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Abstract:  

Diabetic peripheral neuropathy (DPN) is a common complication of diabetes that 

affects a large number of patients. DPN represent a paradox, at one extreme we 

can find patients with severe neuropathic pain but with minimal neurological 

deficit. At the other extreme are asymptomatic patients with insensate feet. Pain 

is very distressing symptom for the patient and also challenging for the treating 

physician.  Excluding other causes of pain is essential before attributing pain to 

neuropathy. Also Neuropathic pain could be due to causes other than 

diabetes.    Management of painful neuropathy should be more than just using 

pain alleviating modalities and a more comprehensive approach is needed.  We 

have to measure the severity of pain and its impact on quality of life.  The 

stability rather than the actual level of glycemic control may be more important 

in relieving neuropathic pain especially in its early stages. First line treatment for 

painful neuropathies are: Tricyclic antidepressant, Serotonin– noradrenalin 

reuptake inhibitors and Alpha-2-delta agonists.  Non-pharmacological 

interventions e.g. transcutaneous electrical nerve stimulation still need more 

evidence. Foot care is essential to protect the foot that lost its protective 

mechanisms. Identification and treatment of risk factors for IHD may save not 

only limbs but also lives.   

Diabetic peripheral neuropathy (DPN) is a common complication of diabetes, 

however it is difficult to precisely estimate its prevalence simply because 

diagnostic criteria and study populations vary greatly among different studies.  

Previous studies have reported a wide range of prevalence from 26% to 50% for 

DPN, and between 8% and 30% for painful DPN (Van Acker et al 2009, Abbott  

et al 2011 and Truini et al 2018). The results of a recent meta-analysis showed 

that the pooled prevalence of DPN was 30% (95% confidence interval, CI 25–

34%). The pooled prevalence of DPN among patients with type 2 diabetes 

mellitus was higher than patients with type 1 diabetes mellitus (31.5% vs 17.5%) 

(Suna et al 2020). The association between prediabetes and DPN represent 

another controversial issue (Kassardjian  et al 2015, Abdul-Ghani et al 2016 and 

Thaisetthawatkul et al 2020). The prevalence of painful polyneuropathy in 

Germany was 8.7% in individuals with impaired glucose tolerance and 4.2% in 

individuals with impaired fasting glucose (Ziegler et al 2009). The extent to 

which impaired glucose tolerance  directly causes nerve injury as opposed to 

being a covariant with other equally or more important features (e.g. obesity, 

metabolic syndrome) remains to be determined {Smith and Singleton (2008) and 

Smith and Singleton (2013)}.  Metabolic syndrome also accelerates neuropathy 

progression in patients with established type 1 and type 2 diabetes, although the 
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association is particularly strong for type 2 diabetes, with which metabolic 

syndrome shares many features (Kazamel et al 2021). 

DPN represents a paradox, at one extreme is neuropathic pain with minimal 

sensory loss and at the other extreme is asymptomatic patient with insensate feet 

(Boulton et al 2004). In the last two decades, radical changes happened in our 

understanding of the pathogenesis of neuropathic pain and new diagnostic tools 

and treatment options for painful peripheral neuropathy become available. 

Therefore, the aim of this article is to review the recent changes in the 

pathogenesis and management of painful diabetic peripheral neuropathy.  

 

The Mechanism of neuropathic pain in diabetes 

There is no plausible hypothesis to explain why some patients develop the 

painful form of disease while others do not. Loss of intraepidermal nerve fibers 

cannot explain pain in all cases, suggesting that different mechanisms underpin 

the genesis of pain at various stages of neuropathy (Sorensen et al 2006). The 

exact pathophysiological mechanisms of neuropathic pain in diabetes remain 

elusive although several mechanisms have been postulated (Tesfaye and 

Kempler 2005). It is increasingly apparent that the insult of diabetes affects all 

levels of the nervous system, from the peripheral nerve to the brain. Both 

peripheral and central mechanisms have been implicated, and extend from 

altered channel function in peripheral nerve through enhanced spinal processing 

and changes in many higher centers (Tesfaye et al 2013).  A possible link 

between voltage-gated sodium channels and pathological pain states had been 

suggested. The use of antisense oligonucleotides to target specific channel 

subtypes shows that the functional localization of the channel subtype NaV1.8 

after nerve injury is essential for persistent pain states (Lai et al 2003). An 

increase in the number of sympathetic nerve fibers in the dorsal root ganglion 

has been found in neuropathic pain models. Kim et al (2001) suggested that the 

extent of sympathetic sprouting in the dorsal root ganglion following peripheral 

nerve injury is proportionally related to the amount of injured nerve fibers. The 

advent of noninvasive imaging techniques has confirmed earlier autopsy studies 

showing that the spinal cord is not protected from the degenerative pathology of 

diabetes.  Painful diabetic neuropathy may be due to impairments in descending 

modulation of nociceptive transmission at the spinal cord. Changes in 

descending modulation of nociceptive transmission from the periaqueductal grey 

matter are likely to occur in streptozotocin diabetic rats during diabetic 

neuropathy (Morgado et al 2010). Alterations of the central nervous system are 
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increasingly being recognized as a part of diabetes, especially in the thalamus 

and the default mode network. Croosu  et al (2022) found that Individuals with 

diabetic peripheral neuropathy  had disrupted connectivity between 

thalamus/default mode network and other brain structures and disrupted overall 

mean connectivity within the default mode network.   

Pain is a very distressing symptom for the patient and is also difficult to treat for 

the health care providers. Neuropathic pain exerts a substantial impact on the 

quality of life, particularly by causing considerable interference in sleep and 

enjoyment of life (Jensen et al 2007 and Galer et al 2000). Anxiety and 

depression are also common in diabetic subjects with painful neuropathy. 

Management of neuropathic pain can be considered as one of the challenging 

issues we often face in our everyday clinical practice.   Management of painful 

neuropathy should be more than just using pain alleviating modalities and a more 

comprehensive approach is needed.   The following items should be thoroughly 

addressed:  

 

1- Confirm the Diagnosis: 

First, we have to confirm that leg pain is due to neuropathy (i.e. neuropathic). 

Neuropathic pain is usually burning, electric shock-like or stabbing in character 

and usually associated with allodynia and hyperalgesia. The pain occurs usually 

at rest, and is typically worse at night. Neuropathic pain due to peripheral 

neuropathy is symmetrical and distal more than proximal (glove and stock 

distribution). Asymmetry and involvement of the proximal parts of a nerve are 

―red flags‖ for causes other than peripheral neuropathies.  Sensory examination 

usually reveals signs typical of small fibre involvement e.g. loss of thermal 

sensitivity, reduced light touch and pinprick sensation. Allodynia induced by 

touching or rubbing is usually present. Intact pressure and vibration perception 

are not against the diagnosis of painful peripheral neuropathy. A screening 

diagnostic scale such as the Neuropathic Pain Diagnostic Questionnaire (DN4) is 

a simple tool that can be used to delineate the neuropathic nature of pain 

(Bennett et al 2007). Unfortunately, most of the tools we routinely use in our 

clinical practice to diagnose neuropathy are subjective, crude and diagnose the 

disease very late. Recently, more sensitive diagnostic tools become available 

such as corneal confocal microscopy. A substantial body of evidence underpins 

the thesis that corneal nerve loss predicts incident neuropathy and progresses 

with the severity of diabetic peripheral neuropathy. Corneal confocal microscopy 

also identifies early corneal nerve regeneration, strongly arguing for its inclusion 
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as a surrogate end point in clinical trials of disease-modifying therapies 

(Petropoulos et al 2021). Estimation of intraepidermal nerve fiber density 

(IENFD) in skin biopsy is invasive and difficult to be used in clinical practice. 

Nerve conduction studies can detect large fiber damage and do not capture 

pathology or dysfunction of small fibers. Because small nerve fiber damage is 

prominent in DPN, additional biomarkers of small nerve fiber function are 

needed (Marshall et al 2021). Sweating status may be a quantitative indicator of 

the severity of polyneuropathy that may be useful for the early prevention of foot 

skin lesions. Assessment of sudomotor function using Sudoscan
TM

 may be 

considered as part of the screening test for DPN, and may also help to identify 

patients with small-fibre neuropathy indicative of potentially greater levels of 

foot risk (Gin et al 2011). However, Duchesne  et al (2018) found weak 

correlation of electrochemical skin conductance with skin biopsy results 

suggesting that mechanisms other than the loss of innervating fibres may be 

responsible for sweat gland dysfunction in polyneuropathies. Laser doppler 

imaging is a test of small fiber neurovascular function that can quantify the 

integrity of the vasomotor C-fiber mediated axon-reflex. Illigens et al (2013) 

suggested that laser doppler imaging can detect neurovascular dysfunction in a 

model of small fiber neuropathy  and may supplement clinical assessment of 

small fiber neuropathy 

 

2- Measure the intensity of pain and its impact on Quality of life: 

Pain is quite variable depending on the terminology used to describe pain and the 

patient ability to describe his or her pain. Also, pain threshold is quite variable 

among different individuals. However, measurement of the intensity of pain is 

important simply because ―We cannot manage what we do not measure‖. Visual 

analog pain scale is an old, simple and well validated scale that can be used to 

measure the intensity of pain (Choiniere and Amsel 1996). It is often considered 

as a measure of the efficacy of treatment.  Thirty-three percent decreases in pain 

represent a reasonable standard for determining that a change in pain is 

meaningful from the patient's perspective (Jensen et al 2007).  

Pain negatively affect the quality of life and neuropathic pain usually cause 

anxiety, depression and considerable interference in sleep and enjoyment of life 

(Jensen et al 2007 and Galer et al 2000). Therefore, A number of scales and 

questionnaires have been developed {The neuropathy quality of life (NeuroQoL) 

(Cella et al 2012) or the Medical Outcomes Study Short Form 36 (SF-36) (Ware 

et al 1998)}, in order to assess the full impact of pain on the quality of life. 
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Measurements of function also play an important role for many patients. For 

example, an ability to return to work or engage in social activities may be a good 

reflection of successful treatment (Argoff et al 2006).  

 

3- Treatment based on Pathogenetic mechanisms 

Hyperglycemia plays a central role in the pathogenesis of metabolic 

abnormalities that will lead to nerve dysfunction and nerve death. Optimal 

diabetes control is generally considered an essential first step in the prevention 

and management of diabetic distal symmetric polyneuropathy. In type 1 diabetes, 

complete normalization of glycemic control through pancreatic and kidney 

transplantation results in regeneration of small nerve fibers within 6 months 

followed by an improvement in symptoms and nerve conduction at 24 and 36 

months, respectively (Azmi   et al 2019). However, in type 2 diabetes glycaemic 

control alone may be insufficient to prevent the development or progression of  

diabetic peripheral neuropathy  (Boulton et al 2013). A meta-analysis of 13 

studies (n = 34,533 patients) reported no difference in the rate of neuropathy in 

the intensive versus standard treatment groups (Boussageon et al 2011).  Erratic 

glycaemic control also contributes to the genesis of neuropathic pain (Oyibo et al 

2002).  Variability of glycemic profiles from a visit to visit, regardless of 

sustained hyperglycemia, was indeed a significant risk factor for DPN in diabetic 

type 2 patients (Firouzabadi et al 2022). An evolving literature suggests 

metabolic syndrome, particularly dyslipidemia and obesity to be potent 

neuropathy risk factors for both idiopathic and diabetic neuropathy patients 

(Smith 2012). Small studies and post hoc analysis suggest that lipid-lowering 

therapies may halt the progression of neuropathy or even lead to regeneration of 

nerve fibers. Furthermore, corneal nerve fiber regeneration occurs after bariatric 

surgery in obese patients with and without diabetes and correlates with a 

reduction in triglyceride levels (Pasha et al 2022). A meta-analysis of 4 studies 

of bariatric surgery showed an improvement in symptoms and signs with 

reductions in the neuropathy symptoms score (NSS)  and neuropathy disability 

score (Aghili et al 2019).  Regular physical exercise is also an important 

therapeutic option. Supervised exercise   can significantly reduce  pain and 

increase intraepidermal nerve fiber branching   in people with diabetic peripheral 

neuropathy (  Kluding et al 2012). Alpha Lipoic acid could be beneficial in the 

treatment of painful diabetic neuropathies (Ziegler et al 2006, El-Nahas et al 

2020).   Systematic literature review  of RCTs revealed that alpha lipoic acid 

given intravenously at a dosage of 600 mg once daily over a period of three 
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weeks, lead to improvement in the Total Symptom Score.  However, It is unclear 

if the significant improvements seen after 3–5 weeks of oral administration at a 

dosage of >600 mg/day are clinically relevant (Mijnhout et al 2012). Several 

other pathogenetic treatment approaches have been investigated, but evidence 

from clinical trials is limited with a number of treatments showed disappointing 

results (Boulton et al 2013).  Targeting other pathogenic pathways for diabetic 

peripheral neuropathies e.g. aldose reductase inhibitors and protein kinase C 

inhibitors still need time to provide safe and effective drugs. Many drugs that 

have shown promise in animal models have failed to confirm efficacy and safety 

in man. Epalrestat is a potent inhibitor of aldose reductases  used for decades in 

Japan for the treatment of diabetic peripheral neuropathy. Recent trials revealed 

that Epalrestat has revealed a major anticancer effect in an experimental model 

of basal-like breast cancer (Bailly 2022). It is uncertain whether vitamin B 

supplements change pain intensity or impairment in the short or long term in 

people with DPN (Khalil et al 2021). However, vitamin B12 deficiency should 

be suspected in diabetic patients on longterm metformin therapy with neuropathy 

or anemia. Pratama et al (2022) supported the implementation of vitamin B12 

supplementation for metformin-treated T2D. However, a recent meta-analysis 

has shown that, whilst long-term metformin use is associated with vitamin B12 

deficiency, it is not related to an increased prevalence of DPN (Yang et al 2019) 

 

4- Symptomatic treatment of pain 

Many guidelines agree about the first line therapies for painful peripheral 

neuropathies (NICE guidelines (2013), Guidelines from the European 

Federation of Neurological Societies task force (2010), American Academy of 

Neurology (2011)). According to these guidelines 1
st
 line therapies should be one 

of the following three groups of drugs: Tricyclic antidepressants (TCAs), 

Serotonin- noradrenalin re-uptake inhibitors (SNRIs), and Alpha-2-delta agonist 

"anti-epileptic drugs‖. Tricyclic antidepressants such as amitriptyline and 

imipramine   are the most effective drugs but had side effects that make them not 

tolerated by many patients. Based on efficacy measures such as numbers needed 

to treat, all 1
st
 line therapies appear to be effective, however, there are still too 

few large-scale comparative studies.  A randomized, double-blind, cross-over, 

clinical trial demonstrated similar efficacy of duloxetine and amitriptyline (Kaur 

et al 2011). Also, randomized, placebo-controlled comparison of amitriptyline, 

duloxetine, and pregabalin revealed no significant difference in their analgesic 

efficacy (Boyle et al 2012).  Amitriptyline should be started by 10 mg/day and 
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gradually increased toward the effective dose. The maximum dose of   

amitriptyline is 75 mg/day. SNRIs such as duloxetine is effective in a dose of 60 

mg/day and it is preferable to start treatment with 30mg/day.  Alpha-2-delta 

agonist "anti-epileptic drugs‖ such as gabapentin and pregabalin  are also 

effective and well tolerated drugs. The starting dose for Gabapentin is 300 

mg/day while the effective dose ranges from 1200 to 3600 mg/day.  The starting 

dose for  pregabalin is 150 mg/day  while the effective dose ranges from 150–

600 mg/day .  Patient comorbidities can also affect our choice of the first line 

therapies. Ischemic heart disease and glaucoma are contraindications for the use 

of TCAs and SNRIs. Peripheral oedema is a relative contraindication for the use 

of gabapentin and pregabalin. Drug-drug interactions are another factor that 

should be considered. Among patients with painful DPN treated with either 

pregabalin or duloxetine, the frequency of potential duloxetine drug-drug 

interactions and drug- condition interactions was substantially higher than that of 

pregabalin. Potential drug-drug interactions and drug- condition interactions 

were associated with significantly increased health care costs in duloxetine users 

(Johnston et al 2013). If 1
st
 line drugs are not effective, the next step will be to 

combine 2 drugs together. To use combination therapy, the physician should be 

aware of the mechanism of action of each drug, the complicated drug-drug 

interaction and the little evidence supporting the role of combination therapy. If 

all therapies have failed to provide sufficient pain relief, the third step is to add 

opioid agonists e.g. tramadol. However, the risks of tolerance and dependence 

after long term use of tramadol have to be considered. Topical drugs such as 

capsaicin, lidocaine patch and glyceryl trinitrate may be effective in localized 

types of painful neuropathies.  Many non pharmacological interventions were 

reported to be helpful to relieve pain. Examples of non-pharmacological 

interventions include acupuncture, transcutaneous electrical stimulation, low-

intensity laser therapy and frequency-modulated electro-magnetic neural 

stimulation therapy.  Systematic review and meta-analysis of treatment with 

electrical stimulation and electromagnetic field revealed improved pain relief 

with transcutaneous electrical nerve stimulation, while no such improvement was 

observed with the use of electromagnetic field treatment (  Stein et al 2013).  

However, more evidence is still needed to elucidate the role of non 

pharmacological treatment in the treatment of diabetic painful neuropathies. 

The efficacy of approved drugs for neuropathic pain have limited efficacy and 

we still need more effective drugs. Mirogabalin besylate is a newer class 

member of Alpha-2-delta agonist. Kato  et al (2021) showed that mirogabalin 

was efficacious and well tolerated by Asian patients with peripheral neuropathic 
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pain. Tapentadol is a centrally acting analgesic combining two mechanisms of 

action μ-opioid receptor agonism and noradrenaline reuptake and shows potent 

analgesia in various rodent models of pain. Voltage-gated sodium   Channels 

Antagonist are promising drugs  but still need  additional clinical trials to better 

guide clinical practice treatment  (Monteroa and  Carnerero  2021). Cannabinoid 

receptor agonists have shown some promise for neuropathic pain relief in human 

trials, but await regulatory approvals (Rastogi and  Jude 2021)   

In the future, precision medicine may play a role in selecting the most effective 

treatment for neuropathic pain. There is preclinical evidence on rate dependent 

depression of the spinal H-reflex acting as a marker for spinal disinhibition in a 

subset of patients with painful diabetic peripheral neuropathy (Lee-Kubli et al 

2018). This may allow a precision medicine approach by utilizing therapies such 

as SNRI’s that target descending spinal inhibitory pathways. Also, the 

identification of voltage-dependent sodium channel subtypes associated with 

specific pain conditions, and their potential role as therapeutic targets, offers a 

glimpse of the potential for truly individualized treatment  (Monteroa and  

Carnerero  2021) 

 

5- Reduction of cardiovascular risk factors 

There is accumulating evidence suggesting that makers of polyneuropathy such 

as nerve conduction velocity (NCV) and vibration perception threshold (VPT) 

may predict mortality in diabetic patients (Forsblom et al 1998, Coppini et al 

2000,  Chung et al 2011).  We found that about two-thirds of diabetic patients 

with neuropathic foot ulcers (65.9%) had elevated hsCRP levels to the degree 

that will categorize them as high risk for cardio vascular disease (El-Nahas et al 

2010).  We also found more remarkable endothelial dysfunction in diabetic 

subjects with neuropathic foot ulcers  in comparison to a matched group without 

peripheral nerve dysfunction  (El-Nahas et al 2011). Therefore, addressing 

cardiovascular risk is now considered important in the overall management of 

the neuropathic patient (Tesfaye and  Selvarajah 2012 ).  
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6- Avoidance of Complications: 

Diabetic foot ulcers result from the simultaneous action of multiple contributing 

causes. The major underlying causes are noted to be peripheral neuropathy and 

peripheral vascular disease. More than 60% of diabetic foot ulcers are the result 

of underlying neuropathy (Dyck et al 1999 and  Bowering 2011). Reduction in 

neuropathic foot problems will only be achieved if we remember that the patients 

with neuropathic feet have lost their prime warning signal—pain—that 

ordinarily brings patients to their doctor (Boulton 2013). Therefore, Patient 

education is of paramount importance to allay fears and misconceptions and to 

reinforce the importance of maintaining good foot care and glycaemic control in 

preventing serious complications. Also, more care should be given to the 

neuropathic feet to prevent further progression of the disease. More frequent foot 

screening and treatment of preulcerative foot pathologies are essential.  

Neuropathy may bring about changes in form and function of the foot, which 

may lead to ulceration and progressive deformity. These manifestations often 

require specially adapted foot-wear (Dahmen et al 2001).  

 

Conclusions 

Management of neuropathic pain can be considered as one of the challenging 

issues we often face in our everyday clinical practice.  Pain is a very 

distressing symptom for the patient and is also difficult to treat for the health 

care providers. Neuropathic pain exerts a substantial impact on the quality of 

life, particularly by causing considerable interference in sleep and enjoyment 

of life. Management of painful neuropathy should be more than just using 

pain alleviating modalities and a more comprehensive approach is needed.  

Multifactorial intervention is essential, beside controlling hyperglycemia, we 

should encourage exercise, weight reduction, blood pressure control and 

treatment of dyslipidemia.  Treatment based on pathogenetic mechanisms still 

need more evidence. Individualization of symptomatic treatment of pain based 

on patient comorbidities is essential. Foot care is essential to protect the foot 

that lost its protective mechanisms. Identification and treatment of risk factors 

for IHD may save not only limbs but also lives.   

 

 

 



111 
 

References   

  

1. Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AJ (2011) 

Prevalence and characteristics of painful diabetic neuropathy in a large 

community based diabetic population in the U.K. Diabetes care  34:2220–

4. 

2. Abdul-Ghani M,   DeFronzo RA, and Jayyousi A (2016) Prediabetes and 

risk of diabetes and associated complications: impaired fasting glucose 

versus impaired glucose tolerance: does it matter? Curr Opin Clin Nutr 

Metab Care  19:394–399 

3. Aghili R, Malek M,  Tanha K,  Mottaghi A (2019) The effect of Bariatric 

surgery on peripheral polyneuropathy: a systematic review and meta-

analysis. Obes Surg.  29(9):3010–3020. 

4. Argoff CE, Cole BE, Fishbain DA, Irving GA (2006)  Diabetic peripheral 

neuropathic pain: Clinical and quality-of-life issues. Mayo Clin Proc 81: 

S3–S11. 

5. Azmi S,  Jeziorska M,  Ferdousi M,  Petropoulos IN,  Ponirakis 

G,  Marshall A, Alam U,  Asghar O,  Atkinson A,  Jones W,  Boulton 

AJM,  Brines M,  Augustine T, and  Malik RA (2019) Early nerve fibre 

regeneration in individuals with type 1 diabetes after simultaneous 

pancreas and kidney transplantation. Diabetologia  62 (8):1478–1487.  

6. Bailly C (2022): Moving toward a new horizon for the aldose reductase 

inhibitor epalrestat to treat drug-resistant cancer. European Journal of 

Pharmacology. 931 (2022) 175191 

https://doi.org/10.1016/j.ejphar.2022.175191 

7. Bennett MI, Attal N, Backonja MM, Baron R, Bouhassira D, et al (2007) 

Using screening tools to identify neuropathic pain. Pain   127 (3):199–203 

8. Boulton AJ (2013) The pathway to foot ulceration in diabetes. Med Clin 

North Am  97(5):775-90. 

9. Boulton AJ,  Kempler P,  Ametov A, Ziegler D (2013) Whither 

pathogenetic treatments for diabetic polyneuropathy? Diabetes Metab Res 

Rev 29(5):327-33. 

10. Boulton AJM, Malik RA, Arezzo JC, Sosenko JM (2004). Diabetic 



111 
 

Somatic Neuropathies. Diabetes Care 27(6):1458–86 

11. Boussageon R,  Bejan-Angoulvant T,  Saadatian-Elahi M,  Lafont 

S,  Bergeonneau C,  Kassaï B,  Erpeldinger S,  Wright JM,  Gueyffier 

F,  Cornu C (2011) Effect of intensive glucose lowering treatment on all 

cause mortality, cardiovascular death, and microvascular events in type 2 

diabetes: meta-analysis of randomised controlled trials. BMJ.  343: 4169  

12.  Bowering CK (2001) Diabetic foot ulcers: pathophysiology, assessment, 

and therapy. Can Fam Phys 47:1007–1016 

13. Boyle J, Eriksson M, Gribble L, Gouni R, Johnsen S  (2012) Randomized, 

Placebo-Controlled Comparison of Amitriptyline, Duloxetine, and 

Pregabalin in Patients With Chronic Diabetic Peripheral Neuropathic Pain. 

Impact on pain, polysomnographic sleep, daytime functioning, and quality 

of life. Diabetes Care 35:2451–2458. 

14. Cella D, Lai JS, Nowinski CJ, Victorson D, Peterman A  (2012) Neuro-

QOL: brief measures of health-related quality of life for clinical research 

in neurology. Neurolog  78 (23):1860-7 .  

15. Choiniere M  and Amsel R (1996) A Visual Analogue Thermometer for 

Measuring Pain Intensity. Journal of pain and symptom management 

11(5): 299-311 

16.  Chung JO,  Cho DH, Chung DJ and   Chung MY (2011) Association 

between Diabetic Polyneuropathy and Cardiovascular Complications in 

Type 2 Diabetic Patients. Diabetes Metab J   35(4):390-396.   

17.  Coppini DV, Bowtell PA, Weng C, Young PJ, Sonksen PH (2000) 

Showing neuropathy is related to increased mortality in diabetic patients: a 

survival analysis using an accelerated failure time model. J Clin 

Epidemiol. 53:519–523. 

18.  Croosu SS , Hansen TM , Brock B, Drewes AM , Brock C , Frøkjær JB 

(2022) Altered functional connectivity between brain structures in adults 

with type 1 diabetes and polyneuropathy. Brain Research. 1784 (2022) 

147882 https://doi.org/10.1016/j.brainres.2022.147882  

19. Dahmen R, Haspels R, Koomen B and Hoeksma A (2001) Therapeutic 

Footwear for the Neuropathic Foot. Diabetes Care 24:705–709. 

20. Duchesne M, Richard L, Vallat J-M, and Magy L (2018) Assessing 

sudomotor impairment in patients with peripheral neuropathy: 

https://doi.org/10.1016/j.brainres.2022.147882


111 
 

Comparison between electrochemical skin conductance and skin biopsy. 

Clinical Neurophysiology 129: 1341–1348 

21. Dyck PJ, Davies JL, Wilson DM, Service FJ, Melton LJ III  (1999) Risk 

factors  for severity of diabetic polyneuropathy. Diabetes Care 22:1479–

1486. 

22.  El-Nahas M, El Kannishy G, Abdelhafez H, Elkhamisy E, Sehrawy A 

(2020) Oral  Alpha Lipoic acid treatment for symptomatic diabetic 

peripheral neuropathy: A randomized double-blinded placebo controlled 

study. Endocr Metab Immune Disord Drug Targets 20(9):1531-1534 

23.  El-Nahas M
 
, Gawish H,  Abd Al-Baky A

 
 and  Amer T (2011) 

Endothelial dysfunction in diabetic subjects with neuropathic foot 

ulceration. Abstract presented at 47th EASD Annual Meeting which take 

place in Lisbon, Portugal from 12 to 16 September 2011. Published in 

Diabetologia volume 54 supplement 1, PP 469 

24. El-Nahas M,  Gawish H, Tarshoby M, State O, Motawea M and  Abd Al-

Baky A (2010) Inflammatory markers of cardiovascular risk among 

diabetic patients with neuropathic foot Ulceration.  Oral Abstract 

presented at the Diabetic Foot Study Group  conference which take place 

in Uppsala, Sweden from 17-19 September 2010. 

http://dfsg.org/fileadmin/user_upload/EWMA/DFSG/abstracts/2010/o

ral/O17.pdf  

25. Firouzabadi MD , Poopak A , Sheikhy A ,  Samimi S , Nakhaei P , 

Firouzabadi FD , Moosaie F , Rabizadeh S, Nakhjavani M, Esteghamati A 

(2022) Glycemic profile variability: An independent risk factor for 

diabetic neuropathy in patients with type 2 diabetes. Primary Care 

Diabetes https://doi.org/10.1016/j.pcd.2022.11.011  

26. Forsblom CM, Sane T, Groop PH, Tötterman KJ, Kallio M  (1998) Risk 

factors for mortality in Type II (non-insulin-dependent) diabetes: evidence 

of a role for neuropathy and a protective effect of HLA-DR4. Diabetologia   

41(11):1253-62. 

27. Galer BS, Gianas A, Jensen MP (2000) Painful diabetic polyneuropathy: 

epidemiology, pain description, and quality of life. Diab Res Clin Pract  

47: 123–8. 

28.   Gin H, Baudoin R,   Raffaitin CH, Rigalleau V , Gonzalez C (2011): 

Non-invasive and quantitative assessment of sudomotor function for 

http://dfsg.org/fileadmin/user_upload/EWMA/DFSG/abstracts/2010/oral/O17.pdf
http://dfsg.org/fileadmin/user_upload/EWMA/DFSG/abstracts/2010/oral/O17.pdf
https://doi.org/10.1016/j.pcd.2022.11.011


111 
 

peripheral diabetic neuropathy evaluation. Diabetes & Metabolism 37 : 

527–532 

29.   Guidelines from the American Academy of Neurology (2011). 

https://www.aan.com/Guidelines/home/GetGuidelineContent/480  

30.   Guidelines from the European Federation of Neurological Societies task 

force (2010). http://www.efns.org/Guideline-Archive-by-topic.389.0.html  

31. Illigens BM, Siepmann T, Roofeh J, Gibbons CH (2013) Laser Doppler 

imaging in the detection of peripheral neuropathy. Autonomic 

Neuroscience: Basic and Clinical 177 : 286–290 

32. Jensen MP, Chodroff MJ, Dworkin RH (2007) The impact of neuropathic 

pain on health-related quality of life. Review and implications. Neurology 

68:1178–82. 

33. Johnston SS, Udall M, Cappelleri JC, Johnson BH, Shrady G, et al (2013) 

Cost comparison of drug-drug and drug-condition interactions in patients 

with painful diabetic peripheral neuropathy treated with pregabalin versus 

duloxetine. Am J Health Syst 70(24):2207-17 

34. Kassardjian CD, Dyck PJB, Davies JL, Carter RE and  Dyck PJ (2015): 

Does prediabetes cause small fiber sensory polyneuropathy? Does it 

matter? Journal of the Neurological Sciences 355:196–198 

35. Kato J, Baba M, Kuroha M, Kakehi Y, Murayama E, Wasaki Y, and 

Ohwada S (2021) Safety and Efficacy of Mirogabalin for Peripheral 

Neuropathic Pain: Pooled Analysis of Two Pivotal Phase III Studies. 

Clinical Therapeutics 43 (5): 822-835   

36. Kaur H, Hota D, Bhansali A, Dutta P, Bansal D  (2011) A Comparative 

Evaluation of Amitriptyline and Duloxetine in Painful Diabetic 

Neuropathy. A randomized, double-blind, cross-over clinical trial. 

Diabetes Care 34: 818 – 822. 

37. Kazamel M, Stino AM and Smith AG (2021): Metabolic syndrome and 

peripheral neuropathy. Muscle & Nerve 63: 285–293. 

38. Khalil H, Ang CD and Khalil V (2021) Vitamin B for treating diabetic 

peripheral neuropathy - A systematic review. Diabetes & Metabolic 

Syndrome. Clinical Research & Reviews 15 (2021) 102213 

https://doi.org/10.1016/j.dsx.2021.102213 

https://www.aan.com/Guidelines/home/GetGuidelineContent/480
http://www.efns.org/Guideline-Archive-by-topic.389.0.html
https://08101d30c-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/journal/clinical-therapeutics


111 
 

39. Kim HJ, Na HS, Back SK and Hong SK (2001) Sympathetic sprouting in 

sensory ganglia depends on the number of injured neurons. 

NEUROREPORT. 12 (16): 3529- 3532   

40.  Kluding PM, Pasnoor M, Singh R, Jernigan S, Farmer K  (2012) The 

effect of exercise on neuropathic symptoms, nerve function, and cutaneous 

innervation in people with diabetic peripheral neuropathy. J Diabetes 

Complications   26(5):424-9 

41. Lai J, Hunter JC and Porreca F (2003) The role of voltage-gated sodium 

channels in neuropathic pain. Current Opinion in Neurobiology. 13:291–

297 

42. Lee-Kubli C, Marshall AG, Malik RA, and Calcutt NA. The H-reflex as a 

biomarker for spinal disinhibition in painful diabetic neuropathy. Curr 

Diab Rep. 2018;18(1):1 

43. Marshall A, Alam U, Themistocleous A, Calcutt N and Marshall A 

(2021):  Novel and Emerging Electrophysiological Biomarkers of Diabetic 

Neuropathy and Painful Diabetic Neuropathy. Clinical Therapeutics  

43(9):1441- 56  

44. Mijnhout GS, Kollen BJ, Alkhalaf A, Kleefstra N , Bilo HJ (2012) Alpha 

lipoic Acid for symptomatic peripheral neuropathy in patients with 

diabetes: a meta-analysis of randomized controlled trials. Int J Endocrinol 

doi: 10.1155/2012/456279. Epub 2012 Jan 26. 

45. Monteroa AA and  Carnerero  CIS (2021) Voltage-gated sodium channel 

blockers: new perspectives in the treatment of neuropathic pain. 

Neurología 36 :169—189 

46. Morgado C, Terra PP and Tavares I (2010) Neuronal hyperactivity at the 

spinal cord and periaqueductal grey during painful diabetic neuropathy: 

Effects of gabapentin. European Journal of Pain. 14, (7):   693-699 

47.    NICE guidelines (2013).  The pharmacological management of 

neuropathic pain in adults in non-specialist settings. 

http://publications.nice.org.uk/neuropathic-pain-pharmacological-

management-cg173  

48.   Oyibo S, Prasad YD, Jackson NJ, Jude EB, Boulton AJM (2002) The 

relationship between blood glucose excursions and painful diabetic 

peripheral neuropathy: a pilot study. Diabetic Med 19:870–873 

https://08101cwu7-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/journal/european-journal-of-pain
https://08101cwu7-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/journal/european-journal-of-pain/vol/14/issue/7
http://publications.nice.org.uk/neuropathic-pain-pharmacological-management-cg173
http://publications.nice.org.uk/neuropathic-pain-pharmacological-management-cg173


111 
 

49. Pasha R; Azmi S; Ferdousi M; Kalteniece A; Bashir B; Gouni-Berthold I; 

Malik RA; and Soran H (2022) Lipids, Lipid-Lowering Therapy, and 

Neuropathy: A Narrative Review. Clinical Therapeutics.  44 (7): 1012- 

1025 

50. Petropoulos IN, Ponirakis G,   Ferdousi M,   Azmi S, Kalteniece A et al 

(2021)  Corneal Confocal Microscopy: A Biomarker for Diabetic 

Peripheral Neuropathy. Clinical Therapeutics 43 (9): 1457- 1475. 

51. Pratama S, Lauren BC and Wisnu W (2022) The efficacy of vitamin B12 

supplementation for treating vitamin B12 deficiency and peripheral 

neuropathy in metformin-treated type 2 diabetes mellitus patients: A 

systematic review. Diabetes & Metabolic Syndrome: Clinical Research & 

Reviews 16 (2022) 102634 https://doi.org/10.1016/j.dsx.2022.102634 

52. Rastogi A and Jude B (2021) Novel treatment modalities for painful 

diabetic neuropathy. Diabetes & Metabolic Syndrome: Clinical Research 

& Reviews 15 : 287-293  

53. Smith AG (2012) Impaired glucose tolerance and metabolic syndrome in 

idiopathic neuropathy. J Peripher Nerv Syst  17 (2):15-21  

54. Smith AG and Singleton JR (2013): Obesity and hyperlipidemia are risk 

factors for early diabetic neuropathy, J. Diabetes Complicat. 27 436–442  

55. Smith, AG and Singleton JR (2008): Impaired Glucose Tolerance and 

Neuropathy. Neurologist  14 (1): 23-29 

56. Sorensen L,  Molyneaux L,  and   Yue DK (2006) The relationship among 

pain, sensory loss, and small nerve fibers in diabetes. Diabetes Care  29 

(4):883-7. 

57.  Stein C, Eibel B, Sbruzzi G, Lago PD, Plentz RD (2013) Electrical 

stimulation and electromagnetic field use in patients with diabetic 

neuropathy: systematic review and meta-analysis. Braz J Phys Ther  

17(2):93-104. 

58. Suna J, Wang Y, Zhang X, Zhua S, He H (2020) Prevalence of peripheral 

neuropathy in patients with diabetes: A systematic review and meta-

analysis. Primary Care Diabetes 14: 435-444 

59. Tesfaye S and  Selvarajah D (2012)  Advances in the epidemiology, 

pathogenesis and management of diabetic peripheral neuropathy. Diabetes 

Metab Res Rev.  28 (1):8-14   

https://doi.org/10.1016/j.dsx.2022.102634


111 
 

60. Tesfaye S,   Boulton AJM, and   Dickenson AH (2013) Mechanisms and 

Management of Diabetic Painful Distal Symmetrical Polyneuropathy. 

Diabetes Care 36:2456–2465  

61. Tesfaye S and Kempler P. (2005)  Painful diabetic neuropathy. 

Diabetologia 48: 805– 807 

62. Thaisetthawatkul P, Lyden E,  Fernandes JA,  and Herrmann DN (2020) 

Prediabetes, diabetes, metabolic syndrome, and small fiber neuropathy 

Muscle & Nerve.61:475–479. 

63. Truini A, Spallone V, Morganti R, Tamburin S, Zanette G et al (2018): A 

cross sectional study investigating frequency and features of definitely 

diagnosed diabetic painful polyneuropathy. PAIN 159:2658–66  

64. Van Acker K, Bouhassira D, De Bacquer D, Weiss S, Matthys K, et al 

(2009) Prevalence and impact on quality of life of peripheral neuropathy 

with or without neuropathic pain in type 1 and type 2 diabetic patients 

attending hospital outpatients clinics. Diabetes Metab  35(3): 206–13 

65. Ware JE, Kosinski M, Gandek BG, Aaronson N, Alonso J, et al (1998) 

The Factor Structure of the SF-36® Health Survey in 10 Countries: 

Results from the International Quality of Life Assessment (IQOLA) 

Project. J Clin Epidemiol   51(11): 1159-1165. 

66. Yang W, Cai X, Wu H, and  Ji L. (2019) Associations between metformin 

use and vitamin B12 levels, anemia, and neuropathy in patients with 

diabetes: a meta-analysis. J Diabetes 11(9):729-743 

67. Ziegler D, Ametov A, Barinov A, Dyck PJ, Gurieva I,  et al (2006) Oral 

treatment with alpha-lipoic acid improves symptomatic diabetic 

polyneuropathy: the SYDNEY 2 trial.  Diabetes Care 29(11):2365-70. 

68. Ziegler D, Rathmann W, Dickhaus T, Meisinger C, Mielck A   (2009) 

Neuropathic pain in diabetes, pre-diabetes and normal glucose tolerance. 

The MONICA/KORA Augsburg Surveys S2 and S3. Pain Med   10: 393– 

400 


