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Diabetic neuropathy (DN) is the most common complication of diabetes and the symmetric
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Aim: The purpose of this paper is to present and systematize the current state of knowledge
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on DN, in particular distal symmetric polyneuropathy. We hope that this would be helpful in
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the prevention, diagnosis and treatment of DN.

Risk factors

Material and methods: It was based upon the available literature, publications and materials

Treatment

available in the online medical databases.

Microvascular complication

Discussion: Prolonged exposure to hyperglycemia is recognized as the major mechanism and
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the risk factors include, among others, the degree of metabolic control of diabetes mellitus.
Neuropathic symptoms result from the severity of nerve ﬁber damage. Nevertheless, in more
than 50% of cases pain is the predominant symptom, which should encourage popularization
of the use of quality of life questionnaires in diabetics. The primary and most important
elements of causal treatment include the proper level of metabolic equalization, blood pressure
normalization and cessation of stimulant use. Apparently the only drug inﬂuencing pathogenetic mechanisms is alpha-lipoic acid, efﬁciency of which has been conﬁrmed in the ALLADYN
and the SYDNEY trials.
Conclusions: In light of the current state of knowledge, recommended ﬁrst line medication in
the treatment of pain associated with DN includes: tricyclic antidepressant, serotoninnorepinephrine reuptake inhibitor or antiepileptic drug. If monotherapy proves ineffective,
adding a second drug may be considered, then adjuvant opioid and alternatively nonpharmacological treatment. In case of lack of response to treatment, stimulation of the spinal
cord can be the ﬁnal intervention.
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1.

Introduction

Diabetic neuropathy (DN) is the most common chronic
complication of diabetes mellitus.28 It is associated with
increased morbidity, mortality and reduction of overall
quality of life, and accounts for more than one quarter of
treatment costs of diabetes.10,39,42 Although in 1864 Marchal
de Calvi had already proposed that peripheral nerve disorders
may result from diabetes, many aspects of this disease still
remain unresolved.16 According to the World Health Organization (WHO) more than 346 million people worldwide have
diabetes and it is estimated that by the year 2030 diabetes will
be the seventh leading cause of death worldwide. In Poland,
according to International Diabetes Federation (IDF), the
prevalence estimates for diabetes in the population of 20–79
years is 9.1%, out of which 90%–95% of the cases are type 2
diabetes.41 Alarming WHO estimates show that by the year
2025 the number of persons with diabetes is expected to
increase in developing countries, including Poland, by 170%.
Polish epidemiological data presented in Natpol Plus study
declare the prevalence of diabetes in 5.6% of adults (1.70
million people), 0.90% of which are newly diagnosed. In this
study, impaired fasting glycemia (IFG) was identiﬁed in
1.5% of the subjects, while impaired glucose tolerance (IGT)
occurred in 0.6% of the subjects.43 The incidence of diabetes is
constantly increasing and has already reached epidemic
proportions; thus, the prevalence of DN is escalating at an
alarming rate. In the absence of a clear diagnostic criteria for
DN, determination of its prevalence is extremely difﬁcult.
According to various reports, in the diabetic population,
incidence of DN is in the range from 10% to 90%.39 It is
believed, that DN affects approximately 110 million people
worldwide. In view of this data, it is crucial to actively
diagnose symptoms of DN in populations of both type 1
and type 2 diabetic patients.11,12
Diabetes mellitus as a systemic disease was ﬁrst described by
Thomas Willis in the London journal “Medical Observations and
Inquiries” in 1776. First satisfactory deﬁnition of DN was adopted
in 1988 at the San Antonio conference. It was characterized as a
disorder of the peripheral nervous system (somatic and/or
autonomic parts), conﬁrmed by the presence of symptoms
and/or signs and/or electrophysiological changes, that occurs in
the setting of diabetes mellitus, without other possible causes.6
From a neurological perspective, peripheral neuropathy and
polyneuropathy are determined by syndromes resulting from
extensive damage of peripheral nerves, manifested by palsies,
loss of sensation and autonomic dysfunction.21

2.

Aim

The aim of this work is to present DN as one of the most
common chronic complications of diabetes.

3.

Material and methods

It was based on the available literature, publications and
materials available in the online medical databases.

4.

Discussion

4.1.

Etiopathogenesis
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At the forefront of most publications there is a heterogenous
theory that encompasses main causative factors: metabolic
and microangiopathic changes. While the primary and proven cause of DN includes a prolonged hyperglycemia, among
other causative factors the role of deﬁciency of neuronal
growth factor (NGF), neurotrophins and insulin-like growth
factor (IGF-1), impaired nerve ﬁber regeneration, inﬂammation in response to autoimmune processes, and genetic
background are also emphasized.23,25,27,28,30
Chronic hyperglycemia, that accompanies uncontrolled diabetes, which positively correlates with concentrations of glucose in peripheral nerves and lack of insulin (or its ineffective
use – insulin resistance), results in excess insulin-independent
glucose transport into the nerve cells.14,30 Together with neurons, endothelial cells also belong to insulin-independent
cells, in which transport of glucose into the cell takes place
through facilitated diffusion. As a consequence, other insulinindependent glucose metabolic pathways are triggered (polyol,
hexosamine), leading to the production of advanced glycation
end products, which in turn disturbs normal metabolic processes, impairs homeostasis and in consequence, leads to
abnormal oxidation-reduction potential of the nerve cell (neuron).4 Increased concentrations of glucose, fructose and sorbitol
in peripheral nerves have been demonstrated in human models, while the expected decrease in myo-inositol content has
not been observed.28,30 In summary, glucose overload in neurons activates glycolysis and induces oxidative stress, which
results in damage of intracellular structures of the neuron and
impairs its proper functioning.

4.2.

Risk factors

Risk factors for DN may be divided into modiﬁable and nonmodiﬁable.
Modiﬁable risk factors include: degree of metabolic control
(hyperglycemia, hypoglycemia, episodes of ketoacidosis), presence of microalbuminuria and retinopathy, arterial hypertension, atherosclerosis, dyslipidemia, smoking habit, and alcohol
overuse.1,2,24,32,
Whereas non-modiﬁable factors include male gender,
advanced age, duration of diabetes, height, genetic factors.30

4.3.

Classiﬁcation

There are numerous categorizations and classiﬁcations of
DN. In 1988 during the San Antonio conference (organized by
the American Diabetes Association and American Academy
of Neurology) a classiﬁcation of DN as latent, diffuse and focal
was adopted.5
Subsequently, Watkins in his work in 1993 presented an
interesting classiﬁcation of DN based upon its natural course.
The author distinguished between gradually progressive
group (sensory and autonomic neuropathies) and remissive
group (mononeuropathies, radiculopathies and acute painful
neuropathies).40 Another DN classiﬁcation according to Dyck
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is based upon the severity of the symptoms: 0 – no neuropathy, 1 – subclinical neuropathy (asymptomatic), 2 – symptomatic neuropathy, 3 – disabling neuropathy.8
During the 8th International Symposium on Diabetic
Neuropathy in Toronto (Canada) in 2009 another classiﬁcation of diabetic polyneuropathy into typical and atypical form
was adopted. Typical form of diabetic polyneuropathy is
a diabetic sensorimotor polyneuropathy (DSPN). Atypical
form is less well-known, with suspected inﬂammatory cause,
intercurrent painful and autonomic symptoms, and may
develop at any stage of the disease. In patients with atypical
form usually other chronic complications of diabetes are
absent.31
Besides the presented classiﬁcations of diabetic polyneuropathy, in Polish literature anatomical classiﬁcation of neuropathy by Taton is used, which includes detailed division in relation
to central, peripheral and autonomic nervous system.30
In the annually updated recommendations of Polish Diabetes Association, the following classiﬁcation of diabetic
polyneuropathy is provided:
I) generalized (diffuse), symmetrical polyneuropathies:
– chronic sensimotor neuropathy,
– autonomic neuropathy,
– acute sensory neuropathy;
II) focal and multifocal, non-symmetrical neuropathies:
– cranial nerve neuropathy (involves cranial nerves III,
IV, VI, less frequently VII),
– spinal nerve neuropathy (thoracic and lumbar),
– focal limb neuropathies, including nerve compression
syndromes,
– proximal motor neuropathy (amiotrophy),
– concomitant chronic neuropathy.42
The presented review of classiﬁcations of DN demonstrates that, despite the existence of numerous classiﬁcations, none refers to the disease pathophysiology. Results of
the Rochester Diabetic Neuropathy Study should be considered, which demonstrated that in 10% of the diabetic patients
with neuropathic complications, diabetes is not the underlying cause.9 It should be also noted that neuropathic pain
occurs in approximately 6%–7% of the healthy population.2
Thus, the ﬁnal diagnosis of DN must include differentiation
with other conditions, such as hypothyroidism, uremia,
vitamin B12 deﬁciency, chronic inﬂammatory demyelinating
polyneuropathy, carpal tunnel syndrome, and many others.17

4.4.

Symptoms, diagnosis and treatment

The variation in symptoms reported by patients is closely
related to the size of the damaged nerve ﬁbers. In case of
pathology of thin nerve ﬁbers, which seem to be affected ﬁrst,
sensory disturbances (sense of touch, pain, temperature,
sometimes allodynia), paresthesia and autonomic symptoms
are the most commonly occurring. Yet, tendon reﬂexes
and muscle strength remain normal. On the other hand, the
impairment of thick nerve function is accompanied by loss of
proprioception, loss of vibration sense and reduced tendon
reﬂexes.39

In accordance with recommendations developed by
Tesfaye, screening for neuropathy in patients with type 1
diabetes in the absence of symptoms suggesting central
nervous system damage, should be conducted ﬁve years after
diagnosis, while in case of type 2 diabetes, given its insidious
mildly symptomatic course, immediately starting at diagnosis and annually thereafter.31 Similar guidelines for DN
screening are provided by the Polish Diabetes Association.8
The most common form of DN is symmetrical diabetic
peripheral neuropathy (DPN), which develops as a result of
long-term hyperglycemia. Frequently, in patients with
DN, other diabetes related organ damages coexist, such as
nephropathy and retinopathy. In more than 50% of persons
with DPN, predominant symptom is pain (painful diabetic
peripheral neuropathy – PDPN).29
The genesis of neuropathic pain is multifactorial. It has
been proven that fear and anticipation of painful stimulus
can serve to increase the actual experience.19 Patients with
PDPN often suffer from weight loss, erectile dysfunction,
depression, anxiety and insomnia.38
Neuropathic pain in diabetic patients is deﬁned as pain
arising as a direct consequence of abnormalities affecting the
somatosensory system.37 In clinical practice, it is a severe,
burning pain, frequently combined with allodynia, located in
the distal parts of the limbs, escalating at night. Diagnosis of
PDPN is made based upon medical interview and physical
examination. Intensity of neuropathic pain is assessed on the
Likert scale. In addition, widespread pain assessment questionnaires are used: Neuropatic Pain Symptoms Inventory,
Brief Pain Inventor, Neuropathic Pain Questionnaire, or those
including quality of life assessment (QoL), e.g. NeuroQol or
Norfolq Quality of Life Scale.31
For clinical purposes, DPN was divided according to the
incidence probability:
– possible – typical symptoms may be present (impaired
sensation, numbness while sleeping, exquisite, severe,
burning pain, particularly of the toes, feet or entire lower
limbs) and/or distal symmetrical impairment of sensation;
and/or loss or diminution of ankle reﬂex,
– probable – at least two of the following symptoms: signs of
neuropathy, distal impairment of sensation, or loss or
diminution of ankle reﬂex.
– conﬁrmed – nerve conduction abnormalities and at least
one of signs and symptoms of neuropathy,
– subclinical – nerve conduction abnormalities with no signs
or symptoms of neuropathy.31
Slightly different diagnostic criteria for somatic polyneuropathy, based on semi-quantitative scale of the largest (þþþþ)
and smallest (  ) risk, were proposed by the Polish Diabetes
Association.42
The highest risk of diabetic polyneuropathy is in the case of
abnormal neurophysiological tests (nerve conduction studies)
and at least three out of four of the following elements in clinical
examination:
– signs: sensory disturbances, numbness, burning, tingling,
tearing, spontaneous pain, muscle cramps (particularly in
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the feet and lower limbs) persistent for several months
(appearing or worsening particularly at night; physical
activity does not induce or exacerbate symptoms),
– symptoms: weakness, absence or asymmetry of deep
tendon reﬂexes (knee and ankle); limitation or loss of
the sense of touch (determined by the Semmes–Weinstein
10 gram monoﬁlament), sense of vibration (assessed with
a calibrated tuning fork by the Rydel–Seiffer 128 Hz, socalled tuning fork, or a biotensionmeter or a neurotensiometer), sense of pain (with the use of sterile needle,
neuro-tips) and sense of temperature (with tip-therm).

Recently, in the diagnosis of DPN new diagnostic tools are
used. These include biopsy of the nerve and skin, since it has
been proven that there are differences in the microscopic
image of the skin of a healthy and diabetic subject. These
differences include reduction of the number of cutaneous
nerve ﬁbers shown by staining for the neuronal antigen PGP
9.5, in small nerve ﬁber neuropathy.26 Confocal microscopy
and new immunohistochemical methods were used to test
non-myelinated nerves of the skin and internal organs.15
Confoscan, which is a variation of light microscopy and is
characterized by increased contrast and resolution, was used
to examine cornea, as a non-invasive and safe method.
Signiﬁcant thinning (reduction of density) of corneal nerve
ﬁbers was deﬁned as the early marker of DPN.22 Furthermore,
an increase in tortuosity of corneal nerve ﬁbers was observed
in patients with diabetes, as compared with control group.
Rosenberg's research team at the University of Helsinki has
demonstrated a correlation between structural changes of
corneal nerves, reduced corneal sensitivity and the intensity
of DPN in patients with type 1 diabetes.7 New research
techniques have also shown that one of the mechanisms of
acute neuropathic pain is a disorder of blood circulation in
small blood vessels that supply the nerves.20 On the basis of
magnetic resonance imaging, researchers from Chicago have
demonstrated the presence of structural changes in the brain
of diabetic patients with chronic (present for more than
a year) back pain. In 26 subjects a 5%–11% reduction in
prefrontal and thalamic gray matter was found, while in the
normal brain ageing processes such reduction may be up to
0.5%. Demonstrated differences are the equivalent of 10–20
years of physiological ageing processes.3

4.5.

Causal treatment

The basis for the treatment of diabetic polyneuropathy is
good metabolic control of diabetes, arterial hypertension, as
well as smoking cessation and avoiding alcohol abuse.42
Validity of these recommendations has been demonstrated
in the Diabetes Control and Complications Trial (DCCT) and
the United Kingdom Prospective Diabetes Study (UKPDS).
In patients treated with intensive functional insulin therapy
(FIT) lower incidence of neuropathy has been demonstrated
and in patients with clinical demonstration of neuropathy
relief of symptoms was observed. In addition, in DCCT after
ﬁve years of observation of two groups: the ﬁrst treated with
FIT (with a mean HbA1c – 7.2%) and the second treated with
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conventional insulin therapy (with a mean HbA1c – 9.1%),
in the ﬁrst group approximately 50% less cases of DN
were observed.35,36 In 1997 results of the annual observation
of patients after pancreas transplantation were published,
which showed that in 50% of subjects with type 1 diabetes
one year after pancreatic islet cell transplantation stabilization or improvement of DPN symptoms was observed.18 Due
to the fact that a 1% increase in the HbA1c increases the
risk of DPN by 10%–15%,12 any form of achieving improved
glycemic control helps to alleviate neuropathic symptoms.
On the other hand however, caution is advised in excessive
attempt to achieve normoglycemia, which may lead to
reduced blood ﬂow and nerve ischemia, thus enhancing pain
and other symptoms associated with neuropathy. Therefore,
an indicated desired blood glucose range is 90–180 mg/dL
(5.0–10.0 mmol/L).
In addition to glycemic control, α-lipoic acid (ALA) appears
to be the only effective drug in the treatment for DPN. This is
a mitochondrially synthesized octanoic acid derivative with a
potent antioxidant effect. ALA shows a hypoglycemic effect,
reduces insulin degradation and insulin resistance, increases
glucose metabolism and its uptake in the liver and muscles.
Effectiveness of the drug was demonstrated in the ALLADYN
and the SYDNEY trial, in which signiﬁcant reduction of total
symptom score (TSS; pain, burning, sensory disturbances)
was observed already after 3 weeks of therapy vs. placebo.
The optimal dose was 600 mg/day. More pronounced therapeutic effects were observed in patients who received the
drug intravenously. However, the ALLADYN II trial (consisting
of 24-month oral therapy of ALA) and the ALLADYN III trial
did not demonstrate a signiﬁcant superiority of ALA over
placebo.29

4.6.

Symptomatic treatment

In June 2012 latest reports on the treatment of PDPN, including algorithms for the treatment of patients with PDNP, were
published. The following were recommended as a ﬁrst line
medication:
– tricyclic antidepressant (amitriptyline at a dose of 25–75 mg/
day, imipramine at a dose of 25–75 mg/day, recommended
initial dose, particularly in the elderly is 10 mg/day),
– serotonin-noradrepinephrine reuptake inhibitor (duloxetine at a dose of 60–120 mg/day),
– anticolvunsants (antiepileptics) (pregabalin 300–600 mg/day;
gabapentin 900–2600 mg/day), which are ligands of α2s subunit of voltage-dependent calcium channels present in the
central nervous system.13

Worth mentioning is the fact that only duloxetine and
pregabalin are Food and Drug Administration of US and
European Medicines Agency approved treatments of PDPN.
The choice of medication depends on comorbidities, contraindications and the economic status of the patient. When
no desirable results are obtained with the use of one of the
above mentioned ﬁrst line medication, combination therapy
with two drugs is preferred. If the pain persists, adjuvant
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opioid should be added (tramadol 200–400 mg/day, oxycodone 20–80 mg/day; morphine 20–80 mg/day). The guidelines
also outline topical medication – capsaicin cream (0.075%, 3–4
times per day). Non-pharmacological therapies include above
all: acupuncture, infrared radiation, laser therapy, transcutaneous electrical nerve stimulation, and external muscle
stimulation.29,33,34 When all of the above mentioned treatment methods have been used, spinal cord stimulation may
be indicated. The effectiveness of this method was demonstrated in a study, in which 10 patients had stimulating
electrodes implanted in the epidural space. Signiﬁcant
improvement was reported by 8 patients, which was reﬂected
in the visual analog scale of pain, and after completion of a
12-month study, 6 patients decided on continuation of this
mode of pain management.34
Worth noting is the fact that the presented recommendations lack any indications for use of conventional analgesics,
such as paracetamol or non-steroid anti-inﬂammatory drugs.
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5.

Conclusions

Diabetic polyneuropathy is one of the most common chronic
complications of diabetes. It is a subject of ongoing clinical
researches, but still no ﬁrm recommendations for the treatment of this complication have been established.

[16]
[17]
[18]

[19]

Conﬂict of interest
None declared.

[20]

references
[21]
[1] Abdul-Ghani M, Nawaf G, Nawaf F, Itzhak B, Minuchin O,
Vardi P. Increased prevalence of microvascular
complications in type 2 diabetes patients with the metabolic
syndrome. Isr Med Assoc J. 2006;8(6):378–382.
[2] Al-Ani FS, Al-Nimer MS, Ali FS. Dyslipidemia as a contributory factor in etiopathogenesis of diabetic neuropathy.
Indian J Endocrinol Metab. 2011;15(2):112.
[3] Apkarian AV, Sosa Y, Sonty S, Levy RM, Harden RN, Parrish TB,
et al. Chronic back pain is associated with decreased prefrontal
and thalamic gray matter density. J Neurosci. 2004;24(46):
10410–10415.
[4] Brownlee M. Glycation products and the pathogenesis of
diabetic complications. Diabetes Care. 1992;15(12):1835–1843.
[5] Consensus Statement: Report and recommendations of the
San Antonio conference on diabetic neuropathy. American
Diabetes Association American Academy of Neurology.
Diabetes Care. 1988;11(7):592–597.
[6] Consensus Statement: Report and recommendations of the
San Antonio conference on diabetic neuropathy. Diabetes.
1988;37(7):1000–1004.
[7] Cruzat A, Pavan-Langston D, Hamrah P. In vivo confocal
microscopy of corneal nerves: analysis and clinical
correlation. Sem Ophthalmol. 2010;25(5–6):171–177.
[8] Dyck PJ. Severity and staging of diabetic polyneuropathy. In:
Gries FA, Cameron NE, Low DA, Ziegler D, eds. Textbook of
Diabetic Neuropathy. Stuttgart: Thieme; 2003:170–175.
[9] Dyck PJ, Karnes JL, O'Brien PC, Litchy WJ, Low PA, Melton LJ.
The Rochester Diabetic Neuropathy Study. Reassessment of

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]

tests and criteria for diagnosis and staged severity. Neurology.
1992;42(6):1164–1170.
Gordois A, Scuffham P, Shearer A, Oglerby A, Tobian JA. The
health care costs of diabetic peripheral neuropathy in the US.
Diabetes Care. 2003;26(6):1790–1795.
Gryz E, Szeremer P, Galicka-Latała D, Banach M, Szczudlik A,
Sieradzki J. Metody rozpoznawania i oceny neuropatii
cukrzycowej. Przegląd piśmiennictwa oraz doświadczenia
własne [Methods of diagnosis and assessment of the diabetic
neuropathy. Literature review and authors’ observations].
Przegl Lek. 2004;61(1):25–29 [in Polish].
Hans-Wytrychowska A, Wytrychowski K, Sapilak BJ.
Neuropatia cukrzycowa w praktyce lekarza rodzinnego –
neuropatie somatyczne. [Diabetic neuropathy in general
practice – somatic neuropathies]. Terapia. 2009;2(221):54–57
[in Polish].
Kamiński M, Rucińska M. Pregabalina – nowy lek w terapii
bólu neuropatycznego [Pregabalin – a new treatment for
neuropathic pain]. Ból. 2006;7(3):15.
Karnafel W. Obraz kliniczny neuropatii cukrzycowej układu
wegetatywnego [Clinical presentation of diabetic autonomic
neuropathy]. Diabetologia na co dzień. 2009;4(17):4–7 [in Polish].
Kennedy WR. Opportunities afforded by the study of
unmyelinated nerves in skin and other organs. Muscle Nerve.
2004;29(6):756–767.
Martin MM. Diabetic neuropathy. Brain. 1953;76(4):594–624.
Moczulski D, ed. Diabetologia [Diabetology]. Warszawa: Medical
Tribune; 2010.
Navarro X, Sutherland DE, Kennedy WR. Long-term effects of
pancreatic transplantation on diabetic neuropathy. Ann
Neurol. 1997;42(5):727–736.
Ploghaus A, Narain C, Beckman CF, Clare S, Bantick S, Wise R,
et al. Exacerbation of pain by anxiety is associated with
activity in a hippocampal network. J Neurosci. 2001;21(24):
9896–9903.
Quattrini C, Harris ND, Malik RA, Tesfaye S. Impaired skin
microvascular reactivity in painful diabetic neuropathy.
Diabetes Care. 2007;30(3):655–659.
Rowland LP. Neurologia Merritta, 1st Polish ed. Wrocław:
Elsevier; 103–605 [in Polish].
Shahidi AM, Sampson GP, Pritchard N, Edwards K, Russell A,
Malik RA, et al. Exploring retinal and functional markers of
diabetic neuropathy. Clin Exp Optom. 2010;93(5):309–323.
Sheetz MJ, King JL. Molecular understanding of
hyperglycemia's adverse effects for diabetic complications.
JAMA. 2002;288(20):2579–2588.
Shera AS, Jawad F, Maqsood A, Jamal S, Azfar M, Ahmed U.
Prevalence of chronic complications and associated factors
in type 2 diabetes. J Pak Med Assoc. 2004;54(2):54–59.
Sivenius K, Pihlajamäki J, Partanen J, Nikanen L, Laakso M,
Uusitupa M. Aldose reductase gene polymorphisms and
peripheral nerve function in patients with type 2 diabetes.
Diabetes Care. 2004;27(8):20021–22026.
Sorensen L, Molyneaux L, Yue DK. The relationship among
pain, sensory loss, and small nerve ﬁbers in diabetes.
Diabetes Care. 2006;29(4):883–887.
Sullivan KA, Feldman EL. New developments in diabetic
neuropathy. Curr Opin Neurol. 2005;18(5):586–590.
Szczeklik A. Choroby wewnętrzne. Stan wiedzy na rok 2010
[Internal medicine. State of knowledge in 2010]. Kraków:
Medycyna Praktyczna; 2010: 1277–1278.
Tahrani AA, Askwith T, Stevens MJ. Emerging drugs for
diabetic neuropathy. Expert Opin Emerg Drugs. 2010;15(4):
661–683.
Tato J, Czech A. Diabetologia, Vol 2. Warszawa: PZWL;2001 [in
Polish].
Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M,
Kempler P, et al. Diabetic neuropathies: update on

polish annals of medicine 20 (2013) 154–159

[32]

[33]

[34]

[35]

[36]

[37]

deﬁnitions, diagnostic criteria, estimation of severity, and
treatments. Diabetes Care. 2010;33(10):2285–2293.
Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C,
Ionescu-Tirqoviste C, et al. Vascular risk factors and diabetic
neuropathy. N Engl J Med. 2005;352(4):341–350.
Tesfaye S, Vileikyte L, Rayman G, Sindrup S, Perkins B,
Baconja M, et al. Painful diabetic peripheral neuropathy:
consensus recommendations on diagnosis, assessment and
management. Diabetes Metab Res Rev. 2011;27(7):629–638.
Tesfaye S, Watt J, Benbow SJ, Pang KA, Miles J, MacFarlane IA.
Electrical spinal-cord stimulation for painful diabetic
peripheral neuropathy. Lancet. 1996;348(9043):1698–1701.
The effect of intensive diabetes therapy on measures of
autonomic nervous system function in the Diabetes
Control and Complications Trial (DCCT). Diabetologia.
1998;41(4):416–423.
The effect of intensive diabetes therapy on the development
and progression of neuropathy. The Diabetes Control and
Complications Trial Research Group. Ann Intern Med.
1995;122(8):561–568.
Treede RD, Jensen TS, Campbell JN, Cruccu G, Dostrovsky JO,
Grifﬁn JW, et al. Neuropathic pain: redeﬁnition and grading
system for clinical and research purposes. Neurology. 2008;70(18):
1630–1635.

159

[38] Vileikyte L, Leventhal H, Gonzales JS, Peyrot M, Rubin RR,
Ulbrecht JS, et al. Diabetic peripheral neuropathy and
depressive symptoms. The association revisited. Diabetes
Care. 2005;28(10):2378–2383.
[39] Vinik AI, Park TS, Stansberry KB, Pittenger GL. Diabetic
neuropaties. Diabetologia. 2000;43(8):957–973.
[40] Watkins PJ. Progression of diabetic autonomic neuropathy.
Diabet Med. 1993;10(suppl 2):77S–78S.
[41] WHO. 10 facts about diabetes. 〈http://www.who.int/features/
factﬁles/diabetes/en/index.html/〉; Accessed 02.03.2013.
[42] Zalecenia kliniczne dotyczące postępowania u chorych na
cukrzycę 2013. Stanowisko Polskiego Towarzystwa
Diabetologicznego [Clinical guidelines on the management
of patients with diabetes 2013. Polish Diabetes Association]
Diabetologia Kliniczna. 2013;2(suppl A).
[43] Zdrojewski T., Bandosz P., Szpakowski P. Ocena wybranych
problemów dotyczących rozpowszechnienia i terapii
nadciśnienia tętniczego w Polsce na podstawie badania
NATPOL III PLUS [Evaluation of the selected issues regarding
prevalence and treatment of arteria hypertension in Poland on
the basis of NATPOL III PLUS study] In: Więcek A.,
Kokot F., eds. Postępy w nefrologii i nadciśnieniu tętniczym. vol. II.
Kraków: Medycyna Praktyczna; 2003:11–15 [in Polish].

