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Factors affecting blood glucose

• Food (carbohydrate) intake increases blood glucose

• Exercise lowers blood glucose

• Stress may increase blood glucose



Where insulin acts?

• Inhibits glucose production

• Promotes formation of       
glycogen & its storage

• Promotes uptake & 
utilization of glucose 

• Promotes uptake of  
glucose        
• Suppresses lipolysis

Insulin

Liver Muscle Adipose tissue



Diabetes Mellitus

• 10% of diabetes is Type1 1

• Genetic link 

• Presence of islet cell autoantibodies

• Autoimmune destruction of the beta cells

• 90% of diabetes is Type 2 2

• Genetic predisposition

• Obesity

• Impairment of insulin secretion and defects in insulin action in Type 2 diabetes

1. Atkinson MA and Eisenbarth GS. Lancet. 2001;358:221–229.
2. CDCP. December 2003. Atlanta, GA: US Dept. of Health and Human Services, CDCP,2003. 



Type 1 Diabetes

• Beta cell destruction
• Usually leading to absolute insulin deficiency

• Immune mediated

• Idiopathic

• Environmental factors 
• Destruction of beta cells is triggered by environmental factors like 

• Viruses: coxsackie, mumps & rubella



Features of type 1 diabetes 

• 5% -10% of diabetic population

• Younger (<35yrs) & lean patients 

• Progressive autoimmune (self) destruction of beta cells

• Absolute insulin deficiency 

• Prone to ketosis

• Exogenous insulin -necessary for survival



Treatment for type 1 diabetes

• Only insulin 

• No role for Oral drugs

• Diet & exercise-as adjuvants only

• Various insulin regimens are used

• Devices are preferred 



Consequences of the absolute insulin deficiency in Type 1 diabetes

No insulin secretion

Hyperglycaemia

Alternative use of fat as a fuel

Production of acidic 

waste products – ketones

Ketoacidosis



Type 2 diabetes

• Characterized by chronic hyperglycemia

• Associated with microvascular and macrovascular complications 

• Generally arises from a combination of insulin resistance and 

-cell dysfunction

Definition, Diagnosis and Classification of Diabetes Mellitus and its Complications. Department of Noncommunicable Disease Surveillance,

World Health Organization, Geneva 1999. Available at: http://www.diabetes.org.uk/infocentre/carerec/diagnosi.doc



• Major defect in individuals with type 2 diabetes1

• Reduced biological response to insulin1–3

• Strong predictor of type 2 diabetes4

• Closely associated with obesity5

Insulin resistance

IR

1.American Diabetes Association. Diabetes Care 1998; 21:310–314.

2. Beck-Nielsen H & Groop LC. J Clin Invest 1994; 94:1714–1721. 

3. Bloomgarden ZT. Clin Ther 1998; 20:216–231.

4. Haffner SM, et al. Circulation 2000; 101:975–980. 

5. Boden G. Diabetes 1997; 46:3–10.



-cell dysfunction

• Major defect in individuals with type 2 diabetes

• Reduced ability of -cells to secrete insulin in response to 
hyperglycemia








DeFronzo RA, et al. Diabetes Care 1992; 15:318–354.



Insulin resistance and -cell dysfunction are core defects of type 2
diabetes

Insulin

resistance

Genetic susceptibility,

obesity, Western lifestyle

Type 2 diabetes

IR
-cell

dysfunction

Rhodes CJ & White MF. Eur J Clin Invest 2002; 32 (Suppl. 3):3–13.



Insulin resistance – reduced response to circulating insulin

Insulin

resistance

 Glucose output  Glucose uptake  Glucose uptake

Hyperglycemia

Liver Muscle Adipose

tissue

IR



Why does the -cell fail?

Chronic 

hyperglycemia

Oversecretion of insulin 

to compensate for insulin 

resistance1,2

High circulating  

free fatty acids 

Glucotoxicity2

Pancreas

Lipotoxicity3

-cell

dysfunction

1Boden G & Shulman GI. Eur J Clin Invest 2002; 32:14–23.

2Kaiser N, et al. J Pediatr Endocrinol Metab 2003; 16:5–22.

3Finegood DT & Topp B. Diabetes Obes Metab 2001; 3 (Suppl. 1):S20–S27.



How do insulin resistance and -cell dysfunction combine to cause 
type 2 diabetes?

Abnormal
glucose tolerance

Hyperinsulinemia,
then -cell failure

Normal IGT* Type 2 diabetes 

Post-prandial 
glucose

Insulin 
resistance

Increased insulin
resistance

Fasting 
glucose

Hyperglycemia

Insulin
secretion

*IGT = impaired glucose tolerance

Adapted from Type 2 Diabetes BASICS. International Diabetes Center (IDC), Minneapolis, 2000. 



Loss of -cell function occurs before diagnosis 

Time from diagnosis (years)

Up to 
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loss

100

80

60

40


-c

e
ll 

fu
n

c
ti
o

n
 (

%
)

20

0

Diagnosis

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6

Holman RR. Diabetes Res Clin Prac 1998; 40 (Suppl.):S21–S25.



What is OGTT?
OGTT= Oral Glucose Tolerance Test

Result (mg/dl) <140 >140 but <199 ≥200

Interpretation NGT IGT DM

NGT=Normal Glucose Tolerance; IGT= Impaired Glucose Tolerance (Pre 
diabetes); DM= Diabetes Mellitus

25-40% with IGT progress to DM

• Overnight fasting, check FPG
• 75/100 gm glucose in water is given (Glucose load)
• Glucose testing at 1 & 2hrs
• confirm diagnosis 
• detect IGT (Pre diabetes)



Diabetic Complications: Classification 

Acute complications Chronic complications

. Hypoglycemia1

2. Diabetic 

Ketoacidosis (DKA)

3. Hyperosmolar non ketotic state 
(HONK)

Macrovascular Microvascular

1. Coronary Artery Disease

2.Cerebrovascular Disease

3. Peripheral arterial Disease

1.Retinopathy

2.Nephropathy

3.Neuropathy 

•Hypo
•DKA
•HONK
•HHS

•CAD
•CVD
•PAD

•Reti
•Neuro pathy
•Nephro



Complications: 

Hypoglycemia

Low BG (<70 or 56 mg/dl); Both Type 1 & Type 2

Potential risk with all glucose-lowering agents in Type 2 -insulin & sulphonylureas

Severe hypo- rare 

With insulin - less common in Type 2 than Type 1

3-4% of diabetes-related deaths

Hypoglycemia- a potential risk with all blood 
glucose lowering agents in Type 2 diabetes 



Hypoglycemia: grading

Mild hypoglycaemia:

• Mild symptomatic episodes are usually self-treated

Severe hypoglycemia:

• Confusion and loss of cognitive ability, with the patient needing assistance 

from another person

• More common in type 1 diabetes patients with long disease duration

• Much more likely during intensive glucose control

• Can occur in type 2 diabetes treated with insulin and insulin secretagogues

• Asymptomatic hypoglycemia increases the risk of severe episodes

Watkins et al. Diabetes and its Management, Ed. 6. Blackwell Publishing, 2003; Pickup & Williams. Slide Atlas of Diabetes. Blackwell Publishing, 2004



Hypoglycemia: treatment

Mild hypoglycemia:

• oral treatment with readily available carbohydrates such as glucose tablets, fresh orange juice, non-

diet drink

• complex carbohydrates, such as biscuits, to maintain glucose levels until the next meal

• check blood glucose levels 

Severe hypoglycemia:

• if conscious, use oral carbohydrates as above

• if already unconscious:

• intramuscular glucagon 1 mg

• intravenous glucose 75 ml 20% glucose

Watkins et al. Diabetes and its Management, Ed. 6. Blackwell Publishing, 2003;  Pickup & Williams. Slide Atlas of Diabetes. Blackwell Publishing, 2004



What are the Macrovascular complications?

• CAD/IHD

• Angina (typical type of chest pain)

• Myocardial infarction (heart attack)

• Heart failure- LVF & CCF 

• CVA

• Stroke (paralysis) 

• PAD

• Intermittent claudication, Ischemic 

feet, amputation

• Diabetic Cardiomyopathy



Pharmacotherapy in diabetes

• Non pharmacological treatment

• Pharmacological treatment



Non-pharmacologic treatment

. Patient education & motivation1

. Dietary modification2

. Exercise3

. Stress management4

. Monitoring blood glucose levels5



Types of OADs

Secretagogues

• Sulfonylureas

• Meglitinides

Sensitizers

• Thizolidinediones

• Biguanides

Miscellaneous

• Alpha Glucosidase inhibitors (AGIs)

• DPP-4 inhibitors

• SGLT2 inhibitors



Relative Risk of Progression of Diabetic Complications1

58
1. Adapted from DCCT. Diabetes 1995;44:968-43.
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Any 
Diabetes-

related 
Endpoint

Diabetes-
related Death

Stroke Micro-
vascular 
Disease

MI All-Cause
Mortality

Heart Failure

P < 0.0001 P < 0.0001 P = 0.035 P < 0.0001 P < 0.0001 P < 0.0001 P = 0.016

Risk Reduction

21% 21%

12%

37%

14% 14% 16%

UKPDS 35
Each 1% Reduction in A1c Reduces the Complication Risk1



Significant Therapeutic Advances in Diabetes Care Over Past 20 Years 1



1. National Diabetes Information Clearinghouse. National Diabetes Statistics, 2014. Available at: http://diabetes.niddk.nih.gov/dm/pubs/statistics/

No medication 14.4% Insulin only 14.0%

Insulin and oral medication
14.7%

Oral medication only 
56.9 %

Treatment of Diabetes 1



D i a b e t e s  C a r e

ADA 2024
S t a n d a r d  o f  C a r e  i n  D i a b e t e s



1. Diabetes Care 2024; 47(Suppl. 1): S158–S178.

Approach to Individualization of Glycemic Control1

Low High

Newly Diagnosed Long-Standing

Long Short

Absent SevereFew/ Mild

Absent SevereFew/ Mild

Highly Motivated, Excellent 
Self-Care Capabilities

Readily Available Limited

Preference for Less 
Burdensome Therapy 

Risks Associated with Hypoglycemia & Other Drug
Adverse Effects

Disease Duration

Life Expectancy

Important Comorbidities

Established Vascular Complications

Individual Needs and Preferences

Resources & Support System

U
s
u

a
ll
y
 N

o
t 

M
o
d

if
ia

b
le

P
o

te
n

ti
a
ll
y
 

M
o
d

if
ia

b
le

A1C 7%More Stringent Less StringentPatient/Disease Features



Person – Centered Glycemic Management in Type 2 Diabetes1

1. Diabetes Care 2024;47(Suppl. 1):S52–S76



+CKD (on maximally 
tolerated dose of ACEi/ARB 

Preferably
SGLT2i with primary evidence of 

reducing CKD progression
Use SGLT2i in people with an 

eGFR ≥ 20 ml/min per 1.73 m²; once 
initiated should be continued until 
initiation of dialysis or transplant 

OR

GLP-1 RA with proven CVD benefit if 
SGKT2i not tolerated or contraindicated

If A1C above target, for patients SGLT2i, 
consider incorporating a GLP-1 RA and vice 

versa

+HF

SGLT2i with 
proven 

benefit in 
this 

population

If additional cardiorenal risk reduction or glycemic lowering needed

Healthy Lifestyle behaviors; Diabetes self-Management education and Support (DSMES); Social Determinants 
of health (SDOH)

To avoid  
clinical inertia, 
reassess and 

modify treatment 
regularly (3-6

months)

Goal: Cardiorenal Risk Reduction in High-risk Patients with Type 2 Diabetes ( In addition to Comprehensive 
CV RISK Management)

Goal: Achievement and Maintenance of Glycemic and Weight 
Management Goals 

+ASCVD
Defined differently across 

CVOTs but all included 
individuals with established 

CVD (e.g. MI, stroke any 
revascularization 

procedure). Variably 
included: conditions such as 

transient ischemic attack, 
unstable angina, 

amputation, symptomatic or 
asymptomatic coronary 

artery disease.

+HF
Current or prior 
symptoms of HF 

with 
documented 

HFrEF or HFpEF

Glycemic Management: 
Choose approaches that 

Provide the efficacy to achieve 
goals:

Metformin OR Agent(s) 
including COMBINATION 

therapy that provide adequate 
EFFICACY to achieve and 
maintain treatment goals

Prioritize avoidance of 
hypoglycemia in high-risk 

individuals

+CKD
eGFR < 60 ml/min per 1.73m² OR 
albuminuria (ACR ≥ 3.0 mg/mmol 
(30mg/g)). These measurements  

may vary over time; thus, a repeat 
measure is requires to document 

CKD

+Indicators of high 
risk

While definitions vary, most 
comprise≥ 55 years of age 

with two or more additional 
risk factors (including 
obesity, hypertension, 

smoking, dyslipidemia or 
albuminuria

Achievement and Maintenance of Weight 
Management Goal

In general, higher efficacy 
approaches have greater 

likelihood of achieving glycemic 
goals 

Efficacy for glucose lowering

Very high:
Dulaglutide (high dose),
Semaglutide, Tirzepatide

Insulin 
Combination Oral, Combination 

Injectable 
(GLP-1 RA/Insulin)

High:
GLP-1 RA (not listed above), 

Metformin, SGLT2i, Sulfonylurea, 
TZD

Intermediate:
DPP-4i

Set individualized weight management goals

General lifestyle advice: 
medical nutrition 
therapy/eating 

patterns/physical 
activity

Intensive evidence-
based structured weight 

management 
programme

Consider medication 
for weight loss

Consider metabolic 
surgery

When choosing glucose-lowering therapies:
Consider regimen high-to-very-high dual glucose and 

weight efficacy

+ASCVD/INDICATORS OF HIGH 
RISK

If A1C above target

• For patients on a  GLP-1 RA, consider adding SGLT2i 
with proven CVD benefit and vice versa
•TZD

GLP-1 RA with proven 
CVD benefit

SGLT2i with proven 
CVD benefit

Either/
or

If HbA1C above target 

Identify barriers to goals: 
• Consider DSMES referral to self-efficacy to achievement of goal
• Consider technology (e.g. diagnostic CGM) to identify therapeutic gaps and tailor therapy
• Identify and address SDOH that impact on achievement of goals 

Efficacy for weight loss  

Neutral:
DPP-4i, Metformin

Very high:
Semaglutide, Tirzepatide

High:
Dulaglutide, Liraglutide

Intermediate:
GLP-1 RA (not listed above), SGLT2i

Goal: Cardiorenal Risk Reduction in High-risk Patients with Type 2 Diabetes ( In addition to Comprehensive 
CV RISK Management)



A m e r i c a n  A s s o c i a t i o n  o f  C l i n i c a l  
E n d o c r i n o l o g y

AACE 2023

AACE Comprehensive Type 2 Diabetes Management Algorithm





1-Endocrine Practice 29 (2023) 305-340

Complication-Centric Algorithm for Glycemic Control



Glucose-Centric Algorithm for Glycemic Control1

1-Endocrine Practice 29 (2023) 305-340



1-Endocrine Practice 29 (2023) 305-340



ESC 2023
2023 ESC Guideline for the Management of Cardiovascular Disease in Patient with 

Diabetes
Developed by the Task Force on the Management of Cardiovascular Disease in Patients with Diabetes of the 

European Society of Cardiology (ESC)



1- European Heart Journal (2023) 00, 1–98

Management of Patients with T2DM and Cardiovascular Disease Based on
ESC 2023 Guideline¹

This guideline represents the cooperation of European Society of Cardiology (ESC) and its partner,
the European Society for the Study of Diabetes (EASD), for management of patients with diabetes
and cardiovascular disease¹.



Management of CVD in Type 2 Diabetes¹

1- European Heart Journal (2023) 00, 1–98

aGLP-1 RAs with proven CV
benefit: liraglutide, semaglutide
s.c., dulaglutide, efpeglenatide.
bSGLT2 inhibitors with proven CV
benefit: empagliflozin,
canagliflozin, dapagliflozin,
sotagliflozin.
cEmpagliflozin, dapagliflozin,
sotagliflozin in HFrEF;
empagliflozin, dapagliflozin in
HFpEF and HFmrEF.
dCanagliflozin, empagliflozin,
dapagliflozin.



Cardiovascular Risk Categories in Patients with Diabetes¹

1- European Heart Journal (2023) 00, 1–98



Glucose-lowering Treatment for Patients with T2DM and ASCVD to Reduce 
Cardiovascular Risk¹

1- European Heart Journal (2023) 00, 1–98



Recommendations for the Treatment of Patients with T2DM to Reduce 
Heart Failure Risk¹

1- European Heart Journal (2023) 00, 1–98



Recommendations for the Treatment of Patients with T2DM to Reduce CKD 
Risk¹

1- European Heart Journal (2023) 00, 1–98



78
Kidney Int. 2020; 98(4S): S1–S115



CKD, chronic kidney disease; G1, estimated glomerular filtration rate (eGFR) $90 ml/min per 1.73 m2; G5, eGFR <15 ml/min per 1.73 m2; 
HbA1c, glycated hemoglobin.

Glycemic target in patients with Diabetes and Chronic Kidney Disease: an 
individualized HbA1c target ranging from <6.5% to <8.0% 1

1. Kidney Int. 2020; 98(4S): S1–S115



Comprehensive strategy – KDIGO 2020 1

Patients with diabetes and chronic kidney disease

(CKD) should be treated with a comprehensive

strategy to reduce risks of kidney disease

progression and cardiovascular disease

Kidney–heart risk factor management

1. Kidney Int. 2020; 98(4S): S1–S115
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1. Kidney Int. 2020; 98(4S): S1–S115



Conclusion



Safety profiles

Cardiovascular
effects

Our experience
in handling

Extra-glycemic effects

Side effectsEffectiveness

In the era of growing number of diabetes medications and new data, we should 

consider the below factors to select the proper component for each individual 

patient:

Patient preference Cost Availability

The last, not the least…




