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Diabetes mellitus is an epidemic 

The world. 

 IDF( 2013 statistics): 382 million 
people worldwide have diabetes, 

 (2035)which is estimated to increase 
to 592 million by 2035.

 USA

 The CDC 79 million- pre-diabetes

 26 million have diabetes mellitus 

 7 million of these are still 
undiagnosed

 less than 50% of patients with type 2 
diabetes in the United States 
achieve the HbA1c goal of < 7% set 
by the American Diabetes 
Association



Diabetes mellitus:Concept



Pathophysiology of T2DM: insulin resistance or beta cell dysfunction

 However, current evidence suggests that T2DM never develops unless beta cells fail 
to compensate insulin resistance, meaning that beta cell dysfunction is a 
prerequisite of T2DM . 

 Histological studies have revealed that beta cell mass (BCM) is reduced by 30–65% 
in patients with T2DM, and reduced by 15–50% even in those with prediabetes .

 Revised definition by ADA implies that Insulin resistance and beta cell dysfunction 
are not two different aspects of T2DM, but rather the cause and consequence of 
T2DM, and emphasizes the integration of these two factors into one pathogenesis 
underlying T2DM 

 SaishoY . Changing the concept of type 2 diabetes: beta cell workload hypothesis revisited. Endocr
Metab Immune Disord Drug Targets. 2019;19(2):121–127. [Crossref], [PubMed], [Web of Science ®], 
[Google Scholar]



Paradigm shift from of concept, healthcare professionals and 
patients are able to consider beta cell preservation beyond 
glycemic control.



Ominous octet



GLP-1RA,GIP



Dirty Dozen 



Plausible mechanisms of beta cell preservation by incretin 
drugs. Incretin drugs may preserve and/or improve functional 

beta cell mass through indirect and direct effects.



DCCT-ACCORD(intensive control)

 DCCT (1993)intensive control (9%VS 7%) reduced the risk of 
development and/or progression of microvascular complications in 
patients with T1DM(Insulin)

 UKPDS and Kumamoto study  therapy with an SU, insulin or 
metformin also prevents the development and/or progression of 
microvascular complications  T2DM (average HbA1c during the 
study: 8% vs. 7%)

 Mainly observed only for microvascular, but not macrovascular 
complications.



Intensive control(HbA1C 6-6.5%)

 (In 2008), three  (RCTs), the ACCORD, ADVANCE, and VADT trials, 
which examined the efficacy of more intensive glucose-lowering 
therapy with a HbA1c goal of <6.0–6.5% on CV outcomes 
compared to standard therapy in patients with T2DM, have been 
reported . However, all these studies have failed to show 
improvement of CV outcome

 sPatelA, MacMahonS, ChalmersJ, et al. Intensive blood glucose control and vascular outcomes in patients with 
type 2 diabetes. N Engl J Med. 2008;358:2560–2572. [Crossref], [PubMed], [Web of Science ®], [Google Scholar]



Hypoglycemia  and CV out come

 Hypoglycemia has been shown to 
associate with activation of 
sympathetic nerves, inflammation, 
arrythmia and increased 
coagulation, which may lead to 
increased risk of CV events and 
mortality 



Decision-making on pharmacologic treatment for the management 
of glycemia in type 2 diabetes.(2009.2015.2019 EASD,ADA)



Metformin as first-line therapy for T2DM

I950:First marketed in the 1950s. In the

1990s, clinical studies and UKPDS showed that intensive therapy with metformin 
reduced the incidence of diabetic complications and mortality compared with 
conventional therapy in obese patients with T2DM , spotlight. SaishoY . Metformin and 
inflammation: its potential beyond glucose-lowering effect. Endocr Metab Immune Disord Drug Targets. 
2015;15(3):196–205. [Crossref], [PubMed], [Web of Science ®], [Google Scholar]

 The ADA and  Study of Diabetes (EASD) published a consensus statement on the 
management of T2DM in 2009 . In this statement, metformin has been positioned 
as the first-line therapy for T2DM, as well as lifestyle modification. 

 Currently, most guidelines also recommend metformin as first-line therapy  
except in Japan where individualized selection of medication based on the 
pathophysiology of T2DM is recommended 

 NathanDM, BuseJB, DavidsonMB, et al. Medical management of hyperglycemia in type 2 diabetes: a consensus algorithm 
for the initiation and adjustment of therapy: a consensus statement of the American Diabetes Association and the European 
association for the study of diabetes. Diabetes Care. 2009;32(1):193–203. [Crossref], [PubMed], [Web of Science ®], [Google 
Scholar]



Issues in pharmacotherapy for 
T2DM

Comparison among glucose-lowering agents with respect to glucose-lowering efficacy, risk of 
hypoglycemia, effect on weight, and beta cell protective effect.

Glucose (HbA1c) 
lowering efficacy

Risk of hypoglycemia Effect on weight Beta cell protective 
effect

Metformin Moderate to strong Low Neutral to loss Yes

DPP-4 inhibitor Moderate Low Neutral Yes

GLP-1 receptor 
agonist

Strong Low Loss Yes

SGLT2 inhibitor Moderate Low Loss Yes

α-glucosidase 
inhibitor

Modest Low Neutral Yes

Thiazolidinedione Moderate Low Gain Yes

Insulin Very strong High Gain Yes

Sulfonylurea Strong High Gain No

Glinide Modest to 
moderate

Low to moderate Neutral No



Cardiovascular outcome trials (CVOT)

 Since the change in FDA 
regulations, a number of 

 CVOTs have been reported 
with new anti-diabetic 
agents such as DPP-4 
inhibitors, SGLT2 inhibitors, 
and GLP-1RAs, which 
resulted in opening a new 
era in therapy for T2DM.

 U.S. Food and Drug 
Administration (FDA) have 
mandated pharmaceutical 
companies to test CV safety 
of new anti-diabetic agents 
since 2008.

 harmaA, PagidipatiNJ, CaliffRM, et al. Impact of regulatory 
guidance on evaluating cardiovascular risk of new glucose-
lowering therapies to treat type 2 diabetes mellitus. 
Circulation. 2020;141:843–862.

 . 



ENDURE trial.DPP4 inhibitors

 SUs increase insulin secretion in a glucose-independent manner, 
treatment with SUs results in increased risk of hypoglycemia and 
weight gain. 

 SUs increase beta cell workload irrespective of plasma glucose level 
and, thereby, often result in secondary failure, probably due to beta 
cell overwork and exhaustion. 

 Del PratoS, CamisascaR, WilsonC, et al. Durability of the efficacy and safety of alogliptin compared with glipizide in type 2 
diabetes mellitus: a 2-year study. Diabetes Obesity Metab. 2014;16(12):1239–1246



2nd drug as injection



ADA/EASD recommends GLP-1RAs as the first injection 
therapy instead of basal insulin in patients with T2DM 

 Subcutaneous insulin administration inevitably results in a similar 
plasma insulin concentration in the portal vein and peripheral 
arteries, inducing relative hyperinsulinemia in peripheral tissues, while 
plasma insulin concentration is higher in the portal vein than in 
peripheral arteries in a physiological condition.

 Therefore, insulin therapy is now considered to ‘support’ rather than 
‘replace’ endogenous insulin secretion through reducing beta cell 
workload, and concomitant non-insulin treatment that improves 
endogenous insulin secretion should be considered to reduce the 
need for exogenous insulin and improve glycemic control without 
an increase in the risk of hypoglycemia and weight gain.

 Currently, the ADA/EASD recommends GLP-1RAs as the first 
injection therapy instead of basal insulin in patients with T2DM .



Paradigm shift in therapeutic strategy and pathophysiology of T2DM 

promoted by the development and launch of incretin drugs.

 QOL and satisfaction

 Favourable dosing schedule

 No weight gain

 No hypoglycemia threat

 ADA/EASD in 2012



Hypothetical models of beta cell 
workload. 

 Compared to subjects without obesity and 
diabetes (NONDM, reference), those with obesity 
and T2DM (ODM) are assumed to have greater 
insulin resistance (two-fold) but reduced beta cells 
(50%), resulting in a 4-fold increase in workload of 
individual beta cells, which could be attributable to 
progression of beta cell failure.



Sodium glucose CoTransporter 2 
(SGLT2) inhibitors https://doi.org/10.1016/j.ejps.2016.08.025



SGLT2 inhibitors(2014)

 currently six SGLT2 inhibitors are available. SGLT2 inhibitors lower plasma 
glucose level by increasing urinary glucose excretion. In addition, SGLT2 
inhibitors reduce body weight and improve blood pressure, serum lipid 
profile, fatty liver, and hyperuricemia 

 In 2015 EMPA-REG outcome study,  superiority for CV outcomes

 This was primarily attributable to the 38% reduction in CV deaths, and 
the risk of hospitalization for heart failure was reduced by 35% by 
therapy with empagliflozin.

 Improvement of renal outcomes was also shown in these studies 

 clinicians need to observe for genital infections, which can be easily 
treated without discontinuation of therapy.



The findings of these CVOTs have led to a change in the current 
guidelines, and the ADA/EASD guidelines now position GLP-1RAs 
and SGLT2 inhibitors as the mainstay of the management of T2DM 

 Since the EMPA-REG outcome trial was reported, the LEADER trial, 
and meta-analysis confirmed the improvement of CV and renal 
outcomes by treatment with GLP-1RAs in patients with T2DM .





Practical life scenarios(Presumed 
new case)

 45 years male(new case)

 BP 130/80

 A1c 8.3

 Lipid normal

 Microalbuminuria(-)ve

 Ed 

 No other problem



Practical life scenario
68-year-old male
Previously active and independent
Developed acute-onset right-sided weakness



Importance of multifaceted management of 
CV risk factors

 The Steno-2 trial (2003). has shown that intensive control of several 
CV risk factors including HbA1c, blood pressure, and lipid profile in 
patients with T2DM and albuminuria reduced composite CV events 
by 53% during 7.8 years of follow-up

 A follow up observation study has shown a reduction in CV and all-
cause mortality (2009).

 GaedeP, VedelP, LarsenN, et al. Multifactorial intervention and cardiovascular disease in patients with type 2 diabetes. N 
Engl J Med. 2003;348(5):383–393. [Crossref], [PubMed], [Web of Science ®], [Google Scholar]



Adjunct Rx

 ACEi /ARB helps in early nephropathy

 Statin:all patient >40 yrs to <70 yrs should receive statin Rx 
irrespective of LDL level

 Aspirin may be used in secondary preventiononly



Superiority of combination therapy:
Beta cell rest

ADOPT(a diabetic out come progression trial) study 
examined the glycemic durability of monotherapy among 
SU, metformin, and TZD in patients with newly diagnosed 
T2DM

the VERIFY study has been conducted to examine the 
glycemic durability of early combination therapy of 
metformin and vildagliptin, a DPP-4 inhibitor, in patients 
with newly diagnosed T2DM

A fixed-dose combination tablet has been shown to 
improve patients’ adherence to medication





Implementing person-centered 
diabetes care

 Glucose centric approach:Progression of beta cell failure and difficult 
to attain A1c target my frustrate patient and Physician

 Beta cell-centric concept, since patients understand the progressive 
nature of the disease, they may act to delay the progression of disease 
irrespective of their HbA1c level.

 This concept also helps patients to realize the importance of early 
treatment to preserve beta cells, also preventing clinical inertia.

 Recognition of the global goals will change the way of thinking to one 
that lifestyle modification is not only for patients with T2DM but also for 
the general population, and sharing this concept among people with 
and without diabetes will possibly diminish the ‘stigma’ of diabetes and 
increase advocacy of person-centered diabetes care and preservation 
of beta cell



Integration of concept of diabetes care into concept of of
sustainable development goals (SDGs).  ‘4Rs’, reduce, reuse, 
recycle; 3Rs for ecology, and respect.



Insulin





Insulin journey 1920--------2020



Summary and future directions: All roads 
lead to beta cells  Updated management strategy for 

T2DM

 . T2DM is characterized by 
progressive loss of functional 
beta cell mass (BCM) on a 
background 

ofinsulinresistance. 
 Treatment of T2DM should 

focus on aiming at reducing 
beta cell workload to 
maintain optimal glycemic 

control. 
 Selection of the treatment option 

should be individualized according 

to a patient-centered approach.



Emerging classes of medications and approaches:METABOLIC APPROACHES 
TO THERAPY

 Lipid metabolism
 11β-HSD-1_(11 beta hydroxy steroid dehydrogenase-1: 

inhibitors)(visceral obesity,insulin resisatanc,DM
,dyslipidemia,HTN)Non selective 11β-HSD-1 inhibitors

 CHO metabolism
 Glycogen phosphorylase inhibitors(inhibit 

glycogenolysis):PROTEIN TYROSINE PHOSPHATASE 1B 
INHIBITORS(decreases insulin and leptin resistance

 Islet cell receptor:
 G-PROTEIN-COUPLED RECEPTOR 119 AGONISTS(glucose 

sensor):

 GK ACTIVATORS(glucose sensor)

 However, further 
studies are needed 
to evaluate their 
safety profile, 
cardiovascular 
effects, and 
efficacy durability 
in order to 

 determine their role 
in type 2 diabetes 
management.

Trends Pharmacol Sci. 2013 Feb; 34(2):90-9
Diabetes Care. 2010 Jul;33(7):1516-22. doi: 10.2337/dc09-2315. Epub 2010 Apr 22.
Diabetes. 2005 Aug; 54(8):2453-9.
Cell Metab. 2012 Mar 7; 15(3):292-7)
Epub 2013 Sep 20.



Efficacy assessment of INCB13739 in combination 
with metformin

 Placebo 5 mg 15 mg 50 mg 100 mg 200 mg

 Baseline A1c (%) 8.3 ± 1 8.2 ± 1 8.3 ± 1 8.3 ± 1 8.2 ± 1 8.2 ± 1

 LS mean change A1c (%) from baseline 0.09 ± 1 -0.21 ± 1be -0.11 ± 1 -0.09 ± 2 -0.38 ± 1ae 0.47 ±
1dh

 A1c > 8% (n) -0.10 ± 0.2 (23)-0.39 ± 0.2e (23) -0.24 ± 0.2 (18) -0.65 ± 0.3be (11) -0.72 ± 0.2ae (16)
0.65 ± 0.2 (19)

 A1c (%) for BMI > 30 mg/m2 (n) 0.17 ± 0.1 (29) -0.24 ± 0.2bf (23) -0.10 ± 0.2 (26) -0.25 ± 0.2b (18) -
0.36 ± 0.2a (26)-0.76 ± 0.2dh (18)

 Baseline FPG (mg/dL) 179 ± 51 172 ± 41 175 ± 44 178 ± 53 170 ± 64 165 ± 41

 LS mean change from baseline (mg/dL) 12.6 ± 6.16 ± 6.3 2.3 ± 6.4 -4.7 ± 7.2b -1.6 ± 6.1b -11.5 ±
6.2df

 Weight (kg) -0.2 ± 0.3 -0.5 ± 0.38 -0.6 ± 0.4e 0 ± 0.4 -1.1 ± 0.3be -0.9 ± 0.3h

 HOMA-IR 0.25 ± 0.4-0.29 ± 0.4 0.33 ± 0.4-0.42 ± 0.5 0.51 ± 0.4-1.06 ± 0.4ae

Rosenstock J, Banarer S, Fonseca VA, Inzucchi SE, Sun W, Yao W, Hollis G, Flores R, Levy R, Williams WV, et al. The 11-beta-hydroxysteroid dehydrogenase type 1 inhibitor INCB13739 improves 
hyperglycemia in patients with type 2 diabetes inadequately controlled by metformin monotherapy. Diabetes Care. 2010;33:1516–1522. [PMC free article] [PubMed] [Google Scholar]:



Recent Trends in Therapeutic Approaches for 
Diabetes Management: A Comprehensive 
Update

 Nanotechnology and Diabetes

 Statin Therapy: A New Perspective

 Stem Cell Technology: A Novel Therapeutic Approach

 Gene Therapy in Diabetes

 Medical Nutrition Therapy

 Natural Products and Diabetes 

 Future Perspectives





Artificial pancreas  FDA approves new closed-loop insulin delivery system for people 
with Type 1 diabetes

Nanotechnology and 
Diabetes



Nanotechnology and Diabetes:Buccal Drug Administration of insulin
https://www.sciencedirect.com/science/article/pii/B9780123918604000148



Nanotechnology and Diabetes  :  Afrezza (recombinant human insulin 
inhalation)



Nanotechnology and Diabetes:Smart insulin 
patch



Monitoring

BGM
 Glucometer

 Colorimeter

 SMBG

 ABGM

CGM



Summary

 The management of type 2 diabetes present many treatment challenges, but new and emerging drug 
therapies are a welcome addition to complement the current agents.

 Multifaceted treatment is needed in T2 DM managemet

 Clarifies the aim of treatment to reduce beta cell workload for both healthcare professionals and patients

 Enhances shared decision-making and person-centered diabetes care

 Establishes a consistent concept from prevention to treatment of T2DM, promoting early intensification of 
treatment and preventing clinical inertia

 Fosters seamless treatment of T1DM and T2DM in terms of beta cell preservation

 Motivates not only patients with diabetes but also the general population to adhere to a healthy lifestyle, 
endorsing the advocacy of patients with diabetes



Conclusion

 Diabetes is a disease to be controlled not cured

 Physicians of all disciplines must know at least basic of diabetes 
management

 Individualized enthusiasm and endeavor needed to remain 
updated




