 2004;27(suppl 1):S84-87.



Various parameters impact T2D pathophysiology
THE 'OMINOUS OCTET"

é )
Increased glucagon
secretion by islet
alpha cells

Decreased
insulin secretion
from beta cells

Increased hepatic

Decreased incretin
glucose production

effect

a4 N
Increased glucose

reabsorption

Increased lipolysis

Impaired appetite

Decreased glucose
regulation

uptake

Adapted from DeFronzo RA. Diabetes 2009;58:773-95 and DeFronzo RA et al. Nat Rev Dis Primers 2015;1:15019.



Drugs with different mechanisms of action are required to address
the numerous Type 2 diabetes pathophysiological defects

The ominous octet

GLP-1RA;
Decreased insulin secretion DPP4i:
GLP-1RA; TZDs,
DPP4i, SU T2Ds
Decreased incretin effect Increased lipolysis
Increased glucagon secretion R/

ELEL R n__—> Hyperg|ycem|a Increased glucose - 'SGLT2

DPP4i reabsorption inhibitors

warotransmitter \

Increased HGP dysfunction =

Decreased glucose uptake

Metformin, TZDs,
GLP-1RA

TZDs,
metformin

HGP, hepatic glucose production
1. DeFronzo RA. Diabetes. 2009; 58:773-795.2. Sharma MD et al. Diabetes Obes Metab.2015; 17:616-621.
3. Abdul-GhaniM et al. Diabetes Care. 2015; 38:373-375.
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\i‘rbxoc; HbA,_
N

Méon
HbA,. - ZupBaTiki Npociyyion — Mo nPd)ll.ll] Kai 6_uvup|m'1
C oradiakng Oepaneiag npoosyyion nap&upac
AGOEVGHV poogyyion napéppaong

OAD=0m6 Tov 6T0p0ToG eVt TKOG TUpdyovTog.
Adapted from Del Prato Setal. Int J Clin Pract. 2005;59(11): 1345-1355.
Copyright © 2005 Adapted with permission of Blackwell Publishing Ltd.



Unmet Needs in Diabetes Care

Multiple
Defects in Type 2 Adverse Effects
Diabetes of Therapy

Weight Type 2

Management Diabetes Hyperglycemia

CVD Risk
(Lipid and
Hypertension
Control)

Adapted from © 2005 International Diabetes Center, Minneapolis, MN. All rights reserved.



Multifactorial approach improves outcomes

Lifestyle

modification -
Glycaemic (diet and BP lowering
control exercise for (ACE-Iand
weight ARB)
management)

Management of diabetes and its complications

* The ADA recommends that most adults with diabetes achieve the following targets:1

e HbA;.: <7.0% (53 mmol/mol) e Triglycerides: <150 mg/dL (1.7 mmol/L)
e Physical activity: =150 min per week* e HDL-C: 240-50 mg/dL (1-1.3 mmol/L)"
e Blood pressure: <140/90 mmHg e |LDL-C: <100 mg/dL (2.6 mmol/L)
Primary prevention methods only - platelet inhibition recommended as secondary pre e ntion.
*Physi ca\act Ly o\'mode ate Lo vigorous i ntensly spread over atleast3 days/week ADAg delness ggest40 mg/deo men, 50 mg/deo women.
ACE-I, angiote -converting enzyme inhibitor; ADA, American Diabetes Ass: ; ARB, angio eptor blocker; BP, blood pres: ; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol

1 Ame rican Dabetes Assocato . Diabetes Car 62019 42(Suppl 1):S1-S3.
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ADA/EASD 2018 consensus for glucose-lowering
medication in T2D

clinical inertia
reassess and
modify
treatment
regularly
(3-6 months)

FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSI

IF HbA,. ABOVE TARGET PROCEED AS BELOW

NO
Established ASCVD or C

Without established ASCVD or CKD

ASCVD predominates
HF OR CKD predominates
PREFERABLY Compelling need to minimise hypoglycaemia Compelling need to minimise weight

SGLT-2i with evidence of reducing HF gain or promote weight loss

and/or CKD progression in CVOT if eGFR
adequate*

EITHER/ Cost is a major issue’’**
OR SGLT-2i
GLP-1RA with proven
with proven CVD benefit*,
CVD benefit* if eGFR
adequate’

GLP-1RA EITHER/

with good OR SGLT-2i
efficacy for

weight loss**

If HbA,
above target above target above target

If SGLT-2i not tolerated or contraindicated

or if eGFR less than adequate' add GLP-1RA
with proven CV benefit*

If HbA, . above target

If HbA,. above target

SGLT-2i" SGLT-2i"
OR OR

If HbA,. above target If HbA,. above target
orR orR GLP-1RA
DPP-4i DPP-4i SGLT-2it with good efficac
If further intensification is required or . Avoid TZD in the setting of HF for v?e\ght Ioss‘y
patientis now unable to tolerate GLP-1RA OR OR
demonstrating CV safety: . Consider adding the other class with
proven CVD benefit+ If HbA;. above target If HbA, . above target

. Consider adding the other class . DPP-4i (not saxagliptin) in the setting

(GLP-1RA or SGLT-2i) with proven of HF (if not on GLP-1RA) If HbA, above target If triple therapy required or SGLT-2i . N

CVD benefit . Basal insulin§ and/or GLP-1RA not tolerated or . Insulin therapy basal insulin
. DPP-4i if not on GLP-1RA «sul contraindicated use regimen with with lowest acquisition cost
. Basal insulin$ [ Continue with addition of other agents as outlined above ] lowest risk of weight gain OR
. TZD1 PREFERABLY . Consider DPP-4i OR SGLT-2i with
. sull lowest acquisition cost™*

DPP-4i (if not on GLP-1RA)
If HbA,. above target based on weight neutrality

Consider the addition of SU!l OR basal insulin:
. Choose later generation SU with lower risk of hypoglycaemia
. Consider basal insulin with lower risk of hypoglycaemia*

If DPP-4i not tolerated or
contraindicated or patientalready on
GLP-1RA cautious addition of:

o SU!l e TZD1 e Basal insulin

*Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1RA strongest evidence for liraglutide>semaglutide>exenatide extended release. For SGLT-2i evidence modestly stronger for empagliflozin>canagliflozin; '‘Be aware that SGLT-2i vary by
region and individual agent with regard to indicated level of eGFR for initiation and continued use; *Both empagliflozin and canagliflozin have shown reduction in HF and reduction in CKD progression in CVOTs; SDegludec or U100 glargine have demonstrated CVD safety;
TLow dose may be better tolerated though less well studied for CVD effects; !!/Choose later generation SU with lower risk of hypoglycaemia; *Degludec / glargine U300<glargine U100 / detemir<NPH insulin; **Semaglutide>liraglutide >dulaglutide >exenatide > lixisenatide;
**If no specific comorbidities (i.e. no established CVD, low risk of hypoglycaemia and lower priority to avoid weight gain or no weight-related comorbidities); **Consider country- and region-specific cost of drugs. In some countries, TZDs relatively more expensive and
DPP-4i relatively cheaper. Davies M] et al. Diabetologia 2018;61:2461-2498; Davies MJ] et al. Diabetes Care 2018;41:2669-2701



WITHOUT ESTABLISHED ASCVD OR CKD

COMPELLING NEED TO MINIMISE HYPOGLYCAEMIA

COMPELLING NEED TO MINIMISE WEIGHT

GAIN OR PROMOTE WEIGHT LOSS

ahove target

above target

above target

DPP-4i GLP-1 RA SGLT2i? 12D
If HbA,_ If HbA, If HbA, If HbA,_

above target

COST IS A MAJOR ISSUE’ "

GLP-1 RA with
good efficacy SGLT2i? Sus TZD"
for weight loss®

If HbA,  above target

If HbA,_above target

D 2

D 2

L

N 2

L

SGLT2i?
OR
TZD

SGLT2i?
OR
TZD

GLP-1RA
OR
DPP-4i
OR
TZD

SGLT2i?

GLP-1 RA

GLP-1 RA with
good efficacy
for weight loss®

SGLT2i?

0 2

N 2

N 2

D 2

L
TZD™ ‘ [
R 2

If HbA,_above target

|
\

If HbA, _above target

If HbA _above target

L R 2

R 2 N 2

Continue with addition of other agents as outlined above

N ———

If HbA, above target

Consider the addition of SU¢ OR basal insulin:

= Choose later generation SU with lower risk of hypoglycaemia
« Consider basal insulin with lower risk of hypoglycaemia’

—— e e

If triple therapy required or SGLTZ2i
and/or GLP-1 RA not tolerated or
contraindicated use regimen with
lowest risk of weight gain
PREFERABLY
DPP-4i (if not on GLP-1 RA)
based on weight neutrality

{
=
1

= Insulin therapy basal insulin with
lowest acquisition cost

OR

= Consider DPP-4i OR SGLT2i with
lowest acquisition cost'

Ne—— \— \—— ]\

N2

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

= SU¢ = TZD® - Basalinsulin




.

INTENSIFYING TO INJECTABLE THERAPIES K

INITIATION FOR GLP-1 RA
= Initiate starting dose {varies across class)

Use principles in Figure 1

- - Consider initial injectable combination (i.e., GLP-1 RA + basal insulin or prandial/basal
IfHbA,, above target despite dual/triple therapy insulin if HbA, >86 mmoUimol (10%) and/or >23 mmolimol (2%) above target

b
——« Consider GLP-1 RA in most prior to insulin' Consider insulin as first injectable if
TITRATION FOR GLP-1 RA Consider: = INITIATION = TITRATION = HbA, very high >97 mmalimal (11%)
= Gradual titration to maintenance + Symptoms or evidence of catabolism:
dose (varies across class) ¢ weight loss, polyuria, polydipsia,
( .. ] which suggest insulin deficiency

INITIATION FOR BASAL
= Start 10 IU a day OR 0.1-0.2 1U/kqg a day

Consensus recommendation

INn patients who need the greater
glucose-lowering effect of an in-
jectable medication, GLP-1 recep-
tor agonists are the preferred
choice to insulin. For patients
with extreme and symptomatic hy-
perglycemia, insulin is recom-
mended

If already on GLP-1 RA or if
GLP-1 RA nol appropriate
OR insulin preferred



ADA-EASD 2018 consensus

In patients with established ASCVD

ASCVD predominates

EITHER/ SGLT-2i

(0] 13

GLP-1RA
with proven CVD
benefit*

with proven CVD
benefit*,
if eGFR adequate”

If further intensification is required or patient is now unable to
tolerate GLP-1RA and/or SGLT-2i, choose agents demonstrating CV
safety:
» Consider adding the other class
(GLP-1RA and/or SGLT-2i) with proven CVD benefit
« DPP-4iif not on GLP-1RA
« Basalinsuling
- TzZDTY
o Sull

-

Hierarchy

Liraglutide SISO EL] T8  Exenatide ER

Hierarchy

Empagliflozin Canagliflozin

.

~N

*Proven CVD benefit means it has labelindication of reducing CVD events. For GLP-1RA strongest evidence for liraglutide>semaglutide>e xenatide extended release. For
SGLT-2i evidence modestly strongerfor empagliflozin>canaglifiozin; 'Be aware that SGLT-2ivary by region andindividual agentwith regard to indicated level of eGFR
forinitiationand continued use; *Both empagliflozin and canagliflozin have shown reductionin HF and reductionin CKD progressionin CVOTs; 5Degludecor U100
glargine have demonstrated CVD safety; 1Low dose may be bettertolerated though less well studied for CVD effects; |/Choose later generation SU with lower risk of

hypoglycaemia



ADA-EASD 2018 consensus
In patients with established HF or CKD

HF OR CKD predominates / \
PREFERABLY « SGLT-2is preferred over GLP-1RAs as
' significant, consistent reductions in
hospitalisation for HF and CKD
If SGLT-2i not tolerated or contraindicated or if eGFR less than pr:ogressmn have been seen in SGLT-2i
adequatet, add GLP-1RA with proven CV benefit*# trials

Evidence Hierarchy

If HbA,. above target

Empagliflozin Canagliflozin
* Avoid TZD in the setting of HF

Choose agents demonstrating CV safety: Evidence Hiera rchy

« Consider adding the other class with proven CVD benefit*
« DPP-4i (not saxagliptin) in the setting of HF (if not on GLP-1RA) Liraglutide Semaglutide Exenatide ER
« Basalinsulin

« Sull \ /

*Proven CVD benefit means that it has label indication of reducing CVD events. For GLP -1RAs, strongest evidence for liraglutide > semaglutide > exenatide
extended release. For SGLT-2is, evidence modestly stronger for empagliflozin > canagliflozin; 'Be aware that SGLT-2is vary by region and individual agent with
regard to indicated level of eGFR for initiation and continued use; *Both empagliflozin and canagliflozin have shown reduction in HF and reduction in CKD
progression in CVOTs; SDegludec or U100 glargine have demonstrated CVD safety; !IChoose later-generation SU with lower risk of hypoglycaemia; #Caution with
GLP-1RA in ESRD

Davies MJ etal. Diabetologia 2018;61:2461-2498




2019 ADA Standards of Care

Table 9.1-Drug-specific and patient factors to consider when selecting antihyperglycemic treatment in adults with type 2 diabetes

: Weiaht CV effects Renal effects
Efficacy Hypoglycemia mw Oral/sQ Additional considerations
& A0 CHF Progrssionof XDl Dosing/use considortions*
Neutral Potential ‘ Neutral Low Oral Neutral * (Contraindicated = Gastrointestinal side effects common
(potential for benefit with eGFR <30 (diarthea, nausea)
modest loss) * Potential for B12 deficiency
$GLT-2 Inhibitors | Loss Benefit: Benefit: High Oral | Benefit: * Renal dose adjustment * FDA Black Bax: Risk of
empaglifiozint, empaglifiozint, canaglifiozin, required (canaglifiozin, amputation (canaglifiozin)
canaglifiozin canaglifiozin empaglfiazin dapagliflozin, empaglifiozin, ;
ertuglifiozin) * Risk of bone fractures
(canaglifiozin)
= DKArisk (all agents, rare In
T20M)
= Genitourinary infections

Based on findings from the DECLARE-TIMI 58 Trial,
the benefit of SGLT-2 inhibitors for CHF/CKD is revised to read:

"Benefit: empagliflozin, canagliflozin, dapagliflozin"

*Caution when initiating or

Benefit: increasing dose due to = Gastrointestinal side effects
liraglutidet > sema potential risk of acute common (nausea, vomiting,
glutide > exenatide kidney injury diarhea)
extended release *  Injection site reactions

= TAcute pancreatitis risk

American Diabetes Association. Diabetes Care 2019;42(Suppl 1):5S90-102.



Choice of therapy after metformin

Drug-specific and patient factors to considerin adults with T2D

GLP-1RA GLP-1RA
Shorter-acting Long-acting

SGLT-2is DPP-4is Sulfonylureas Insulins

(Elfgi)aASZ)* Intfrmggiate veHriyg:ig;h (Lrétr?er::jee?'ni?t)en_glglg Intermediate Very high
Hypoglycaemia Optimal Strategy: o .
* regimens that stabilize hyperglycemia
Weight across muI_tipIe pathways
act synergistically to reduce CV and
cv ca:t;?opvrg::uslar : ¥ MACE C\IIZDMvci(t:hE’slc—)'rf'{e Other riSk faCtO s
effects risk factors BT SRS RERnE agents preserve B—Ce”S

Genital infections; risk Rare urticaria/ Dose adjustment/
dose adjustment/ angioedema; avoidanceforrenal
avoidance for renal increased risk of HF | disease; highrate of

disease hos pitalisation secondary failure

O edema/heart failure Frequent dose
bone loss; bone adjustment for
fractures optimal efficacy

: ! . GI side effects,
Disadvantages/BEeE et b =es including gallbladder

adverse effects JGuE A EEL L disease

*Davies MJ et al. Diabetologia 2018;61:2461-2498
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COMPREHENSIVE MEDICAL EVALUATION AND ASSESSMENT

OF COMORBIDITIES

DECISION CYCLE FOR PATIENT-CENTERED GLYCEMIC MANAGEMENT IN TYPE 2 DIABETES

REVIEW AND AGREE ON MANAGEMENT PLAN ASSESS KEY PATIENT CHARACTERISTICS

{at least once/twice a year)
Go Al-s CONSIDER SPECIFIC FACTORS THAT IMPACT

ONGOING MONITORING AND CHOICE OF TREATMENT
SUPPORT INCLUDING: OF CARE - Individualized HbA, target
- Emotional well-being . . = Impact on weight and hypogly
« Check tolerability of medication  Prevent complications « Side effect profile of medication
= Monitor glycemic status » Optimize quality of life = Complexity of regimen, i.e., frequency, mode of administration
= Biofeedback including SMBG, + Choose regimen to optimize adherence and persistence

weight, step count, HbA, , = Access, cost, and availability of medication

blood pressure, lipids '

Q SHARED DECISION MAKING TO CREATE A

ASCVD = Atherosclerotic Cardiovascular Disease
CKD = Chronic Kidney Disease

HF = Heart Failure

Review management plan
Mutual agreement on changes
Ensure agreed modification of therapy is implemented
in a timely fashion to avoid clinical inertia
Decision cycle undertaken regularly

IMPLEMENT MANAGEMENT PLAN

Current lifestyle

Comorbidities, i.e., ASCVD, CKD, HF

Clinical characteristics, i.e., age, HbA, , weight
Issues such as motivation and depression
Cultural and socioeconomic context

MANAGEMENT PLAN

« Involves an educated and informed patient {(and their

Patients not meeting goals generally \ . .
should be seen at least every 3 family/caregiver)

months as long as progress is being ' AGREE ON MANAGEMENT PLAN = [esks patien pesferences -
made; more frequent contact initially «  Specify SMART goals: " _Effecl{ve Fonsultatmn !m:ludes mollvatlor.la_l ¥
is often desirable for DSMES P MART goals: interviewing, gnal_semng.and shared decision making
- Specific = Empowers the patient
- Measurable «  Ensures access to DSMES
- Achievable
- Realistic
- Time limited

DSMES = Diabetes Self-Management Education and Support
SMBG = Self-Monitared Blood Glucose

Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1):S37-547



GLYCEMIC TARGETS

Table 6.3—Summary of glycemic recommendations for many nonpregnant adults

53 mmol/mol)*
(4.4-7.2 mmol/L)
10.0 mmol/L)

reprandial capillary plasma glucose mg

Peak postprandial capillary plasma glucoset <180 mg/dL*

—
*More or less stringent glycemic goals may be appropriate forindividual patients. Goals should be

individualized based on duration of diabetes, age/life expectancy, comorbid conditions, known
CVD or advanced microvascular complications, hypoglycemia unawareness, and individual patient
considerations. TPostprandial glucose may be targeted if A1C goals are not met despite reaching
preprandial glucose goals. Postprandial glucose measurements should be made 1-2 h after the
beginning of the meal, generally peak levels in patients with diabetes.

. Ameri
Glycemic Targets: o A Diabetes.

. Association.

Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1): S66-576 Gonnected for Life



GLYCEMIC TARGETS

Approach to Individualization of Glycemic Targets

Patient / Disease Features

Risks potentially associated
with hypoglycemia and
other drug adverse effects

Disease duration

Life expectancy

Important comorbidities

Established vascular

complications

Patient preference

Resources and support
system

More stringent &= A1TC 7% - | ess stringent

low high

ajqeyipow Jou Ajjenspy

newly diagnosed long-standing
long short
absent few / mild severe

absent few / mild severe |
highly motivated, excellent preference for less
self-care capabilities burdensome therapy

readily available limited

Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1): S66-576
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Diabetes and Sepsis: Risk, Recurrence, and Ruination

* A series of dysrequlated physiological responses are generated,
leading to organ dysfunction and a 10% mortality risk.

e Type 1II diabetes is a common and devastating disease
frequently encountered by clinicians who care for critically ill
patients.

e Patients with T2D have an increased risk of developing
infections and sepsis

e T2D also worsens infection prognosis, with T2D patients
showing increased morbidity and mortality from sepsis

L. M. Frydrych et. al., Frontiers in Endocrinology, Vol. 8 (271), 2017



Diabetes and Sepsis: Risk, Recurrence, and
Ruination

e EpeuvnTEC EXOUV EMIKEVTPWOEI TIC NPOONABEIEC TOUG OTNV
KaTavonon TwV UNOKEIJEVWY OlaTapaXwVv TOU avooonoinTikou
ouUOTNMATOG NMou JIEUKOAUVOUV TNV avanTtu&n eninAoKwy,
dUOXEPAivouVv TNV avappwon ano Tn onwn Kai au&avouv
Jakpoxpovia Tn BvnoiyoTnTa

e QOTOOO, ANAITEITAl EMIKEVTPWON KAl MEPICOOTEPN YVWON OTNV
aAAnAenidpaon peTa&u T2D, onwng, avoaoiac Kal Tou
AaVvTIKTUMOU TOUG OTN GUVOAIKN €niBiwon.

L. M. Frydrych et. al., Frontiers in Endocrinology, Vol. 8 (271), 2017



Immune dysregulationin Type II diabetes and sepsis

Damaging
Inflammation

Organ F;“‘"E — — —> Early Death Innate Immune Dysregulation

—————— Persistent inflammation Persistent organ injury

Reduced phagocytosis Poor tissue healing
Abnormal cytokine production

>
Diabetes

Sepsis

\‘/ Recovery

7 / Long-term Death
Days and weeks III\ Resolution ‘ Months and Years &

Healthy
Homeostasis

Diabetes

Opportunistic infections

T e — ——

Adaptive Immune Suppression

Lymphocytosis
Immune Decreased Treg suppressor function
Suppression T cell T41-T,,2 polarization

« O 31aBNTNC xapakTnpileTal and avoooAoyIkKn avenapkeld, Xpovia (pAEY OV KAl AVOGOKATACTOAN
enNnNpPealovTac £Tal TN GUVOAIKA OUOIOCTACN TOU AvooonoinTIKoU GUCTAHATOC.

« EminA€ov, NEAETEC €xouV Oc<i&el OTI hia d1apknG PAEYHovVWANG KATAOTACN NoU OPEIAETAl OE
OUCAEITOUPYia TNG avooiac, KaTaANYEl 0€ TPAUUATIOUO opyavwy Kal 8avaTo aoBevwy.

« 'OAa auta odnynoav o€ unoBeoeIC OTI TEAIKA AQUTEG Ol ENIJOVEC d1ATApaxXeC TNG AsIToupyiag Tou
avooonoinNTIKoU GUOTAHATOG €ival ol KUPIOI GUVTEAEOTEG AUTAC TNG Au&nuevng BvnoiuoTnTa .

L. M. Frydrych et. al.,, Frontiers in Endocrinology, Vol. 8 (271),2017



Innate vs adaptive immune responses in sepsis and
Type 1I diabetes

A

A i Immun T ion
T cell anergy/exhaustion
Lymphocyte apoptosis

Diminished T cell cytotoxicity
Reduced T cell proliferation
Increased Treg suppressor function
T cell T, 1-T,,2 polarization

Sepsis

Innate immune Dysregulation
Persistent inflammation

Chronic catabolism

Decreased cytokine production
Myeioid cell immaturity

Reduced phagocytosis
Contracted antigen presentation

« Katd tn d1dpkela evoc o&€oc eneicodiou onyaidiac, To avooonoinTiko cuoTnud
BpiokeTal o€ pia cuvexn kataotaon diakupavong

¢ AUTO TO OUVEXEC (paAIVOUEVO TNG “TpapnaAacg” BewpeiTal OTI 0dNYEi O€ GUVEXN
(PAEYHOVN, OIEUKOAUVEI TOV TPAUUATIONO TWV OpYAVWV Kdl ENITPENEl TNV
EUPAvion eNNAOKWV

L. M. Frydrych et. al., Frontiers in Endocrinology, Vol. 8 (271), 2017




Innate vs adaptive immune responses in sepsis and
Type 1I diabetes

« 2T1ov O01aBNTn, TO avooonolnNTIkKO ocuoTnUa BIWVEl XpOVIEC dIATAPAXEC MOU
opeiAovTal oTN Xpovia PAeyuovn, ToNoBETWVTAC £TOI AUTA TA CUCTNMATA
O€ JIa ouveXn pon

« 'OTav autda Ta duo cuoTnuaTta (onwn kal di1apnTng) enikaAunTovTdal, Ol
aoBeveic xouv au&énuevn voonpoTnTa Kail BvnoigoTnTa

« QOTOCO, UNAPXOUV ACAPEIEC OXETIKA HE TIC CUVEPYIKEG KAl AQVTAYWVIOTIKEC
aAAayec nou cupBaivouv kal TEAIKG odnyouV o€ €NIdEivwon TWV
d1aTapaxwyv Tou avooornoinTikoU cuoTAKATOC Kal oTnv aduvapia
ENICTPOPNC OTNV OJOoI100TACN

Decreased y5 T cells with limited IFNy secretion

T cell T,1-T,,2 polarization

Decreased B cell IgM production

Reduced ability of B cells to secrete anti-inflammatory IL-10

Diabetes

Innate immune Dysregulation

Persistent inflammation

Endothelial cell dysfunction

Decreased neutrophil and NK microbial function
Pro-inflammatory M1 phenotype

Altered myelopoesis

Increased pro-inflaammatory cytokine production

L. M. Frydrych et. al., Frontiers in Endocrinology, Vol. 8 (271), 2017



Diabetes and Sepsis: Risk, Recurrence, and Ruination

O d1aBATNc TUnou II €ival yia acbgvela pe diaTapaxeg TNG avoaoiac nou odnyei og
NApaTETAPEVN PAEYUOVI], KATAOTOAN TOU AVOCONOINTIKOU CUCTANATOC KAl CNHAVTIKN
voonpoTNnTa

KAIVIKG, gival npo@aveg 0TI ol acBeveic ue T2D €ival nio euaiodBnTol o€ AOIPWEEIC

>Tn onwn, napd TiIC KAAUTEPEC Bepaneiec JE OTOXO TOV EAEYXO TNC UNEPYAUKAIKIACG, TN
Xopnynon avTiBIoTIKWV VW PIc Kal TRV npoAnwn TnS BAABNG Twv opyavwy, ol acgbeveic ye T2D
e€akoAouboUV va €XouV XEIPOTEPN VOONPOTNTA Kal BvnoiudTNTa Yyia AOYyouc nou €ival
eNAXI0TA KATavonToi

QoT000, N OXE0N METAEU TwV OUO PpaiveTal va €ival Ta un puduildpueva avooonoinTika
HovonaTia

TeAIkG 01 avooopuBUIOTIKEC BEpANEIeC MOU €10AyovTal JE NOAU oTPATNYIKO TPOMO Kal
ennpeadouV TIC AAANAENIKAAUNTONEVEC AVOOOAOYIKEC dlaTApaxeC HETAEU auTwyV TwVv dUOo
aocBevelwyv, EXouv Tn duvaToOTNTA va BEATIWOOUV 0UCIACTIKA TN CUVOAIKA vOoOnpOTNTA Kal
OvnoigoTNTa nou avTigeTwniouv auta Ta ATopd

L. M. Frydrych et. al., Frontiers in Endocrinology, Vol. 8 (271), 2017
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Diabetes Care In
the Hospital
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DIABETES CARE IN THE HOSPITAL
Hospital Care Delivery Standards

15.1 Perform an A1C test on all patients with diabetes or
hyperglycemia (blood glucose >140 mg/dL) admitted
to the hospital if not performed in the prior 3 months. B

15.2 Insulin should be administered using validated written or
computerized protocols that allow for predefined
adjustments in the insulin dosage based on glycemic
fluctuations. C

American
Diabetes
| 30 . Association.

Connected for Life



DIABETES CARE IN THE HOSPITAL
Diabetes Care Providers in the Hospital

15.3 When caring for hospitalized patients with
diabetes, consult with a specialized diabetes or
glucose management team when possible. C



DIABETES CARE IN THE HOSPITAL

Glycemic Targets in Hospitalized Patients

15.4

15.5

Insulin therapy should be initiated for treatment of
persistent hyperglycemia starting at a threshold =180
mg/dL. Once insulin therapy is started, a target glucose
range of 140-180 mg/dL is recommended for the
majority of critically ill patients and noncritically ill
patients. A

More stringent goals, such as 110-140 mg/dL, may be
appropriate for selected patients if they can be achieved
without significant hypoglycemia. C

American
Diabetes
| 32 . Association.

Connected for Life



DIABETES CARE IN THE HOSPITAL
Hypoglycemia

15.8 A hypoglycemia management protocol should be

15.9

adopted and implemented by each hospital or hospital
system. A plan for preventing and treating
hypoglycemia should be established for each patient.
Episodes of hypoglycemia in the hospital should be
documented in the medical record and tracked. E

The treatment regimen should be reviewed and
changed as necessary to prevent further hypoglycemia
when a blood glucose value of <70 mg/dL is
documented. C

American
Diabetes
| 33 . Association.

Connected for Life



DIABETES CARE IN THE HOSPITAL

Glucose-lowering Treatment in Hospitalized Patients

15.6 Basal insulin or a basal plus bolus correction insulin
regimen is the preferred treatment for noncritically ill
hospitalized patients with poor oral intake or those who
are taking nothing by mouth. A

An insulin regimen with basal, prandial, and correction
components is the preferred treatment for non-

critically ill hospitalized patients with good nutritional
intake. A

15.7 Use of only a sliding scale insulin regimen in the
inpatient hospital setting is strongly discouraged. A

American
Diabetes
| 34 . Association.

Connected for Life



YnepyAukaipia & Bapewc NMNaoxwv

e H pUuBuIon TOU 0aKXApou aigaTocg €ival anapaiTnTn oToug
aobeveic e onywn

e 1 eninTwon 6avaTou oToug acBeveic Ye unepyAukaiydia ano
stress o€ oxeon JE aoBevVeIC HE PUTIOAOYIKO 0AKXAPO
aigaToc Kal og oxeon KeE d1aBnTIkouc

e 1 eninTwon oTouc d1aBNTIKOUG GE OXEON ME TOUG KN
d1aBnTikoucg

Wu HP, et al, Cytokine 2010; 51:298
Leonidou L. et al. Am ] Med Sci 2008; 336: 467



F'Aukaigikoi oTroxol otn MEO..

e OXI YIMNOIAYKAIMIA
e 'Evapé&n avtipetwniong av Glu>180 mg/dl
e EMOBupunTo eupoc 140-180 mg/dl

e >e unonAnBuopouc (AEE-KEK-ZA): ox1 Glu<110
mg/dl



Zakxapwodnc AiapBnTnc o€ NoonAgUuOHNEVOUCG
AoOeveic

« O1 aoBeveic he ZA €xouv JEyYaAUTEPN
neavoTnTa NapaTeETaPevnc voonAeiag
CUYKPITIKA JE uN-01aBNTIKOUC aoBeVEIC

« H unepyAukaipia aAAa kail n unoyAukaipia
oTn d1ApKEIa TNC VOONAEIAg oTo
VOOOKOMEIO OXETICETAl HE AUENUEVN
voonpotnTa & BvnToTnTa




Ti1 Opifoupe w¢c AlaTtapaxec TnG NNukailpiag oe
NoONnAEUOHNEVOUC

| phhevouoa uriepylukalia > 140 g/c Diabetes Care

« HbAlc > 6.5 % unodnAwvel unap&n ZA npiv Tn =—————
voonAegia S

* ZUYKEVTPWON YAUKONG < 70mg/dl Bewpeitar B il
npogidonoINTIkA yia meéavr unoyAukaipia Kat = e
anaiTei TITAonoinon aywyng MEDICAL CARE

IN DIABETES-2020

> KAIVIKG onpavTikn unoyAukaigia < 54 mg/dl

> KAIVIkG ooBapn unoyAukaipia: copapn
vvwolakn dlatapaxn aveEapTNTwe eNINedwV
YAUKOZNG




AuokoAiec oTn Alaxeipnon Tou ZA kara TN
NoonAeia

« 'QpEC KAl NOCOTNTA YEUMATWYV

* 'QPEC X0pPNYNONG PAPUAKEUTIKAG AYWYNG
Kal CUVTOVIONOC Xopnynoncg ME Ta yeupaTa

- Anouacia guaikng dpacTnploTNTAC

e JUvo0d VOONMaTa Kal papUAKEUTIKEG
AYWYEC



Nou ZToxevel n Oepaneia o€ NOONAEUOHNEVOUC
AilaBnTikouc AGOEeVEIC

ZTOXEUEI

« Meiwon BvnoIuoTNTAc

e Meiwon evOOVOOOKOUEIAKWY AOIHWEEWV

- Anouyn Bapiac unepyAukaipiac kai
AKO

e Meiwon JETEYXEIPNTIKWV EMIMAOKWV

e DUOIKN ENOUAWCN TPAUHATWY, EAKWYV,
KATAaKAIOEWV

- Anouyn €neicodiwv unoyAukaipgiag



FAukaipikoi ZToxol oe NoonAguopgevouc ACOEeVEIQ

Rewiews )/ Commaen taries/ADA Statements

American Association of Clinical

Endocrinologists and American Diabetes
Association Consensvus Statement on
Inpatient Glycemic Control

AoOevng 2. TOXO0C OAKXApou aiyarog
(mg/dl)

2Tnv MEO 140 - 180

210 Tunua Tipiv 7o payntoé: <140
Tuxaia: <180

2e emiAeypévoug pn Papéwe mwAOXOVTEC w0 AuoTNEOi OTOXO!
(110 - 140 mg/dl) xwpic opwe UTOYAUKAINIES



Intensive versus Conventional Glucose Control
in Critically Ill Patients

TuyxalonoinuUevn, NPOONTIKN, KN TUPAR KAIVIKN HEAETN NE 6104 aoBeveic
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Day after Randomization
Days after Randomization

« Kappia diapopa otn BvnoipotTnTa oTic 30 NUEPEC voonAeiag
« AUEnon TnG BvnoipoTnTac oTic 90 NUEPEC voonAsiag oTnv opada
EVTATIKOMNOINUEVNG Bepaneiac kKabwc Kal NEPICTOTEPOUC
BavaTouc ano kapdlayyeliaka cuphBapaTa Kal NeEPICoOOTEPEC
NEJM.org march 26, 2009 UMOYAUKQIMIEG



Intensive versus Conventional Glucose Control
in Critically Ill Patients

TuxalonoinueEvn, NPOONTIKN, N TUPAN KAIVIKN HEAETN HE 6104 acBeveic

BOTTOM LINE

« Intensiveglycemic control (target 81-108 mg/dl)

Glucose Goal: 140-180

increased deaths compared to conventional
control (targets <180 resulted in lower mortality
than a target 81-108

NEJM.org march 26, 2009
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Blood glucose control in patients with severe sepsis and
septic shock

Hiroyuki Hirasawa, Shigeto Oda, Masataka Nakamura




"EAeyxoG NNukolnc oe AogOeveic ue ZoBapn ZAWYN Kai
2nnTiko shock

o O1 €€eAieicotn popiakn BloAoyia exouv cUPBAAel oTNV TEPAOTIA
npoodo TNG Katavonong Tng nabogpualoAoyiac TnG onywnc.

 Twpa €ival eUpewWC anodeKTO OTI Ta KUPIA XApaAKTNPIOTIKA TNG ONWNG
gival n aveEeAeykTn evepyonoinaon oxl HOVO TV NPO-PAEYHOVWOWY,
aAAd KAl TWV avTIPAEYHOVWOWV avTIOpATEWV, AOYw TNG CUVTPINTIKNG
napaywync npo-eAeyHovwowyY Kal avTIPAEYHOVWOWYV HECOAABNTWV.
AUTO npokaAei NoAAEC naBoAoyikec aAAayec o (wTIKA Opyava Kal
OUOTNNATA, CUMNEPIAAUBAVONEVWY KAl TWV METABOAIKWY AAAAYWV

e Mia TéTo1a peTaBoAikn aAAayn €ival n unepyAukaiyia nou
NPOKUNTEI ano Tn YAUKOAUON OTOUG HUG Kal TN AinoAuon, Kal
TNV ENAKOAouUOn YAUKOVEOYEVEON Kal YAUKOAUGCH OTO RNap

Hirasawa H et al., World ] Gastroenterol, Vol. 15 (33), 2009



lliness leads to stress hyperglycemia
"Iness et e e e e neeaeeeesaasaseeeessseeeesasssseesessssiesessssseesssssssesssassasen

T Stress hormones
cortisol, epinephrine

Hemodynamic insult
Electrolyte losses
Oxidative stress
Myocardial injury
Hypercoagulability
— Altered immunity

1 Wound healing

T Inflammation

1 Endothelial function

T Lipolysis

Stress hyperglycemia may also exacerbate illness.

Clinical Therapeutics 2013 35724-733DO0I: (10.1016/j.clinthera.2013.04.008)
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The Sepsis Induced Changes in Circulating Hormones
and Metabolites

Blood
Liver Insulin
VLDL
Glucose
AA .
Metabolites
FFA A, L
|
Glycose FFA s Insulin @ Adipose
Insulin © Glucose ¢ FFA tissue
Lactate 4 Glycerol
Hormenes VipUTTA @
Inswulin Insulin ]
Skeletal 2 o Glucagaon " Insulin @
musc,e‘ 7= Lactate Catecholamines §
Cortisol 4

Glucose

Insulin Q

Endothelium

S. K. Andersen et.al., Journal of Leukocyte Biology (75), March 2004



Metabolic and Hormonal Changes Leading to Stress Hyperglycemia

v

Adipose
Tissue

Glycerol
@ 1 Lipolysis =
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Liver

Free Fatty Acids

Glucocorticoids
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Inflammatory
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Enteral nutrition
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Immune Hemodynamic Tissue
dysfunction effects effects

« Impaired leukocyte
function and
phagocytosis

- Wound and systemic
infections

= Osmotic diuresis

= Dehydration

= Volume depletion

« Electrolytes loss

« Tissue hypoperfusion

* Inflammation

« Oxidative stress

« Endothelial
dysfunction

= Mitochondrial injury

)

v
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Sepsis, multiple organ failure and death




"EAgyxoc N'Aukodlnc o AogBOeveic He ZoBapn ZNYn Kai
2nnTiko shock

e Ynapxouv NoAAEC NAaBOPUCIOAOYIKEC dlaTAPAXEG KATA TN OIAPKEIA MIAG
goBapnc onwnc n/kai onnTtikou shock, kal pia ano TIC N0 EVTUNWOIAKEG
eival n petaBoAikn diatapaxn. MeTa&u Twv PETABOAIKWV aAAaywv, N
UMEPYAUKAIWia €ival n nio onuavTikn

e O Van den Berghe kal ouv. €dci€av Tn onoudaloTnTa avTIMETWMIONS TNG
unepyAukaipiac o€ coBapn onwn kal oto onnTikd shock kal Ta
anoTEAEONATA AUTNG TNG MEAETNG ENICNMAIVOUV TNV AMOTEAECUATIKOTNTA
TNG EVTATIKNG Bepaneiag PE IVOOUAIV OTOV YAUKAIUIKO EAEYXO

e QOTOCO, HIA MO NPOCYPATN TuXdlonoinueEvn MEAETN £0<1&E OTI €vag TETOIOC
YAUKQAIPIKOG €Aeyx0C OEV €ival ANOTEAECHATIKOC OTN MEIWON TNG
OvnoipotnTag ornv ICU kal 0TI 0 YAUKAIMIKOC €AEYXOC ME evTaTIKN Bepancsia
ME IVOOUAivn au€&avel Tov Kivouvo unoyAukaipiac kal TIC ENINAOKEC NOU
npokKUNTOUV amnod TNV UnoyAukdaidia

Hirasawa H et al., World J Gastroenterol, Vol. 15 (3mnv 3), 2009



"EAeyxoc N'\ukolnc o€ AcOeveic HE ZoBapn ZNWYn Kal
2nnTiko shock

e H unepyAukalpia og ocoBapec nabnoeic, onwcn onyn, 0gv ivail
HOVO £vag O€ikTNG 0oBapoTnNTAC TNG NABNONG KAl NPOYVWOTIKOC
napayovTac KakngG ekBaonc, aAAa €xel kal NOAAEC OUOHEVEIC
enINTwoelg o (wTIKA Opyava.

e Mia TETOIO dUOHEVN €NidPaAcn OTO AvooonoINTIKO cuoTnua BAANTE
TNV IKAvVOTNTA TOU EEVIOTN VA KATANOAEUNOEI TN HOAUVON, HE
ANOTEAEONA TN HEIWPEVN OPACTIKOTNTA TWV OUOETEPOPIAWY AAAC
Kal HETABOAWYV OTIC KUTOKIVEC, HE QUENMEVEC CUYKEVTPWOEIC TWV
NpoPAeyHOVWOWY KUTOKIVWV TNF-a kal IL -6, kaBwc kal peiwon
napaywyngcTou evooBnAlakoU VITpIKOU o&sldiou

Hirasawa H et al., World J Gastroenterol , Vol. 15 (33), 2009
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IL-6 blood level on ICU admission

To NOCOOTO EMITUXIAC TOU EVTATIKOU YAUKAIUIKOU EAEYXOU NTAV OXETIKA UWPNAO OTOUG A0BEVEIG HE
IL-6 <1000 pg / mL kata Tnv eicaywyn ornv ICU evw NTav noAuU XaunAo PNeETA&U Twv acBevwyv
TwV onoiwv To apxIko eninedo IL-6 ntrav> 10.000 pg / mL

Hirasawa H et al., World J Gastroenterol , Vol. 15 (33), 2009



"EAgyxo¢ N'Aukolnc o AoBeveic He ZoBapn ZNYn Kai
2nnTiko shock

e To 2001 o Van den Berghe avepepe 0TI o€ acbeveic ICU, n
diatnpnon eninedwv YAUKO(Nc peta&u 80 kal 110 mg / dL pe evTaTikn
Oepaneia Pe IVOOUAIvN, €iXE WG anoTeAeapa TN BeATIwoN TNG
eniBiwongkal TG d1apKEIAc NApPAPoVnG TOUGC OTO VOOOKOMEIO

e Q1 i0I0I EPEUVNTEC AVEPEPAV ApYOTEPA OTI N EVTATIKN Bgpaneia Pe
IVOOUAIVN HEIWTE TN voonpoTNTa aAAd ox!I Tn OvnoipotnTta oTic ICU
(Van den Berghe 2006)

e AUTEC Ol HEAETEC ENNpPEACaAyV Kal TIC KATEUBUVTNPIEC 0ONYIEC YIa TN
dlaxeipion TN¢ ocoBapnc onwng kal Tou onnTikou shock woTe va
OUOTNOOUV TOV auoTNPO YAUKAIUIKO EAEYXO WC Kia ano TIG mnio
ONMAVTIKEC BEPANEUTIKEC MPOTEYYIOEIC

Hirasawa H et al., World J Gastroenterol , Vol. 15 (33), 2009



More intensive glucose control with IV insulin resulted in lower
ICU and in-hospital mortality

Intensive Insulin Therapy in the Surgical ICU: The Leuven Study
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Hyperglycemia: An Independent Marker of In-Hospital Mortality
in Patients with Undiagnosed Diabetes

30 - Total In-patient Mortality
<50 iEew* all hospitalized patients
% == should be screened
5 5 for hyperglycemia
s!

1.7% 3.0%
0 — =
Normoglycemia Known New

*P<0.01 Diabetes Hyperglycemia

G.E. Umpierrez et.al.,] Clin Endocrinol Metab, 87(3):2002



The immune response of patients with diabetes mellitus
during sepsis

_} O- 48 hours after sepsis

48

During early sepsis
patients with T1D
have:
« defective neutrophil
functions, resulting
in impaired bacterial
control at the site of
infection,bacteremia
and a poor sepsis
outcome

H2XRIGRK2/
CXCR2

Failure of neutrophil Mmigration
Deficient bactenal kKilhing
Higher Bacteremia




The immune response of patients with diabetes mellitus
during sepsis

O- 48 hours after sepsis

1 M4A48hours- 7days after sepsis
O\ aﬂor 7 days of sepsis

Patients with T2D

seem to have a better

sepsis prognosis due

to several reasons:

« diets rich in
unsaturated fat

« use of prebiotics

« higher levels of
leptin and

« the use of PPARg

agonists
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AACE-ADA Consensus Statement on
Inpatient Glycaemic Targets

Recommends using insulin therapy if blood glucose levels
exceed 180 mg/dL

Non—ICU Setting (general
medical/surgical)

e Subcutaneous insulin preferred

Insulin infusion preferred

* Target BG levels: e Starting threshold not higher

e Pre-meal BG <140 mg/dL than 180 mg/dL

e Random BG <180 mg/dL * Maintain between 140-180
* More stringent targets in stable mg/dL

patients * Blood glucose <110 mg/dL is not
e Less stringent targets in patients recommended

with severe comorbidities

E. S. Moghissi et.al., Endocr Pract. 2009;15 (4)



AACE/ADA Consensus Statement
Inpatient glycemic targets
« Insulininfusion to control hyperglycemia
« Starting threshold no higher than 180 mg/dl
« Maintain BG between 140 and 180 mg/dl
- Possible greater benefit at lower end of range
« Somewhat lower targets may be appropriate in selected
patients
« Targets <110 mg/dl are not recommended

May be appropriate
110-140 mg/dl

E. S. Moghissi et.al., Endocr Pract. 2009;15 (4)




ICU Setting Non-ICU Setting

— Insulin infusion preferred — Most patients:

— Starting threshold not higher than e pre-meal BG <140 mg/dL
180 mg/dl e random BG <180 mg/dL

— Maintain BG 140-180 mg/dl — More stringent targets may be
(greater benefit likely at lower end of appropriate in stable patients

this range) — Less stringent targets may be

— Lower targets (not evidence-based) appropriate in patients with severe
may be appropriate in selected comorbidities
patients if already being successfully — Scheduled SQ insulin with basal-
achieved nutritional-correction preferred; avoid

— <110 NOT recommended prolonged therapy RISS alone
(not safe)

AACE, American Association of Clinical Endocrinologists; ADA, American Diabetes Association;
SQ, subcutaneous; RISS, regular insulin sliding scale.

Clinical Therapeutics 2013 35724-733 DOI: (10.1016/j.clinthera.2013.04.
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CONCLUSION

It is now suqgested

o ...tight glycemic control with a target BG level of 90-110
mg/dL does not improve clinical outcome

o ..less strict glycemic control with a target BG level of 140-
180 mg/dL is more effective

o Also specific targeting of glycemic control in diabetic patients
should be considered

e ...avoid hypoglycemia during insulin therapy

e ..control of hypercytokinemia should be considered for
more effective glycemic control in patients with severe sepsis
and septic shock

Hirasawa H et al., World J Gastroenterol , Vol. 15 (33), 2009
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