Dietary Omega-3 Polyunsaturated Fatty-Acid Supplementation reduces Painful Diabetic
Neuropathy and Upregulates Neuroprotective Cellular Pathways in Latinos with Type 2 Diabetes
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Introduction
Omega-3 polyunsaturated fatty acids (PUFAs) are increasingly reported to improve chronic
neuroinflammatory diseases in peripheral and central nervous systems. Specifically,
docosahexaenoic acid (DHA) protects nerve cells from noxious stimuli in vitro and in vivo. In
addition, recent reports in animal models link PUFA supplementation to improving painful
diabetic neuropathy (pDN). However, the molecular mechanism behind omega-3 PUFAs
ameliorating pDN symptoms is lacking with concordant human pain evaluation for pDN
symptoms. Therefore, we sought to determine if dietary omega-3 supplementation improved
pDN symptoms and define the distinct cellular pathways impacted by our dietary
supplementation in patients with type 2 diabetes mellitus.

Metabolic maps showing major biochemicals alteration after DHA-rich
supplementation

IPA demonstrates increase in neurorestorative bio-functions post
intervention

Study Description

Scheme 1. Study Description. DHA, Docosahexaenoic acid; EPA, Eicosapentaenoic acid; T2DM, type 2 diabetes mellitus; SF-MPQ,
Short-form McGill Pain Questionnaire

Characteristics of all En Balance-Plus study participants pre and post
DHA-rich dietary intervention (n=35)

Figure 1. Changes in cysteine, methionine, and glutathione metabolism overlaid on a metabolic map. The size of each colored bubble is
proportional to the fold change (increase, red; decrease, blue). The baseline bubble in the legend corresponds to a fold change of 1.

Random Forest classification of plasma metabolites identifies lipid metabolites
as important features for group separation

Table 4. Top 10 Bio functions reported by IPA analysis of significantly changed metabolites post omega-3 PUFA supplementation

Participants Report dramatic decrease in sensory pain scores

N = 26
Random Forest Confusion Matrix

Actual group

Predicted group

Table 1. Percentage of individuals or mean ± SD shown for each variable and each time point (Baseline vs 3-months). ‖Normally
distributed (other distributions were non-normally distributed). P-values based on match pairs t-test for BMI and Mann–
Whitney U test for LDL, HDL, cholesterol:HDL, triglycerides, HbA1c, and fasting glucose.

Total of 124 Biochemicals significantly change from baseline after
3-months of DHA-rich dietary supplementation

Figure 4. Paired t-test comparison of baseline and 3-month sensory pain scores. mean ± SD shown. **** p ≤ 0.0001

Conclusions
Figure 2. Classification was ~91% accurate for samples when a value of 50% would be expected by random chance. Top factors contributing to
group separation shown in the biochemical importance plot.

•
•

SF-MPQ sensory score correlate with pain metabolites
•
Table 2. Metabolomic compound identification and statistical comparison, matched pairs t-test

•
•

En Balance-Plus participants reported dietary and GC-MS relative omega3 PUFAs plasma levels at baseline and 3 months (n = 40)

DHA-rich supplementation preferentially targets pathways associated with cellular homeostasis and neuronal
health
DHA-rich supplementation improved metabolic profiles regarding omega-3 PUFA metabolism, glycerolipid
metabolism, cysteine, methionine, and glutathione metabolism, and glucose and fatty acid homeostasis without
major changes clinical parameters.
Circulating plasma metabolites showed a significant shift toward a decrease in reactive oxygen species
biosynthesis, lipid peroxidation, improved Ca2+ homeostasis, and increased glutathione activity
Participants report dramatic decrease in sensory pain scores after omega-3 PUFA dietary supplementation
These findings support the promising use of omega-3 fatty acids to reduce adverse symptoms associated with
neuroinflammatory diseases and painful neuropathy.
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