
A. Gordon Smith, MD FAAN 
Professor and Vice Chair of Neurology
Chief, Division of Neuromuscular Medicine
University of Utah School of Medicine

The Taxonomy of Generalized Diabetic 
Polyneuropathy



ACTTION – American Pain Society Taxonomy

Fillingim, R. B., et al. (2014). The ACTTION-American Pain Society Pain Taxonomy (AAPT): an 

evidence-based and multidimensional approach to classifying chronic pain conditions. The 

journal of pain : official journal of the American Pain Society, Elsevier. 15: 241-249.



The Diabetic Neuropathies

Peltier, A., et al. (2014). "Painful diabetic neuropathy." BMJ 348(may06 1): g1799-g1799.



Fillingim, R. B., Bruehl, S., Dworkin, R. H., Dworkin, S. F., Loeser, J. D., Turk, D. C., et al. (2014). The ACTTION-American Pain Society Pain 
Taxonomy (AAPT): an evidence-based and multidimensional approach to classifying chronic pain conditions. (Vol. 15, pp. 241–249).
Presented at the The journal of pain : official journal of the American Pain Society, Elsevier. http://doi.org/10.1016/j.jpain.2014.01.004

Core Diagnostic Criteria (Dimension 1)



Core Diagnostic Criteria (Dimension 1)

Diabetes Definition

Type 1 Autoimmune, GAD Ab +, Young onset, Insulin deficiency/requiring

Type 2 Insulin resistant (hyperinsulinemia), obesity, later onset (adolescent to 
adult), 

Type 3 Other disorders of the exocrine pancreas (CF, drug induced)

Type 4 Gestational

Smith AG. Continuum Lifelong Learning Neurol. 2012



1. Is DPN associated with T1D the same disease 
as that associated withT2D?

2. Is DPN associated with T2D the same as DPN 
associated with 
Prediabetes/Obesity/Metabolic Syndrome?

Core Diagnostic Criteria (Dimension 1)
T1D versus T2D



Enrollment criteria for painful DPN trials

Duloxetine (Raskin 2005)

 T1 or T2D

 Symmetric onset of foot pain.

 6 months or more 

 MNSI >2

 >4 Likert

Pregabalin (Lesser 2005)

 T1 or T2D

 DSP 1-5 years

 Average daily pain >4 on at least 
4 daily pain diaries.

 VAS >4

Pregabalin +/- Duloxetine (Tesfaye
2013)
 T1 or T2D
 Relatively symmetric onset of foot 

pain.
 3 months or more 
 MNSI >2
 >4 Likert

VM202 (Kessler 2015)

 T1 or T2D

 LE Pain of 6 months or more 

 MNSI >2

 >4 VAS.  Confirmed with 7 day 
Daily Pain and Sleep 
Interference Diary.

Raskin, J., et al F. (2005). A double-blind, randomized multicenter 
trial comparing duloxetine with placebo in the management of 
diabetic peripheral neuropathic pain. Pain Med, 6(5), 346–356.

Lesser, H., Sharma, U., LaMoreaux, L., & Poole, R. M. (2004). 
Pregabalin relieves symptoms of painful diabetic neuropathy: a 
randomized controlled trial. Neurology, 63(11), 2104–2110.

Kessler, J. A.et al. (2015). Double‐blind, placebo‐controlled study of 
HGF gene therapy in diabetic neuropathy. Annals of Clinical and 
Translational Neurology, n/a–n/a. http://doi.org/10.1002/acn3.186

Tesfaye, S.., et al. (2013). Duloxetine and pregabalin: high-dose 
monotherapy or their combination? The “COMBO-DN study--”a 
multinational, randomized, double-blind, parallel-group study in 
patients with diabetic peripheral neuropathic pain. Pain, 154(12), 
2616–2625. http://doi.org/10.1016/j.pain.2013.05.043
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Callaghan, B. C., et al. (2012). "Enhanced glucose control for preventing and 

treating diabetic neuropathy." Cochrane Database Syst Rev 6: CD007543.



Smith, A. G. and J. R. Singleton (2013). "Obesity and hyperlipidemia are risk factors for early 

diabetic neuropathy." Journal of Diabetes and Its Complications.



Neuropathy in Prediabetes: Does the 
Clock Start Ticking Earlier than Diabetes 

Ziegler et al . Papanas, Vinik and Ziegler Nature reviews. Endocrinology 2011;7(11):682-90. 

Neuropathic pain 

IFG = impaired fasting glucose; IGT = impaired glucose tolerance 

Neuropathy (esp. painful) is more common in 

prediabetic patients than controls
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Smith, A. G. and J. R. 

Singleton (2013). "Obesity 

and hyperlipidemia are 

risk factors for early 

diabetic neuropathy." 

Journal of Diabetes and Its 

Complications.



1. Is DPN associated with T1D the same disease 
as T2D? Probably not. Even if the mechanisms are the same, there 

are significant enough differences that trials of disease altering agents 
should focus on one type.

2. Is DPN associated with T2D the same as DPN 
associated with IGT/Obesity/Metabolic 
Syndrome? DPN and idiopathic neuropathy share risk factors and 

mechanisms.  We will answer this question later today.

Core Diagnostic Criteria (Dimension 1)
T1D versus T2D



1. Is painful DPN a different different disorder?

2. What diagnostic criteria should be used?

3. Role of structured symptom and sign scales?

4. Role of confirmatory neurophysiological 
and/or pathologic testing?

Core Diagnostic Criteria for DPN 
(Dimension 1)



Dyck, P. J., Overland, C. J., Low, P. A., Litchy, W. J., Davies, J. L., Dyck, P. J. B., et al. (2010). Signs and symptoms versus nerve 
conduction studies to diagnose diabetic sensorimotor polyneuropathy: Cl vs. NPhys trial. Muscle & Nerve, 42(2), 157–164. 
doi:10.1002/mus.21661



Reliability of Clinical Diagnosis

Dyck, P. J., Overland, C. J., Low, P. A., Litchy, W. J., Davies, J. L., Dyck, P. J. B., et al. (2010). Signs and symptoms versus nerve 
conduction studies to diagnose diabetic sensorimotor polyneuropathy: Cl vs. NPhys trial. Muscle & Nerve, 42(2), 157–164. 
doi:10.1002/mus.21661



• Clinical criteria should include validated 
questionnaire or interview technique, and a 
neurological examination.

• Class 1:  no signs or symptoms 
– A normal, 
– B EDX or AFT +QST, 
– C EDX and either AFT and/or QST.

• Class 2: Signs and/or symptoms:  
– A Symptoms +/- AFT or QST
– B Signs +/- symptoms and EDX or AFT +QST
– C Signs and/or Symptoms and EDX and either AFT or 

QST or both.

Report and recommendations of the San 
Antonio Conference on Diabetic 
Neuropathy. (1988). Consensus 
statement. Diabetes, 37, 1000–1004.



Formal consensus process with systematic literature 
review.  “In the grading of studies, EDX studies were 
considered an objective outcome.”

– Symptoms alone have poor accuracy
– Signs are better, particularly multiple signs
– Combination of symptoms, signs and EDX
– Rank ordered definitions

• Highest: multiple symptoms, multiple signs, abnormal NCS 
(clinical trials)

• Modest:  multiple symptoms and signs without NCS available 
(epidemiology)

• Lowest:  discordant signs and NCS

England, J. D. et al. (2005). Distal symmetric 
polyneuropathy: a definition for clinical research: 
report of the American Academy of Neurology, the 
American Association of Electrodiagnostic
Medicine, and the American Academy of Physical 
Medicine and Rehabilitation. Neurology, 64(2), 
199–207.



Rochester Diabetic Neuropathy Study

• Of 64,573 inhabitants of Rochester, MN in 1986, 870 (1.3% had DM).  380 
enrolled in RDNS (102 T1D, 278 T2D).

• 2/3 had some evidence of neuropathy, but only 13% symptoms.  Using 
NSS, only 10% had DPN

• “Because symptoms are not constant but tend to come and go, for 
purposes of following course it is useful to have an overall measurement 
of severity of polyneuropathy excluding symptoms”.

• “…generally the frequency of abnormality was higher for attributes of NC 
than for individual clinical abnormalities.”

• Diagnostic performance base based on a gold standard of the NIS(LL)+7, a 
composite of clinical examination, NCS, QST, and HRDB.

Dyck, P. J., Davies, J. L., Litchy, W. J., O'Brien, P. C. (1997). Longitudinal assessment of diabetic polyneuropathy using a 
composite score in the Rochester Diabetic Neuropathy Study cohort. Neurology, 49(1), 229–239.



Toronto Criteria – Expert panel 2009

Diabetic sensorimotor polyneuropathy
– “Typical” Symmetric length dependent sensorimotor 

polyneuropathy with abnormal NCS.

– “Atypical DPNs” This term not clearly defined but has 
been used by some to encapsulate painful DPN:

Tesfaye, S., Boulton, A. J., Dyck, P. J., Freeman, R., Horowitz, M., Kempler, P., et al. (2010). Diabetic 
neuropathies: update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes 
Care, 33(10), 2285–2293. http://doi.org/10.2337/dc10-1303



Toronto Criteria for DSPN

1. Possible DSPN: symptoms such as decreased sensation, 
positive sensory symptoms in the toes feet or legs or signs 
such as symmetric decreased sensation or decreased or 
absent ankle jerks.

2. Probable DSPN: symptoms and signs including 2 ore more 
of the following: symptoms, decreased sensation, 
abnormal ankle DTRs.

3. Confirmed DSPN:  Abnormal nerve conduction and a 
symptom or a sign.  If NCS normal, must have abnormality 
of validated measure of small fiber function.

4. Subclinical DSPN: abnormal NCS or small fiber test in the 
absence of symptoms or signs.

Tesfaye, S., Boulton, A. J., Dyck, P. J., Freeman, R., Horowitz, M., Kempler, P., et al. (2010). Diabetic 
neuropathies: update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes 
Care, 33(10), 2285–2293. http://doi.org/10.2337/dc10-1303



Toronto Criteria Painful DPN

• IASP definition of pain
• Distal, symmetrical, nocturnal exacerbations
• Prickling, deep aching, sharp, electric shock, 

burning,
• Hyperalgesia and frequent allodynia.
• SFN Criteria:

– Possible: length dependent symptoms and/or signs
– Probable: symptoms and signs with normal NCS
– Definite: symptoms, signs, and abnormal IENFD or 

thermal QST

Tesfaye, S., Boulton, A. J., Dyck, P. J., Freeman, R., Horowitz, M., Kempler, P., et al. (2010). Diabetic 
neuropathies: update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes 
Care, 33(10), 2285–2293. http://doi.org/10.2337/dc10-1303



Assumptions of existing diagnostic 
criteria for DPN

1. Signs are more reliable than symptoms. Symptoms come and 
go, and are unreliable.  This assumption is based largely on 
non-painful DPN.

2. Nerve conduction abnormalities are a very early (usually 
preclinical) and core feature of DPN.

3. Painful DPN is “atypical” and skin biopsy or other validated 
laboratory test must be used to confirm.



Diagnostic performance

• NCS abnormal in approximately 70% of 
neuropathy patients.

• Frequently normal in those with burning 
feet/small fiber neuropathy (~40%).

• Specificity data are lacking

• Sensitivity and specificity reported to be 
70-80%.

• Concerns regarding specificity in specific 
populations (diabetes).

Smith, A. G. (2014). Do all neuropathy patients need an EMG at least once? Continuum (Minneapolis, 
Minn.), 20(5 Peripheral Nervous System Disorders), 1430–1434. 
doi:10.1212/01.CON.0000455870.45685.c7



Signs/Symptoms + Confirmatory Test Signs and Symptoms

NCS:  Sensitivity 75%, Specificity 66%, 
PPV 14%, NPV 97% 

NCS:  Sensitivity 71%, Specificity 76%, 
PPV 19%, NPV 97% 







Dyck, P. J., Overland, C. J., Low, P. A., Litchy, W. J., Davies, J. L., Dyck, P. J. B., et al. (2012). "Unequivocally Abnormal" vs
“Usual” Signs and Symptoms for Proficient Diagnosis of Diabetic Polyneuropathy: Cl vs N Phys Trial. Arch Neurol, 1–6. 
http://doi.org/10.1001/archneurol.2012.1481



1. How should painful DPN be defined? Subject of another 
meeting, manuscript pending.

2. What criteria should be used? As a general construct, the Toronto 
criteria are the most logical.

3. Role of structured symptom and sign scales? Agreement on 
“unequivocal” abnormalities improves diagnostic performance, and simple tools such 
as the MNSI and UENS may have greater reproducibility and utility across the 
spectrum of disease severity.

4. Role of confirmatory neurophysiological and/or 
pathologic testing? The diagnostic performance of NCS, IENFD and CCM is 
modest, although given good NPV they may be used to exclude individuals with 
normal values (although there are concerns regarding pretest probability).

5. Exclusion of other causes for neuropathy (or 
confounding risk factors).

Core Diagnostic Criteria for DPN 
(Dimension 1)



Common features including clinical, 
epidemiologic and life span (Dimension 2)

Painful diabetic neuropathy 
– 20%
– Often early in the disease course
– Small fiber predominant
– Normal nerve conduction studies in >40%.  Skin biopsy abnormal in 

most.

Painless diabetic neuropathy
– Later in the course
– Slowed motor conduction velocities (but not in CIDP range)
– Risk for painless injury/ulceration

Asymptomatic neuropathy
– In some patients may be “laboratory based”
– Large fiber involvement
– Later, with risk for ulceration.



Painful DPN: Core Clinical Features
• Burning

• Electrical shock

• Stabbing or knife-like

• Tingling or “novocaine-like”

• Feet feel like they are wrapped tightly.

• Walking on marbles

• Walking on hot sand

• Worse at night, touch sensitivity to bedclothes.

• Comorbid conditions include (dimensions 3 and 4):
– Sleep disturbance (>95%) (Gore 2011)

– Depression and anxiety (67%) (Selvarajah 2014)

Gore, M., et al. (2011). Clinical Characteristics, Pharmacotherapy, and Healthcare Resource Use among Patients with Diabetic Neuropathy Newly Prescribed 
Pregabalin or Gabapentin. Pain Pract. http://doi.org/10.1111/j.1533-2500.2011.00450.x

Selvarajah, D., Cash, T., Sankar, A., Thomas, L., Davies, J., Cachia, E., et al. (2014). The contributors of emotional distress in painful diabetic neuropathy. Diabetes & 
Vascular Disease Research, 11(4), 218–225. http://doi.org/10.1177/1479164114522135



Bennett, M. I., Attal, N., Backonja, M. M., Baron, R., Bouhassira, D., Freynhagen, R., et al. (2007). Using 
screening tools to identify neuropathic pain. Pain, 127(3), 199–203. 
http://doi.org/10.1016/j.pain.2006.10.034

Screening tools for neuropathic pain



DPN Phenotype Evolves Over Time

10-20% of patients have neuropathy at T2D 
diagnosis, often painful, small fiber 
predominant.

Another 30% develop neuropathy -
often painless, with ulcer risk.



DPN is a spectrum of clinical disorders that evolve over time

T1D

Hyperglycemia

Time

Neuropathy 
Risk

T2D

Hyperglycemia

Time

Neuropathy 
Risk

Metabolic Syndrome





Raputova, J., et al. (2017). "Sensory phenotype and risk factors for painful diabetic neuropathy: 

a cross-sectional observational study." Pain 158(12): 2340-2353.



Bonhof, G. J., et al. (2017). "Patterns of cutaneous nerve fibre loss and 

regeneration in type 2 diabetes with painful and painless polyneuropathy." 

Diabetologia 60(12): 2495-2503.

Cheng, H. T., et al. (2013). "Increased Axonal Regeneration and Swellings in 

Intraepidermal Nerve Fibers Characterize Painful Phenotypes of Diabetic 

Neuropathy." J Pain.



Epidemiology of DPN (Dimension 2).

• Diabetes affects 8.5% of Americans and 
Europeans.

• Neuropathy occurs in up to 50%

• 10-20% of patients with T2D have neuropathy at 
diagnosis.

• 1/3rd of patients with neuropathy have painful 
DPN.

• ~ 50% of patients with idiopathic neuropathy 
have prediabetes. Most have painful neuropathy.



IDF Diabetes Atlas Sixth Edition, International Diabetes Federation 2013.



Common Medical Comorbidities 
(Dimension 3)

• Obesity, hypertension, hyperlipidemia and 
obesity.

• Other microvascular complications are more 
common in patients with DPN.

• Macrovascular disease 
– PAD
– Cerebrovascular disease

• CNS Neurodegeneration
• Depression/anxiety
• Sleep disorders



Selvarajah, D., et al. (2014). 

"Magnetic Resonance 

Neuroimaging Study of Brain 

Structural Differences in Diabetic 

Peripheral Neuropathy." Diabetes 

Care 37(6): 1681-1688.



Neurobiological, psychological risk factors and 
protective factors for DPN (Dimensions 4-5)

• Age

• BMI, glycemic control, metabolic syndrome

• Other diabetic complications.

Peltier, A., Goutman, S. A., & Callaghan, B. C. (2014). Painful diabetic neuropathy. Bmj, 348(may06 1), g1799–
g1799. http://doi.org/10.1136/bmj.g1799



Papanas, N. and D. Ziegler (2015). "Risk Factors and Comorbidities in Diabetic Neuropathy: An 

Update 2015." Rev Diabet Stud 12(1-2): 48-62.



Genetic Risk Factors for DPN

Politi, C., et al. (2016). "Recent advances in exploring the genetic 

susceptibility to diabetic neuropathy." Diabetes Res Clin Pract 120: 198-208.



• 532 differentially regulated genes

LEP

PPARG

SERPINE1

JUN

APOE

THX

STMN1

KRT19

NGFR

Lipid metabolism

Immune response
Inflammatory 

response

Axonogenesis



Among 25 sural nerve 
samples (18 progressive 
17 non- progressive):
PPARG
SCD
CD36
PCK1
AMPK pathway
PPAR pathway

Li, Y., et al. (2016). "Identification of genes and signaling 

pathways associated with diabetic neuropathy using a 

weighted correlation network analysis: A consort study." 

Medicine (Baltimore) 95(47): e5443. Luo, L., et al. (2017). "Gene Expression Profiling Identifies Downregulation of 

the Neurotrophin-MAPK Signaling Pathway in Female Diabetic Peripheral 

Neuropathy Patients." J Diabetes Res 2017: 8103904.



Functional consequences (Dimensions 4-5)

• Diabetes costs are €77 Billion in the EU and $174 
Billion in the US.  Data suggest 25% of diabetes costs 
are attributable to neuropathy and its complications. 

• Among diabetic complications, painful DPN is second 
only to amputations in reduction of QOL.

Peltier, A., Goutman, S. A., & Callaghan, B. C. (2014). Painful diabetic neuropathy. Bmj, 348(may06 1), g1799–
g1799. http://doi.org/10.1136/bmj.g1799



DPN and gait disturbance

• DPN patients have a 3-5 times greater risk of 
falling.

• Contributors include sensory loss, reduced 
lower extremity strength, impaired joint range 
of motion and changes in CNS control.

• Abnormal gait is strongly correlated with 
depression (and mood and cognition impact 
gait).

Vileikyte, L., et al. (2005). "Diabetic peripheral neuropathy and depressive symptoms: the association revisited." Diabetes Care 28(10): 2378-2383.

Alam, U., et al. (2017). "Diabetic Neuropathy and Gait: A Review." Diabetes Ther 8(6): 1253-1264.



Riandini, T., et al. (2017). "Functional status mediates the association between peripheral neuropathy and health-related quality of life 

in individuals with diabetes." Acta Diabetol.



Timar, B., et al. (2016). "The Impact of Diabetic Neuropathy on Balance and 

on the Risk of Falls in Patients with Type 2 Diabetes Mellitus: A Cross-

Sectional Study." PLoS One 11(4): e0154654.



Reduced balance and gait function is 
correlated to lower QoL

Riandini, T., et al. (2017). "Functional status mediates the association between peripheral neuropathy and health-related quality of life 

in individuals with diabetes." Acta Diabetol.



DPN is Associated with Increased Risk 
of Depression and Anxiety

• 50% relative increase in risk of depression in 
those with neuropathy (DPN and CSPN) 
compared to controls (23% vs. 15%, p<0.001).

• 50% with painful DPN have depression or 
anxiety and 26% have both.

• Pain and gait instability are most potent 
predictors of depression.

Callaghan, B., et al. (2015). "Longitudinal patient-oriented outcomes in neuropathy: Importance of early detection and falls." Neurology 85(1): 71-79.

Selvarajah, D., et al. (2014). "The contributors of emotional distress in painful diabetic neuropathy." Diabetes &amp; vascular disease research

11(4): 218-225.



Bai, J. W., et al. (2017). "Neuropathy and presence of emotional distress and 

depression in longstanding diabetes: Results from the Canadian study of 

longevity in type 1 diabetes." J Diabetes Complications 31(8): 1318-1324.



Personalized DPN Trials

• T1D vs. T2D

• DPN duration

• Ulceration

• Symptomatic vs. Asymptomatic

• Painful 

• Depression/Anxiety

• CNS factors



Toronto panel recommendations for clinical 
trial enrollment criteria for painful DPN

• Use rigorous selection criteria including 
neuropathic pain measures.

• Enrollment criteria

– DPN > 6 months

– Mean weekly pain 4-10 on an 11 point scale

– Exclude other pain causes.

Tesfaye, S., Boulton, A. J., Dyck, P. J., Freeman, R., Horowitz, M., Kempler, P., et al. (2010). Diabetic 
neuropathies: update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes 
Care, 33(10), 2285–2293. http://doi.org/10.2337/dc10-1303



Effect of Oxcarbazepine in Peripheral Neuropathic Pain 

Depends on Pain Phenotype:
Placebo-controlled Phenotype-stratified (QST) Study
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Demant, D. T., et al. (2014). "The effect of oxcarbazepine in peripheral neuropathic pain depends on pain 

phenotype: a randomised, double-blind, placebo-controlled phenotype-stratified study." Pain 155(11): 2263-2273.



Tesfaye, S., et al. (2013). "Duloxetine and pregabalin: high-dose monotherapy or their combination? The &quot;COMBO-DN study&quot;--a 

multinational, randomized, double-blind, parallel-group study in patients with diabetic peripheral neuropathic pain." Pain 154(12): 2616-2625.

COMBO-DN



Bouhassira, D., et al. (2014). "Neuropathic pain phenotyping as a predictor of 

treatment response in painful diabetic neuropathy: data from the randomized, 

double-blind, COMBO-DN study." Pain 155(10): 2171-2179.



Conclusions

• Toronto consensus criteria provide an appropriate framework, 
although there are some concerns regarding use of NCS and 
IENFD.

• Trials of disease altering agents should usually focus on T1D or 
T2D.

• More work needs to be done to understand disease risk 
factors (including genetics).

• Sensory phenotyping should be considered in painful DPN 
trials (and may eventually be useful as enrollment or 
stratification criteria).




