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Session objectives
• Define the various complications of diabetes  

• Describe the importance of macrovascular disease in 

   diabetes and screening methods  

• Discuss the classification, screening and management of  

   diabetic neuropathy 

• Identify the diagnosis & management of chronic kidney 

   disease in diabetes  

• Recognize the types, screening and management of 

   diabetic retinopathy 

• Discuss the evidence on the benefits of glucose control 

   on the risk of complications of diabetes



Complications of diabetes
 

Macrovascular

“Macro” = large 

Disease of the large vessels
 

Microvascular

“Micro” = small 

Disease of the small vessels



Complications of diabetes

• Cardiovascular disease:
 - Coronary artery disease
 - Heart failure
 - Stroke
 - Peripheral artery disease

Macrovascular 
disease

• Retinopathy 

• Chronic kidney disease

• Neuropathy

Microvascular 
disease



Macrovascular complications 
of diabetes



Cardiovascular 
disease

Peripheral 

  artery disease

Stroke

/TIA

Coronary artery 

disease
Heart 

failure



Coronary artery disease

Myocardial infarction

(Heart attack)

Angina

Sudden cardiac death



Ischemic stroke/
Transient ischemic attack 

 

Can cause:

• Limb weakness (partial or complete)  

• Sensory deficits 

• Speech problems 

• Swallowing problems  

• Incontinence (bladder/bowel)

• Psychological issues



Heart failure
• Patients with DM have a high 

   risk of heart failure 

• Prevalence in DM = 22% 

• Risk increases with CAD & HTN 

• An important cause of morbidity

  and mortality  

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



Peripheral artery disease

Usually affects 

the large vessels

of lower limbs



Peripheral artery disease

• Intermittent claudication (pain on walking)  

• Sensory deficits (leg/foot numbness)

• Skin ulcers/infection 

• Diabetic foot 

• Amputation (fingers/foot/legs)

• It may be asymptomatic

• High risk of CAD and stroke



Patients with DM have a higher

 risk of cardiovascular disease

compared to those with no DM

Peripheral 

artery 

disease 

by 200-400%

Stroke 

by 

80-220%

Coronary 

heart 

disease 

by 200-400%

Heart failure  

by 200%



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 

•  Risk of stroke  

•  Rate of peripheral artery disease  

•  Rate of heart failure

•  Short- & long-term mortality after acute coronary syndrome 

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

• CVD is the leading cause of death in diabetes



Peripheral artery 
disease

Screening for cardiovascular 
disease in DM

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

Heart failure
Coronary artery 

disease

• Screening of asymptomatic 

  patients is not recommended

• Screen if:
 - Signs or symptoms of cardiac

    disease 

 - Features of vascular disease 

    (TIA, stroke, PAD, carotid bruits or

     claudication)

 - Abnormal ECG 

• Screen with:  

   - Exercise ECG testing (with or without 

      echocardiograph) or coronary artery 

      calcium (for age ≥40 y)

   - Pharmacologic stress echo or 

      nuclear imaging if abnormal ECG or 

      patient cannot exercise 

• Consider screening adults 

• Check BNP or NT-proBNP
• If abnormal values, do 
   echocardiography

• Screening if any:   

  - Age ≥65 years

  - DM duration of ≥10 years

  - Microvascular disease

  - Foot complications

  - End-organ damage from DM

• Use arterial doppler ultrasound 

   & measure ankle-brachial index 



Microvascular complications 
of diabetes





Diabetic neuropathy: the facts

• Most common complication of diabetes (~ 50%)

• At diagnosis of diabetes, 30% already have neuropathy

• About 15% of all patients will have an ulcer in their life

• Diabetes accounts for 75% of non-traumatic amputations

•  risk of amputations (1500%) compared to non-diabetics

•  Up to 50% of peripheral neuropathies are asymptomatic 

American Diabetes Association statement. Diabetes Care 2017;4:136

 



Classification of diabetic 
neuropathies 

1) Diffuse neuropathy

 A) Distal symmetric polyneuropathy (DSPN): most common

 B) Autonomic: cardiovascular, gastrointestinal, genitourinary,

                                    sudomotor dysfunction, hypoglycemia 

                                    unawareness, abnormal pupillary function

2) Mononeuropathy:

    Isolated cranial or peripheral nerve (e.g., CN III, ulnar, median, 

    femoral, peroneal), mononeuritis multiplex 

3) Radiculopathy or polyradiculopathy :

    Lumbosacral polyradiculopathy, proximal motor amyotrophy,     

    thoracic radiculopathy

American Diabetes Association statement. Diabetes Care 2017;4:136

 



Complications of distal 
symmetric polyneuropathy

• Wounds/Ulcers

• Infections

• Charcot arthropathy

• Dislocation and stress fractures

• Amputation



Screening for diabetic neuropathy

1) Assessment for distal symmetric polyneuropathy:

    - History 

    - Comprehensive foot exam

2) Assessment for autonomic neuropathy:

    - History & physical examination 

• Timing and frequency of screening:
- Type 2 DM: at the time of diagnosis
- Type 1 DM: 5 years after the diagnosis
- Screen at least yearly. More frequent if abnormal  
      

• Inspect feet at each visit for high-risk patients (sensory 
loss or prior ulceration or amputation) 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Diabetic peripheral neuropathy: 

history
• Up to 50% of patients may experience symptoms of 

distal symmetric polyneuropathy (DSPN)

• The most common early symptoms are pain and 

dysesthesias (unpleasant sensations of burning)

• Pain is usually burning, lancinating, tingling, or 

shooting (electric shock-like) & worse at night

• May be accompanied by an exaggerated response

    to painful stimuli (hyperalgesia) and pain evoked by 

    contact with socks, shoes, or bedclothes (allodynia).  

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Pain distribution in 
diabetic neuropathies



Foot examination 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

1) Visual inspection 

2) Assessment of small fiber function by examining

    temperature or pinprick sensation 

3) Assessment of large fiber function by examining

    vibration sensation, proprioception, and lower extremity

    reflexes and using 10-g monofilament

4) Assessment of protective function by 10-gram

    monofilament test and Ipswich test

5) Pedal pulses (dorsalis pedis & posterior tibial)



Foot examination

• Inspect the feet for:

   • Integrity of the skin

    • Deformities

   • Callus

   • Wounds

   • Ulcers

   • Infections (tinea)

                  



Testing for vibration 
sensation

Use 128 Hz tuning fork

There are 2 techniques

1) Compare to examiner (mostly used) 

2) Compare patient’s big toe to her/his wrist



Vibration sensation
A) Comparing to the examiner 



Vibration sensation
A) Comparing to the examiner

• Explain what you are doing to the patient

• Put tuning fork on wrist or sternum; patient to close eyes 

• Does he/she feel vibrations?

• If yes, proceed

• Close eyes. Put fork on the bony part of big toe

• Examiner to put index finger below the patient’s big toe

• Patient to tell once he/she cannot feel vibrations any more

• If examiner can still feel vibrations, that is abnormal



Vibration sensation
B) Comparing patient’s big toe to 

his wrist

• Ask the patient to close the eyes

• Assess if the patient can feel the vibration on  

  a bony prominence on the wrist

• If yes, then move to the big toe 

• Can the patient still feel?

• Does it feel the same?

• Abnormal if the patient cannot feel or the  

  feeling is less on the toe



10-gram monofilament test
                

   

•  Patient closes eyes
  •  Apply pressure at 90 enough to bend for 2 seconds
  •  Avoid ulcer/callus areas
  •  ≥ 8 points of 10 = Normal

• Assesses pressure sensation
 • A marker of large fiber & protective function

   



Ipswich test

• Examines light touch sensation

• Explain the test to the patient 

• Ask the patient to close her/his eyes 

• The examiner touches lightly the tips of the first, third and

   fifth toes using the index finger, each for 1 second while

   waiting for the patient’s response each time 

• Both feet should be examined 

• The patient responds by “yes” if the sensation is felt



Assessment for peripheral 
artery disease 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

• History:
   - Leg fatigue or claudication 

   - Rest pain relieved by dependency  

• Examination:
   - Lower limb pulses

   - Capillary refill time

   - Swelling on leg dependence 

   - Pallor on leg elevation  

   - Venous filling time  

• Refer if abnormal for arterial doppler ultrasound with 

   ankle-brachial index & foot specialist



Category Ulcer risk Characteristics Examination 

frequency

0 Very low No LOPS, no PAD Every year

1 Low LOPS or PAD Every 6-12 months

2 Moderate LOPS + PAD or

LOPS + foot deformity or

PAD + foot deformity

Every 3-6 months

3 High LOPS or PAD and:

- History of foot ulcer or 

- Amputation or 

- End stage renal disease 

Every 1-3 months

Diabetic foot risk 
stratification & screening

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

LOPS = loss of protective sensation; PAD = Peripheral artery disease 



Diagnosis of diabetic 
peripheral neuropathy

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

• History 

• Clinical examination

• Rule out other causes of neuropathy (next slide)

• Electrophysiological testing or referral to a 

   neurologist is not needed except in cases when the 

   clinical features are atypical or the diagnosis 

   is unclear



Differential diagnosis of 
diabetic neuropathy

• Hypothyroidism

• Nutritional deficiency (vitamin B12, thiamine, pyridoxine, 
post-bariatric surgery)

• Chronic kidney disease

• Medications: hydralazine, amiodarone, isoniazid, 

                       phenytoin, metronidazole, colchicine

• Alcohol

• Vasculitis, paraproteinemia, amyloidosis 

• Infections: HIV, hepatitis B, Lyme disease



Management of diabetic 
neuropathy

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

1) Glucose control: 
  - Can prevent or delay neuropathy in type 1 DM and 
    slow the progression of neuropathy in type 2 DM 
2) Blood pressure control in hypertension
  - Can reduce the progression of neuropathy  
3) Lipid control:
  - By physical activity, weight loss, and bariatric surgery 
  - Use of statins and fibrates did not affect treatment or
    prevention of neuropathy   
4) Pain control



Management of diabetic 
neuropathy

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

• Patient education on foot care 

• Refer patients who have history of lower-extremity 

   complications, loss of protective sensation, structural 

   abnormalities, or peripheral artery disease to foot care 

   specialist 

• Use specialized footwear for patients at high risk (loss of 

  protective sensation, foot deformities, callous, amputation, 

  ulcers or PAD) 



Drug therapy for neuropathic pain

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261
American Academy of Neurology. Neurology 2022;98:31

• Any of the following medications is acceptable:

1) Gabapentinoids: Pregabalin, Gabapentin

2) SNRI (serotonin-norepinephrine reuptake inhibitors):

     Duloxetine, Venlafaxine 

3) Tricyclic antidepressants: Amitriptyline 

4) Sodium channel blockers: 

             Lamotrigine, Lacosamide, Oxcarbazepine, Valproic acid 

        5) Other options: topical Capsaicin, Alpha-lipoic acid 



Drug therapy for neuropathic pain

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261
American Academy of Neurology. Neurology 2022;98:31

• Patient education is important 

• Pain is mostly reduced; often not eliminated

• Choice of medication depends on potential adverse 

   effects, comorbidities, cost, and patient preferences 

• Offer a different agent if no adequate initial response

   or significant side effects

• Combination therapy can provide additional relief 

• Avoid opioids for pain relief 

• Treat concomitant mood or sleep disorders if present



Duloxetine 

• Serotonin-norepinephrine reuptake inhibitor

• Is also an antidepressant 

• Starting dose: 30 mg qd

• Usual effective dose: 60-120 mg qd

• Dizziness, nausea, headache, insomnia, somnolence

• High cost 

American Academy of Neurology. Neurology 2022;98:31

American Diabetes Association statement. Diabetes Care 2017;4:136



Pregabalin 
• Starting dose: 50-75 mg (1-3 times/day)

• Usual effective dose: 150-300 mg bid 

• Dizziness, headache, sedation, somnolence, ataxia

• Withdrawal (if suddenly stopped): headache, confusion,

               seizures, sweating

• High cost 

American Academy of Neurology. Neurology 2022;98:31

American Diabetes Association statement. Diabetes Care 2017;4:136



Gabapentin 

• Starting dose: 100-300 mg (1-3 times/day)

 • Effective dose: 900-3600 mg/day

 • Dizziness, ataxia, fatigue, somnolence

 • Seizures can occur with sudden withdrawal

 • Generic available; cheaper than others 

 • Effective, but dose may be limited by side effects

American Academy of Neurology. Neurology 2022;98:31

American Diabetes Association statement. Diabetes Care 2017;4:136



Tricyclic antidepressants

• Amitriptyline is mostly used 

 • Start 25 mg (10 mg for elderly) at bedtime

 • Titrate dose after 4-6 weeks if no improvement   

 • Usual effective dose: 50-100 mg/day 

 • Side effects: dry mouth, dizziness, sedation, urine

   retention, blurred vision, cardiac ischemia

 • May not be suitable for the elderly (age ≥65 years) 

 • Low cost  

American Academy of Neurology. Neurology 2022;98:31

American Diabetes Association statement. Diabetes Care 2017;4:136



Autonomic  neuropathy 
in diabetes

• Cardiovascular: reduced heart rate variability, resting
    tachycardia, orthostatic hypotension 

• Gastrointestinal: esophageal dysmotility, gastroparesis,

    diarrhea, constipation, fecal incontinence 

• Genitourinary: urine incontinence, urine retention, bladder
    dysfunction (nocturia, polyuria, urine urgency, weak urine

    stream), erectile dysfunction, retrograde ejaculation, female
    sexual dysfunction

• Sudomotor dysfunction: increased or decreased sweating 

• Hypoglycemia unawareness

• Abnormal pupillary function

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Autonomic neuropathy 
in diabetes

• Symptoms:

     - Dizziness or weakness on standing

     - Syncope

     - Hypoglycemia unawareness 

     - Early satiety, nausea/vomiting after meals  

     - Constipation or diarrhea

     - Fecal incontinence  

     - Erectile dysfunction, female sexual dysfunction

     - Urine retention or urine incontinence 

     - Change in sweating (increase or decrease)

     - Dry cracked skin in extremities 



Management of autonomic  
neuropathy in DM

• Orthostatic hypotension: 
     - The goal is to reduce symptoms 

     - Adequate salt intake 

     - Avoid medications that cause hypotension

     - Use compressive garments 

     - Physical activity 

     - Use short-acting HTN medications (enalapril, atenolol,

        metoprolol, isradipine) 

     - Drug therapy: Midodrine or droxidopa

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Management of autonomic  
neuropathy in DM

• Gastroparesis: 
      Advise small particle diet  

      Therapy: 
 - Domperidone 

        - Metoclopramide (reserved for severe cases, should

             not be used for >3 months, observe for extrapyramidal
             side effects) 

         - Erythromycin (for short term use as tachyphylaxis

              develops)

         - Gastric electrical stimulation  

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Management of autonomic  
neuropathy in DM

• Erectile dysfunction (ED): 

   - Most common issue sexual issue in men with DM 

   - The prevalence of ED in DM is about 52% 

   -  Risk with increasing age, microvascular disease, 

     CVD, long DM duration, uncontrolled glucose, smoking, 

     depression

   - All men with DM should be screened for ED 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261

Kouidrat Y, et al. Diabet Med 2017;34:1185



• Blood pressure

• Vascular

• Neurologic

• Assess hair distribution

• Look for gynecomastia 

• Genital examination 

Erectile dysfunction:
physical examination



How is erectile function 

assessed?

5-Item International Index 

of Erectile Function (IIEF-5)







• AM total testosterone

• If abnormal, obtain:

– Prolactin

– LH

 

Erectile dysfunction:
laboratory evaluation 

European Association of Urology guidelines 2024



• Weight loss (may improve erections)

• Physical activity (may improve erections)

• Stop smoking (may improve erections)

• Glucose control did not improve erections

• BP & lipids control did not improve erections  

• Change offending medications when indicated

                  

Management of erectile 
dysfunction in DM

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261
Gerbild H, et al. Sex Med 2018;6(2):75; Kamenov ZA. Exp Clin Endocrinol Diabetes 2015;123:141



• Phosphodiesterase-5 (PDE-5) inhibitors (oral):

- Such as Sildenafil, Tadalafil, and Vardenafil 

     - 1st line treatment  

     - They facilitate, but do not initiate an erection

     - Efficacy 60-70%

 • Other options:

     - Intraurethral or intracorporal prostaglandin injections

     - Vacuum devices  

     - Penile prosthesis 

Management of  
erectile dysfunction

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261





DM & the kidneys 

• Chronic kidney disease (CKD) is defined as persistent  

   eGFR <60, albuminuria, or other markers of kidney 

   damage (such as hematuria or structure abnormalities)

• CKD occurs in 20-40% of patients with diabetes 

• CKD increases cardiovascular risk and health 

   care costs

• CKD can progress to kidney failure requiring dialysis

   and kidney transplantation 

• Primary prevention of chronic kidney disease can be

   achieved by glucose control and blood pressure control 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Screening for 
chronic kidney disease

• Obtain urine albumin:creatinine ratio (UACR) and

    serum creatinine and assess eGFR

• Time of screening:

     - Type 2 DM: at the time of diagnosis 

     - Type 1 DM: 5 years after the diagnosis  

• Frequency of screening:

     - If normal: every year 

     - If CKD: 1-4 times/year (depending on the CKD stage)  

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Estimated glomerular 
filtration rate (eGFR)

• eGFR is reported by the laboratory 

    Or 
• It can be calculated (online or apps)
• When calculated, the Chronic Kidney Disease 

   Epidemiology Collaboration (CKD-EPI) equation is 

   preferred  
– A helpful website is the National Kidney Foundation 

    www.kidney.org 
  (example on next slide)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246









Urine albumin creatinine ratio 

(UACR)

• Obtain a spot random urine sample 

• Normal: <30 mg/g (3 mg/mmol)

• If high: Repeat

• Causes of high UACR: 

– Exercise within 24 hours, infection, fever, heart failure,

   menses, marked hyperglycemia, uncontrolled BP

• Albuminuria: 2 out of 3 abnormal UACR samples 

collected within 3-6 months

• Moderately elevated albuminuria = 30-299 mg/g

• Severely elevated albuminuria = ≥300 mg/g

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Definition of chronic 
kidney disease

eGFR <60 for ≥3 months

Or

Albuminuria 
(2 high UACR values in 3-6 months)

National kidney foundation 
 www.kidney.org  



KDIGO guidelines. Kidney Int 2024 ;105(4S):S117

Stages of CKD



CKD in diabetes
• CKD includes albuminuria and/or low eGFR

• The absence of features of other primary causes of CKD

• Patients usually have:

– Long duration of DM (but can occur at the time of 

   diagnosis in type 2 DM)

– Gradually progressive reduction in eGFR

– Retinopathy (usually in type 1 DM)

• Some patients have low eGFR with no albuminuria

• CKD can develop in type 2 DM with no retinopathy 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Management of CKD

in DM 



Glucose control in CKD

 • Glucose control can reduce the risk or slow the

       progression of CKD

• A1c target is individualized:

         Generally: <7% 

        <8 % if limited life expectancy and if the risks

           of treatment outweighs the benefits  

• A1c accuracy may decrease with CKD stages 4,5

• Use home glucose if A1c levels appear unreliable

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
 ADA/KDIGO statement. Diabetes Care 2022 dci220027



Which DM

 medications have

 benefit in CKD?



SGLT-2i in DM & CKD
• Decreased progression of CKD, ASCVD risk and 

   heart failure in patients with type 2 DM & CKD

• Benefits seen in patients with & without albuminuria 

• The benefit is independent on glucose-lowering 

• The glucose-lowering efficacy is reduced when eGFR

    is <45

• Recommended if eGFR ≥20 independent of glycemia

• Do not start if eGFR <20

 

 
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246

ADA/KDIGO statement. Diabetes Care 2022 dci220027



Starting SGLT-2i in CKD

• A reversible decrease in eGFR can happen initially 

   after starting treatment

• Once started, it can be continued even if eGFR falls 

   to <20

• Stop if kidney replacement therapy (dialysis) or 

    transplantation is performed  

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
ADA/KDIGO statement. Diabetes Care 2022 dci220027



GLP-1 RA in CKD
• Semaglutide slowed reduction of eGFR,  CV events,

   and kidney-related and CV-related death

• Dulaglutide, Liraglutide:  progression of albuminuria

• No dose adjustment is needed for Semaglutide, 

   Liraglutide and Dulaglutide 

• Exenatide is not recommended if eGFR <30

• GLP-1RA can be started or continued in patients on

   dialysis

 

 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
FLOW trial. N Eng J Med  2024 ;391:109 



DM medications & CKD



Metformin & the kidneys

• If eGFR 30-44: 

         - Reduce the dose to 1000 mg/day

         - Assess benefits & risks to continue or stop 

• If eGFR 45-59:

      - Reduce the dose to 1000 mg/day if high risk for

            lactic acidosis (conditions leading to hypoxemia

            & hypoperfusion) 

• Stop if eGFR <30

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
ADA/KDIGO statement. Diabetes Care 2022 dci220027



DPP-4i & the kidneys

 Sitagliptin:

       • eGFR 30-44: ↓ dose to 50 mg qd

       •  eGFR <30: ↓ dose to 25 mg qd

 Vildagliptin:

       • eGFR <50: ↓ dose to 50 mg daily if

     Saxagliptin: 

       • eGFR<45 : ↓ dose is 2.5 mg qd

 Linagliptin:

     • No dose adjustment needed (5 mg qd)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
www.fda.org; www.ema.europa.eu 

http://www.fda.org/
http://www.ema.europa.eu/


DM medications in CKD

 Sulfonylureas:

         • Glibenclamide is not recommended

          • Gliclazide, Glimepiride: use carefully (hypoglycemia)

 Piolglitazone: 

      • Is not recommended (fluid retention)

 Insulin: 

     • Is commonly used 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



ADA guidelines. Diabetes Care 2026;49 (suppl 1):S246; ADA/KDIGO statement. Diabetes Care 2022 dci220027

Progression of CKD Use/Dosing

Neutral

Sulfonylurea

DPP-4i

GLP-1RA

SGLT-2i

Pioglitazone

Insulin

Metformin

Neutral

Neutral

Neutral

Neutral

Stop if eGFR <30

Benefit
SC Semaglutide: best outcomes

Dula, Lira:  albuminuria 

Glibenclamide (Glyburide): not recommended

Gliclazide, Glimepiride: use carefully

Need dose adjustment 
except linagliptin

Dula, Lira & Sema: no dose adjustment 

  Exenatide: not recommended if eGFR <30

                   Benefit
        (Cana, Dapa, Empagliflozin)

 

Do not start if eGFR<20 

No dose adjustment is needed

Not recommended due to fluid retention

Lower doses required 



Management of CKD in DM

• ACEI or ARB is recommended for albuminuria (UACR

   ≥30 mg/g) or eGFR <60  to prevent the progression 

   of kidney disease and reduce cardiovascular events

• Use ACEI or ARB at maximally tolerated dose

• If one class is not tolerated, the other should be

   substituted

• Blood pressure control can reduce the risk or slow the

   progression of CKD

• Blood pressure target is <130/80

• A target systolic BP of <120 should be encouraged  

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Monitoring after starting 
therapy for CKD 

• Check serum creatinine 1-2 weeks after starting or

  adjusting dose and periodically when using ACEI, ARB

  and MRA 

• Serum creatinine may increase (usually by ≤30%) after 

  starting ACEI or ARB. Continue treatment in such cases 

• Monitor serum creatinine, eGFR and serum potassium

  periodically when ACEI, ARB or MRA are used

• Monitor serum potassium 1-2 weeks after starting or

   adjusting dose and periodically when using diuretics 

 
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Management of CKD in DM

• In patients with UACR ≥300 mg/g, a reduction of

   ≥30% in urinary albumin is recommended to slow 

   CKD progression 

• Patients with UACR ≥300 mg/g or eGFR <60 should 

   be monitored 1-4 times annually depending on the

   CKD stage

• The combination of ACEI & ARB is not recommended

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Management of CKD in DM

• Finerenone (a nonsteroidal mineralocorticoid receptor

    antagonist) is recommended for DM with CKD 

• Finerenone is shown to reduce CKD progression,

   myocardial infarction, cardiovascular mortality, and

   heart failure hospitalization 

• Finerenone can be used if eGFR is ≥25 

• Simultaneous initiation of SGLT2 inhibitor and  
finerenone can be considered in type 2 DM, UACR ≥100 
mg/g with eGFR 30-90 on RAS inhibitor due to evidence 
of safety and beneficial effects on albuminuria

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Management of CKD in DM

• Lifestyle changes:

– Diet

– Physical activity 

– Smoking cessation 

• Statins:

– ↓ Cardiovascular events  

• ACEI & ARB are not recommended for the primary

   prevention of CKD in DM (normal B.P. & normal UACR)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Interventions that 
decrease albuminuria 

• Blood glucose control

• Blood pressure control 

• Treatment with ACEI or ARB

• Smoking cessation 

• Dietary changes (decreased salt intake or protein intake)

• Physical activity 

• Treatment with SGLT-2i, MRA or GLP-1RA

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



CKD in type 1 DM
• Glucose control can reduce the risk or slow the

   progression of CKD

• Blood pressure control can reduce the risk or slow the

   progression of CKD

• Use ACEI or ARB (maximally tolerated dose) for

   albuminuria or eGFR <60  

• No studies on SGLT-2i or GLP-1RA 

• No studies on Finerenone 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246
European Society of Cardiology. Eur Heart J 2023;44:4043



Management of CKD in DM

• For patients with CKD stage 3 or higher not on dialysis:

– Protein intake of 0.8 gram/kg/day is recommended

– This is the same as for the general population 

• For patients on dialysis:

–  Protein intake of 1-2 grams/kg/day is recommended 

–  This is because of protein energy wasting 

   

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



Primary prevention of 
CKD in DM

• The only proven primary prevention for CKD in patients

    with DM is glucose control 

• No evidence that ACEI or ARB prevent CKD in the

   absence of hypertension or albuminuria   

• Other medications also have not shown a role in primary

   prevention of CKD in DM 

   
American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



When to refer patients
 to a nephrologist?

1) The presence of conditions that suggest an alternative 

    cause other than diabetes or additional cause such as:

• Type 1 diabetes for < 5 years 

• Chronically well-controlled glucose  

• Active urinary sediment (red blood cells or cellular casts)

• Rapidly increasing or very high UACR (>300 mg/g)

   or urine protein/creatinine (>500 mg/g)

• Rapidly decreasing eGFR

• The absence of retinopathy in type 1 diabetes

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246



When to refer patients
 to a nephrologist?

2) Advanced kidney disease (eGFR <30) 

3) Rapidly progressive kidney disease 

4) Difficult management issues (anemia, secondary

    hyperparathyroidism, metabolic bone disease, significant 

    increases in albuminuria in spite of good blood pressure 

    control, metabolic bone disease, resistant hypertension,  

    or electrolyte disturbance)

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S246





Effect of DM on the retina

• Continuously high sugars can damage the blood vessels

    supplying the retina in 3 main stages:

    1) Background retinopathy:

– Microaneurysms (small bulges develop in the 

    blood vessels) which can bleed

  • This is common 

  • It does not affect vision

  • No treatment is needed 

  • Alarming sign: to prevent worsening  



Effect of DM on the retina

2) Non-proliferative (pre-proliferative) retinopathy:

– More severe and widespread changes affect the

   blood vessels with more bleeding into the eye

• There's a high risk that 

   vision can be affected

• More frequent screening 

   appointments are needed



Effect of DM on the retina

3) Proliferative retinopathy:

 – Scar tissue and new blood vessels which are weak 

    and bleed  easily, develop on the retina; this can 

    result in loss of vision

• There's a very high risk that vision can be lost  

• Urgent treatment to stabilize 

   the current vision 

• It is not possible to restore 

   any vision lost



Diabetes and the eyes

• Diabetic retinopathy is a major cause of blindness 

• There is increased risk of cataract & glaucoma

• Hypertension is a risk factor for macular edema

• Glucose control can reduce the risk or slow the 

   progression of diabetic retinopathy

• Control of blood pressure and lipids reduce the risk or 

    slow the progression of diabetic retinopathy

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Screening for 
diabetic retinopathy

• Dilated & comprehensive eye examination by an
   ophthalmologist or optometrist 

• Time of screening:

     - Type 2 DM: at the time of diagnosis

    - Type 1 DM: 5 years after the diagnosis

• Frequency of screening:

     - If no retinopathy and glucose is controlled:  
            every 1-2 years 
     - More frequent if there is retinopathy 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Screening for 
diabetic retinopathy

• Using retinal photography (with remote reading 

   or use of a validated assessment tool) or FDA-

   approved artificial intelligence algorithms for  

   diabetic retinopathy screening are appropriate

• Such programs need to provide pathways for

    timely referral for a comprehensive eye

    examination when indicated

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Screening for 
diabetic retinopathy

• Eye examination should be performed before 

   pregnancy or in the first trimester in patients with

   preexisting type 1 or type 2 diabetes, and then patients

   should be monitored every trimester and for 1 year

   postpartum as indicated by the degree of retinopathy

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Management of
 diabetic retinopathy

• Glucose control

• BP control

• Lipid control 

• The presence of retinopathy is not a contraindication 

    to aspirin therapy 

 - Aspirin does not increase the risk of retinal hemorrhage

 American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S261



Can complications of diabetes 

be prevented?



DCCT
Diabetes Control and Complication Trial

• Can tight glucose control affect complications?

• Study started in 1977

• 1441 patients with type 1 DM 

• Divided into 2 groups

Conventional therapy

(insulin 2 injections/day)

Intensive therapy
(insulin 3-4 injections/day 

or insulin pump)



Results of DCCT 

Conventional therapy

Mean A1c = 9% 

Intensive therapy

Mean A1c = 7.2%

DCCT Research Group. N Engl J Med 1993;329:977.



Effect of intensive 
glucose control in DCCT 

63 %       

Retinopathy

54 % 

Nephropathy
60 % 

Neuropathy

DCCT Research Group. N Engl J Med 1993;329:977.



Years

0.02

0.04

0.06

0.08

Conventional therapy

0

0 2 4 6 8 10 12 14 16 18

C
u

m
u

la
ti

v
e
 i

n
ci

d
en

c
e 

o
f 

M
I,

 

st
ro

k
e
, 
C

V
D

 d
e
at

h

P<0.001

Intensive therapy

Type 1 DM and 
cardiovascular disease

DCCT/EDIC Study Research Group. N Engl J Med  2005;353:2643

• The intensive group had 57% less risk of: 

 • Myocardial infarction

  • Stroke 

  • Death from CVD



How about type 2 DM?



UKPDS
(United Kingdom Prospective Diabetes 

Study)

• Glucose control & complications in type 2 DM

• 5102 patients with type 2 DM 

• Divided into 2 groups

• Titration: diet then oral drugs then insulin 

Conventional therapy

(usual care)

achieved mean A1c 7.9% 

Intensive therapy

(aimed at normal levels)

achieved mean A1c 7.0%



Results of  UKPDS

14%  

Myocardial 

infarction

12% 

Stroke

37% 

Microvascular

     disease 

(kidney, eye, nerve)

21% 
        Mortality

Stratton IM, et al. BMJ  2000;321:405

Effect of  HbA1c by 1% resulted in:

43% 

Amputations



UKPDS: 
further follow up

24%       

Microvascular 

disease 

15-33%  

Myocardial 

infarction

13-27% 
Mortality

Lind M, et al. Diabetes Care 2021;44(10):2231



Goals in diabetes

Prevent complications 

     (Primary prevention) 

Treat complications & prevent recurrence

      (Secondary prevention)
 



• Diabetes causes micro- & macrovascular complications 

 • Macrovascular complications: cardiovascular disease, 

   stroke, and peripheral artery disease 

 • Microvascular complications: retinopathy, chronic kidney

   disease, and neuropathy

 • Glucose control can reduce the risk of complications 

 •  Screening for complications is vital 

Summary
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