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Abstract. Diabetic neuropathy (DN) is a frequent complica‑
tion of diabetes mellitus (DM) with severe consequences as it 
progresses and influences all human body systems. This review 
discusses the risk factors for DN, the main characteristics of the 
clinical forms of DN, the screening methods and the current 
therapeutic options. Distal symmetric DN is the primary clinical 
form, and DM patients should be screened for this complication. 
The most important treatment of DN remains good glucose 
control, generally defined as HbA1c ≤7%. Symptomatic treat‑
ment improves life quality in diabetic patients. Pharmacological 
agents such as alpha (α)‑lipoic acid and benfotiamine have 
been validated in several studies since they act on specific 
pathways such as increased oxidative stress (α‑lipoic acid exerts 
antioxidant effects) and the excessive production of advanced 
glycosylation products (benfotiamine may inhibit their produc‑
tion via the normalization of glucose). Timely diagnosis of DN 
is significant to avoid several complications, including lower 
limb amputations and cardiac arrhythmias.
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1. Definition and risk factors

Diabetic neuropathy (DN) may be defined as the presence of 
certain signs or specific symptoms and suggestive for neurop‑
athy in patients with diabetes mellitus (DM), after excluding 
other possible causes of neuronal damage (1). DN is the most 
common microvascular complication encountered in DM 
individuals; after 20 years of disease progression, more than 
50% of DM patients are affected by this complication with a 
significant impact on their life quality, considering the char‑
acteristic chronic pain in their lower limbs (2). DN currently 
remains an important cause of morbidity. It is a recognized 
risk factor for diabetic foot syndrome and falls generated by 
balance disorders, especially in the elderly (3). Diabetic foot 
syndrome is also associated with a high risk of infection and 
amputation (3). DN prevalence significantly differs in obser‑
vational studies due to the varying diagnostic methods used. 
In a UK study (4), 22.7% of individuals with type 1 DM had 
DN; also, 65% of DM patients treated with insulin, and 59% 
of patients on oral antidiabetic drugs have DN. Other studies 
demonstrated that the DN prevalence in patients with type 2 
DM was 32.1% (5). In young diabetic patients, its prevalence 
is 7% in type 1 DM, and 22% type 2 DM, respectively (6). In 
Romania, the prevalence of self‑reported DN was estimated to 
be around 79% in a population of 21,261 patients. That study 
included both type 1 and type 2 diabetes patients and did not 
further analyze the prevalence according to diabetes type (7).

Distal DN, the most common form, accounts for 75% of 
all DN cases. The ‘American Diabetes Association’ (ADA) 
recommends physicians involved in DM screen for DN at five 
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years after the DM type 1 debut, and at the time of diagnosis 
in individuals with type 2 DM (8). Screening for DN is of high 
importance since approximately 50% of patients with DN are 
asymptomatic (8). DN increases the risk of lower limb amputa‑
tions by 1.7‑fold; in the presence of a leg deformity, the risk 
increases by 12‑fold, whereas in cases with a history of lower 
limb ulceration, the risk increases by 36‑fold (9). This increased 
frequency of lower limb amputations in patients with DM and 
DN is attributed to lower limb micro‑traumatisms, due to the 
fact that affected individuals have diminished pain sensation. 
Another form of DN, cardiac autonomic neuropathy, is associ‑
ated with extremely high 10‑year mortality of 25‑50%, mainly 
due to the generation of cardiac arrhythmias (10). The most 
investigated and documented predictor factors for the devel‑
opment of DN are hyperglycaemia, DM duration and age, as 
well as the presence of microvascular complications including 
hypertension, dyslipidaemia, diabetic retinopathy and chronic 
kidney disease (11).

Hyperglycaemia is an essential factor in the onset and 
progression of DN (1). The finding is highly specific in individ‑
uals with type 1 DM but incompletely validated in those with 
type 2 DM. The ‘Diabetes Control and Complications Trial’ 
(DCCT) (12) followed subjects with type 1 DM for 6.5 years, 
who underwent either intensive treatment of hyperglycaemia 
or standard treatment (12). In the intensive treatment group, 
DN was developed significantly less frequently, whereas, in 
those who already had DN, its progression was slower (12). 
This considerable impact of high blood glucose levels on the 
risk of DN was demonstrated by the finding that a 2% eleva‑
tion of HbA1c correlated with an increase in DN frequency 
by 20% (13). Another study performed on 3,000 subjects with 
type 1 DM showed that the prevalence of DN in patients with 
HbA1c <5.4% was 15%, while in those with HbA1c >7.8% it 
was 40% (14). Similarly, a meta‑analysis revealed that optimal 
blood glucose control decreases the incidence of DN in types 1 
and 2 DM individuals. In type 1 DM the risk reduction per year 
was 1.84% (95% CI: 1.11‑2.56, P<0.01), while in individuals 
with type 2 DM the annual risk reduction was 0.58% (95% 
CI: 0.01 to ‑1.17, P=0.06) (15). It can be observed that in type 
1 DM the DN risk is reduced, while in type 2 the decrease is 
not statistically significant, which means that additional risk 
factors influence to the development and evolution of DN in 
type 2 DM (15). The Addition‑Denmark study (16) and the 
‘Action to Control Cardiovascular Risk in Type 2 Diabetes’ 
(ACCORD) study (17), with a large number of type 2 DM 
patients (n=10,251), also failed to prove any positive results 
of intensive blood‑glucose control on the reduction of distal 
DN incidence or prevention of cardiac autonomic neuropathy. 
The Steno‑2 study demonstrated no effects of blood glucose 
control on the risk of developing somatic DN but found a 
significant decrease in the risk of developing cardiac autonomic 
neuropathy with HR 0.37 (95% CI: 0.18‑0.79, P<0.01) (18).

Previous findings showed that, the choice of antidiabetic 
treatment may play a role in the rate of DN occurrence. In 
the ‘Bypass Angioplasty Revascularization Investigation 
2 Diabetes’ (2D BARI) study  (19), information regarding 
DN presence was available for 2,314 of 2,368 patients. This 
large number of patients was divided into groups according 
to their diabetes mellitus therapy, 1,669 patients received 
non‑insulin therapies (metformin and/or thiazolidinedione or 

a sulphonylurea), while 645 received insulin therapy. After 
adjusting for multiple cofactors such as HbA1c and DM dura‑
tion, the risk of DN remained over 30% higher in patients who 
were taking insulin compared to patients who were not taking 
insulin (OR=1.34, 95% CI 1.08‑1.67) (19).

Hypertension is the most important and also an independent 
risk factor for DN (20). Experimental studies compared the 
impact of hypertension on nerve function in rodents with strep‑
tozotocin‑induced DM. Both groups of DM rodents with and 
without hypertension showed thermal hyperalgesia, decreasing 
nerve conduction, nerve ischemia and axonal atrophy. The 
group with hypertension and DM showed thinly myelinated 
nerve fibres with supernumerary Schwann cells and decreased 
nerve levels of myelin basic protein. These alterations were not 
present in rodents without hypertension. Overlapping diabetes 
on hypertension led to modifications in nerve blood flow, 
conduction, axonal atrophy or nerve ischemia, and increased 
the ratio of the thinly myelinated fibres (21).

Dyslipidaemia is another risk factor that can contribute to 
the development of DN since high levels of total cholesterol, 
triglycerides, low‑density lipoprotein cholesterol (LDL‑C) 
and high‑density lipoprotein cholesterol (HDL‑C) are asso‑
ciated with an increased risk of neuropathy. Of all the lipid 
fractions, triglycerides have the most significant effect on the 
risk of neuropathy (22). In this context, fibrate and statins may 
reduce DN occurrence (23). The presence of smoking is also 
associated with increased DN prevalence (24). Indeed, the 
frequency of DN was related to the number of packs of ciga‑
rettes smoked per year (24). There are other factors involved 
in DN development, including obesity, metabolic syndrome, 
insulin resistance, alcohol consumption, platelet activation 
and increased aggregability, low vitamin D, subclinical 
inflammation (25,26), a paraneoplastic syndrome in different 
cancers  (27‑29), associated chemotherapy treatment  (30), 
genetic factors (31), and increased oxidative stress (32,33).

2. DN classification and diagnosis

The primary clinical forms of DN fall into three broad 
categories considering pathophysiology and anatomy (31): 
i) Sensory DN with the following types: Acute hyperglycemic 
neuropathy and chronic sensory‑motor neuropathy; ii) focal 
or multifocal DN that include mononeuropathies (median, 
ulnar, radial nerve, and cranial nerves), radiculopathies, 
plexopathies, amyotrophy; iii) autonomic neuropathies that 
include: Cardiovascular autonomic neuropathy manifesting 
as reduction of heart rate variation, tachycardia during resting 
intervals, postural hypotension as well as sudden cardiac 
death (especially malignant arrhythmias); gastrointestinal 
autonomic neuropathy such as diabetic gastroparesis, colonic 
hypomotility or hypermotility, and diabetic enteropathy; geni‑
tourinary autonomic neuropathy meaning erectile, bladder and 
sudomotor dysfunction.

The ADA advises physicians to use at least two semi‑quan‑
titative tests to diagnose DN (8). The tests used to evaluate 
the functioning of thin nerve fibres include the temperature 
perception test, and the pinprick pain perception test, whereas 
those that assess long nerve fibres function are the vibration 
perception test, the monofilament touch perception test, and the 
evaluation of ankle reflexes (8). The unity of at least two tests 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  690,  2021 3

is necessary to increase the specificity of DN diagnosis (8). 
Confirmation of DN diagnosis requires complex and rarely 
performed examinations such as nerve conduction tests that 
demonstrate the slowing of nerve conduction as a consequence 
of segmental demyelination of the axons (34).

Autonomic DN includes a group of diseases in which 
the nerve fibres belonging to the sympathetic and the 
parasympathetic nervous system are damaged, especially 
non‑myelinated vegetative filaments  (31). Autonomic DN 
can affect the cardiac, digestive, urinary and genital systems, 
being often undiagnosed, although it can occur within the 
first years after the diagnosis of DM (35). Cardiac autonomic 
neuropathy correlates with increased cardiac mortality (36). 
Its clinical manifestations include resting sinus tachycardia, 
silent myocardial ischemia, diminished tolerance to physical 
effort, orthostatic hypotension, syncope and intra‑operative 
cardiac instability (36). The prevalence of autonomic cardiac 
neuropathy is approximately 30% in subjects with type 1 DM 
after 20 years of disease, and 60% in subjects with type 2 DM 
after 15 years of disease progression (8). The presence of auto‑
nomic cardiac neuropathy increases cardiovascular risk, being 
involved either directly as a cause of cardiovascular diseases, or 
indirectly as an aggravating factor of pre‑existing pathologies. 
Part of this risk is contributed to the presence of silent myocar‑
dial infarction that occurs with a much higher frequency in 
DM individuals  (37). Autonomic cardiac neuropathy also 
involves significant damage to the parasympathetic system; 
this accentuates the predominance of the sympathetic nervous 
system, which may produce a chronic increase in blood pres‑
sure and eventually, hypertension (38). Nevertheless, DN does 
not spare the sympathetic system; it can be affected by the 
appearance of postural hypotension (35,36).

Sinus tachycardia occurs as a result of an imbalance 
between the sympathetic and parasympathetic nervous 
systems over the sinoatrial node (37), different from atrial 
fibrillation (39). Cardiac neuropathy is also associated with 
impaired diastolic filling (38). In the initial stages, sinus tachy‑
cardia with a heart rate >90 bpm occurs, followed by sinus 
tachycardia with a fixed frequency. For diagnosis tachycardia, 
clinicians use bedside tests developed from Ewing's methods 
in 1970. It includes the analysis of R‑R interval changes on 
the electrocardiogram during deep breathing, standing, or 
Valsalva manoeuvre (increased intrathoracic pressure) (38). 
Additionally, head‑up‑tilt‑table test or imaging techniques 
such as positron emission tomography (PET) or [123I] 
meta‑iodobenzylguanidine (MIBG) can be used in dedicated 
centres  (8). Autonomic DN can affect the gastrointestinal 
tract (40,41). Impairment of the sympathetic and parasym‑
pathetic nervous system innervating the digestive tract, with 
the predominant loss of inhibitory neurons and the imbalance 
between neuropeptides, can lead to diarrhoea or constipation, 
gastroparesis, disorders of oesophageal motility, faecal incon‑
tinence or biliary tract dyskinesia (40,41). A series of tests are 
performed to exclude other organic causes, most frequently 
esophagogastroduodenoscopy, colonoscopy, or a barium study 
of the stomach. The gold standard for diagnosing gastroparesis 
is scintigraphy of digestible solids with the measurement of 
gastric emptying (8).

At the urinary level, the clinical manifestation of DN is 
bladder dysfunction (42). The sensation of filling the bladder 

is no longer perceived, so there is urinary retention, dysuria, 
nocturia, and incomplete emptying. This can be evaluated 
by echography after voiding. In later stages of the disease, 
control over the smooth sphincter is lost, and thus urinary 
incontinence appears (43). The presence of bladder urine stasis 
predisposes these patients to severe urinary infections (43). In 
men suffering from DM, sexual dysfunction is three times 
more prevalent than in individuals with normal glucose toler‑
ance (44). Sexual dysfunction, especially erectile dysfunction, 
is a disability to obtain or maintain a normal erection for 
sexual intercourse (44,45). The ‘International Index of Erectile 
Function’ study is a validated diagnostic tool (46). The preva‑
lence of erectile dysfunction seems to be very high; in a study, 
67% of the evaluated subjects with DM were diagnosed with 
erectile dysfunction (44). A urologic examination is required 
for these conditions. In women with DM, sexual dysfunction is 
manifested by decreased libido and dyspareunia and should be 
evaluated by the gynaecologist (47).

3. Current treatment options

Pathogenesis‑oriented treatment
Glycaemic control. Glycaemic control is particularly important 
in the primary and secondary prevention of distal symmetrical 
diabetic polyneuropathy in patients with type 1 DM (12). The 
DCCT study included 1,400 subjects with type 1 DM, which 
were randomly divided into an intensive HbA1c target group 
(<6%), and a conventional one (12). After a follow‑up period 
of around 6.5 years, HbA1c was 7.4% in the intensive group 
and 9.1% in the conventional group (12). The prevalence of 
confirmed DN markedly increased in the conventional treat‑
ment participants (from 5 to 17%; P<0.001), and only slightly 
among the intensive treatment group participants (from 7 to 
9%). Adjusting for the presence of confirmed DN at baseline, 
the risk reduction for incident DN with intensive glucose control 
during DCCT was 64% (95% CI: 45‑76, P<0.01). Subjects 
included in the DCCT study were then followed up to observe 
the long‑term effects of glycaemic control on the incidence of 
microvascular and macrovascular DM complications. Patients 
in the DCCT study who were included in the conventional 
control arm were switched at the start of the ‘Epidemiology 
of Diabetes Interventions and Complications’ (EDIC) study 
to an intensive treatment arm. It was observed that the HbA1c 
difference between intensive and conventional glycemia treat‑
ment groups in the DCCT study was rapidly reduced; by the 
fifth year of EDIC follow‑up, there was no statistically signifi‑
cant A1c division (7.9% vs. 8.2%) (48). Prevalence of DN was 
raised during EDIC follow‑up in the two groups. Despite no 
measurable difference in glucose control, a 30% risk decrease 
in evolving DN was observed in patients with prior intensive 
glucose, confirming that early benefits in achieving glucose 
control are persistent over time (48). The EDIC/DCCT studies 
demonstrated that good glycaemic management can reduce 
DN occurrence and progression in subjects with type 1 DM 
and that initial intensive glucose control maintains its benefits 
for a long time (47,48).

On the other hand, glycaemic control seemed not to influ‑
ence the frequency of DN in type 2 DM subjects. Briefly, in 
the UKPDS study (performed on 3,867 types 2 DM patients 
with a similar methodology to that of the DCCT study) 
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patients were divided into the intensive and the conventional 
glucose control (49). At 10 years, no significant difference was 
observed regarding the prevalence of distal symmetrical DN 
and autonomic cardiovascular neuropathy between the two 
groups, in the intensive treatment group the average HbA1c 
was 7% while in the conventional treatment group the average 
HbA1c was 7.9%, P<0.01 (49). The treatment used for diabetic 
control, and not HbA1c decrease per se, could have a role 
in neuropathy prevention. This explains the reason for the 
population from BARI 2D, following treatment with insulin 
sensitizers, having reduced chronic distal polyneuropathy 
incidence (19). A meta‑analysis, conducted in 2011, analyzed 
six trials performed on 21,702 type 2 DM individuals, showing 
no effect of intensive glucose control on DN development or 
progression (50). Similarly, in another meta‑analysis, including 
6,669 type 2 DM patients from four studies, enhanced glucose 
control non‑significantly reduced the incidence of clinical 
neuropathy (15).

Aldose‑reductase inhibitors. In patients with DM, glucose 
metabolism via the polyols pathway begins with the trans‑
formation of glucose into sorbitol, a reaction catalyzed by 
aldose‑reductase (51). Sorbitol exerts a robust osmotic effect 
that alters Na+/K+‑ATPase in neurons. Aldose‑reductase 
inhibitors act by decreasing the cellular levels of sorbitol (51). 
Aldose‑reductase inhibitors were previously reported to 
improve symptoms and nerve conduction in the motor 
nerves in patients with distal symmetrical DN (52). However, 
a meta‑analysis, including 32 trials, demonstrated that 
aldose‑reductase inhibitors are no more effective than placebo 
in improving the symptoms of DN and nerve conduction; thus 
the medication is not included in the ADA guidelines (8,53). 
By contrast, another meta‑analysis (n=10 trials) showed that 
aldose‑reductase inhibitors ameliorated automatic cardiac 
neuropathy, mostly mild or asymptomatic cases (54).

a‑lipoic acid. α‑lipoic acid (ALA) may reduce oxidative 
stress, which is a central component in the etiopathogenesis of 
DN (55). Hyperglycaemia enhances the generation of reactive 
oxygen species (ROS) and depletes endogenous antioxidant 
mechanisms (55). ROS are crucial contributors to neuronal 
apoptosis, thus predisposing to DN progression (55). Previous 
studies in rodents have shown that ALA decreased lipid 
peroxidation in a dose‑dependent manner (56). ALA has been 

used in DN, since nerve fibres, especially in the myelin sheath, 
exhibit a large amount of lipids. The main action of ALA is a 
‘scavenger effect’ on lipophilic‑free radicals (55). A series of 
experimental studies have shown that ALA may improve the 
local blood flow and increase the speed of nerve conduction in 
peripheral nerves (57).

In the ‘Alpha‑Lipoic Acid in Diabetic Neuropathy’ 
(ALADIN) study, ALA was administered intravenously for 
three weeks in subjects with symptomatic DN at a dose of 600 
or 1,200 mg daily; this treatment reduced the symptoms of DN 
without significant adverse effects (58). Similarly, in the ‘Oral 
Pilot’ (ORPIL) study, ALA, administered orally at a dose of 
600 mg for three weeks, decreased DN symptoms, including 
pain, burning sensation, paraesthesia and numbness  (59). 
The ‘Symptomatic Diabetic Neuropathy’ (SYDNEY) study 
demonstrated that, in addition to DN symptoms, nerve conduc‑
tion was also improved by ALA, administered intravenously 
for five days in 14 perfusions (60). In the SYDNEY 2 study, the 
oral 600 mg dose of ALA was proven the most effective dose 
(among 600, 1,200 and 1,800 mg) in reducing symptoms and 
with the fewest side effects during a follow‑up of 5 weeks (61). 
A meta‑analysis (4 studies) showed that ALA administered 
both orally and intravenously can reduce the symptoms of 
DN as assessed by the ‘Total Symptom Score’ (TSS), i.e., a 
scoring system for neuropathic symptoms (burning, pain, 
numbness and paresthesia) (59). However, clinically relevant 
reductions in TSS (i.e., >30%) were only observed with intra‑
venously administered ALA at 600 mg/day for 3 weeks, but 
not with orally administered ALA at a dose of >600 mg/day 
for 3‑5 weeks (62). Another meta‑analysis (15 trials) revealed 
that the intravenous administration of ALA at a dose of 
300‑600 mg/day for 2‑4 weeks significantly elevated the nerve 
conduction velocity and positive neuropathic symptoms (63).

Benfotiamine. Benfotiamine is a synthetic derivative form 
of vitamin B1 that is highly soluble in lipids. Thiamine is 
recognized as a cofactor of an enzyme known as transketo‑
lase, which is part of the fructose‑6 phosphate metabolism and 
glyceraldehyde‑3‑phosphate metabolism by pentose‑pathway, 
leading to their conversion to pentose‑5 phosphates and 
other sugars (64). In DM, a thiamine deficiency is frequently 
present, partially attributed to an increased renal clearance of 
this vitamin; serum thiamine levels were 75% lower in patients 
with DM than in healthy subjects  (65). By administering 

Table I. Recommendations of the American Neurology Association (AAN) for the treatment of symptoms of painful symmetrical 
polyneuropathy.

Level of recommendation	 Drug	 Effective dose	 Not recommended drugs 

A	 Pregabalin 	 300‑600 mg/day	 Oxcarbazepine
B	 Gabapentin	 500‑1,200 mg/day	 Lamotrigine
	 Duloxetine	 60‑120 mg/day	 Clonidine
	 Venlafaxine	 75‑225 mg/day	 Laser therapy with low intensity
	 Sodium valproate	 500‑1,200 mg/day
	 Amitriptyline	 25‑100 mg/day
	 Tramadol 	 210 mg/day
	 Capsaicin	 0.075% topic use 4 times a day
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benfotiamine, fundamental pathogenetic pathways involved in 
the onset of DN are inhibited (i.e., the hexosamine and the 
diacylglycerol‑protein kinase C pathways), thus resulting in the 

reduced formation of advanced glycosylation products (66). 
In animal studies, benfotiamine given to rodents reduced 
inflammatory and neuropathic nociception (66). Furthermore, 

Table II. Recommendations of the American Diabetes Association (ADA) regarding therapeutic options for symptomatic diabetic 
neuropathy.

Level of 		  Active
recommendation	 Therapeutic class	 substance	 Effective dosage	 Observations

A	 Anticonvulsant 	 Pregabalin	 300‑600 mg/day	 FDA approved
				    Side effects: Ataxia, blurred vision, constipation, 
				    diplopia, dizziness, drowsiness, fatigue
	 Serotonin reuptake 	 Duloxetine	 60‑120 mg/day	 FDA approved
	 inhibitors
B	 Anticonvulsant	 Gabapentin	 900‑3,600 mg/day	 More important side effects than pregabalin
	 Tricyclic 	 Amitriptyline 	 25‑100 mg/day	 Important side effects: Cardiotoxicity, 
	 antidepressant 			   hepatotoxicity, suicidal ideation, risk of 
				    fractures
E	 Opioids	 Tramadol	 210 mg/day	 Significant side effects: Drowsiness, nausea, 
				    vomiting, constipation, arrhythmias, shortness 
				    of breath, seizures, addiction
		  Tapentadol	 Immediate release:	 Important side effects: Drowsiness, nausea,  
			   700 mg/day, day 1 	 vomiting, constipation, arrhythmias, shortness
			   then 60 mg/day	 of breath, seizures, addiction
			   Prolonged release: 
			   50 mg twice a day
 

Figure 1. Diabetic mellitus neuropathy management. The left part of the figure shows an algorithm for drug treatment options, and the right side indicates the 
pathogenesis‑oriented strategy.
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in rodents with streptozotocin‑induced DM, thiamine, and 
benfotiamine significantly decreased advanced glycosylation 
end products levels (67).

In patients with DM, benfotiamine (orally administered 
at a dose of 100 mg, four times a day, for three weeks) was 
reported to reduce the symptoms of neuropathy (68). In another 
study, benfotiamine was given in combination with vitamin 
B6 and B12 at two different doses (i.e., high: 320 mg/day and 
medium: 150 mg/day), as well as monotherapy (150 mg/day) 
for 6 weeks in 36 DM patients with DN (69). Both symptoms 
and semi‑quantitative tests were improved in all the groups 
with the best results being obtained in the patients receiving 
the highest dose of benfotiamine (69). Other findings have 
shown that benfotiamine, in combination with pyridoxine, 
not only reduces DN symptoms but also increases the speed 
of nerve conduction (70). Overall, benfotiamine significantly 
improves the symptoms of DN in DM patients, the benefit 
being greater with a higher amount and longer duration of 
treatment (71).

Symptomatic treatment. Symptomatic treatment aims to 
significantly reduce self‑reported pain in the lower limbs by 
30‑50% and thus improve the quality of life (8). A series of 
symptomatic medications are included in the guidelines by the 
‘American Academy of Neurology’ (AAN) (72) (Table I) or the 
‘European Federation of Neurological Societies’ (EFNS) (73). 
Beneficial results have been obtained with tricyclic antidepres‑
sants (for example amitriptyline), serotonin reuptake inhibitors, 
such as duloxetine (74,75) or opioids (76) or pregabalin (77) 
and gabapentin (78). The ADA recommends duloxetine as a 
first‑line treatment for the symptoms of painful DN, the other 
alternative being pregabalin (Table II) (8). Previous findings 
demonstrated the efficacy of duloxetine for the treatment of 
pain in patients with DN. The usually administered dose is 
60 or 120 mg/day (74). Duloxetine at a dose of 60 mg/day 
is safe and effective in the treatment of DN, but it should be 
elided in patients with liver disease and/or advanced chronic 
kidney disease. Administration of >60 mg/day is not indicated 
since efficacy is not significantly higher, and the side effects 
are greater (74). Of note, duloxetine is cost‑effective compared 
to other drugs used in DN treatment (75). A meta‑analysis 
of 23 studies confirmed the efficacy of duloxetine in the 
symptomatic treatment of DN (79).

Furthermore, tramadol was more effective than placebo in 
treating pain in patients with DN given at a dose of 200 mg/day, 
also improving patients' quality of life (80). Overall, tramadol, 
in combination with paracetamol, is useful in the symptomatic 
therapy of DN by reducing the severity of pain, improving 
sleep and quality of life (81).

4. Experimental treatment

As technology advances, novel biomarkers and diagnostic 
procedures for DN are implemented  (82,83), leading to 
innovative therapies.

Experimental drug treatment for DN includes vixotirgine, 
a voltage‑gated sodium‑channel agonist (84); trazodone/prega‑
balin combination, a combination between a second‑generation 
antidepressant with sedative activity and an anticonvulsant that 
has been effective in reducing symptoms (85); olodanrigan, 

an angiotensin 2 type 2 receptor antagonist (86); inhibitors of 
enkephalinases that increase the concentrations of enkephalin 
substances known for their natural analgesic proprieties (87); 
and vitamin D which can improve mood and decrease pain 
severity as shown in small trials (88).

Capsaicin can be used as topical treatment based on the 
local tissue reduction in P‑substance responsible for pain 
sensation (89,90) but is not generally recommended because 
it can determine a reversible loss of small epidermal fibres (8).

5. Suggestions for a therapeutic approach

DN treatment needs a multitarget approach, as depicted in 
Fig. 1. In our opinion, no treatment is effective if metabolic 
control is not achieved. Regulation of glucose, blood pres‑
sure and lipids are key components of a reliable approach 
for reducing the progression of DN since nerve fibres are 
highly sensitive to hyperglycaemia, hypertension and hyper‑
lipidaemia by the generation of excessive free radicals in 
the nervous tissue or plasma  (8). Therefore, patients may 
benefit from both symptomatic and pathogenic treatment. 
The quality of life is also very important, and symptomatic 
treatment can improve it by the use of drugs such as dulox‑
etine, pregabalin or gabapentin (8,71). Some guidelines do not 
refer to pathogenetic therapy, such as ALA or benfotiamine. 
However, proof exists that, especially ALA administered 
intravenously is effective in reducing neuropathic pain and 
improving nerve conduction (58). Overall, pathogenic treat‑
ment can, not only promote specific nerve function, but 
also improve the patient's symptoms as a consequence of 
neuroprotection against oxidative stress and advanced glyco‑
sylation end products (55,56,67,68). In clinical practice, ALA 
is usually administered intravenously for 10‑14 days, at a dose 
of 600 mg/day, followed by a long term oral administration 
of a combination of ALA (600 mg/day) and benfotiamine 
300 mg/day.

6. Conclusions

Timely diagnosis of DN is required to avoid several compli‑
cations, including lower limb amputations and cardiac 
arrhythmias. Glucose, blood pressure and lipids control are 
of high importance in DN therapy. Symptomatic treatment 
improves the quality of life of patients. Of note, pathogenetic 
therapeutic agents such as ALA and benfotiamine should 
not be ignored as they have shown positive results in clinical 
practice.
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