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Outline of my presentations

* Introduction

* Burden of disease/ Epidemiology

* Screening and diagnosis

* Disease prevention

* Comprehensive medical evaluation and assessment of comorbidities
* Clinical manifestation

* Management

*Novel therapy in Diabetes
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Novel Therapeutics in Diabetes
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6.7
million

deaths due to
diabetes in 2021

adults with
diabetes

live in low-and
middle income

adults are living with
diabetes

countries
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Burden of Diabetes Mellitus worldwide

* 1990: Global age standarized prevalance was 3.2%

e 2021: 6.1% (90.5% increase from 1990)

e 2050: 9.5% (61.2% increase from 2021)

The Lancet 2023 402203-234DOI: (10.1016/S0140-6736(23)01301-6)

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2021. Results. Institute for Health Metrics and Evaluation. 2024



Diabetes

e Every 10 seconds... Two people develop diabetes

* The number of patients with diabetes worldwide is expected to increase from
366 million in 2011 to 552 million in 2030

China 130 Others 138

North India
America c 101
and South and urope Africa 20 84
Caribbean Centr.al 64 61
51 America 53 2011 ™ 2030
38 40
25 28
B "N

International Diabetes Federation. IDF Homepage. International Diabetes Federation 2011. Available from: http://www.idf.org/.



Prevalence of DM in South Asia

Prevalence of Diabetes in South Asia

Pakisthan rilan Bangaladesh

BMJ 2025; 390 doi: https://doi.org/10.1136/bmj-2024-079801 (Published 12 August 2025)



https://doi.org/10.1136/bmj-2024-079801

BM]JJournals

BM) Open Diabetes
Research & Care

Prevalence of diabetes and pre-diabetes in Sri Lanka: a new global hotspot—
estimates from the Sri Lanka Health and Ageing Survey 2018/2019

Author affiliations « Ravindra Prasan Rannan-Eliya 52 , Nilmini Wijemunige ' %, Prasadini Perera 2 (%), Yasodhara Kapuge ' (), ... @ Show all authors




Physiology of glucose regulation in healthy people

Gastrointestinal
tract
Pancreas Adipose tissue
n

Glucose
regulation

Muscles

in healthy
people’8




Risk factors that increase the chances of diabetes

e

Family History
of Diabetes

Age - 30 years Sedentary
and above Lifestyle

1

Unhealthy Diet High Blood Stress History of
Pressure Gestational Diabetes




Pathophysiology of Diabetes

Persistent
yperglycaemi

* DeFronzo RA. Diabetes. 2009;58:773—795; Poitout V, Robertson RP. Endocrinology. 2002;143:339-342;
Robertson RP, et al. Diabetes. 2003;52:581-587.



Theory of DM/ Triumvirate

Impaired Insulin Secretion

<4

% R

Decreased Glucose
Uptake




Theory of DM /Ominous octet

The Ominous Octet
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From the triumvirate to the ominous octet

A 6{232:;1’_' Main Pathophysiological Defects in T2DM
+Associatiqy “The Ominous Octet”

Increased HGP Decreased Glucose

Uptake




Diagnosis of Diabetes

HbA1C| FBG OGTT
(mg/dl) | (mg/dl)

Diabetes : >126 >200

Prediabetes 5.6-6.4 100-125 140-199

Normal <5.6 <99 <139



Types of Diabetes A

* Monogenic diabetes syndromes
: Neonatal diabetes and
maturity-onset diabetes of the
young

eDiseases of the exocrine
pancreas (such as cystic fibrosis
and pancreatitis), and

*Drug- or chemical-induced
diabetes (glucocorticoid use,
ART, or after organ
transplantation)

4 ] )
* Due to autoimmune

(Including LADA)

4 ) )
¢ Insulin

Specific Diabetes resistance

Gestational e Pregnancy related




Clinical symptoms of Diabetes

Metabolic disease, Multi-systems disease

Diabetic retinopathy

e




Diabetes- Multisystem , Metabolic disease significantly increase risk of

Stroke
by more than 2—4 fold?

\
\

\

186 new patients will have an
amputation?

1. International Diabetes Federation. Diabetes Atlas, Fifth Edition: www.diabetesatlas.org. Accessed 25 June 2012. Estimated based on mortality data;
2. Adapted from: CDC 2011 National Diabetes Fact Sheet: http://www.cdc.gov/diabetes/pubs/estimates11.htm#12. Accessed June 2011.



Glycaemic Goals in Diabetes

The majority of patients in USA with T2D remain far above glycaemic goals

< 20.2% have HbA,_ >9%!

47.8% of patients
with T2D
have HbA . >7.0%"

< 37.2% have HbA,_ >8%!

<_<ADA/EASD target (<7%)345

HbA,,

* Adapted from

1. Saydah SH, et al. JAMA. 2004;291:335-342.

2. DoddAH, et al. Curr Med Res Opin. 2000 291:1605-1613;
3. OIuwatowo;uI et al. Diabet Med. 2010;27:354—359;

4. ADA. Diabetes Care. 2013;36:511-566;

5. Inzucchi SE, et al. Diabetes Care. 2012; '35: 1364-1379;



Management of Diabetes

Drug
Diabetes

~

, therapy
education
Exercise
therapy
' Diabetes

treatment
Monitor i
blood sugar
Prevention of
corelBieh mstsog s

 High financial consequences of managing diabetes
» Medical expenses
 Lost productivity




Management of Diabetes

* Trials
 DCCT-Diabetes and control and complications trial
 UKPDS-United kingdom prospective study

nutritionist

<

* Treatment
* Medical nutrition therapy

Physical activity
Monitoring Endocrinologiguy BB ARG AL pecialists

Medications
Self management education

DM
educator



Medical nutrition therapy of DM

Moderate portions,
daily to weekly

Often, at least
two times per

week i F




Class

Antidiabetic agents

Compound

Biguanides

Sulfonylureas (2nd generation)

Thiazolidinedione

a-Glucosidase inhibitors

Meglitinides

s Metformin

e Glimepiride
® Glipizide

e Glyburide

® Pioglitazone

e Acarbose

o Miglitol

« Nateglinide
e Repaglinide

DPP-4 inhibitors

# Alogliptin
¢ Linagliptin
« Saxagliptin
# Sitagliptin

SGLT2 inhibitors

GLP-1 RAs

Dual GIP and GLP-1 RA

Bile acid sequestrant

Dopamine-2 agonist

Amylin mimetic

Standards of care in Diabetes 2025, Diabetes Care: diabetesjournals

« Bexagliflozin
e Canagliflozin
e Dapagliflozin
e Empagliflozin
e Ertugliflozin

e Dulaglutide

e Exenatide

e Exenatide (ER)
e Liraglutide

& Semaglutide

e Tirzepatide

o Colesevelam

» Bromocriptine

o Pramlintide



Evolution of antidiabetic medicines

Figure 1. Timeline showing the introduction of different classes of glucose-lowering agents. The red line indicates the estimated
global prevalence of people with diabetes (in millions), >90% of whom are believed to have T2DM
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DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium-glucose co-transporter-2; TZD, thiazolidinedione; 19, first; 2°, second.

2022;22:112-120The origins of type 2 diabetes medications, Clifford J Bailry, Br J Diabetes




Evolution of insulin therapy

Short acting ) ] Rapid acting
Rapid-acting
insulin analogue Recornbinant
1996 2006 Fast-acting insulinplus
Exubera inhaled insulin aspart hyaluronidase
insulin
. N (withdrawn 2007) Recormbinant
First c.||mcaf| insulin BioChaperane
use of insulin Biosynthetic Afrezza inhaled plus EDTA lispro
1522 hurnan insulin insulin 2015

1982

1920 1940 1960 1980 2000 2014 2015 Future ::>
1550 2013
MPH insulin Degludec Glargine
Smart
2014 U300 sl
1953 Lente Biosimilar S
insulin 2000 glargine PEGylated
Long-acting  insulin insulin

Long acting insulin analogue

New forms of insulin and insulin therapies for the treatment of type 2 diabetes, Cahn, Avivit et al.
The Lancet Diabetes & Endocrinology, Volume 3, Issue 8, 638 - 652




Different site actions of OHA

Neurotransmitter
dysfunction

Decreased glucose uptake

cemia <« Increased glucagon
secretion

— Hypergly

Increased hepatic
glucose production

i e 8 Incretin effect reabs?rption

Metformin
i boibcn bl X




Why Novel Approach ?

* Glucose homeostasis: it’s more than just B-cell function

* Current therapy has limitations
* Remains unmet the needs
* requirement for new therapies

* Role of new therapies:
* SGLT2 or SGLT1/2 inhibitors
 GLP-1RA
* Diabetic technology
* Novel approach for Insulin delivery



Novel Approach

* Diabetic technology
* BGM devices

CGM (continuous glucose monitoring)

Insulin pens

CSll (continuous subcutaneous insulin infusion)

AID (Automated insulin delivery)

Standards of care in Diabetes 2025, Diabetes Care: diabetesjournals



Treatment

NOVEL APPROACHES IN INSULIN DELIVERY

Inhaled insulin Insulin delivery to the lungs is the first reported
alternative to subcutaneous injection. The first inhalable insulin,
Exubera, was approved by U.S. FDA in the year 2006 and is available
in 1-mg and 3-mg doses.

vy

~
Oral insulin The oral route of administration is regarded the most

convenient way because of its ease of administration. However, the
difficulties with the oral delivery include degradation of the insulin
at the acidic pH of the stomach and by different enzymes in the
stomach. Several pharmaceutical companies are developing carriers
to protect insulin from degrading in the stomach.

_.)
e ~
4 “
Buccal insulin Mucous membrane of the inner lining of cheek is
an excellent source of insulin delivery due to its rich blood supply,
expansive smooth muscle, visibility and accessibility.
- W,

WRMA™ P,
P35
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New Drugs in Type 2 diabetes

Proximal convoluted
’ tubule (S;)
,‘)\ -11 SGLT2
Proximal convoluted
W tubule (S,)

Proximal straight SGLT1
Q tubule (Ss)

« Considered as promising therapeutic
target to treat diabetes and obesity )
* Inhibits both SGLT1 and SGLT2

e SGLT1 is primarily expressed in intestinal
epithelium, whose inhibition reduces dietary
glucose uptake

e SGLT2 is highly expressed in kidney - regulating
glucose reabsorption




SGLT inhibitors

Sergliflozin
Remogliﬂoz?r Development stopped

Dapagliflozin
Canagliflozin Registered in EU and US
Empagliflozin

Abdul-Ghani M et al Curr Diab Rep 2012; 12: 230-238



SGLT2 inhibition
directly targets glucose via
urinary glucose excretion

Impaired B-cell
function

\ Persistent y T
hyperglycaemj/

.

Insulin
resistance

1. DeFronzo RA. Diabetes. 2009;58:773-795.

2. Poitout V, Robertson RP. Endocrinology. 2002;143:339-342.
3. Robertson RP, et al. Diabetes. 2003;52:581-587.

4. DeFronzo RA. Diabetes Obes Metab. 2012;14:5-14.



Renal glucose re-absorption in healthy individuals

[

Filtered glucose load
180 g/day

Gerich JE. Diabet Med. 2010;27:136-142.

36



Renal glucose re-absorption in patients with hyperglycaemia

|

Filtered glucose load >
180 g/day

v
@

| sGm2 |

[ sGLr |

o |

Gerich JE. Diabet Med. 2010;27:136-142.

4 N

When blood glucose
increases above the
renal threshold
(~ 10 mmol/l or 180
mg/dL), the capacity
of the transporters is
exceeded, resulting in
urinary glucose

excretion

. /

37




Urinary glucose excretion via SGLT2 inhibition

Filtered glucose load
> 180 g/day
v

\

/

o]
(

l

,‘(

SGLT2 inhibitors
reduce glucose
re-absorption
in the proximal tubule,
leading to urinary
glucose excretion* and
osmotic diuresis

|

*Loss of ~ 80 g of glucose/day (~ 240 cal/day). - /
Gerich JE. Diabet Med. 2010;27:136-142. 38



New Drugs in Type 2 diabetes

Incretin mimetics

Exenatice

* The first incretin-related therapy available
for patients with type 2 diabetes.

» Naturally occurring peptide from the saliva
of the Gila Monster.

* Has an approximate 50% amino acid
homology with GLP-1.

* Binds to GLP-1 receptors and behaves as
GLP-1.

 Stimulates insulin production and delays gastric emptying



Impaired Incretin Action

Redefining Pathophysiology of Type 2 Diabetes & ciucose &

Impaired
Incretin Action

Insulin Relative Insulin o A1 GSIS /
Resistance Deficiency 1 l

qwf ATP . I ,_}4,%
mr-m)

Glycolysis

Glycolytic genes

.‘/ :;'\‘ by /;‘i7si‘\\/-

Prediabetes and
Type 2 Diabetes




GLP1RA

? ??I
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" Insulin secretion Vascular

health
Glucose

control

Metabolism activation

< C}Iﬁ""
G N .
suppression 3\ Obesity
\/ m—
Renal
Protection Cancer

. Glucose

suppression

Senescence B
suppression? Healthy Aging



Diabetic technology

e BGM devices

Self Monitoring Test




Diabetic technology

* CGM (continuous glucose monitoring)




Diabetic technology

* Insulin pens

Insulin Pen

Doseatﬁustmemdnal—i-h“ R



Diabetic technology

* CSlI (continuous subcutaneous insulin infusion)

Guardian Sensor 3
= / Infusion site
» N

Guardian Link 3 f ,'
Transmitter \

/" Insulin pump with
hybrid closed loop
\ / - technology




Diabetic technology

* AID (Automated insulin delivery)

Artificial Pancreas

K Device System Insulin

delivery
(sl Glucose level

Modulation
(control algorithm)

Yo

Sensing
(CGM)

1. Contirucaus Glucosa Monicr
& Cormguier-Contralad Skpntivm
3, Ingdim Fumg
4, Patere EHect




Newer targets for diabetes in 20257

* Inhibitors of 11B-hydroxysteroid dehydrogenase 1, which reduce the
glucocorticoid effects in liver and fat

* Insulin-releasing glucokinase activators and pancreatic-G-protein-coupled
fatty-acid-receptor agonists

* Glucagon-receptor antagonists

* Metabolic inhibitors of hepatic glucose output



Newer targets for diabetes in 20257

Inhibitors of 11B-hydroxysteroid dehydrogenase 1

\

Liver

%

Adipose

Q OH
N
H M
/n' )
HI|H
0% >F

l Cortisol

J

Y

| Gluconeogenesis

T Insulin sensitivity

Reduce the glucocorticoid
effects in liver and fat



Newer targets -glucokinase activators

y-cell
a-cell
B-cell
&-cell
- Dorzagliatin
e S = effects:
Y . T GK activity
y ¥ ; T Beell
: J proliferation
[N VAS 4/ 4 apoptosis
9 R o s ,79{’ 74, T insulin
¢ secretion

Dorzagliatin activates
GK & promotes the B
dissociation of GKRP-

GK complex

= R Insulin secretion >
ructose-6- =Y °
° ATP-
Phosphate & ® e & ° gated K*
e, ® o e channel
e =




Newer targets pancreatic-G-protein-coupled fatty-
acid-receptor agonists

Long chain fatty
acids

GPR4O Long chain fatty

2y acids

w"‘ /\ €& GPR120
{ l s N—

GPR119 | P

Oleoylethanolamide,
Lysophospholipids




Newer targets

Pancreatic-G-protein-coupled fatty-acid-receptor agonists

GPR40 Agonists O—coou

l )

Pgncre‘as

- Acyl glucuronidation
t Insulin - BA biosynthesis
- Hepatobiliary transporter
- Mitochondrial function
- Reactive Oxygen Species

v M

B-cell damagg ALT increase
Hyperglycemia Liver toxicity

- Glucolipotoxicity
- ER stress




Newer targets

Glucagon-receptor antagonists

Glucagon Secreting

Alpha Cell Glucagon |
Antagonist )
&)
Glucagon

Glucagon Receptor
tagonis
Glucagon ] o

Receptor

Islets of Langerhans
in Pancreas

Insulin Secreting
Beta Cell

Glycogenolysis
Gluconeogenesis

Hyperglycemia

N

Oxidative Stress M

Liver Cell \
Diabetes
Complications




The non-steroidal mineralocorticoid receptor antagonist finerenone

Sex/

Gender Age )
Impairment of

Physical Cardiac

’% by O

? e -
Al ™ Lipids and
. @v@??\ HFpEF ® e
R W -

Skeletal
muscle 1 Hypertension
alterations

Diet S : CKD

Diabetes



Novel targets for anti diabetic agents

Established targets

Novel targets

Targeted pathway
SGLT

GLP1R

DPP4

Insulin receptor
TZD

Dopamine receptor
Alpha- glucosidase
Amylin receptors

Biguanide; Alpha- glucosidase
Receptors: Other

Receptors: GCGR

Receptors: GPR119
Receptors: GABA

Receptors: GR

Receptors: GLP1R; GCGR
Receptors: GLP1R; GCGR; GIPR
Receptors: GLP1R; GIPR
Enzymes

Kinases

Kinases: GCK

Kinases: AMPK

Transporters
Immunomodulation

lon channels

Other

Undisclosed

0

m Phase 1
m Phase 2

m Phase 3

2 a 6 8 10
Number of agents in clinical development

Phase 3 and phase 4

12



Newer targets

_ Reprogramming

e

Somatic Cells

Induced pluripotent
stem cells (PSCs)

In vitro
differentiation

.
66
.
Islet cells

Gene
therapy
Anti-
Apoptopic '
Cell Genes

immunothe-z}a‘

l T cells ‘ _'
! W, &0
. 5 = =
- . 1".: Fa— "
7 "
Tregs Modulation of
Immune System
Stem cell ™
therapy v >
[y N ;
& /' Diabetic
L OO O Patient
Cell Stem
bank cells

The impact of Embryonic stem cells, gene therapy and Immunotherapy in diabetes management



Cardiovascular disease and risk management
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Foot care
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Wear socks with
loose garters

v/ v/

7 4
Avoid shoes that
cramp the feet

Avoid socks with
tight garters
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Wear covered shoes that fit
well and protect the feet
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DO wear these shoes
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DON'’T wear these shoes
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summary

° DM_
* Multisystem Disease
* Metabolic disease

* Management
* Conservative approach
* Physical therapy
* Diabetic educations

1HbA 1o
Weight loss
{BP
+MACE?
| HF hospitalisation®
Renoprotection?

e Old Drugs therapy
 Newer drugs therapy
* Diabetic technology
* Reductions in risk managements
e Reductions in complications

GU infections
DKA
Amputations®
Fractures®
Volume depletion

AKI

/

\
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the Birthplace of the Lord Buddha



