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Diabetic Neuropathy: Definition and Scope

▪ Diabetic neuropathies represent a heterogeneous group of disorders that

present with a wide range of clinical manifestations.

▪ Early recognition and appropriate management of neuropathy in individuals with

diabetes are essential to prevent complications and improve outcomes.

▪ Diabetic neuropathy is considered a diagnosis of exclusion, meaning other

potential causes of neuropathy must be ruled out.

▪ Nondiabetic neuropathies may coexist in individuals with diabetes and, in some

cases, may be treatable.







Clinical Importance of Diabetic Neuropathy

• Up to 50% of individuals with diabetic peripheral neuropathy (DPN) may be

asymptomatic.



Autonomic Neuropathy and Clinical Consequences

▪ Recognition and treatment of diabetic autonomic neuropathy may

improve symptoms, reduce complications, and enhance quality of life.

▪ Cardiovascular autonomic neuropathy (CAN) is a serious and potentially

life-threatening complication of diabetes.

▪ CAN may worsen existing cardiovascular disease and contribute to heart

failure and sudden cardiac death.



Screening Recommendations: General Principles

• All individuals with diabetes should be routinely assessed for diabetic neuropathy.

• Screening for diabetic peripheral neuropathy should begin at the time of diagnosis

for type 2 diabetes.

• Screening for diabetic peripheral neuropathy should begin 5 years after diagnosis

for type 1 diabetes.

• Neuropathy screening should be conducted at least annually thereafter.



Screening for Distal Symmetric Polyneuropathy

• Assessment should include a detailed medical history and a thorough neurological

examination.

• Small-fiber nerve function should be evaluated using temperature sensation or

pinprick testing.

• Large-fiber nerve function should be evaluated using vibration sensation with a 128-

Hz tuning fork.

• All individuals with diabetes should undergo annual 10-g monofilament testing to

identify feet at increased risk for ulceration and amputation.



Screening for Diabetic Autonomic Neuropathy

❖Individuals with type 2 diabetes should be assessed for autonomic neuropathy

starting at diagnosis.

❖Individuals with type 1 diabetes should be assessed for autonomic neuropathy

beginning 5 years after diagnosis.

❖Screening should be performed annually and in individuals with evidence of

other microvascular complications.

❖Symptoms to assess include orthostatic dizziness, syncope, early satiety,

erectile dysfunction, abnormal sweating, and dry or cracked skin.



Signs of Autonomic Neuropathy

➢Orthostatic hypotension may be present and should be evaluated

during physical examination.

➢Resting tachycardia may indicate cardiovascular autonomic

involvement.

➢Peripheral skin dryness or cracking may suggest impaired sudomotor

function.





Diagnosis of Diabetic Peripheral Neuropathy

✓All individuals with type 2 diabetes and those with type 1 diabetes for

at least 5 years should be assessed annually for DPN.

✓Diagnosis relies on medical history and simple clinical tests rather

than advanced imaging.

✓Symptoms and signs of DPN vary depending on the class of sensory

fibers involved.





Clinical Manifestations: Small-Fiber 
Neuropathy

▪ Early involvement of small nerve fibers typically causes neuropathic

pain.

▪ Patients may experience dysesthesia, which includes unpleasant

sensations such as burning and tingling.

▪ These symptoms often occur before objective sensory loss is

detected.



Clinical Manifestations: Large-Fiber 
Neuropathy

▪ Involvement of large nerve fibers may result in balance impairment and

an increased risk of falls.

▪ Patients may experience numbness and loss of protective sensation

(LOPS).

▪ LOPS significantly increases the risk of diabetic foot ulceration due to

unrecognized minor trauma.



Clinical Tests for Diabetic Peripheral Neuropathy

• Several simple bedside clinical tests can be used to assess small-fiber

and large-fiber nerve function.

• These tests are useful not only for screening but also for predicting

future risk of complications.

• Advanced diagnostic tests are usually not required unless the clinical

presentation is atypical or unclear.





Assessment of Small-Fiber Nerve Function

▪ Small-fiber nerve function can be evaluated using pinprick sensation

testing.

▪ Temperature sensation testing is another method used to assess

small-fiber involvement.

▪ Early small-fiber dysfunction is often responsible for pain and

dysesthesia in diabetic peripheral neuropathy.



Assessment of Large-Fiber Nerve 
Function

▪ Large-fiber nerve function can be evaluated by assessing vibration perception.

▪ A 128-Hz tuning fork is commonly used to test vibration sensation.

▪ Additional assessments include lower-extremity reflexes and proprioception.

▪ Large-fiber involvement contributes to balance problems and increased fall risk.



Assessment of Protective Sensation

➢Protective sensation is critical in preventing foot injuries and ulceration.

➢The 10-g monofilament test is the primary method for assessing loss of

protective sensation.

➢The Ipswich touch test is an alternative method used in some countries.

➢Loss of protective sensation significantly increases the risk of diabetic foot

ulcers.



When Advanced Testing Is Indicated

oElectrophysiological testing is rarely required in routine diagnosis.

oMRI of the spine or referral to a neurologist should be considered only in

atypical cases.

oAtypical features include acute or subacute onset, asymmetry, non–length-

dependent neuropathy, or predominant motor involvement.

oAdvanced testing is also considered when the diagnosis of diabetic

neuropathy is uncertain.



Excluding Other Causes of Neuropathy

✓In all individuals with diabetes and neuropathy, alternative causes should

be evaluated.

✓Toxins such as chronic alcohol use can cause neuropathy.

✓Neurotoxic medications, including chemotherapy agents, should be

considered.

✓Vitamin B12 deficiency, particularly in individuals treated long-term with

metformin, should be assessed.



Additional Non-Diabetic Causes of 
Neuropathy

o Other nutritional deficiencies, such as copper deficiency after metabolic surgery, may contribute

to neuropathy.

o Endocrine disorders including hypothyroidism can cause neuropathy.

o Chronic kidney disease is an important contributor to neuropathic symptoms.

o Malignancies such as multiple myeloma and bronchogenic carcinoma should be considered.

o Infections including HIV and hepatitis C may cause neuropathy.

o Autoimmune and inflammatory conditions such as chronic inflammatory demyelinating

polyneuropathy and vasculitis should be excluded.





Diabetic Autonomic Neuropathy: Overview

• Individuals with type 1 diabetes for at least 5 years and all individuals with

type 2 diabetes should be assessed annually for autonomic neuropathy.

• Symptoms and signs should be carefully elicited during history taking and

physical examination.

• Autonomic neuropathy affects multiple organ systems and has diverse

clinical manifestations.



Clinical Manifestations of Diabetic 
Autonomic Neuropathy

• Resting tachycardia is a common cardiovascular manifestation.

• Orthostatic hypotension may occur due to impaired autonomic regulation.

• Gastrointestinal manifestations include gastroparesis, constipation,

diarrhea, and fecal incontinence.

• Genitourinary manifestations include erectile dysfunction, neurogenic bladder,

and urinary retention.

• Sudomotor dysfunction may present as increased or decreased sweating.



Screening for Autonomic Neuropathy 
Symptoms

▪ Screening includes asking about dizziness, light-headedness, or weakness upon

standing.

▪ Syncope and exercise intolerance should be assessed.

▪ Gastrointestinal symptoms such as constipation and diarrhea should be

evaluated.

▪ Urinary symptoms including retention and incontinence should be assessed.

▪ Changes in sweating patterns should be documented.



Diagnostic Testing for Autonomic 
Neuropathy

▪ Further testing is guided by the organ system involved.

▪ Cardiovascular autonomic testing may be performed when symptoms are

present.

▪ Sweat testing may be used to evaluate sudomotor dysfunction.

▪ Urodynamic studies can assess bladder dysfunction.

▪ Gastric emptying studies, endoscopy, or colonoscopy may be indicated for

gastrointestinal symptoms.



Cardiovascular Autonomic Neuropathy 
(CAN): Overview

▪ Cardiovascular autonomic neuropathy is associated with increased

mortality independent of other cardiovascular risk factors.

▪ Early-stage CAN may be completely asymptomatic.

▪ Reduced heart rate variability with deep breathing is an early marker

of CAN.



Advanced Cardiovascular Autonomic 
Neuropathy

• Advanced CAN may present with resting tachycardia greater than 100 beats per

minute.

• Orthostatic hypotension is defined as a fall in systolic blood pressure greater than 20

mmHg or diastolic blood pressure greater than 10 mmHg upon standing.

• These changes occur without an appropriate compensatory increase in heart rate.

• Advanced CAN significantly increases the risk of cardiovascular events and mortality.



Gastrointestinal Neuropathies in Diabetes

▪Gastrointestinal neuropathies are a diagnosis of exclusion.

▪Medication-related adverse effects, such as those caused by

metformin or GLP-1–based therapies, must be considered.

▪Gastrointestinal neuropathy can affect any part of the gastrointestinal

tract.



Clinical Features of Gastrointestinal 
Neuropathy

➢Esophageal dysmotility may cause difficulty swallowing.

➢Gastroparesis can cause delayed gastric emptying and erratic glycemic

control.

➢Other manifestations include biliary dysfunction, constipation, diarrhea,

and fecal incontinence.

➢Gastroparesis should be suspected in individuals with unexplained upper

gastrointestinal symptoms.



Diagnosis of Diabetic Gastroparesis

• Diabetic gastroparesis should be suspected in individuals with erratic glycemic

control or unexplained upper gastrointestinal symptoms.

• Reversible and iatrogenic causes, including medications such as GLP-1 receptor

agonists and opioids, must be excluded.

• Organic causes such as gastric outlet obstruction or peptic ulcer disease should

be ruled out using endoscopy or imaging.

• Specialized diagnostic testing should only be considered after exclusion of these

conditions.



Diagnostic Tests for Gastroparesis

• The diagnostic gold standard for gastroparesis is gastric emptying scintigraphy.

• This test measures gastric emptying of digestible solid food at 15-minute intervals

over 4 hours.

• The 13C-octanoic acid breath test is an approved alternative diagnostic method.

• These tests confirm delayed gastric emptying in the absence of mechanical

obstruction.



Genitourinary Disturbances in Diabetic 
Autonomic Neuropathy

➢Diabetic autonomic neuropathy can cause significant genitourinary

dysfunction.

➢In men, manifestations include erectile dysfunction and retrograde

ejaculation.

➢Symptoms in women include decreased sexual desire, dyspareunia,

reduced arousal, and inadequate lubrication.



Bladder Dysfunction in Diabetes

▪ Lower urinary tract symptoms may include urinary urgency, frequency,

nocturia, and weak urinary stream.

▪ Urinary incontinence and urinary retention may also occur.

▪ Bladder dysfunction should be evaluated in individuals with recurrent

urinary tract infections or pyelonephritis.

▪ Evaluation is also indicated in individuals with incontinence or a palpable

bladder.



Treatment





Treatment Overview of Diabetic 
Neuropathy

• There is currently no specific treatment that reverses underlying nerve

damage in diabetes.

• Treatment strategies focus on prevention, symptom control, and slowing

disease progression.

• Optimal glycemic management plays a central role in neuropathy

prevention and progression.

• Management of modifiable risk factors is essential for comprehensive care.



Glycemic Management and Neuropathy 
Prevention

• Optimal glycemic control effectively prevents or delays diabetic peripheral

neuropathy and cardiovascular autonomic neuropathy in type 1 diabetes.

• In type 2 diabetes, optimal glycemic management modestly slows

neuropathy progression but does not reverse neuronal loss.

• Early implementation of glycemic control is critical for long-term benefit.

• Different glucose-lowering strategies may have varying effects on

neuropathy outcomes.



Evidence from Major Clinical Trials

• The BARI 2D trial showed a lower incidence of distal symmetric

polyneuropathy in participants treated with insulin sensitizers.

• This benefit was particularly observed in male participants.

• The ACCORD trial demonstrated benefits of intensive glucose and blood

pressure management in preventing cardiovascular autonomic neuropathy.

• These findings highlight the importance of comprehensive metabolic

control.



Weight Management and Neuropathy

• Obesity is consistently associated with neuropathy in both cross-sectional and

longitudinal studies.

• Weight loss may improve neuropathy symptoms, although objective examination

findings may not always improve.

• The Look AHEAD trial demonstrated symptom improvement with lifestyle-based

weight loss.

• Evidence from metabolic surgery suggests potential neuropathy improvement,

although randomized trials are limited.



Weight Loss Medications and Neuropathy

• Emerging evidence exists regarding weight loss medications and

neuropathy outcomes.

• Study results have been conflicting, and further research is needed.

• The potential benefits of GLP-1 receptor agonists on diabetic peripheral

neuropathy remain controversial.

• Altered skin sensation, including allodynia, has been reported with GLP-1–

based therapies.



Exercise and Neuropathy

• Exercise may contribute to modest weight loss and improve neuropathy

outcomes.

• Systematic reviews indicate improvement in neuropathy symptoms,

balance, and functional status.

• The overall strength of evidence supporting exercise interventions is low.

• Exercise should still be encouraged due to its broad metabolic and

cardiovascular benefits.



Lipid Management and Neuropathy

• Dyslipidemia is a major contributor to neuropathy development in type 2

diabetes.

• High triglyceride levels show the strongest association with neuropathy risk.

• The role of lipid abnormalities in type 1 diabetes is less clear but still relevant.

• Conventional lipid-lowering medications have not shown clear benefit in

preventing or treating neuropathy.



Blood Pressure Management and 
Neuropathy

• Hypertension is an independent risk factor for the development of diabetic

peripheral neuropathy.

• Meta-analyses show a significantly increased odds of neuropathy in individuals

with hypertension.

• Intensive blood pressure control reduces the risk of cardiovascular autonomic

neuropathy.

• Blood pressure management should be part of a comprehensive neuropathy

prevention strategy.



Neuropathic Pain: Clinical Impact

• Neuropathic pain can be severe and debilitating.

• Pain negatively affects sleep, mobility, mood, and overall quality of life.

• Neuropathic pain contributes to depression and anxiety in individuals with

diabetes.

• Effective pain management is essential for improving patient outcomes.



General Principles of Neuropathic Pain 
Management

• Glycemic or lifestyle interventions do not reliably relieve neuropathic pain.

• Pharmacologic therapy is the mainstay of treatment for painful diabetic

neuropathy.

• Initial management should address comorbid sleep and mood disorders.

• Combination therapy may be required when monotherapy is insufficient.



Recommended Pharmacologic Treatments

• Gabapentinoids are recommended as first-line therapy for painful diabetic

neuropathy.

• Serotonin–norepinephrine reuptake inhibitors are effective for

neuropathic pain.

• Tricyclic antidepressants are effective but may be limited by side effects.

• Sodium channel blockers may be considered in selected patients.







Gabapentinoids in Neuropathic Pain 
Management

• Gabapentinoids are calcium channel α2-δ subunit ligands used for neuropathic

pain.

• Pregabalin is supported by several high-quality and medium-quality clinical

studies for painful diabetic peripheral neuropathy.

• Gabapentin is supported by one high-quality study and multiple smaller studies.

• Mirogabalin has shown a modest effect on pain reduction in diabetic peripheral

neuropathy



Adverse Effects of Gabapentinoids

• Adverse effects are more common and severe in older adults.

• Common side effects include dizziness, somnolence, and peripheral edema.

• Starting at low doses and gradual dose titration can reduce adverse effects.

• Careful monitoring is required, particularly in elderly individuals.



Serotonin–Norepinephrine Reuptake 
Inhibitors (SNRIs)

• SNRIs include duloxetine, venlafaxine, and desvenlafaxine.

• Duloxetine is supported by multiple high-quality and medium-quality

studies for painful diabetic peripheral neuropathy.

• Venlafaxine has demonstrated efficacy in high-quality clinical trials.

• Desvenlafaxine has limited evidence supporting its use.



Adverse Effects of SNRIs

• Adverse effects may include nausea, dry mouth, dizziness, and hypertension.

• Older adults may experience more pronounced adverse events.

• Lower starting doses and slower titration can improve tolerability.

• Duloxetine requires monitoring for blood pressure and hepatic function.



Tricyclic Antidepressants (TCAs)

• Tricyclic antidepressants have been extensively studied for neuropathic

pain.

• Amitriptyline is the most commonly studied TCA in painful diabetic

neuropathy.

• Multiple high-quality and medium-quality studies support its effectiveness.

• TCAs may be limited by their side effect profile.



Adverse Effects of Tricyclic 
Antidepressants

• Anticholinergic side effects include dry mouth, constipation, urinary

retention, and blurred vision.

• TCAs may cause sedation and orthostatic hypotension.

• These side effects are particularly problematic in individuals aged 65

years or older.

• Dose limitations are often required due to tolerability concerns.



Sodium Channel Blockers

• Sodium channel blockers reduce neuronal excitability and pain transmission.

• Agents include lamotrigine, lacosamide, carbamazepine, oxcarbazepine, and

valproic acid.

• Several medium-quality studies support their use in painful diabetic neuropathy.

• These agents may be considered when first-line therapies are ineffective or

contraindicated.



Topical Capsaicin Therapy

• Capsaicin 8% patch is approved by the FDA for treatment of painful

diabetic peripheral neuropathy.

• High-quality clinical trials support its efficacy.

• Lower-concentration capsaicin cream has moderate evidence of benefit.

• Topical capsaicin is an option for individuals who cannot tolerate oral

medications.



Lidocaine 5% Patch

• Lidocaine patches have limited evidence supporting their use in

diabetic peripheral neuropathy.

• They may be useful for localized or nocturnal neuropathic foot pain.

• Lidocaine patches are not effective for widespread pain.

• Use should be limited to a maximum of 12 hours within a 24-hour

period.



Opioids in Neuropathic Pain

• Randomized controlled trials have shown opioids can reduce neuropathic pain.

• Evidence supporting long-term efficacy of opioids is lacking.

• Long-term opioid use is associated with significant risks including addiction and

mortality.

• Opioids are generally not recommended for painful diabetic neuropathy.



Tapentadol and Tramadol

• Tapentadol and tramadol act through opioid receptor agonism and monoamine

reuptake inhibition.

• These agents demonstrate analgesic effects in painful diabetic neuropathy.

• Their effect size is similar to that of SNRIs.

• Risks associated with opioid therapy outweigh potential benefits in most cases.



Orthostatic Hypotension: Treatment Goals

• The primary goal of treatment is reduction of postural symptoms.

• Restoration of normal blood pressure is not the primary objective.

• Management requires a combination of nonpharmacologic and pharmacologic

strategies.

• Individualized treatment plans are essential.



Nonpharmacologic Management of 
Orthostatic Hypotension

• Adequate salt and fluid intake should be ensured.

• Medications that worsen hypotension should be avoided.

• Compression garments over the legs and abdomen may improve symptoms.

• Physical activity should be encouraged to prevent deconditioning.



Pharmacologic Management of 
Orthostatic Hypotension

• Supine hypertension may require bedtime antihypertensive therapy.

• Short-acting agents such as clonidine or guanfacine may be used.

• Short-acting calcium channel blockers or beta blockers may be considered.

• Midodrine and droxidopa are FDA-approved therapies for orthostatic

hypotension.







Management of Diabetic Gastroparesis

• Dietary modification with small-particle meals may reduce symptoms.

• Foods with smaller particle size improve gastric emptying.

• Medications that impair gastrointestinal motility should be discontinued if

possible.

• Risk-benefit assessment is required before discontinuing GLP-1–based therapies.



Pharmacologic Therapy for Gastroparesis

• Metoclopramide is the only FDA-approved medication for gastroparesis.

• Evidence supporting its benefit is limited.

• Serious adverse effects include extrapyramidal symptoms and tardive dyskinesia.

• Use beyond 12 weeks is not recommended except in severe refractory cases.



Alternative Therapies for Gastroparesis

• Domperidone is available outside the United States.

• Erythromycin may be used short term due to tachyphylaxis.

• Gastric electrical stimulation has limited evidence of benefit.

• Current data do not support routine use of gastric stimulation in diabetic

gastroparesis.





Erectile Dysfunction in Diabetes

• Erectile dysfunction may result from diabetic autonomic neuropathy.

• Treatment includes phosphodiesterase type 5 inhibitors.

• Other options include intracavernosal prostaglandins and vacuum devices.

• Penile prostheses may be considered in refractory cases.









Foot Care: Importance in Diabetes

• Foot complications are common and serious in individuals with diabetes.

• Peripheral neuropathy, peripheral artery disease, and foot deformities contribute

to risk.

• Foot ulcers and infections are major causes of morbidity and mortality.

• Prevention and early intervention are critical.



Foot Care Screening Recommendations

• A comprehensive foot examination should be performed at least annually.

• High-risk individuals should have foot examinations at every clinical visit.

• Screening aims to identify risk factors for ulceration and amputation.

• Early detection can prevent severe outcomes.



Peripheral Artery Disease (PAD) in 
Diabetes

• Peripheral artery disease commonly coexists with diabetic neuropathy and

increases the risk of foot ulcers and amputations.

• Symptoms may be atypical or absent due to coexisting neuropathy.

• Reduced pedal pulses, claudication, and delayed wound healing suggest PAD.

• Early identification of PAD is essential for ulcer prevention.



Evaluation of Peripheral Artery Disease

• Vascular examination should include palpation of pedal pulses and inspection of

skin temperature and color.

• Ankle–brachial index testing is recommended when PAD is suspected.

• Toe–brachial index may be more accurate in individuals with arterial calcification.

• Vascular imaging is reserved for individuals being considered for

revascularization.



Loss of Protective Sensation and Foot Risk Stratification

• Loss of protective sensation is a major risk factor for diabetic foot ulceration.

• Monofilament testing is the primary screening tool.

• Risk stratification guides frequency of follow-up and preventive care.

• Individuals with prior ulcers or amputations are at highest risk.



Patient Education and Preventive Foot Care

• Daily self-inspection of the feet should be strongly encouraged.

• Patients should be educated on proper nail care and skin hygiene.

• Walking barefoot should be avoided at all times.

• Properly fitted footwear reduces the risk of skin breakdown and

ulceration.



Management of Diabetic Foot Ulcers (DFU)

• Management of diabetic foot ulcers requires a multidisciplinary

approach.

• Pressure offloading is essential for wound healing.

• Sharp debridement improves healing by removing necrotic tissue.

• Infection and ischemia must be promptly identified and treated.



Infection Management in DFU

• Clinical signs of infection include erythema, warmth, pain, and purulent

discharge.

• Deep tissue cultures are preferred over superficial swabs.

• Antibiotic therapy should be guided by severity and culture results.

• Osteomyelitis should be considered in chronic or deep ulcers



Advanced Wound Care Therapies

• Advanced wound therapies may be considered for nonhealing ulcers.

• Options include negative pressure wound therapy and biologic

dressings.

• Evidence for hyperbaric oxygen therapy is mixed.

• Advanced therapies should not replace basic wound care principles.



Revascularization in Diabetic Foot Disease

• Revascularization should be considered in individuals with critical limb ischemia.

• Both endovascular and surgical approaches may be used.

• Improved blood flow enhances wound healing and limb salvage.

• Decisions should be individualized based on anatomy and comorbidities.



Prevention of Recurrence and Long-Term Care

• Recurrence of foot ulcers is common without preventive strategies.

• Regular podiatric care reduces recurrence risk.

• Custom footwear and orthotics improve pressure distribution.

• Ongoing patient education is essential for long-term success.





Summary and Key Take-Home Messages

• Diabetic neuropathy is a common and serious complication of diabetes.

• Early screening and risk factor modification are essential.

• Symptom management improves quality of life but does not reverse nerve

damage.

• Multidisciplinary care is critical for preventing complications and amputations.
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