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Diabetes overview for 

medical students



CASE 1
• A 41-year-old man with no past medical history 

• He presented for a routine check up

• He reports no symptoms 

• Fasting plasma glucose 10 mmol/L (180 mg/dL)

• Weight 92 kg, height 170 cm, normal examination 

• Kidney and liver function tests are normal

• Does he have diabetes?

• How would you approach?

 



• Fasting glucose 10 mmol (180 mg)

• The diagnosis of diabetes should be confirmed

– By repeating fasting plasma glucose 

– Or doing a different test (HbA1c or OGTT) 

• Repeat fasting glucose = 9.5 mmol (171 mg)

• HbA1c = 8.1%

• Does he have diabetes?

 

Case approach



• Normal: 

     • <5.6 mmol (100 mg)  [some countries use 110 mg]

• Diabetes: 

  • 7 mmol (126 mg) 

• Impaired fasting glucose (IFG) [Prediabetes]: 

  • 5.6 to 6.9 mmol (100-125 mg) 

  

Fasting plasma glucose
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Use of A1c for the 
diagnosis of DM

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S27

≥ 6.5% Diabetes

5.7- 6.4%Prediabetes

< 5.7% Normal



When to do 75-g OGTT? 

• Pregnancy (screening for gestational DM)

• Screening for DM after delivery (if gestational DM)

• Screening for post-transplantation DM

• Diagnosis of cystic fibrosis-related diabetes 

• To confirm the diagnosis of DM (an option) 

• Screening for DM (an option) 
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Fasting and 2-hour glucose

How to do 75-gram OGTT

for non-pregnant? 



11.1 mmol 

     (200 mg) 

<7.8 mmol 

(140 mg) 

2-hour plasma glucose interpretation

Normal Diabetes

7.8-11 mmol
(140-199 mg)

Impaired Glucose 
Tolerance (IGT)

(Prediabetes)
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75-gram OGTT 



Criteria for the 
diagnosis of DM

Fasting plasma glucose 7 mmol (126 mg) 

OR

2-hour glucose post 75-gram OGTT 11.1 mmol (200 mg) 

OR

Symptoms of diabetes and 

random glucose 11.1 mmol (200 mg)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S27

HbA1c ≥6.5% 

OR



Confirming the diagnosis 
of DM

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S27

If 1 test is abnormal - Repeat same test
- Or do a different test

If 2 tests are discordant
Example: 
- A1c 6.3%
- Fasting PG 7.5 mmol (135 mg)

Repeat the test showing DM

    (FPG in this example)

Symptoms of DM & random 

glucose  11.1 mmol (200 mg)
Diagnosis is confirmed



Classification of diabetes

1) Type 1 diabetes

2) Type 2 diabetes

3) Gestational diabetes

4) Specific types of diabetes due to other causes:

    (e.g., maturity-onset diabetes of the young, cystic 

    fibrosis, drug-induced, after organ transplantation)
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Ramlo-Halsted BA, Edelman SV. Prim Care 1999;26:771

Natural history of type 2 DM 

Macrovascular complications

Microvascular complications

Insulin resistance

Insulin secretion 

Postprandial glucose

Fasting glucose

Prediabetes
Undiagnosed

diabetes
Diabetes

5-65-10 Years



 Prevalence of diabetes
(age adjusted 20-79 years) 

International Diabetes Federation 2025. www.idf.org 
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• Duration of diabetes 

• Medications and any side effects

• Adherence to medications 

• Follow up (frequency, regular?)

• Presence of complications (acute or chronic)

• Screening for complications (eye, foot, lab. tests)

• Home glucose monitoring 

• Comorbidities (HTN, ASCVD, HF, CKD…)

Approach to DM: 

history



• Social history: smoking, alcohol, work

• Social determinants of health (family support, housing 

   stability, financial security, transportation access) 

• Lifestyle changes (diet, exercise, sleep behaviors)

• Visits to the educator and dietitian 

• Visits to the dentist 

• Family history (DM, HTN, CVD)

• Vaccination 

Approach to DM: 

history



• Blood pressure

• Weight, height, BMI

• Thyroid 

• Skin

• Foot 

Approach to DM: 
physical exam



• A1c

• Complete blood count (CBC)

• Lipids 

• Serum creatinine, eGFR

• ALT, AST

• Urine albumin creatinine ratio (UACR)

• TSH for patients with type 1 DM 

Approach to DM: 
laboratory tests
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Back to CASE 1
• Past history: none

• No medications 

• No regular physical activity

• No prior attempts to lose weight 

• No smoking

• Works as an accountant 

• Family history: father with type 2 DM 



CASE 1: more data

• Normal physical examination 

• BMI = 31.8 

• CBC: normal 

• Serum creatinine, ALT, AST: normal 

• Urine albumin creatinine ratio: normal 

• A1c  8.1%

• What is next?



What should be glucose

targets in DM?
 



• Age

• Duration of DM

• Comorbid conditions

• Vascular complications 

• Life expectancy

• Risks associated with hypoglycemia 

• Patient preferences

 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S132

Setting glucose targets
depends on:



A1c targets in diabetes

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S132

<7% General (for most patients)

Good health & low treatment risk <6.5% 

<8% 
Elderly with complex/intermediate health
• Multiple chronic illnesses or 

• Mild to moderate cognitive impairment  or

• Impaired ≥2 activities of daily living

No target

Elderly with complex/poor health
• Long-term care or 

• End-stage chronic illness or

• Limited life expectancy or
• Moderate to severe cognitive impairment

<7.5% Healthy elderly (intact cognition & function) 



Home glucose monitoring:
general targets

Before meals:
80-130 mg

(4.4-7.2 mmol)

2 hours after meals:
<180 mg
(10 mmol)
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How to manage 

diabetes?
 



Components of
lifestyle changes in DM

1) Education (behavior change)

2) Medical nutrition therapy (Diet)

3) Physical activity

4) Sleep health 

5) Psychological care 

6) Smoking cessation counselling (when indicated)

  



Lifestyle changes in diabetes

1) Education (behavior change)

- Refer to the educator 

2) Medical nutrition therapy (dietary advice)

     - Refer to the dietitian

3) Physical activity

- Target: ≥150 minutes/week of moderate to vigorous

   intensity aerobic activity over 3-5 days/week

  
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S89



  • American Diabetes Association recommends starting 

           medications at the time of diagnosis 

  • Some authorities give the option of starting

           with lifestyle changes for 3 months then reassess 

     • If A1c is ≥1.5% above target (generally if ≥8.5%) 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

Canadian Diabetes Association. Can J Diabetes 2024;48:415

When to start medications 
in type 2 DM ?



    • In the presence of any of the following 

            (regardless of A1c level): 

              Atherosclerotic cardiovascular disease (ASCVD)

               High risk for ASCVD

             Chronic kidney disease (CKD) 

             Heart failure 

 
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

When to start 
medications in DM 2?



American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

• Factors to consider:

  - Effect on glucose  

  - Effect on weight  

  - Prescence of cardiovascular disease 

  - Presence of chronic kidney disease 

  - Risk of hypoglycemia 

  - Risk of side effects and tolerability 

  - Cost & access

  - Patient preference 

Which medications to choose?



American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

Which medications to 
choose?

Metformin 
Other agents
(depending on 
the situation) 

or



Choice of DM agent and  
comorbid conditions

ASCVD
(Atherosclerotic 

cardiovascular disease)

CKD
(Chronic kidney 

disease)

SGLT-2i
or

GLP-1RA

High CV 
risk

(≥55 y with 
≥2 risk factors)

GLP-1RA
(1st option)

SGLT-2i 
Or

GLP-1RA

Heart
 failure

SGLT-2i

SGLT-2i

(2nd option)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183



Back to CASE 1
• A 41-year-old man with no past medical history 

• Sedentary lifestyle 

• BMI 31.8

• Fasting glucose 180 mg, 171 mg

• Normal kidney & liver function tests 

• A1c 8.1%

• What is your plan?

 



Case 1: 
management plan

1) Lifestyle changes alone

2) Lifestyle changes + Medication

or



Benefits of Metformin

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

• Decreases hepatic glucose production 

• High efficacy ( A1c by 0.7-1%) 

• No hypoglycemia

• Weight neutral (some patients lose weight)

• Low cost 

• Potential reduction in cardiovascular events & 

   cardiovascular mortality

• Approved for age ≥10 years 



CASE 2
• A 42-year-old woman with type 2 DM for 2 years

• Metformin 1000 mg bid

• Following educator & dietitian for lifestyle changes

• BMI 28.4

• HbA1c 8.0%, fasting glucose 8.3 mmol (150 mg)

• Kidney and liver function tests: normal

• How would you approach glucose management?

 



• Duration of diabetes 

• Medications and any side effects

• Adherence to medications 

• Follow up (frequency, regular?)

• Presence of complications (acute or chronic)

• Screening for complications (eye, foot, lab. tests)

• Home glucose monitoring 

• Comorbidities (HTN, ASCVD, HF, CKD…)

Approach to DM: 

history



• Social history: smoking, alcohol, work

• Social determinants of health (family support, housing 

   stability, financial security, transportation access) 

• Lifestyle changes (diet, exercise, sleep behaviors)

• Visits to the educator and dietitian 

• Visits to the dentist 

• Family history (DM, HTN, CVD)

• Vaccination 

Approach to DM: 

history



• Adherence to lifestyle changes?

• Follow up with educator/dietitian?

• Adherence to medication?

• What are glucose targets?

  

Case 2: approach



CASE 2: assessment

• Uncontrolled DM (A1c 8.0%)

• A1c target:

  <7 (or <6.5%)

• Patient is already following lifestyle changes

• Metformin alone is not enough 

• We need to add another agent 

• Which medication?

 



What’s best after Metformin?

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183

• The decision is based on:

   - Comorbidities (such as ASCVD, HF, CKD, MASLD)

     - Effect on glucose

   - Effect on weight 

     - Risk of side effects

     - Risk of hypoglycemia 

     - Cost & availability  

    - Patient preferences 



2nd line agents
after Metformin

• Sulfonylureas

• SGLT-2 inhibitors

• DPP-4 inhibitors

• GLP-1 agonists

• GIP/GLP-1 agonists 

• TZD (thiazolidinediones) 
(Meglitinides & Alpha-glucosidase inhibitors are less commonly used)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183



Sulfonylureas
• Stimulate insulin secretion

• Examples: Gliclazide, Glimepiride, Glipizide

• Advantages:

– High efficacy: lower A1c by 0.6 to 1%

– Low cost

• Disadvantages:

– Hypoglycemia

– Weight gain

– Glucose control may not be durable 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183



SGLT-2 inhibitors 
•  glucose reabsorption at the kidney causing glucosuria

• Canagliflozin, Dapagliflozin, Empagliflozin 

• Intermediate to high efficacy: lower A1c by 0.5 to 1%

• Advantages:

–  Weight, No hypoglycemia

– Benefits in ASCVD, HF, CKD 

• Disadvantages:

– Genital infections, dehydration

– DKA (rare) 
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2nd line agents
• Sulfonylureas

• SGLT-2 inhibitors

• DPP-4 inhibitors

• GLP-1 receptor agonists

• GIP/GLP-1 receptor agonists 

• Thiazolidinediones (TZD) 



 Insulin secretion  Glucagon secretion

 Gastric emptying  Appetite 

GLP-1
(Glucagon-like peptide 1)

The incretin system



DPP-4 

 

DPP-4 inhibitors

GLP-1
(Glucagon-like peptide 1)

 

• DPP-4= “Dipeptidyl peptidase”  
   inhibits GLP-1

 • Inhibition of DPP-4 will make more 
   GLP-1 available 



DPP-4 inhibitors
• Examples: Sitagliptin, Vildagliptin, Linagliptin

• Intermediate efficacy ( A1c by 0.5 to 0.7%)

• Weight neutral 

• Rare hypoglycemia

• Intermediate to high cost

• Acute pancreatitis (rare)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183



GLP-1 agonists
• High to very high efficacy ( A1c 1 to 2%)

• Weight loss (intermediate to very high efficacy) 

• No hypoglycemia 

•  CV events  in patients with CVD & high-risk patients 

• Subcutaneous injection

• Oral form available

• GI side effects

• Expensive

• Liraglutide, Dulaglutide, Semaglutide   



GIP/GLP-1 agonists
• GIP (glucose-dependent insulinotropic polypeptide) and 

    GLP-1 receptor agonist

• Tirzepatide 

• Subcutaneous injection

• Very high glucose-lowering efficacy (↓ A1c by 1.4 to 2.2%)

• Very high weight loss efficacy 

• GI side effects

• Expensive



Thiazolidinedione (TZD)
• Improve insulin sensitivity

• Pioglitazone 

• Advantages:

– High efficacy ( A1c 0.7 to 1%) 

– No hypoglycemia, low cost

– Potential benefit in ASCVD

• Disadvantages:

– Edema, weight gain, heart failure 

– Bone fractures

– Urinary bladder cancer 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S183



Back to CASE 2:

• SU

• SGLT-2i

• DPP-4i

• GLP-1 agonist

• GIP/GLP-1 agonist

• TZD

It depends!

What is your choice?



Glucose management in type 2 DM 

ASCVD

GIP/GLP-1RA

   GLP-1RA (SC Semaglutide) 

SGLT-2i

GLP-1RA

GIP/GLP-1RA

DPP-4i

TZD

Hypoglycemia
concern

Weight
lowering

Cost
concern

CKD

High CV 
risk

(≥55 y with 
≥2 risk factors)

GLP-1RA1

(Dulaglutide, Liraglutide, 

or SC Semaglutide) 

Or SGLT-2i2

A1c ≥ 8.5%ASCVD, heart failure, or CKD

No ASCVD, heart Failure, or CKD

Heart
 failure

SU 

TZD
GIP/GLP-1RA

GLP-1RA
   (Dulaglutide, SC Semaglutide) 

Glucose 
lowering

Add medication if A1c is not at target after 3 months

Patient assessment
Determine glucose targets

Lifestyle changes 

& combination therapy

(including Metformin)

A1c < 8.5%

If A1c is not at target after

3 months, start Metformin 

Lifestyle changes
(Some start Metformin at diagnosis)

SGLT-2i
(Empagliflozin1 or 

Canagliflozin2) 

Or GLP-1RA

  (Liraglutide1, Dulaglutide2,  
SC Semaglutide2

or oral Semaglutide2

Or GIP/GLP-1RA

SGLT-2i
(Dapagliflozin 

or Empagliflozin)

SGLT-2i
(Canagliflozin, 

Dapagliflozin or 

Empagliflozin)

Or

GLP-1RA
(SC Semaglutide)

GLP-1RA1

(SC Semaglutide)

GIP/GLP-1RA2

TZD2

MASH
(Metabolic-dysfunction

associated steatohepatitis)



CASE 3
• A 52-year-old woman with type 2 DM for 8 years 

• Metformin 1000 mg bid, Gliclazide MR 60 mg qd, 

   Semaglutide 2 mg weekly, Dapagliflozin 10 mg qd

• She is following the advised diet & exercise

• HbA1c 8.2%, normal kidney & liver function tests 

• The physician decided to start insulin

• Agree? How would you approach?

 



• Adherence to lifestyle changes?

• Follow up with educator/dietitian?

• Adherence to medications?

• What are glucose targets?

  

Case 2: approach



-cell function
(% of normal by 

HOMA)

Holman RR. Diab Res Clin Pract 1998;40(suppl):S21
UKPDS. Diabetes 1995;44:1249
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0
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Time of diagnosis?

HOMA=homeostasis model assessment

Type 2 DM: a progressive disease

Pancreatic function

~ 50% of normal



Indications for insulin

• Failure of non-insulin glucose-lowering therapy

• Type 1 DM  

• Pregnancy

• Significant symptomatic hyperglycemia

   (glucose ≥300 mg) or  A1c ≥10 % 

• During hospitalization 



Types of insulin



Insulin secretion

Polonsky K, et al. New Eng J Med 1988;318:1231 
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Types of insulin

•  Basal insulin

• Meal insulin

 



Basal insulin
Intermediate –acting:

     NPH (Insulatard ®, Humulin N ®)

Long-acting:

    Glargine (Lantus ®)

     Detemir (Levemir ®)

     Degludec (Tresiba ®)

 



Meal insulin
• Short-acting:

    Regular insulin (Actrapid®, Humulin R®, Novolin R®) 

• Rapid-acting: 

         - Lispro (Humalog®)

         - Aspart (Novorapid®, Novolog®)  

         - Glulisine (Apidra®)

             

 

 



Action Profiles of Insulins

0 1 2 53 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Plasma

insulin

levels

Regular

NPH

Hours

Glargine, Degludec

Lispro, Aspart, Glulisine 

Detemir



Premixed insulins

  • Regular/NPH 70/30:

      - Contains 70% NPH & 30% Regular insulin

    • Aspart 70/30:

        - Contains 70% Aspart Protamine & 30% Aspart

       



Premixed insulins

•  Lispro 75/25:

     - 75% Lispro Protamine & 25% Lispro

• Lispro 50/50: 

     - 50% Lispro Protamine & 50% Lispro



Which insulin to use?

Depends on:

   - Glucose control

   - Patient’s characteristics

   - Patient’s lifestyle

   - Patient preference



Insulin regimens in type 2 DM  

Bedtime

Basal only



Insulin regimens in type 2 DM

Bedtime

Basal + 1 Meal

Lunch



Insulin regimens in type 2 DM

Bedtime

Basal + 2 Meal

Lunch Dinner



Insulin regimens in type 2 DM

Bedtime

Basal + 3 Meal

Lunch DinnerBreakfast



Insulin regimens in type 1 DM

Bedtime

Basal + 3 Meal

Lunch DinnerBreakfast



Insulin regimens in type 2 DM

Breakfast Dinner

2 Premixed



CASE 4
• A 55-year-old man with DM 2 & hypertension × 5 years

• Tries with lifestyle changes. No regular exercise  

• Current smoker

• Insulin, Metformin, Empagliflozin, Lisinopril, Amlodipine

• BP 152/84, BMI 32

• HbA1c 7.8%, LDL 2.4 mmol (92 mg), HDL 1 mmol 

  (38 mg), TG 1.7 mmol (150 mg)

• Kidney & liver function tests are normal

• How to form a comprehensive plan of care? 



• History, physical examination & basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



• History, physical examination & basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



• History, physical examination, basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



Lifestyle changes 
in DM

• Education (behavior change)

• Medical nutrition therapy (diet)

• Physical activity

• Psychological care 

• Sleep health 

• Smoking cessation counselling (when indicated)

  American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S89



• History, physical examination & basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



Benefits of glucose control

14%

Myocardial 

infarction

12%

Stroke

37%
Microvascular

 disease 

(kidney, eye, nerve)

21% 

Mortality

UKPDS. BMJ 2000;321:405

43%

Lower limb

amputations

Effect of  A1c by 1%



• History, physical examination, basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



Periodic exams & referrals

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S61

• Refer for education (educator)

• Refer for dietary advice (dietitian)

• Dilated eye exam

• Foot exam 

• Dental exam



Periodic lab. tests

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S61

• A1c

• CBC

• Lipids 

• Serum creatinine, eGFR

• Urine albumin:creatinine ratio (UACR)

• ALT, AST

• Serum vitamin B12

- If on Metformin for >5 years 



• History, physical examination, basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



DM & cardiovascular disease 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S216
McAllister DA, et al. Circulation 2018;138(24):2774

•  Risk of coronary artery disease by 200-400% 

•  Risk of stroke  

•  Risk of peripheral artery disease  

•  Risk of heart failure

•  Short- & long-term mortality after ACS 

•  Post-MI complications (recurrent ischemia, failure, shock)

• CVD is the leading cause of death in diabetes



Primary prevention of 
CVD in DM 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S216

• Lifestyle (diet, exercise, healthy weight) 

• Smoking cessation  

• Blood pressure control

• Statins for high-risk patients 

• Glucose control

• Use of specific diabetes medications

 



Lifestyle changes & CVD

1) Diet:

   - Benefit with Mediterranean diet and DASH diet

2) Healthy weight 

3) Physical activity

4) Smoking:

   - Ask all patients

   - Counselling if smoking 

   - Refer for smoking cessation assistance

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S216



• HTN control: 

• Target BP: < 130/80

• Statins: 

    - All patients age 40 years

• Use of specific diabetes medications:

      - GLP-1RA (1st option) in high-risk patients  

      - SGLT-2i (2nd option) in high-risk patients 

CVD protection in DM

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S216

American Heart Association/American College of Cardiology. Circulation 2025;152:e114



• History, physical examination & basic labs 

• Lifestyle changes  

• Glucose control

• Screening for complications (periodic exams/tests)

• Cardiovascular disease

• Vaccination 

 

Standards of diabetes care



• Influenza 

• Pneumococcal

• Respiratory syncytial virus (RSV)

• COVID-19

• Hepatitis B 

• Others as people without DM

 

Vaccination in DM

Center for disease control & prevention. www.cdc.gov
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S61

http://www.cdc.gov/


Do persons with DM
need vitamins/supplements? 

• Supplementation with micronutrients (e.g., vitamins

   and minerals such as magnesium or chromium) or

   herbs or spices (e.g., cinnamon and aloe vera) is not

    recommended for glycemic benefits

• Routine supplementation with antioxidants (vitamins

    C and E) is not recommended

• Routine supplementation with vitamin D without

   deficiency is not recommended  

• Omega-3 supplements are not recommended for the

   prevention or treatment of CVD

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S89



• Diabetes has a huge impact on health and economy

• Know the criteria for the diagnosis of diabetes 

• Lifestyle changes are essential 

• Appreciate the different glucose-lowering medications

• Recognize the types and indications for insulin 

• Apply the standards of diabetes care

Summary !الزبدة



Tripoli, Libya
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