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Abstract: Painful diabetic peripheral neuropathy (PDPN) is present in nearly a quarter of people with diabetes. It is estimated to 
affect over 100 million people worldwide. PDPN is associated with impaired daily functioning, depression, sleep disturbance, financial 
instability, and a decreased quality of life. Despite its high prevalence and significant health burden, it remains an underdiagnosed and 
undertreated condition. PDPN is a complex pain phenomenon with the experience of pain associated with and exacerbated by poor 
sleep and low mood. A holistic approach to patient-centred care alongside the pharmacological therapy is required to maximise benefit. 
A key treatment challenge is managing patient expectation, as a good outcome from treatment is defined as a reduction in pain of 30– 
50%, with a complete pain-free outcome being rare. The future for the treatment of PDPN holds promise, despite a 20-year void in the 
licensing of new analgesic agents for neuropathic pain. There are over 50 new molecular entities reaching clinical development and 
several demonstrating benefit in early-stage clinical trials. We review the current approaches to its diagnosis, the tools, and 
questionnaires available to clinicians, international guidance on PDPN management, and existing pharmacological and non- 
pharmacological treatment options. We synthesise evidence and the guidance from the American Association of Clinical 
Endocrinology, American Academy of Neurology, American Diabetes Association, Diabetes Canada, German Diabetes Association, 
and the International Diabetes Federation into a practical guide to the treatment of PDPN and highlight the need for future research 
into mechanistic-based treatments in order to prioritise the development of personalised medicine. 
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Introduction
In 2021, the global prevalence of diabetes mellitus was estimated at 537 million and is expected to rise to 783 million by 2045.1 

Diabetic neuropathy affects up to 50% of patients with diabetes2,3 and refers to a heterogenous group of disorders which affect the 
nervous system leading to a range of clinical presentations.4 The most prevalent form is diabetic peripheral neuropathy (DPN), 
a symmetrical, length-dependent sensorimotor polyneuropathy.5 DPN typically presents in a “stocking and glove” distribution, 
beginning distally and moving proximally with disease progression, with lower-limb long axons being most vulnerable to 
damage.4 DPN may lead to neuropathic pain6 and is the largest initiating risk factor for foot ulceration and amputation.7 Painful 
DPN (PDPN) affects ~20–24% of patients with diabetes and leads to impaired daily functioning, depression, sleep disturbance, 
financial instability,8 and decreased quality of life (QoL).9 PDPN is characterised as burning, tingling, and electric shock-like 
sensation which may be accompanied by negative symptoms (numbness) or positive symptoms (paraesthesia, allodynia [pain 
sensitisation following normally non-painful stimulation] and hyperalgesia [abnormally increased sensitivity to pain]).4 PDPN is 
underdiagnosed and undertreated by healthcare professionals.10,11

Several challenges exist in the management of PDPN including lack of timely diagnosis, PDPN refractory to anti-neuropathic 
therapy, an absence of mechanistic-based treatment in routine clinical practice, and inconsistencies between international 
guidelines. In this narrative review, we discuss practical guidance and challenges for the clinical management of PDPN.
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Screening
The current screening for DPN relies on a combination of history and clinical neurological examination. According to the 
American Diabetes Association (ADA), individuals diagnosed with type 2 diabetes should have screening at the time of 
diagnosis, while individuals with type 1 diabetes should have screening 5 years post-diagnosis, followed by annual 
screening thereafter4 or whenever symptoms arise.12 Additionally, patients with prediabetes with DPN symptoms should 
be screened.4 Screening for DPN involves a detailed history and assessing small-fibre and large-fibre function through 
examination of temperature/pinprick sensation and vibration sensation (with a 128-Hz tuning fork), respectively. 
Examination with 10-g monofilament test should occur annually to assess their risk for foot ulceration and thus 
subsequent amputation. Additionally, the definition of screening, “a way of identifying apparently healthy people who 
may have an increased risk of a particular condition”,13 does not reflect the current clinical approach to DPN given the 
10-g monofilament and 128-Hz tuning fork only detect established and often advanced disease. In instances where the 
clinical presentation is atypical, eg, greater motor symptoms/signs, asymmetrical presentation, rapid onset and there is 
diagnostic uncertainty, and/or alternate causes are suspected, patients should be referred to a neurologist and for 
neurophysiological testing.4

In general, there is a paucity of screening and discussion for PDPN in routine clinical practice which has been clearly 
demonstrated in primary care studies.10,14 Current international guidelines provide little guidance on the screening and frequency 
of screening for PDPN. No recognised, dedicated screening programme exists, unlike with diabetic retinopathy, and PDPN is 
instead ascertained through opportunistic detection of clinical signs and symptoms or in diabetic foot screening. The latter of 
which utilises 10-g monofilament and/or 128-Hz tuning fork.

Diagnosis
Diagnosing DPN
Confirming the diagnosis of DPN requires objective measures in addition to clinical features. The Toronto Census criteria 
set out definitions for the minimum criteria required for DPN diagnoses including “possible DPN”: symptoms or signs of 
DPN; “probable DPN”: symptoms and signs of DPN, “confirmed DPN”: symptoms or signs of DPN and nerve 
conduction abnormality or abnormality of another validated measure of small-fibre neuropathy; and “subclinical 
DPN”: nerve conduction abnormality or abnormality of another validated measure of small-fibre neuropathy without 
symptoms or signs.5 Nerve conduction studies measure the function of large (β) fibres which are only affected in the 
latter stages of DPN. For instance, individuals may present with severe pain but normal nerve conduction studies. Skin 
biopsy has been considered the reference standard method to quantify small nerve fibres by an assessment of intra- 
epidermal nerve fibres.15 In vivo corneal confocal microscopy (CCM) is a non-invasive imaging technique which 
evaluates small nerve fibres through quantification of the corneal subbasal nerve plexus.16 The efficacy of CCM in 
DPN has been thoroughly investigated and has demonstrated good-to-excellent diagnostic ability17–20 particularly in 
combination with artificial intelligence deep learning techniques.19,21,22 Other sensitive tests for DPN include the 
Sudoscan test23 to determine electrochemical skin conductance, and the LDI-Flare technique24 which assesses the 
neurogenic flare response to nociceptive stimuli. However, in clinical practice, most diagnoses are based on only history 
and clinical neurological examination,4 with objective measures primarily used in patients with atypical presentations, 
specialist centres or in clinical research.25

Diagnosing PDPN
The IASP defines chronic peripheral neuropathic pain as “chronic pain caused by a lesion or disease of the peripheral 
somatosensory nervous system”.26 The diagnosis of PDPN is made clinically with symptoms and/or signs of neuropathic 
pain in a typical distribution. Tools and questionnaires are a valuable resource and facilitate accurate diagnosis of pain, 
determine the patient’s neuropathic pain phenotype, and assess the effects of pain on a patient’s daily functioning, mood, 
and QoL.
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Tools and Questionnaires
The “Douleur Neuropathique en 4 Questions” (DN4-Interview) is a validated screening tool which can be used in the 
diagnostic work-up of PDPN,27 consisting of 10 items divided into four questions. Questions 1 and 2 are interview 
questions, and questions 3 and 4 relate to physical examination. Each positive item scores a point, with the maximum 
score being 10. A score of 3 has a sensitivity and specificity of 84%, positive predictive value of 71%, and negative 
predictive value of 92% for diagnosing PDPN.27 The painDETECT questionnaire (PD-Q) can be used to determine the 
presence of neuropathic pain and has demonstrated a sensitivity of 85%, specificity of 80% and positive predictive value 
of 83%.28 The McGill Pain Questionnaire allows quantification of a patient’s subjective pain experience through a pain 
rating index assigned to word descriptors, the number of word descriptors chosen, and an intensity scale of the patient’s 
current pain.29

On diagnosing PDPN clinicians should also elicit the effect of the neuropathic pain on a patient’s daily functioning, 
QoL and sleep.12,30 The Brief Pain Inventory for patients with PDPN (BPI-DPN)31 can be used to assess pain 
interference on daily functioning, QoL and mood. The validated instrument includes a four-item pain severity scale 
and a seven-item pain interference scale. The Norfolk Quality of Life Questionnaire-Diabetic Neuropathy (QOL-DN) is 
another tool which can be utilised to determine the effects of pain on a patients’ QoL.32 Additional questionnaires include 
the Chronic Pain Sleep Inventory (CPSI) which can be utilised to assess the effect of chronic pain on a patient’s quality 
of sleep33; the inventory for measuring depression created by Beck et al to enable quantitative assessment of the intensity 
of a patient’s depression34; and the EQ-5D questionnaire which can be employed to evaluate a patient’s level of mobility, 
self-care, ability to engage in usual activities, as well as their experience of discomfort, pain, anxiety, and depression.35

Autonomic Neuropathy
The relationship between PDPN and autonomic dysfunction has been investigated in several studies, with inconsistent 
findings reported. While some studies have demonstrated greater autonomic dysfunction in people with PDPN compared 
to those with painless DPN,36–38 other studies have found no clear association between PDPN and autonomic 
neuropathy.39,40 Further research is necessary to fully understand the relationship between symptoms in DPN and 
autonomic neuropathy, with an association providing another potential practical tool for physicians to use in diagnosis.

Differential Diagnoses
The clinical history, examination and biochemical tests are required to exclude other causes of small fibre neuropathy 
such as vitamin B12 deficiency, alcohol-related neuropathy, genetic neuropathies, hypothyroidism, paraproteinemias, 
neoplasia, amyloidosis, peripheral arterial disease, and neurotoxic drugs (eg, chemotherapy and HIV treatments).25,41 

A recent International Diabetes Federation consensus recommendation advised for the assessment of vitamin B12, serum 
protein electrophoresis, liver function tests, thyroid function tests, vitamin D, estimated glomerular filtration rate (eGFR), 
and magnesium levels.41 Patients with either type 1 or type 2 diabetes have a propensity for vitamin B12 deficiency often 
due to malabsorption and drug effect (metformin), respectively. An inverse correlation between DPN and the plasma 
level of vitamin B12 has been previously demonstrated.42 B vitamin deficiencies are highly prevalent in low-income 
countries with deficiencies in B1, B6 and B12 all potentially presenting with neurological manifestations.43 If 
a deficiency is demonstrated in B1, B6, or B12, replacement should be given to rectify neurological manifestations 
which may account for the patient’s symptoms.

Additional differentials for PDPN include Morton’s neuroma, radiculopathy, entrapment neuropathy (eg, carpal tunnel 
syndrome), and chronic inflammatory demyelinating polyneuropathy (CIDP). Rapid onset of symptoms presenting with 
muscular weakness should instigate nerve conduction studies to evaluate for CIDP. CIDP is potentially treatable with 
high-dose steroids, immunosuppressive and/or immunoglobulin therapy. Similarly, nerve conduction studies may 
demonstrate carpal tunnel syndrome in those presenting with greater symptomatology in the hands compared to the 
feet. Asymmetrical lower limb symptoms or signs may be a feature of (superimposed) lumbar radiculopathy (often 
accompanied by back pain) with MR spinal imaging helpful in the diagnostic paradigm.
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Treatment Goals and Strategies
Counselling the patient and managing expectations are key components in the physician–patient interaction. The treatment 
goals in managing PDPN include reduction in pain, improvement in daily functioning, QoL, sleep, and mood, with a focus on 
patient functioning rather than a sole quantitative assessment of pain intensity. Complete resolution in pain is rare, with 
a good outcome considered a 30–50% reduction in pain.44 Therefore, a treatment goal is to reduce rather than negate pain 
intensity, given that that complete resolution is rarely achieved.30 This aids in setting patients’ expectations in keeping with 
the expected efficacy of the available treatments.30 The 0–10 Numerical Rating Scale (NRS) is a scale designed to assist in 
evaluating a patient’s level of pain and response to treatment. The scores have the ability to classify the level of pain severity, 
with a score of 0 indicating no pain, 1–3 indicating mild pain, 4–6 indicating moderate pain, and 7–10 indicating severe 
pain.45 The visual analogue score (VAS) is a validated, subjective tool which can be used to assess pain intensity in patients 
with PDPN.46 The VAS is a self-reported rating scale that enables patients to rate the intensity of their pain on a continuous 
line, ranging from 0 (no pain) to 10 (worst possible pain).

Pain, daily functioning, mood, and sleep have several interactions. Pain can lead to impaired daily functioning, mood 
and sleep,9 meaning modification of pain can lead to improvements in each of these facets.44 In addition, pain perception 
can be influenced by mood and sleep.47,48 Treatment of mood and sleep interference in concurrence with treatments for 
pain may also reduce pain and improve QoL.

The treatment strategies for PDPN include prevention in progression of DPN through risk factor reduction and 
lifestyle modifications and symptomatic treatment through lifestyle modifications, non-pharmacological treatments, and 
primarily treatment with pharmacotherapy.

Risk Factor Reduction for DPN
Adequate glycaemic control delays the progression of DPN and onset of neuropathy in patients with type 1 diabetes.49–51 

However, there is insufficient evidence to demonstrate improved glycaemic control alone delays the progression of DPN 
in type 2 diabetes,52,53 but remains a key facet of multifactorial risk factor modification as recommended by the ADA.4 

Type 2 diabetes is a complex disease, and several factors may contribute to the lack of evidence on the impact of 
glycaemic control alone on the progression of DPN in this condition. Foremost, type 2 diabetes is a heterogenous 
condition in which glycaemia is a single facet of the pathogenesis of DPN. In addition, inflammation, hypertension, 
dyslipidaemia result in multifactorial pathogenesis of DPN and thus impacting on a single pathway, eg, glycaemia, may 
not alter the natural history of DPN in type 2 diabetes. The ADA recommends optimising glycaemic control in patients 
with type 1 and type 2 diabetes to delay progression of DPN.4 However, there are no robust evidence for improvement in 
glycaemic control modifying pain intensity in PDPN.12 Lipid control and lipid lowering therapies have been shown to 
have associations with the risk of developing DPN54–57 and a reduction in the progression of DPN,58,59 respectively. 
However, further prospective randomised trials are required to provide more robust data on the effects of lipid control 
and lipid lowering therapies on nerve fibre regeneration and improvement in neuropathy symptoms.60 Again, there is 
negligible evidence for lipid control or lipid lowering therapies to be used therapeutically in PDPN.12

Lifestyle Modifications
Regular aerobic and strengthening exercise have demonstrated reductions in neuropathic pain, improvements in small 
nerve fibres,61 and reductions in pain interference.62 Singleton et al utilized a similar protocol to the Diabetes Prevention 
Programme (DPP) (5–7% weight loss with diet and exercise) in patients with impaired glucose tolerance, demonstrating 
improvements in neuropathic pain and small nerve fibre density on skin biopsy.63

Non-Pharmacological Treatments
Several non-pharmacological treatments can be used in the management of PDPN including psychological therapy, 
acupuncture, dietary supplements, transcutaneous electrical nerve stimulation (TENS), frequency rhythmic electrical 
modulated system (FREMS), and spinal cord stimulation (SCS).64 Most non-pharmacological treatments have poor 
strength of evidence, apart from SCS, however may be considered in select patients.
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TENS and FREMS
TENS is a non-invasive treatment which applies an electrical current to nerve fibres through electrodes on the skin.65 It is theorised 
that a reduction in pain may be due to endogenous opioid release, gate control theory, and dilation of blood vessels.66 TENS has 
shown promise as a treatment in the management of PDPN; however, further large-scale prospective trials are needed.65 FREMS 
is another non-invasive treatment which applies series of electrical pulses through electrodes attached to a patient’s lower limbs.67 

Two RCTs have demonstrated improvements in pain with FREMS,68,69 with a recent pilot RCT study (The FREMSTOP Study) 
finding that FREMS could be integrated into the treatment algorithm for patients who have inadequate response to two classes of 
neuropathic pain medications, demonstrating reductions in pain and increased perceived impact of treatment by the patients.67

Spinal Cord Stimulation
SCS involves implantation of a pulse generator into the lower back which is connected to percutaneous leads which are 
placed in the epidural space.70 SCS can be conducted using low frequencies (LF-SCS, 10–100 Hz) or high frequencies 
(HF-SCS 1–10 kHz).71 Two RCTs have demonstrated that LF-SCS can significantly reduce pain in patients with PDPN 
and improve QoL.72–74 LF-SCS can cause paraesthesia which can be uncomfortable for patients.75 HF-SCS does not 
cause significant paraesthesia and a recent RCT from the US demonstrated significant reductions in pain (≥50% pain 
relief on VAS) and improvement in health-related QoL in patients with PDPN using 10 kHz SCS.70 6% of the 
participants experienced study-related adverse events including infection, wound dehiscence, and impaired healing 
with 2% requiring explantation.70 Another recent systematic review and network meta-analysis of SCS in PDPN 
concluded that SCS provides pain relief and health-related QoL improvements, with the relative benefits of LF-SCS 
vs HF-SCS remaining uncertain due to the current lack of head-to-head RCTs in the area.71

Monochromatic Infrared Energy
Monochromatic infrared energy (MIRE) has been studied as a potential treatment for PDPN. MIRE employs light with 
a wavelength of 890 nm, which is believed to penetrate the skin and promote tissue regeneration. Various studies have evaluated 
the efficacy of MIRE for PDPN with mixed findings. Two RCTs reported significant improvement in peripheral sensation with 
MIRE.76,77 However, a double-blind, randomized, sham-controlled trial reported no significant differences in quality of life 
(QoL), Michigan Neuropathy Screening Instrument (MNSI), vibration perception threshold (VPT), Semmes-Weinstein mono-
filaments (SWM), or nerve conduction velocities between MIRE and sham therapy for sensory neuropathy in DPN.78 Another 
randomized, sham-controlled study, specifically examining patients with PDPN, reported that while there was no change in 
intraepidermal nerve-fibre density with short-term MIRE use, there was a symptomatic benefit and an improvement in QoL.79

Psychological Therapy
In patients with comorbid psychological distress, psychological therapy can be utilised.80 Examples of psychological therapy 
include cognitive behavioural therapy (CBT), behavioural therapy, and acceptance and commitment therapy (ACT).81 An RCT 
pilot study assessing the use of CBT in patients with PDPN demonstrated significant decreases in pain severity and intensity in 
participants who received CBT versus treatment as usual.82 A Cochrane review demonstrated that CBT has a small or very small 
beneficial effect in the reduction of pain (moderate quality evidence), distress (moderate quality evidence), and disability (low- 
quality evidence) in patients with chronic pain.81 The evidence for behavioural therapy and ACT was very low-moderate quality, 
preventing conclusions being drawn on the benefits/lack of benefits of either.81

Pharmacotherapy
Guidelines
Several guidelines exist for pharmacotherapy management in PDPN4,12,30,41,83,84 and neuropathic pain in general.85–87 All 
guidelines recommend gabapentinoids (gabapentin, pregabalin), tricyclic antidepressants (amitriptyline), and serotonin and 
norepinephrine reuptake inhibitors (SNRIs) (duloxetine, venlafaxine) as suitable first-line treatments, except for Diabetes 
Canada (DC) which recommends pregabalin before the other agents.83 The American Academy of Neurology (AAN) recom-
mends sodium channel blockers, specifically carbamazepine, oxcarbazepine, lamotrigine, and lacosamide, as additional first-line 
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agents.30 However, these agents are not considered in all the guidelines. Valproate is recommended as a second-line agent in the 
Diabetes Canada guidelines83 and third-line in the AAN guidance,30 however both advise against its use in patients of 
a childbearing age. The SNRI/opioid dual-mechanism agents (tramadol, tapentadol) have varying recommendations within the 
guidelines. Several guidelines suggest using tramadol and tapentadol as second- or third-line agents.4,83,84 However, more recent 
guidance from the American Association of Clinical Endocrinology (AACE) and the AAN explicitly advise against the use of 
SNRI/opioid dual-mechanism agents in the management of PDPN.12,30 Similarly with opioids, the AACE and the AAN advise 
against their use in the management of PDPN,12,30 whereas the other guidelines recommend their use as second- or third-line 
agents.4,41,83,84 The capsaicin 8% patch is recommended as a first-line therapy by the AACE, the AAN, and the DDG 
guidance,12,30,84 third-line by the International Diabetes Federation (IDF) recommendations41 and not considered by ADA and 
Diabetes Canada guidelines.4,83 Lidocaine 5% infusion which is usually utilized in drug refractory PDPN was not considered by 
any of the guidelines,4,12,30,41,83,84 with the IDF guidance not recommending the lidocaine 5% patch.41 α-Lipoic acid was either 
not considered or not recommended by all the guidelines apart from the DDG guidelines in which recommended it as a first-line 
therapy.84

The pharmacotherapy recommendations from recent guidelines for the pharmacological management of PDPN are displayed 
in Table 1, including the guidelines from the American Association of Clinical Endocrinology (AACE), American Academy of 
Neurology (AAN), American Diabetes Association (ADA), Diabetes Canada (DC), German Diabetes Association (DDG), and 
International Diabetes Federation (IDF).

Pharmacotherapy Treatment Algorithm
Given the current international guidelines, physicians should offer a gabapentinoid, TCA, or duloxetine as the first-line 
treatment as a mono-pharmacotherapy (Figure 1). The ANN guidelines state in relation to TCAs, SNRIs, gabapentinoids, 

Table 1 Recent Guidelines for Pharmacotherapy of Painful Diabetic Peripheral Neuropathy

AACE (2022)12 AAN (2022)30 ADA (2017)4 DC (2018)83 DDG (2021)84 IDF (2022)41

Tricyclic antidepressants Amitriptyline 1 1 NR 2 1 1

Nortriptyline 1 1 1 – 1 1

SNRIs Duloxetine 1 1 1 2 1 1

Venlafaxine 1 1 1 2 – 1

Gabapentinoids Pregabalin 1 1 1 1 1 1

Gabapentin 1 1 1 2 1 1

Sodium channel blockers Carbamazepine – 1 – – – –

Oxcarbazepine – 1 – – – –

Lamotrigine – 1 – – – –

Valproate – 2 – 1 – –

Lacosamide – 1 – – – –

SNRI/opioid dual mechanism agents Tramadol NR NR 3 3 1 2

Tapentadol NR NR 3 3 – 3

Opioids NR NR 3 3 2 3

Capsaicin 8% patch 1 1 – – 1 3

Lidocaine 5% infusion – – – – – –

α-Lipoic acid – NR NR – 1 3

Notes: Key: 1 = first line, 2 = second line, 3 = third line, NR = not recommended, – = not considered. 
Abbreviations: AACE, American Association of Clinical Endocrinology; AAN, American Academy of Neurology; ADA, American Diabetes Association; DC, 
Diabetes Canada; DDG, German Diabetes Association; SNRIs, serotonin and norepinephrine reuptake inhibitors.
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Figure 1 Painful diabetic peripheral neuropathy treatment algorithm. 
Notes: *Pregabalin is preferred due to pre-dosing regimen being available. **Tramadol can be utilised for breakthrough pain in addition to pregabalin for patients with severe 
pain at presentation. 
Abbreviations: SNRI, serotonin and norepinephrine reuptake inhibitors; TCA, tricyclic antidepressant.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S370050                                                                                                                                                                                                                       

DovePress                                                                                                                       
1601

Dovepress                                                                                                                                                         Preston et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and sodium channel blockers that “the best estimates of the effect sizes and the corresponding confidence intervals are 
comparable for all of these drug classes, which makes recommendations for one over another difficult”.30 Therefore, the 
choice of first-line treatment depends on the contraindications and comorbidities of the patients. Gabapentinoids may be 
avoided in patients with peripheral oedema and/or heart failure. TCAs are cautioned or contraindicated in patients with 
cardiovascular disease including arrhythmias and ischaemic heart disease. Duloxetine is cautioned with co-existing GI 
symptoms, eg, nausea, bloating and dizziness as these symptoms may be exacerbated. Additional considerations need to 
be made for potential drug–disease interactions, eg, dose adjustments for renal impairment. Generally, for all therapies, 
clinicians should start at the lowest dose and titrate to the maximum tolerated dose usually over 2–4 weeks if necessary. 
For individuals with severe pain at presentation, rapid dose titration of pregabalin (increase in dose by every 3–5 days) 
with tramadol PRN for breakthrough pain may be considered.

Certain first-line treatments may be preferred in certain sets of patients. For instance, TCAs and SNRIs in patients 
with depression; gabapentinoids and TCAs with dose adjustments may be preferred in patients with severe renal 
insufficiency; SNRIs in patients with obesity; gabapentinoids and SNRIs in patients with ischaemic heart disease; and 
gabapentinoids in patients with liver failure.41

Inadequate Response/Partial Efficacy
In keeping with the AAN, we define 1) a lack of efficacy, when significant pain reduction is not achieved after titration to 
an effective dose and duration; 2) intolerability, when the adverse effects caused by a medication outweigh the 
symptomatic benefit; and 3) a failure, when the medication is either ineffective after 12 weeks or intolerable at any 
duration.30

In the event of failure of mono-pharmacotherapy, the therapy should be discontinued and switched to an alternative 
treatment of a different class with subsequent adequate dose titration. If the monotherapy has partial efficacy, then an 
additional first-line treatment should be commenced as combination pharmacotherapy, after considerations of contra-
indications, comorbidities, and potential drug-disease/drug-drug interactions. Possible combination pharmacotherapy 
includes the addition of a gabapentinoid to a TCA or an SNRI, or the addition of a TCA or SNRI to a gabapentinoid. 
The combination of a TCA and an SNRI is usually avoided given the risk of serotonin syndrome, especially at 
concomitant high doses of each drug.

Tramadol can be used as a second-line analgesic treatment but should only be used in the short term whenever 
possible.41 Tapentadol may be utilised as an alternative to tramadol, particularly where there is a lack of efficacy or 
availability.41 If a combination pharmacotherapy is intolerable, it may be switched to an alternative combination therapy. 
If the combination therapy is found to provide inadequate pain relief, a third-line treatment such as the capsaicin 8% 
patch, the lidocaine 5% patch, or tramadol may be considered.

Gabapentinoids
Pregabalin and gabapentin belong to the class of α2δ ligands that exhibit high-affinity binding to the α2δ protein subunit 
of voltage-gated calcium channels.88 The α2δ proteins are predominantly expressed in the central nervous system (brain 
and spinal cord) and modulation of these channels induces a reduction in the release of excitatory neurotransmitters via 
a decrease in the exocytosis of synaptic vesicles and inhibition of their diffusion into the synaptic cleft.89 Pregabalin90–96 

and gabapentin92–94,97 are a first line in the treatment of PDPN, with pregabalin having FDA regulatory approval. The 
initial dose of pregabalin is 25–75 mg twice or three times per day, which can be titrated to a maximum dose of 300 mg 
twice per day (if creatinine clearance [CrCl] is less than 60 mL/min a dose reduction is necessary).88 Common adverse 
events of pregabalin include weight gain, peripheral oedema, dizziness, somnolence, and headache.41 The initial dose of 
gabapentin is 100–300 mg three times per day, which can be titrated to a maximum dose of 1200 mg three times per day 
(if CrCl is less than 60 mL/min a dose reduction is necessary).88 Common adverse events of gabapentin include 
dizziness, fatigue, somnolence, ataxia, viral infections, and fever.41 Gabapentinoids should be used with caution in 
patients with peripheral oedema, heart failure, a history of substance misuse and the elderly and are contraindicated in 
pregnancy.88
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Tricyclic Antidepressants
TCAs operate by inhibiting the reuptake of noradrenaline and serotonin from the synaptic cleft of the central descending 
pain modulatory systems.98 In addition, TCAs exhibit antagonistic effects on opioid and N-methyl-D-aspartate (NMDA) 
receptors.99 However, there are some data which demonstrate that TCAs may also modulate the opioidergic system.100 

Amitriptyline92,101 is the most widely used TCA in PDPN as a first-line treatment. The initial dose of amitriptyline is 10– 
25 mg once per day in the evening, which can be titrated to a maximum dose of 75 mg once per day in the evening.88 In 
the elderly, titration should be carried out slowly, and doses above 100 mg should be avoided.41 The efficacy of 
nortriptyline in comparison to amitriptyline, as indicated by the number needed to treat for an additional beneficial 
outcome, has been found to be superior.102 However, the reliability of the evidence supporting this claim was questioned 
by the Cochrane review due to its methodological limitations, such as small sample size and potential bias.102 Common 
adverse events with the use of TCAs include dizziness, drowsiness, somnolence, headaches, dry mouth, nausea, 
constipation, orthostatic hypotension, and arrhythmias.41 TCAs should be used with caution in the elderly and in 
pregnancy, and are contraindicated in severe hepatic impairment, cardiovascular disease such as arrhythmias, patients 
with urinary retention, constipation, or orthostatic hypotension, and patients taking monoamine oxidase inhibitors.88

Serotonin and Norepinephrine Reuptake Inhibitors
Duloxetine and venlafaxine are SNRIs which work through inhibiting serotonin and noradrenaline uptake, enhancing the 
descending inhibition of centrally sensitized pain. Duloxetine91–96,101,103 and venlafaxine91,92,94,96,101 are used as first- 
line treatments for PDPN, with only duloxetine having FDA regulatory approval. The initial dose of duloxetine is 30– 
60 mg as one or two daily divided dosages, which can be titrated to a maximum dose of 120 mg as one or two daily 
divided dosages.88 Common adverse events include nausea, somnolence, headaches, and dry mouth.41 SNRIs are 
cautioned in patients with cardiovascular disease, bleeding disorders, mania, seizures, and raised intraocular pressure, 
and absolutely contraindicated in severe hepatic impairment, renal impairment with a CrCl <30 mL/min, pregnancy, 
breastfeeding, patients with uncontrolled hypertension, and patients taking monoamine oxidase inhibitors.88

Topical Treatments
The capsaicin 8% patch is a topical analgesic therapy that works through binding to the transient receptor potential 
vanilloid 1 (TRPV1) receptor, desensitizing and interfering with its function within pain signalling through depletion of 
substance P.104 The FDA and European Medicines Agency have approved the capsaicin 8% patch for the treatment of 
PDPN based on the evidence of two large-scale RCTs105,106 and is recommended as a third line treatment by the IDF if 
combination therapy is found to be inadequate at providing pain control.41 The patch is applied over 30 minutes to the 
feet and can provide pain relief for weeks-to-months.107,108 Common adverse events include application site pain and 
erythema, burning sensation, and extremity pain.88 A recent study found that the capsaicin 8% patch can provide pain 
relief and improvement in function through nerve regeneration in both DPN and PDPN.107

The lidocaine 5% patch decreases pain impulses through antagonising voltage-gated sodium channels and membrane 
stabilisation of small nerve fibres.98 The lidocaine 5% patch has been studied in several open-label studies in PDPN,109 

neuropathic pain,110 and post-herpetic neuralgia,111 demonstrating improvements in pain and QoL. The Cochrane review 
on the use of topical lidocaine in neuropathic pain concluded that there was a lack of good-quality RCTs to support its 
use, but that individual studies and clinical experience supported its efficacy and use in certain patients.112 Nitric oxide 
donors, isosorbide mononitrate spray or glyceryl trinitrate patches have demonstrated efficacy in the treatment of PDPN 
in small open label or randomisedcontrolled trials. GTN patches may be used in combination with lidocaine 5% patch (12 
hour application of each therapy) providing another topical therapy, which may be useful in patients who have had 
minimal/partial benefit or adverse events from 1st and 2nd line oral pharmacotherpy, or in where oral pharmacotherapy 
options are limted e.g. in CKD stage 4/5.113–115
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SNRI/Opioid Dual Mechanism Agents and Opioids
Tramadol and tapentadol are SNRI/opioid dual-mechanism agents which work through blocking μ opioid receptors and 
inhibiting the reuptake of serotonin and noradrenaline at the spinal cord.98 Tramadol91,94,96 is recommended as a second- 
line analgesic treatment in PDPN by the IDF.41 The initial dose of tramadol is 50–100 mg four times per day, which can 
be titrated to a maximum dose of 400 mg in divided dosages over the day (if renal impairment is present a dose reduction 
is necessary).88 Nausea, vertigo, dizziness, headache, somnolence, and constipation are common adverse events.41,88 The 
IDF advises that tramadol should only be used in the short term whenever possible and that tapentadol can be used if 
tramadol is ineffective or unavailable.41 The initial dose of tapentadol (immediate-release) is 50 mg every 4–6 hours, 
which can be titrated to a maximum dose of 600 mg in divided dosages over the day.88 The initial dose of tapentadol 
(modified-release) is 50 mg every 12 hours, with a maximum dose titration of 500 mg in divided over the day. Common 
adverse effects of tapentadol include nausea, emesis, vertigo, dizziness, headache, and somnolence.41 SNRI/opioid dual- 
mechanism agents should be used with caution in hypotension, impaired respiratory function, seizure disorders, 
concomitant use of medications, eg, duloxetine, venlafaxine, which lower the seizure threshold or increase the risk of 
serotonin syndrome, and the elderly, and are contraindicated in severe hepatic impairment, pregnancy and 
breastfeeding.88

Oxycodone is a strong opioid that works through blocking μ opioid receptors. Oxycodone92,94,116 can be used in the 
treatment of PDPN with the IDF advising that strong opioids may be utilised as a third-line treatment for PDPN if 
combination therapy is found to be inadequate at providing pain control.41 We recommend that opiates use should be 
avoided unless other first- and second-line treatment therapies have failed. The initial dose of oxycodone is 10–20 mg in 
divided dosages over the day, which can be titrated to a maintenance dose of 20–50 mg in divided dosages over the day.41 

Frequently observed adverse effects of opioids include drowsiness, nausea, emesis, constipation, and pruritus.88 The IDF 
advises assessing tolerance and the risk of abuse, misuse, and dependence prior to initiating treatment with opioids and 
regularly during follow-up, with treatment durations lasting over 3 months requiring regular re-evaluation.41

Maximum-Dose Monotherapy versus Standard Dose Combination Therapy
The COMBO-DM study aimed to assess the efficacy of maximum-dose monotherapy versus standard dose combination 
therapy, specifically assessing the gabapentinoid pregabalin and the SNRI duloxetine.117 The trial consisted of 804 
patients randomly assigned into 60 mg/day of duloxetine or 300 mg/day pregabalin. After the 8-week initial period, non- 
responders to the standard dose monotherapy or were treated with maximum-dose monotherapy (duloxetine 120mg/day 
or pregabalin 600mg/day) or combination therapy (duloxetine 60 mg/day and pregabalin 300 mg/day). After a further 8 
weeks, the results from the study demonstrated clinically relevant pain reduction in both groups but with no significant 
differences in neuropathic pain between maximum-dose monotherapy and standard dose combination therapy.117 The 
study demonstrated the feasibility of combination pharmacotherapy in the treatment of PDPN.

Maximum-Dose Monotherapy versus Maximum-Dose Combination Therapy
The recently published OPTION-DM study aimed to assess the benefits of combination therapy and if differences in 
efficacy exist between mono-pharmacotherapies and combination pharmacotherapies.118 Participants with PDPN were 
assigned to three treatment pathways: (1) amitriptyline mono-pharmacotherapy supplemented with pregabalin if required, 
(2) pregabalin mono-pharmacotherapy supplemented with amitriptyline if required, and (3) duloxetine mono- 
pharmacotherapy supplemented with pregabalin if required. The trial consisted of 130 patients randomly assigned into 
six groups, with each group receiving the three treatment pathways in different ordered sequences. Mono- 
pharmacotherapy lasted 6 weeks with titration to the maximum tolerable dose, carried on for a further 10 weeks if 
effective or supplemented with an additional treatment for 10 weeks if there was suboptimal pain relief, again titrated to 
the maximum tolerable dose. Following each treatment pathway, patients would commence a wash-out period before 
commencing the next treatment pathway. The study demonstrated three main findings. (1) The analgesic efficacy of first- 
line mono-pharmacotherapies (amitriptyline, duloxetine, pregabalin) were similarly efficacious. Pain relief (NRS ≤3) was 
demonstrated in around a third of patients in the trial. (2) Combination therapy was shown to provide additional pain 

https://doi.org/10.2147/DMSO.S370050                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 1604

Preston et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


relief and was well tolerated in patients with suboptimal pain relief on a mono-pharmacotherapy. (3) The analgesic 
efficacy of the various combination therapies (amitriptyline and pregabalin, pregabalin and amitriptyline, duloxetine and 
pregabalin) were also similarly efficacious. The study validated using combination therapy in patients who have had 
suboptimal pain relief on mono-pharmacotherapy. A recent NIHR HTA assessment concluded that the three treatment 
pathways appear to give comparable patient outcomes at similar costs, suggesting that the optimal treatment may depend 
on patients’ preference in terms of side effects.119

Refractory PDPN
Refractory PDPN is a common problem with patients failing to respond to first-line mono-pharmacotherapies and 
combination pharmacotherapies. In these cases, patient should be referred to a pain specialists and pain management 
services, an endocrinologist with pain expertise, or a neurologist with pain expertise. Further investigation may be 
indicated if there is doubt regarding the diagnosis in failing to respond to treatment. Several additional treatment options 
exist which can be utilised by specialist pain services in refractory PDPN such as lidocaine infusions, botulinum toxin, 
and spinal cord stimulation (SCS).88

The lidocaine infusion involves giving intravenous lidocaine to the patient over an hour, may provide pain relief in 
with chronic neuropathic pain.120,121 In an RCT of patients with refractory neuropathic pain demonstrated that a lidocaine 
infusion at 3 mg/kg administered over an hour demonstrated effective short-term pain relief, which became more 
pronounced following repeated infusions.121 Given the complexities of this therapy, its provision is only recommended 
in a specialist setting.

Mechanistic-Based Treatment
Understanding and underpinning the neurobiological processes of PDPN is paramount in the future exploitation of 
mechanism-based therapies to derive maximal analgesic response. Improving patient analgesia and developing 
a mechanism-based versus a disease-based therapeutic approach is a future requirement. However, there are some data 
on currently utilised pharmacotherapies in PDPN which demonstrates efficacy based on underlying pain mechanisms. 
Many of these studies have differentiated patients based on the irritable vs non-irritable nociceptor phenotype. In 1998, 
Fields et al postulated a mechanism-based therapy in post herpetic neuralgia (PHN) and the irritable nociceptor 
phenotype is considered to be a functionally abnormal but anatomically intact primary afferent nociceptor.122 Na 
(Nav) channel hyperexcitability are thought to be involved in irritable primary afferent nociceptors and provide an 
underpinning mechanism, associating it with symptoms and signs in the patient.

In a double-blind RCT of oxcarbazepine (Na channel antagonist), it was found to demonstrate greater efficacy in 
patients with the irritable (NNTB: 3.9; 95% CI 2.3–12) vs the non-irritable nociceptor phenotype (NNTB: 13; 95% CI 
5.3-∞) for the relief of peripheral neuropathic pain.123 Similarly, by the same group, a sub-analysis of a negative study of 
Lidocaine 5% patch (Na channel antagonist) in neuropathic pain demonstrated benefit only in the irritable nociceptor 
group with a reduction in pain paroxysms which are related to aberrant Na channel activity.124 These findings have been 
corroborated with a study of IV lidocaine.125 Another negative study of topical clonidine in PDPN demonstrated benefit 
in individuals with functional nociceptors (assessed through burning intensity on a capsaicin patch test) with the degree 
of nociceptor functionality positively associated with intraepidermal nerve fibre density.126 Hence, the evaluation of 
cutaneous nociceptor function could aid in discriminating suitable patients for topical therapy in the management of 
PDPN.126 Similarly, in an randomised crossover trial of pregabalin in prediabetic neuropathic pain, non-responders had 
lower intraepidermal nerve fibre density.127 Small nerve fibres and their functionality play a potentially important role in 
understanding drug therapeutic effects.

More recently, there has been a paradigm shift in the understanding of the pathomechanisms of DPN and PDPN with 
an established association with central nervous system pathology/neuroplasticity.128 Central mechanisms are important 
for the generation and maintenance of PDPN. Two studies have established that the efficiency of conditioned pain 
modulation (CPM) paradigm (a measure of diffuse noxious inhibitory control – descending inhibition) could determine 
response to tapentadol129 and duloxetine.130 Another putative measure of treatment response is the Hoffman’s (H) reflex 
dependent depression (HRDD). Impaired HRDD has been established in animal models of diabetes, and similarly 
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observed in patients with PDPN vs painless DPN.131 In a recently published study, it was observed that gabapentin can 
modify the diabetes-induced loss of RDD, indicating that RDD may serve as a useful predictor for the initial efficacy of 
gabapentin therapy in PDPN.132

Patient stratification according to their sensory phenotype (based on pain mechanisms) are a promising route to 
implementing personalised treatment in neuropathic pain.133 Classification of patients (retrospectively) based on their 
sensory phenotype has demonstrated predictive validity and reliability for treatment response in subclasses of individuals 
with neuropathic pain.133 This has been mirrored by recent prospective studies utilising sensory phenotype-based 
stratification to confirm this concept.133 We suggest that prospective studies of PDPN and neuropathic pain should 
undertake detailed sensory phenotyping at baseline to delineate putative subgroups that may benefit from the therapeutic 
intervention.

Novel Pharmacotherapies
Although various treatment options exist for managing PDPN, limitations of the current therapies often leave patients 
with no further options once the above treatment options have been exhausted. There is a substantial need for the 
development of novel pharmacotherapies. Regrettably, no novel analgesic pharmacotherapies have been approved by the 
FDA in the preceding two decades. Nevertheless, numerous incipient therapies have been developed and subsequently 
trialled in patients. These novel therapies may serve to transform the current landscape for neuropathic pain management, 
with at least 50 new molecular entities progressing to clinical development.134

Dextromethorphan, an NMDA receptor antagonist, has been assessed in Phase III clinical trials as a potential 
treatment for PDPN. However, its use as a monotherapy is limited due to rapid catabolism by hepatic cytochrome 
P4502D6, leading to restricted bioavailability. Therefore, co-administration of dextromethorphan with a potent P4502D6 
inhibitor such as Quinidine is necessary to achieve therapeutic efficacy.

A double-blind, placebo-controlled trial consisting of 379 participants was conducted to evaluate the efficacy and 
safety profile of two doses of dextromethorphan/quinidine (DMQ) - 45/30 mg and 30/30 mg. The results of the study 
demonstrated that DMQ was more effective than the placebo and the safety profile of DMQ was deemed to be 
adequate.135 In a phase III multicentre randomised trial involving 412 participants, the effectiveness of desvenlafaxine, 
the most potent metabolite of venlafaxine suggested to alleviate pain and improve activity, was investigated. The trial 
included two doses, namely 200 and 400 mg/day. The results indicated that desvenlafaxine exhibited improved efficacy 
compared to the placebo.136,137

A multicentre, placebo-controlled, randomized clinical trial was conducted on 183 patients with post-herpetic 
neuralgia to evaluate the efficacy of EMA401, which is an antagonist of the angiotensin II type 2 receptor (AR2). The 
trial was conducted over a period of 28 days, and the results demonstrated an improved efficacy of EMA401 compared to 
the placebo.138 Angiotensin 2 immunostaining has been shown in 75% of the small-to-medium diameter human dorsal 
root ganglia neurons and this molecule was found to be the primary ligand for AR2.139 Furthermore, it was observed that 
the signalling pathway mediated by angiotensin 2 and AR2 was effectively inhibited by EM401, thereby establishing 
a plausible mechanism for the efficacy of EM401 in treating neuropathic pain.139

ARA290, also known as Cibinetide, is a non-hematopoietic peptide of erythropoietin that selectively interacts with 
the innate repair receptor, thereby mediating tissue protection.140 Additionally, it acts as an antagonist of the TRPV1 
receptor, leading to both analgesic and disease-modifying effects.141 Studies have reported analgesic effects in indivi-
duals diagnosed with PDPN142 and sarcoid neuropathy.143

A randomized, placebo-controlled proof-of-concept trial evaluating the effectiveness of ISC 17536, a novel inhibitor 
of the TRPA1 pain receptor, failed to demonstrate significant efficacy in reducing neuropathic pain across the overall 
patient cohort diagnosed with PDPN.144 However, exploratory analysis identified a subpopulation of patients with 
preserved small nerve fibre function (defined by quantitative sensory testing) that exhibited statistically significant and 
clinically meaningful improvements in pain upon treatment with ISC 17536. Consequently, larger confirmatory trials are 
necessary to validate these observations.

Tanezumab, a monoclonal antibody that is fully humanized and functions as an anti-nerve growth factor (NGF), has been 
evaluated in a single reported study on DPN. In this study, a subcutaneous injection of 20 mg of tanezumab was administered 
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on day 1 and week 8. The findings of the study demonstrated a reduction in DPN-associated pain.145 However, it should be noted 
that no statistically significant improvement was observed in patients’ global assessment of pain.145

ATP-gated receptor channels P2X3 and P2X2/3 play a crucial role in pain transmission, by directly sensitizing C-fibres 
through membrane depolarization and calcium entry. Dysregulation of purinergic signalling, including alterations in the 
expression and function of these receptors, has been linked to pathological pain such as allodynia.146 A-317491, a P2X3 and 
P2X2/3 antagonist, and sinomenine, an inhibitor of P2X3 agonist ATP-activated currents, have both been studied in animal 
models,147,148 but require investigation in human trials.149 Topical agents may also have a role in the management of refractory 
neuropathic pain, with examples including topical clonidine,126 amitriptyline,150 ketamine151 and gabapentin gel.152

The existing literature provides growing evidence to support the hypothesis that vitamin D may play a role in the 
pathogenesis of long-term complications of diabetes, and also suggests that a deficiency in vitamin D levels may 
aggravate the symptoms associated with PDPN.153 Moreover, a meta-analysis comprising 1484 individuals with type 2 
diabetes confirmed a statistically significant association between serum levels of vitamin D3 and the incidence of 
DPN.154,155 In an open-label prospective study carried out in Pakistan, a single intramuscular dose of 600,000 IU of 
vitamin D3 was found to be efficacious in providing substantial pain relief in individuals with PDPN,156 while also 
resulting in a significant improvement in their QOL.157 There is a need for extensive and methodologically robust 
randomized controlled trials to determine the effectiveness of vitamin D supplementation in managing PDPN.

Conclusion
Several challenges exist in the management of PDPN. The condition is highly prevalent and is often underdiagnosed and 
undertreated. Achieving a complete resolution in pain is rare, with 30–50% reduction considered a good outcome. 
Additionally, the medications used often have a significant side effect burden requiring careful consideration of 
comorbidities and contraindications. Many patients do not respond to the primary pharmacotherapy and require a trial- 
and-error approach to anti-neuropathic pain therapy selection. Further research is required in developing mechanistic- 
based treatment to facilitate a move towards individualized pain management with a need for future clinical trials 
incorporating detailed pain phenotyping.
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