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Etiologic classification of diabetes mellitus

(ADA Expert Committee (1997)

 Type 1 diabetes  ( cell destruction, usually leading to 

absolute insulin deficiency)

a. Immune mediated

b. Idiopathic

 Type 2 diabetes  (may range from predominantly insulin 

resistance with relative insulin deficiency 

to a predominantly secretory defect with 

insulin resistance)



Etiologic classification of diabetes mellitus

contd….

 Other specific types

Genetic defects of  cell function

Genetic defects in insulin action

Diseases of the exocrine pancreas e.g. FCPD

Endocrinopathies

Drug - or chemical induced

Infections

Uncommon forms of immune-mediated diabetes

Other genetic syndromes sometimes associated with diabetes

 Gestational diabetes mellitus (GDM)



Etiologic classification of diabetes mellitus

(ADA Expert Committee (1997)

 Type 1 diabetes  ( cell destruction, usually leading to 

absolute insulin deficiency)

a. Immune mediated

b. Idiopathic

 Type 2 diabetes  (may range from predominantly insulin 

resistance with relative insulin deficiency 

to a predominantly secretory defect with 

insulin resistance)



ARE ALL TYPE 2 

DIABETES THE 

SAME?



OF COURSE NOT

Variability by: 

 BMI

 Age at onset

 Response to medications &

 Susceptibility to complications   



BMJ Open Diab Res Care 2020;8:e001506



Four subgroups of type 2 diabetes including two novel ones 

 Early onset diabetes 

 Relatively low BMI  &  waist 

circumference

 Low HOMA-B and HOMA-IR 

 Low C-peptide levels

SIDD 

Severe Insulin-
Deficient                 
Diabetes 

 Insulin  resistance 

 High BMI & waist    

circumference

High C-peptide levels

IROD

Insulin Resistant 
Obese Diabetes

 BMI ,waist circumference,

HOMA-B and HOMA-IR

intermediate between SIDD & 

IROD

 High TGL & low HDL-C

 Co-existence of  insulin    

resistance & deficiency

CIRDD

Combined Insulin 
Resistant and 

Deficient Diabetes

NOVEL CLUSTERS

26·2% 25.9% 12·1% 

 Older  than      

patients in other 

clusters

 Highest HDL –C

 Fairly preserved     
C-peptide levels

MARD

Mild Age-
related  Diabetes 

35.8% 

Anjana et al for INSPIRED 

Group, BMJ  Open Diabetes 

Research & Care, 

2020;8:e001506



DIET EDUCATION MEDICINES

Sulphonylureas- Mechanism of Action

MAIN CENTRAL ACTION

Stimulates insulin release

Tissues

MINOR ACTION

Extra pancreatic action

MINOR ACTION

 Hepatic output glucose

MINOR ACTION

 Glucagon  release

1

3

4

2 SU

MANAGEMENT OF                  

DIABETES

EXERCISE 

MANAGEMENT OF DIABETES 



Diabetes Care 2022;45:2883–2891 
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NEWLY DIAGNOSED DIABETES (NDD) 

REMISSION TARGETS (%E)

PEOPLE WITH NDD 

(n= 1594)

CURRENT INTAKES OF 

THE POPULATION (%E)MACRONUTRIENT 

49-54 (8 –13   )   60 – 70CARBOHYDRATES

19-20 (7- 8   )8 – 12
PROTEIN (%E)

21- 26 (         ) 20 - 25TOTAL FAT (%E)

5- 6 (1.5 – 2.5   )3.5DIETARY FIBRE (%E)

DIETARY CHANGES FOR PREVENTION 

OR REMISSION OF T2DM

Anjana et al, for ICMR – INDIAB Study Group, Diabetes Care , Diabetes Care 2022;45:2883–2891  



Divide your plate

 50% should be 

vegetables

 25% should be pulses 

and 

 Only 25% cereals 

like rice or wheat

Vegetables

Pulses

Milk products



ROLE OF EXERCISE

  Blood sugar levels

  Total cholesterol and LDL-Cholesterol

  HDL-Cholesterol,  Triglycerides

  Blood pressure

  Weight, body fat, and  muscle mass

  Insulin resistance

 Alleviates stress

 Prevents diabetes complications



FAR principle 

Flexibility

Aerobic Exercise

Resistance Training



Pharmacotherapy of 

diabetes 



Islet -cell

Impaired

Insulin Secretion

Neurotransmitter

Dysfunction

Decreased Glucose

Uptake

Islet a-cell

Increased

Glucagon Secretion

Increased
Lipolysis

Increased Glucose

Reabsorption

Increased

HGP

Decreased
Incretin Effect

The Ominous Octet



SITES OF ACTION OF ORAL ANTIDIABETIC AGENTS 

Adapted from DeFronzo with permission

Bromocriptine

Metformin                              

TZD

DPP IV Inhibitors

GLP 1 Analogues

DPP IV Inhibitors
GLP 1 Analogues
Amylin

Sulphonylureas 

Meglitinides 

DPP IV Inhibitors

GLP 1 Analogues

α -Glucosidase 

Inhibitors

DPP IV Inhibitors 

GLP 1 Analogues

Thiazolidiendiones

Metformin

SGLT2 Inhibitors

Thiazolidiendiones

Metformin



BIGUANIDES

French Lilac (Gallega officinalis) used for treatment of diabetes from 

ancient times, contains biguanide

First isolated in the 1920s

First biguanide- phenformin- introduced by Ungar in 1950s

Found to cause lactic acidosis- banned in most countries from 1970s

Metformin- a safer congener of phenformin-introduced in late 1950s

Reintroduced in US in 1995

Now the most widely prescribed anti-diabetic drug in the world



BIGUANIDES



BIGUANIDES



SULFONYLUREAS



ATP

Ca 2+

K + channel 

closes

INSULIN SECRETION

K +

Opening of Ca +

channel

Glucokinase

Glucose 

Metabolism
GLUT2

Insulin release

Glucose

K +

Ca 2+

Ca 2+

Ca 2+

Ca 2+

Ca 2+

DepolarizationDepolarizationDepolarization

Myosin   
Filaments



ATP

Ca 2+

Augmentation of  

K + blockage

SULFONYLUREAS- MECHANISM OF ACTION

K +

Opening of 

Ca 2+

channel

Glucokinase

Glucose 

Metabolism
GLUT2

Insulin release

Glucose

K +

Ca 2+

Ca 2+

65KD

140KD

65KD65KD65KD65KD65KD
SULFONYLUREA

65KD65KD65KD65KD65KD65KD65KD65KD



SULFONYLUREAS
Efficacy

Decrease blood glucose ~ 60 mg/dl

Reduce HbA1c 1.0 - 2.0 %

No specific effect on plasma lipids or blood pressure

Other Effects

Hypoglycemia

Weight gain

First Generation

Second Generation

GlimepirideThird Generation

Glibenclamide 

Glipizide 

EX.Rel Glipizide

Gliclazide& MR 

Tolbutamide 

Tolazamide

Chlorpropamide 



Sulfonylureas

Pharmacokinetic properties

Daily dose (mg)Duration of 

Action (hrs)

Drug 

2.5 - 1020 - 24Glibenclamide

40 - 16010 - 15Gliclazide

2.5 - 1012- 14Glipizide

1 - 416 - 24Glimepiride



SULFONYLUREAS



ALPHA GLUCOSIDASE INHIBITORS



ALPHA GLUCOSIDASE INHIBITORS (AGI)

 Acarbose

 Miglitol

 Voglibose



Mechanism of Action of AGI
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Brush Border Cells

Enterocyte

Sucrose

Starch

Microvillus

AcarboseAcarboseAcarboseAGIAGI

a - glucosidase



AGI  & Carbohydrate Absorption

Jejunum IleumDuodenumPylorus

~ 30 cm ~ 120 cm ~ 130 cm

Without 

AGI

With 

AGI
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With AGI

Without AGI

GI side effects - flatulence, bloating and abdominal discomfort

Very popular in India because of heavy carbohydrate loads 

Hypoglycaemic potency- 50% that of sulphonylurea or 

metformin

Quite expensive



THIAZOLIDINEDIONES



THIAZOLIDINEDIONES



PIOGLITAZONE

• Bladder cancer



INCRETIN MIMETICS



Promotes satiety and 

reduces appetite

Beta cells:

Enhances glucose-

dependent insulin 

secretion

Adapted from Flint A, et al. J Clin Invest. 1998;101:515-520.; Adapted from Larsson H, et al. Acta Physiol Scand. 1997;160:413-422.; 
Adapted from Nauck MA, et al. Diabetologia. 1996;39:1546-1553.; Adapted from Drucker DJ. Diabetes. 1998;47:159-169.

Liver:

↓ Glucagon reduces 

hepatic glucose output

Alpha cells:
↓ Postprandial

glucagon secretion

Stomach:

Helps regulate 

gastric emptying

GLP-1 secreted upon 

the ingestion of food

GLP-1 Effects in Humans: Understanding 

the Glucoregulatory Role of Incretins

Beta cells:
↑ insulin 
secretion 



ROLE OF INCRETINS IN GLUCOSE HOMEOSTASIS

GLP-1 RECEPTOR 

AGONISTS



Warnings / precautionsRelation to mealsRenal dosingDosing frequencyMedication

Pancreatitis, thyroid C-cell 

cancer

Not related to 

meals

Caution for eGFR 

<30; avoid in 

ESRD

Once weekly SC 

(2mg)

Exenatide LAR

Pancreatitis, thyroid C-cell 

cancer; MEN type 2

Not related to 

meals

Caution for Cr Clr

of 30-50 ml/min

Once daily SC

(0.6 mg, 1.2 mg, 1.8 

mg)

Liraglutide

Thyroid C-cell cancer;

Pancreatitis

Not related to 

meals

No dosage 

adjustment

Once weekly SC

(0.75 mg, 1.5 mg)

Dulaglutide

PancreatitisWithin 60 min 

before a meal

Not recommended 

in severe renal 

impairment

Once daily SC

(10-20 mcg)

Lixisenatide

Thyroid C-cell cancer; 

Pancreatitis; Monitor for 

retinopathy progression

Not related to 

meals

No dosage 

adjustment

Once weekly SC

(0.25 to 1mg)

Semaglutide

On empty 

stomach; Nothing 

by mouth for 30 

min after pill intake

Once daily PO

(3, 7 and 14mg)

Comparison of GLP-1 Receptor Agonists



DPP-4 INHIBITORS



ROLE OF INCRETINS IN GLUCOSE HOMEOSTASIS

DPP  IV inhibitors



DPP IV Inhibitors 

Usual Dosing

100mg qdSitagliptin

50mg bidVildagliptin

5mg qdSaxagliptin

5mg qdLinagliptin

20mg qdTeneligliptin

50mg qdGemigliptin



DPP IV Inhibitors : 
Better response in Indians ?





Mohan V et al. Diabetes Res Clin Pract. 2009;83:106–116.

95% Confidence limitsPlacebo subtracted %

A1c change

* Baseline 8.74%

Country

(- 1.73, - 0.99)- 1.36India

(- 0.92, - 0.46)- 0.69China

(- 1.92, - 0.83)- 1.38Korea

Results: Efficacy 
Change from Baseline in HbA1c  



DPP-IV Inhibitors – Adverse effects 



SGLT2 INHIBITORS



*Increases urinary volume by only ~1 additional void/day (~375 mL/day) in a 12-week study of healthy subjects and patients with Type 2 diabetes.4

1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10–18; 2. Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35; 3. Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21; 4. Dapa®. 

Summary of product characteristics. Bristol-Myers Squibb/AstraZeneca EEIG, 2013.

Dapa selectively inhibits SGLT2 in the renal proximal tubule 

SGLT2Reduced glucose 

reabsorption

Increased urinary 

excretion of excess glucose 

(~70 g/day, corresponding                     

to 

280 kcal/day*)

Proximal tubule

Glucose

filtration

SGLT2

Glucose

SGLT-2 i

SGLT-2 i

SGLT-2 Inhibition: A novel insulin-independent approach to 

remove excess glucose



SGLT2 INHIBITORS

Canagliflozin, dapagliflozin and empagliflozin

 Bring about a reduction in HbA1c of 0.7 to 1.0% compared to 
placebo

 Minimal risk of hypoglycemia

 Dose ranges from 100-300 mg/day (Cana),   5-10 mg/day (Dapa) 
and 10-25 mg/day (Empa) as a single daily dose

 Dosage reduction is needed in renal insufficiency (Cana); 
contraindicated if  eGFR  < 60 ml/min/1.73 m2 (Dapa) or 
<45 ml/min/ 1.73 m2  (Empa)



SGLT2 INHIBITORS
Additional benefits

 Modest weight loss (approx. 2 kg)

 Can be used at any stage of type 2 diabetes 

 Lowering of systolic and diastolic BP (2-4/1-2 mmHg)

 Improvement in all-cause mortality and CV outcomes 

(empagliflozin)*

Side effects

 Generally well tolerated; adverse effects include genital mycotic 

infections (11% higher in women and 5% higher in men compared 

to placebo). Symptoms related to volume depletion may also occur

 Occasional reports of euglycemic ketoacidosis (especially when 

used off-label in T1DM)

 Lower limb fracture (Canagliflozin)

*Zinman et al, NEJM, 2015



Diabetes Care 2020;43:1948 - 1957 



Gan S,  Dawed  AY, Donnelly LA, Nair ATN,  Palmer CNA, Mohan V, Pearson ER. 

Diabetes Care 2020;43:1948 - 1957

DPP4i  IN ASIANS AND WHITES



DPP4i  IN ASIANS AND WHITES

Gan S,  Dawed  AY, Donnelly LA, Nair ATN,  Palmer CNA, Mohan V, Pearson ER. Diabetes Care 

2020;43:1948 - 1957

ASIAN

WHITE



SGLT2 IN ASIANS  AND WHITES

Gan S,  Dawed  AY, Donnelly LA, Nair ATN,  Palmer CNA, Mohan V, Pearson ER. Diabetes Care 

2020;43:1948 - 1957

ASIAN

WHITE



SGLT2 IN ASIANS  AND WHITES

Gan S,  Dawed  AY, Donnelly LA, Nair ATN,  Palmer CNA, Mohan V, Pearson ER. Diabetes Care 

2020;43:1948 - 1957

ASIAN

WHITE



Diabetes Care 2020;43:1948 - 1957 

Conclusion : The glucose lowering efficacy of SGLT-2i, and 

DPP-4i, was greater in studies of predominantly Asian 

ethnicity compared to studies of predominantly white 

ethnicity.



Drug characteristics

 Efficacy (HbA1c lowering)

 Risk of hypoglycemia

 Risk of weight gain

 Ease of use

 Other side effects & tolerability issues

Patient characteristics

 Presence of co-morbidities (e.g. renal failure)

 Age

 Affordability

FACTORS INFLUENCING ANTIDIABETIC 

DRUG SELECTION



Therapy HbA1c Reduction*

 Diet and Exercise 0.5 - 2.0%

 Sulfonylureas  1.0 - 2.0%

 Metformin 1.0 - 2.0%

 Thiazolidinediones 0.5- 1.0%

 a-Glucosidase Inhibitors 0.5- 0.8%

 DPP-IV inhibitors 0.5- 1.0%

 SGLT-2 inhibitors 0.5- 1.0%

 Incretin mimetics Around 1%

 Insulin > 5% (Unlimited)

IMPACT OF THERAPIES ON HbA1c LEVELS

Adapted from Nathan D. N Engl J Med, 2002. 347, 17

* Baseline dependent

58

However, there is a great deal of interindividual variation in 

response to antidiabetic therapy



 In general, drugs that increase insulin levels are associated with an 
increased risk of hypoglycemia.

 An exception to this rule is the incretin-based agents, which cause 
glucose-dependent insulin secretion and hence no hypoglycemia.

 SU and glinides are the antidiabetic agents most associated with 
hypos.

 TZDs, Metformin, AGIs, DPP 4i, SGLT2i are associated with minimal 
risk of hypos when used as monotherapy.

 However, these agents can potentiate the hypos caused by SU and 
glinides

RISK OF HYPOGLYCEMIA



ANTIDIABETIC AGENTS AND WEIGHT



Dose of canagliflozin should be reduced in renal insufficiency; 

dapa is contraindicated if eGFR <60, and Empa if eGFR <45

ANTIDIABETIC DRUG DOSING IN RENAL INSUFFICIENCY



© 2020 Eli Lilly and Company. For educational purposes only

Reprinted by permission from: 

Springer Nature; Diabetologia; 2019 

update to: Management of 

hyperglycaemia in type 2 diabetes, 

2018. A consensus report by the 

American Diabetes Association (ADA) 

and the European Association for the 

Study of Diabetes (EASD, John B. 

Buse et al, 2019.

PP-DG-IN-0653



CONCLUSIONS

 The pathophysiology of T2D is multifactorial.

 We now have OADs acting on most of the known pathophysiological 

defects in T2D.

 Metformin is widely accepted as the first-line agent for T2D, but most 

patients will need additional medications to control diabetes sooner or 

later.

 Choice of subsequent agents is decided based upon drug factors (efficacy, 

side effects) and patient factors (age, affordability, co-morbidities).

 Always discuss options with the patient!


