
Background

- Diabetes mellitus is a significant global health concern, currently affecting approximately 382 million people, with projections rising to 592 million by 2035, and 50% patients 

will develop diabetic peripheral neuropathy (DPN) throughout their lives.

- Approximately one-third of DPN patients experience pain, while others may remain asymptomatic despite having substantial neurological deficits.

- Research has focused on identifying factors that differentiate between painful and painless DPN but has not thoroughly examined patient factors such as other pain 

conditions comorbidities, health behaviors, and social determinants of health (SDOH). 

Risk factors for diabetic neuropathy and painful diabetic neuropathy

Painful DPN is influenced by both modifiable and non-modifiable risk factors. Poor 

glycemic control is a major contributor, as sustained hyperglycemia damages 

peripheral nerves. Lifestyle factors such as physical inactivity, smoking, and 

unhealthy diet further increase risk by promoting metabolic dysfunction and 

inflammation. Metabolic syndrome, including a high body mass index further 

elevates the risk. Sex may also play a role, with some evidence suggesting women 

experience greater pain severity. Genetics contribute to individual susceptibility, 

with certain gene variants linked to a higher likelihood of developing neuropathy. 

In peripheral neurons, hyperglycemia increases oxidative stress which promotes inflammation 

and upregulates voltage-gated sodium channels and proinflammatory mediators enhancing 

nociceptor sensitivity and neuronal hyperexcitability. 

Central sensitization in painful DPN is characterized by an imbalance between facilitatory and 

inhibitory modulation within the spinal cord and brain. This process involves the spinothalamic 

and spinoreticular tracts, which mediate pain perception, as well as the hypothalamus, and 

amygdala which regulate autonomic function and emotional responses. 

Objective 

To identify patient factors associated with pain in individuals with diabetic peripheral neuropathy.

Methods  

We conducted a secondary analysis of the UK Biobank which comprises 501,518 participants aged 40 - 69, recruited across Great Britain from 2006-2010. Data includes 

demographics (age, sex, ethnicity), metabolic risk factors (hemoglobin A1c, waist circumference, systolic blood pressure, high-density lipoprotein cholesterol , triglycerides), 

other pain conditions (migraine, nociceptive/inflammatory, mixed, neuropathic and nociplastic pain), number of pain locations, fatigue, depression, sleep duration, physical 

activity, and SDOH. Participants self-reported diabetes status. DPN was defined using the Michigan Neuropathy Screening Instrument questionnaire (MNSIq). Pain was defined 

as bilateral foot pain in the past 3 months. Multivariable logistic regression determined associations between presence of pain and the above factors. 

Results

Variable Adjusted OR (95% CI) Variable Adjusted OR (95% CI)

Demographics 

Age 1.02 (0.99, 1.04)
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Migraine 0.77 (0.50, 1.18)

Sex (male) 1.01 (0.77, 1.32) Pain phenotypes

Ethnicity (white) 2.08 (0.86, 5.02) - Nociceptive/inflammatory pain 1.01 (0.71, 1.46)

- Mixed pain (pelvic, cancer, surgical) 0.51 (0.34, 0.74)

Metabolic risk 

factors and DPN 

severity

HbA1c (mmol/mol) 1.01 (1.00, 1.02) - Neuropathic pain (other than DPN) 1.16 (0.81, 1.65)

Waist circumf (cm) 1.01 (0.99, 1.02) - Nociplastic pain 0.85 (0.46, 1.57)

Systolic BP (mmHg) 1.00 (0.99, 1.01) Number of other pain locations 1.86 (1.69, 2.04)

HDL (mmol/L) 1.39 (0.72, 2.70) Fatigue severity scale 1.00 (0.98, 1.01)

TG (mmol/L) 1.15 (1.00, 1.33) PHQ-9 0.94 (0.91, 0.98)

MNSIq 1.37 (1.22, 1.54) Sleep duration (hours) 0.95 (0.84, 1.07)

Exercise (number of days/week)

- moderate physical activity >10 min 0.93 (0.86, 1.01)

- vigorous physical activity > 10 min 1.14 (1.02, 1.28)

Index of multiple deprivation 0.99 (0.98, 1.01)

Variable DPN (n=958)

Demographics 

Age (mean, SD) 58.2 ± 7.2 

Sex (male) 57.10%

Ethnicity (white) 94%

- Higher triglyceride levels, greater pain severity (as measured by the MNSIq), and a larger number of pain locations increased the risk of pain in patients with DPN. 

While several studies have shown that hypertriglyceridemia is associated with the development and progression of neuropathy, this is the first study to identify a higher number 

of pain locations as a risk factor for developing pain, possibly indicating the development of centralized pain.

- The presence of mixed pain act as a protective factor against the development of pain in patients with DPN. Mixed pain, which involves a combination of nociceptive, 

neuropathic and nociplastic pain phenotypes, may act as a more dominant pain generator, potentially masking or preventing the emergence of other pains generators.

- Unexpectedly, patients reporting higher depression scores showed a decreased risk of pain, while those engaging in vigorous physical activity have a modestly 

increased risk of developing pain. This finding is somewhat at odds with prior studies that have shown a positive correlation between painful DPN and depression. The link 

with vigorous activity might suggest that some patients continue to remain active despite experiencing discomfort. 

Conclusions 

Our study highlights key patient factors associated with painful DPN, with the number of pain locations having the most significant impact. Further research should explore 

these associations to improve risk stratification, and tailor interventions for patients at risk of painful DPN.
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