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The 4-Domain Protocol:

A Biomarker-Guided Framework for Chronic Pain Management
THE 4-Domian (4-D) PROTOCOL: OVERVIEW

The 4-D Protocol — "A Four-Domain Approach for the Management of Chronic Pain, Including the
Use of Nutraceuticals" — is a biomarker-guided clinical decision framework that addresses the
biochemical drivers of chronic pain severity through targeted lifestyle and nutraceutical
interventions.

The protocol originated from a fundamental observation: the anti-inflammatory diet (AID) offers
measurable benefits for chronic pain that extend beyond cardiovascular and metabolic health.[1][2]
[3] A meta-analysis of 43 studies confirmed a significant effect of whole-food dietary interventions on
pain reduction, with no single dietary pattern standing out as superior — suggesting that the shared
anti-inflammatory bioactive compounds are what modulate pain physiology.[4] This raised a critical
question: could those specific compounds — omega-3 fatty acids, curcuminoids, flavonoids,
magnesium, B vitamins, CoQ10 — be isolated, dosed, and targeted as nutraceutical interventions
guided by an individual patient's biochemical profile?[5][6]

From this foundation, four pathogenic domains were identified as the primary biochemical drivers of
chronic pain severity and chronification:

1. Systemic Inflammation

2. Neuroinflammation

3. Oxidative Stress

4. Mitochondrial Dysfunction

These four domains represent the convergent pathways through which diet, lifestyle, and
endogenous biochemistry interact to amplify or attenuate the pain experience.

PAIN CONDITION vs. PAIN PROCESSING

A central insight underlying the 4-D Protocol is the distinction between the pain condition (e.g.,
osteoarthritis, disc herniation, neuropathy) and pain processing — the neural cascade that
determines the experience of pain severity largely independent of the condition itself.

From nociceptor activation through spinal cord processing, brainstem relay (periaqueductal gray,
rostral ventromedial medulla), cortical integration, and descending modulation via noradrenergic
and serotonergic pathways, multiple systems amplify or suppress the pain signal at every level.[7][8]
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[9][10] Chronic pain is now understood to involve dysfunction of these neural pathways and
systems. Patients with chronic low back pain demonstrate a dysregulated PAG with impaired
descending inhibition, and chronic knee pain disrupts the normal relationship between autonomic
activity and conditioned pain modulation.[11][12]

This positions pain processing dysfunction as an active driver of pain severity — not merely a
consequence of chronicity. If pain severity is determined by both the condition and the state of
processing pathways, then interventions that reduce neuroinflammation, restore neurotransmitter
balance, correct oxidative stress, and improve mitochondrial function can reduce pain severity even
when the underlying condition remains unchanged. This is the therapeutic rationale of the 4-D
Protocol.

INDIVIDUALIZED DOMAIN PROFILING

Each individual is impacted by all four domains, but the relative contribution of each is unique. One
individual may have a predominantly inflammatory phenotype (elevated hs-CRP, IL-6) driven by
inactivity and a pro-inflammatory diet; another may have a neuroinflammatory phenotype with
elevated kynurenine pathway metabolites driven by sleep disruption and stress; a third may present
with mitochondrial dysfunction evidenced by depleted CoQ10. Conventional pain management does
not take these domain profiles into account and treats these patients identically.

The 4-D Protocol generates an individualized four-domain profile by integrating laboratory
biomarkers (hs-CRP, homocysteine, methylmalonic acid, omega-3 measures, vitamin/mineral
levels, and others), validated symptom surveys (CSI, FIQR), underlying medical conditions, and
lifestyle assessment (exercise, diet, sleep, stress). This profile identifies which domains most impact
each patient's pain and guides targeted intervention.

NUTRACEUTICAL SELECTION AND MEDICATION SYNERGY

The protocol's nutraceutical interventions target pain processing across the entire neuraxis — from
peripheral nociceptor sensitization and dorsal root ganglion excitability, through spinal cord synaptic
transmission and glial cell activation, to brainstem modulatory circuits, cortical processing, and
descending inhibitory pathways. This broad scope is important because the four pathogenic
domains (systemic inflammation, neuroinflammation, oxidative stress, mitochondrial dysfunction)
exert their effects at every level of the pain pathway, not at any single relay point.

The protocol also accounts for interactions with co-administered prescription medications. Opioids,
gabapentin, and duloxetine act primarily on descending modulatory pathways: duloxetine recruits
descending noradrenergic inhibitory pathways and requires an intact opioid system; gabapentinoids
trigger descending noradrenergic pathways producing analgesia via spinal a2-adrenergic receptors;
opioids modulate brainstem descending controls.[13][14] Because the protocol's nutraceuticals
operate across the full neuraxis — including at peripheral, spinal, and supraspinal levels that these
medications do not primarily target — they serve as complementary agents that broaden the
therapeutic reach of conventional pharmacotherapy rather than competing with it.

Additionally, nutraceuticals may interact synergistically with prescription medications used for pain
as well as with other nutraceuticals, and these synergistic relationships are emphasized when
possible. Nutraceuticals are introduced in a stepwise fashion based on the patient's initial domain
profile and subsequent treatment response.

Clinical decision algorithms are modified by lifestyle assessments, with lifestyle interventions
emphasized concurrently as indicated. The 4-D Protocol focus on four pillars foundational to health
and pain: (1) Diet, (2) Exercise, (3) Sleep and (4) Stress Reduction.
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CLINICAL GOALS

The 4-D Protocol addresses a well-recognized gap in chronic pain management. Lifestyle factors —
physical inactivity, poor diet, sleep disruption, and chronic stress — are major but under-addressed
contributors to chronic pain.[15] Personalized multimodal lifestyle intervention has been identified as
the "best-evidenced treatment for chronic pain," yet current management often fails to address
these factors in a personalized fashion.[14] A 2026 review positions chronic pain as a "systems
disease requiring integrated, mechanism-based, and person-centered care."[16]

The 4-D Protocol’s goals include:

* Enhancing patient understanding of the complexities of their pain experience and the role of
lifestyle intervention

* Reducing reliance on opioids through nutraceutical and lifestyle-based pain modulation

» Facilitating opioid taper or discontinuation as patients engage this inclusive approach

* When introduced prior to opioid initiation, reducing the number of patients who require
opioid management

Separate documents are available:

* An Introduction to the 4-Domain Protocol

* Peri-operative Pain Management - including dietary, nutritional, and nutraceutical protocols
* Intra-operative Pain Management

» Post-operative Pain Management

» Opioids for Post-operative Pain

NSAIDs for Post-operative Pain

Please refer to www.AccurateClinic.com for in-depth information about the 4-Domain Protocol

THE CURRENT NUTRACEUTICALS ENGAGED IN THE 4-D PROTOCOL.:
1. Acetyl-L-Carnitine (ALC)

. Alpha-Lipoic Acid (ALA)

. Boswellia

. CoQ10

. Curcumin

. Magnesium

. Melatonin

. NAC (N-Acetyl Cysteine)

9. Nicotinamide Riboside (NR) / NAD+ precursors

10. Omega-3 (EPA/DHA)

11. PEA (Palmitoylethanolamide)

12. Quercetin

13. Resveratrol

14. Sulforaphane

15. Taurine

16. B-complex vitamins, including vitamin B12

17. Vitamin D3

18. P5P

19. D-Ribose

20. Agmatine

0o NOo Ok~ WN


https://pubmed.ncbi.nlm.nih.gov/38613937
https://pubmed.ncbi.nlm.nih.gov/33741131
https://onlinelibrary.wiley.com/doi/10.1111/joor.12679

References

1.

10.

11.

12.

13.

14.

15.

16.

A Systematic Review and Meta-Analysis of Three Risk Factors for Chronic Postsurgical Pain: Age.
Sex and Preoperative Pain. Andreoletti H, Dereu D, Combescure C, Rehberg B. Minerva
Anestesiologica. 2022;88(10):827-841. doi:10.23736/S0375-9393.22.16489-8.

Chronic Postsurgical Pain in Europe: An Observational Study. Fletcher D, Stamer UM, Pogatzki-Zahn
E, et al. European Journal of Anaesthesiology. 2015;32(10):725-34. doi:10.1097/
EJA.0000000000000319.

Identification of Presurgical Risk Factors for the Development of Chronic Postsurgical Pain in Adults:
A Comprehensive Umbrella Review. Sydora BC, Whelan LJ, Abelseth B, et al. Journal of Pain
Research. 2024;17:2511-2530. doi:10.2147/JPR.S466731.

Risk Factors for Chronic Postsurgical Pain in Visceral Surgery: A Matched Case-Control Analysis.
Perrodin SF, Trinh WH, Streitberger K, et al. Langenbeck's Archives of Surgery.
2022;407(8):3771-3781. doi:10.1007/s00423-022-02709-z.

The Efficacy and Safety of Nonsteroidal Anti-Inflammatory Drugs in Total Joint Arthroplasty:
Systematic Review and Direct Meta-Analysis. Fillingham YA, Hannon CP, Roberts KC, et al. The
Journal of Arthroplasty. 2020;35(10):2739-2758. doi:10.1016/j.arth.2020.05.035.

Risks of Serious Adverse Events Associated With Non-Steroidal Anti-Inflammatory Drugs in
Orthopaedic Surgery. A Systematic Review With Meta-Analysis and Trial Sequential Analysis. Bukhari
S, Leth MF, Laursen CCW, et al. Acta Anaesthesiologica Scandinavica. 2026;70(5):e70237.
doi:10.1111/aas.70237.

AAOS/METRC Clinical Practice Guideline Summary: Pharmacologic, Physical, and Cognitive Pain
Alleviation for Musculoskeletal Extremity/Pelvis Surgery. Patzkowski JC, Patzkowski MS. The Journal
of the American Academy of Orthopaedic Surgeons. 2022;30(18):e1152-e1160. doi:10.5435/JAAOS-
D-22-00047.

Acute Inflammatory Response via Neutrophil Activation Protects Against the Development of Chronic
Pain. Parisien M, Lima LV, Dagostino C, et al. Science Translational Medicine.
2022;14(644):eabj9954. doi:10.1126/scitranslmed.abj9954.

Best Practices Guidelines For Acute Pain Management In Trauma Patients. Andrew Bernard, Douglas
R. Oyler PharmD, Jeffrey O. Anglen MD FACS FAAOQOS, et al. American College of Surgeons (2020).
Do Nonsteroidal Anti-Inflammatory or COX-2 Inhibitor Drugs Increase the Nonunion or Delayed Union
Rates After Fracture Surgery?: A Propensity-Score-Matched Study. Kim H, Kim DH, Kim DM, et al.
The Journal of Bone and Joint Surgery. American Volume. 2021;103(15):1402-1410. doi:10.2106/
JBJS.20.01663.

Effect of NSAIDs on Bone Healing Rates: A Meta-Analysis. Wheatley BM, Nappo KE, Christensen
DL, et al. The Journal of the American Academy of Orthopaedic Surgeons. 2019;27(7):e330-e336.
doi:10.5435/JAAOS-D-17-00727.

Clinical Practice Guidelines for Pain Management in Acute Musculoskeletal Injury. Hsu JR, Mir H,
Wally MK, Seymour RB. Journal of Orthopaedic Trauma. 2019;33(5):e158-e182. doi:10.1097/
BOT.0000000000001430.

Rethinking the Use of NSAIDs in Early Acute Pain. Sisignano M, Geisslinger G. Trends in
Pharmacological Sciences. 2023;44(4):193-195. doi:10.1016/j.tips.2023.01.001.

Preoperative Management of Surgical Patients Using Dietary Supplements: Society for Perioperative
Assessment and Quality Improvement (SPAQI) Consensus Statement. Cummings KC, Keshock M,
Ganesh R, et al. Mayo Clinic Proceedings. 2021;96(5):1342-1355. doi:10.1016/
j-mayocp.2020.08.016.

Use of Herbal Medication in the Perioperative Period: Potential Adverse Drug Interactions. Elvir Lazo
OL, White PF, Lee C, et al. Journal of Clinical Anesthesia. 2024;95:111473. doi:10.1016/
j-jclinane.2024.111473.

The efficacy of curcumin in managing acute inflammation pain on the post-surgical removal of
impacted third molars patients: A randomised controlled trial. Maulina T, Diana H, Cahyanto A,
Amaliya A. Journal of Oral Rehabilitation. 2018;45(9):677-683. doi:10.1111/joor.12679.



https://pubmed.ncbi.nlm.nih.gov/35766955
https://pubmed.ncbi.nlm.nih.gov/35766955
https://pubmed.ncbi.nlm.nih.gov/26241763
https://pubmed.ncbi.nlm.nih.gov/39100136
https://pubmed.ncbi.nlm.nih.gov/39100136
https://pubmed.ncbi.nlm.nih.gov/36282327
https://pubmed.ncbi.nlm.nih.gov/32690428
https://pubmed.ncbi.nlm.nih.gov/32690428
https://pubmed.ncbi.nlm.nih.gov/41988730
https://pubmed.ncbi.nlm.nih.gov/41988730
https://doi.org/10.5435/JAAOS-D-22-00047
https://doi.org/10.5435/JAAOS-D-22-00047
https://pubmed.ncbi.nlm.nih.gov/35544595
https://pubmed.ncbi.nlm.nih.gov/35544595
https://www.facs.org/media/exob3dwk/acute_pain_guidelines.pdf
https://pubmed.ncbi.nlm.nih.gov/34101675
https://pubmed.ncbi.nlm.nih.gov/34101675
https://pubmed.ncbi.nlm.nih.gov/30260913
https://pubmed.ncbi.nlm.nih.gov/30681429
https://pubmed.ncbi.nlm.nih.gov/36707386
https://pubmed.ncbi.nlm.nih.gov/33741131
https://pubmed.ncbi.nlm.nih.gov/33741131
https://pubmed.ncbi.nlm.nih.gov/38613937
https://onlinelibrary.wiley.com/doi/10.1111/joor.12679
https://onlinelibrary.wiley.com/doi/10.1111/joor.12679

