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High level of heterogeneity among patients



Irritable Nociceptor 
Phenotype

Sloan et al. Nat Rev Endocrinol. 2021; Selvarajah et al Diabetes 
Care 2023; Teh et al Diabetologia 2021. 64(6)

Non -Irritable 
Nociceptor Phenotype

Patient stratification in Painful-DPN



There are many unanswered questions….

…. and consequently, 
treatments and are 
inadequate

Aetiology

Genotype

Clinical 
Variability

Natural 
History

Nerve Fibre 
Involvement

Reasons for
Painful vs. 
Painless 
divergence

?

?

?

?
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Total cholesterol

Triglycerides

BMI

Diabetes duration

Change in HbA1c

HbA1c

Smoking

Hypertension
1.57

1.38

1.48

1.36

1.40

1.27

1.21

1.15

Odds ratios (95% CI)

n=1101 with T1 DM; 
Follow-up 7.3±0.6 

years 

Tesfaye et al. NEJM 2005





Female sex a risk factor for Painful-DPN

Odds ratio of 
developing 
Painful-DPN 
for females 
was 2.69 
(1.41, 6.23) vs. 
males



Are there clinical differences between 

males and females with Painful-DPN?



Females also have different nerve fibre involvement 
in Painful-DPN…..

Greater small 
fibre dysfunction 

in females

Greater large 
fibre dysfunction 

in males

Female

Male

Thermal perception Vibration perception
Unpublished data; Sloan et al.

N=100



…and suffer with higher disease burden
*

Female

Male

*

*

*

* *

worse sleep 
impairment

more 
anxiety

greater 
symptom
burden

N=184

Unpublished data; Sloan et al.

Further studies needed to determine sex 

differences in Painful-DPN
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Diabetic Peripheral Neuropathy

Sloan et al. Nat Rev Endo 2021

Involves both 
the peripheral 
and central 
nervous system



Example title
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Structural Brain Alterations in Key Somatosensory and 
Nociceptive Regions in Diabetic Peripheral Neuropathy

n=277
DPN groups reduced 
cortical 
thickness/volume:

-Primary 
somatosensory 
cortex

-Primary motor 
cortex

-Insular cortex
-Thalamus

Selvarajah D / Sloan G. et al 
Diabetes Care 2023



Differences in brain structure between clinical 
phenotypes of Painful-DPN

23
Selvarajah D / Sloan G. et al Diabetes 
Care 2023

NIR Painful-DPN: 
reduced primary 
somatosensory 
cortical, posterior 
cingulate cortical, and 
thalamic volume

IR Painful-DPN: 
reduced anterior 
cingulate cortical 
thickness 
 

Are there differences in brain function 

between Painless and Painful-DPN?



Magnetic Resonance Spectroscopy

24

31P-MRS: 
Cellular 
energetics

1H spectral 
editing: 
Neurotransmitters

1H-MRS: 
Neuronal 
Function
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Greater energy usage in Painful- compared to 
Painless-DPN

26



Altered structure and function at the thalamus in 
Painful- compared to Painless-DPN

27

ThalamusHypervascularity 
Selvarajah et al. Diabetes Care 
2011.

 

Neuronal hyperexcitability in 
Rodent models
Fischer et al. 2009 Brain Res; Freeman et al. 
2016 Eur J Neurosci

 

Altered connectivity 
with other brain 
regions
Croosu et al Diabetes Care 2023.



Thalamus

Thalamic 
neuronal 
dysfunction 
in DPN
Selvarajah et al. 
Diabetologia 2008

Normal levels of thalamic NAA 
in Painful-DPN, suggesting 
preserved neuronal function 
Gandhi, Selvarajah, Sloan et al. Front Pain Res 2023

Normal levels of thalamic Pi:ATP 
in Painful-DPN, suggesting 
preserved mitochondrial  
function Sloan et al. unpublished

Partial preservation 
of GABA in Painful-
DPN
Shillo/Sloan et al. Diabetes 2024



Thalamus preserved/hyperfunctioning in Painful-DPN

29

Thalamus

Painless - DPN

Painful - DPN
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Treatment of Painful-DPN

Sloan et al. Nat Rev Endo 2021



Treatment of Painful-DPN

Are any of the first line 
agents more effective?

Is there a combination of 
agents which is most 

effective?





A, amitriptyline; D, duloxetine; DPNP, diabetic peripheral neuropathic pain; P, pregabalin.
1. Tesfaye S, Sloan G, Petrie J et al; OPTION-DM trial group. Comparison of amitriptyline supplemented with pregabalin, pregabalin supplemented with amitriptyline, and duloxetine supplemented 
with pregabalin for the treatment of diabetic peripheral neuropathic pain (OPTION-DM): a multicentre, double-blind, randomised crossover trial. Lancet 2022;400(10353):680–90. 

OPTION-DM study

Aim: to assess the 
efficacy and tolerability 
of different 
combinations of first-
line drugs for treatment 
of Painful-DPN



1. Tesfaye S, Sloan G, Petrie J et al; OPTION-DM trial group. Comparison of amitriptyline supplemented with pregabalin, pregabalin supplemented with amitriptyline, and duloxetine supplemented 
with pregabalin for the treatment of diabetic peripheral neuropathic pain (OPTION-DM): a multicentre, double-blind, randomised crossover trial. Lancet 2022;400(10353):680–90. 

OPTION-DM results



OPTION-DM summary of conclusions

• Amitriptyline (A), duloxetine (D) and pregabalin (P) are equally efficacious

• A-P, D-P and P-A pathways are equally efficacious

• Compared to monotherapy, combination therapy leads to: 
• a further NRS drop of 1
• 14% more >50% pain relief (40%→54%) 
• 18% greater achievement of NRS <3 (36%→54%)

• Combination therapy is well-tolerated, with AEs well recognized for the 
drugs

• The P-A pathway had the fewest monotherapy discontinuation due to TEAEs 
(p=0.031) and was numerically the preferred pathway (A-P 24%, D-P 33% 
and P-A 43%, p=0.26)

AE, adverse events; NRS, numerical rating scale; TEAEs, treatment-emergent adverse events.
1. Tesfaye S, Sloan G, Petrie J et al; OPTION-DM trial group. Comparison of amitriptyline supplemented with pregabalin, pregabalin supplemented with amitriptyline, and duloxetine supplemented 
with pregabalin for the treatment of diabetic peripheral neuropathic pain (OPTION-DM): a multicentre, double-blind, randomised crossover trial. Lancet 2022;400(10353):680–90. 



Treatment of Painful-DPN

Sloan et al. Nat Rev Endo 2021
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Why do we need biomarkers of Painful-DPN
• Treatment of Painful-DPN 

inadequate

• Treatments used empirically

• Heterogeneity of clinical features

• Clinical outcomes in pain trials 
subjective and susceptible to bias

42

Jensen TS, et al. Diab
Vasc Dis Res. 2006 



Resting state functional MRI

43Gay et al. 2014   J Manipulative Physiol Ther



How neuroimaging biomarkers might improve the 
management of  Painful-DPN
• Determining phenotypes of 

Painful-DPN 
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Thalamocortical engagement associated with a rise in pain intensity

50

Greater functional 
connectivity 
between the 
thalamus and 
primary 
somatosensory 
and insular cortex 
on stopping 
analgesia



How neuroimaging biomarkers might improve the 
management of  Painful-DPN
• Determining phenotypes of 

Painful-DPN 

• Stratifying patients to treatments

• Developing surrogate outcomes 
for clinical trials

• Monitoring of negative 
consequences of potentially 
harmful treatments



Greater caudate volume

Altered connectivity in 
dopaminergic pathways

Disruption of 
dopaminergic pathways 
may reflect alterations 
in reward and stimulus-
response systems
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Conclusions
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CNS 
involvement in 
DPN



Conclusions
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Brain function differentiates 
Painful- and Painless-DPN



Conclusions

56

Neuroimaging measures could act as 
biomarkers in Painful-DPN 



Investigating the efficacy of neuroimaging 
biomarkers for neuropathic pain in DPN

57

On analgesia

After 
analgesia 
washed outN=50

Aim: To 
develop 
dynamic 
biomarkers 
of Painful-
DPN
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