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Objectives 

Describe social determinants of biological pain 

mechanisms 

Identify gaps in knowledge and interventions to 

achieve equity in pain outcomes 



Despite significant progress in research, practice, and policy, disparities 
in pain management and outcomes remain a pervasive pubic health 
problem 

• Health disparities result from prejudices, biases, 

and discrimination related to several factors, 

including 

o Age 
0 Sex 

o Race 

o Sexual orientation 

o Socioeconomic status 

o Geographic location 

o Immigration status 

Mechanisms of injustice: what we (do not) know 
about racialized disparities in pain 
Vani A. Mathur®**, Zina Trost®, Miriam O. Ezenwa®, John A. Sturgeon, Anna M . Hood° 

The Spine Journal 22 (2022) 793-809 

Systematic Review/Meta-Analysis 

The role of the social determinants of health in outcomes of 

surgery for low back pain: a systematic review and 

narrative synthesis 

Zen L. Yap, MBBS®, Simon J. Summers, PhD[®*, Ashley R. Grant, MCBT, 
G. Lorimer Moseley, DSc, Emma L. Karran, PhD®** 

Gender and Sex Are Key Determinants in Osteoarthritis Not Only 
Confounding Variables. A Systematic Review of Clinical Data 

Matilde Tschon , Deyanira Contartese *, Stefania Pagani , Veronica Borsari and Milena Fini 

Surgical Sciences and Tecnologies, IRCCS Istituto Ortopedico Rizzoli, Via di Barbiano 1/10, 40136 Bologna, Italy; 
matilde.tschon@ior.it ( M.T.); s tefania.pagani@ior.it (S.P.); veronica.borsari@ior.it (V. B.); milena.fini@ior. i t (M.F. ) 
* Correspondence: deyanira.contartese@ior. i t 



A wide set of non-medical forces and systems, such as economic policies 

and systems, development agendas, social norms, social policies, and 

political systems, shape daily life and influence pain outcomes 
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How do social disparities "get under the skin" to 
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What is Epigenetics? 
• The study of heritable changes in gene expression ( active 

versus inactive genes) that do not involve changes to the 

underlying DNA sequence 

o A change in phenotype without a change in genotype 

- which in turn affects how cells read the genes 

• Regular and natural occurrence but can be influenced bx 

several factors including age, diet, environmental factors, 

lifestyle, disease, etc. 

• Stress, trauma, adversity, and socioeconomic status 

conditions can result in epigenetic changes, influencing 

lifelong health and well-being -- social e pigenetics 

� 



Why the Epigenome? 
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• Epigenetics explains how early 

experiences and environmental 

exposures can have lifelong and 

transgenerational impacts 
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Could epigenetics help explain racial disparities 

chronic bain? 
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• Chronic pain and chronic stress 

• Chronic pain and chronic stress are two sides of the same coin. 

• Chronic stress can modify the expression of genes related to the 

stress response, such as the N R3C l gene 

• These modifications can influence pain sensitivity and threshold 

• Neuroinflammation and chronic pain 

• Epigenetic alteration of genes involved in neuroinflammatory 

processes can affect the development and maintenance of chronic 

pain 

• Stress can exacerbate inflammation and pain sensitivity 



Pathways such as the Hippo Signaling Pathways that have previously been 

associated with stress and stress-related disorders are enriched by differentially 

methylated genes between adults with low versus high internalized stigma 

• 

• 

• 

• 

• 

Hippo signaling plays a prominent in stress regulation 

Mechanical and oxidative stress (Mao et al. 2015) 

Epigenetically-induced upregulation of genes in the Hippo Signaling pathway has 

been linked to 

o learning and memory 

o increased risk of stress-related psychiatric disorders e.g., depression and PTSD 

(Stepan et al. 2018) 

Hippo and downstream Wnt signaling are involved in chronic pain 

Cancer pain, diabetic neuralgia, endometriosis, and low back pain (Tang et al. 

(2022) 

Aroke et al. 2022, doi.org/10.3389/fpain.2022.1021963 

https://doi.org/10.3389/fpain.2022.1021963


Biological aging is a stronger predictor of chronic 

pain than chronological pain 
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Race 
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Internalized stigma and perceived injustice in the experience of chronic pain 

is associated with a faster pace biological aging and worse pain outcomes 

 There is significant positive relationship between DunedinPACE and 

internalized stigma of chronic pain (r = 0.34, p < 0.001) 

 DunedinPACE mediates the relationship between ISCP and pain 

severity 
0 Mediation was significant for non-Hispanic Blacks but not for 

non-Hispanic Whites 

 There is a significant positive relationship between DunedinPACE 

and perceived injustice in the experience of chronic pain (r = 0.33, p 

< 0.001) 

 DunedinPACE mediates the relationship between perceived injustice 

and pain severity 
0 Mediation significant for both non-Hispanic Blacks and non­

Hispanic Whites adults 

Freij et al. 2024 doi.org/10.1016/j.ynpai.2024.100170; Aroke et al. Unpublished work 

https://doi.org/10.1016/j.ynpai.2024.100170


Lower socioeconomic status is associated with a faster pace of biological 

aging and worse pain outcomes. Epigenetic age acceleration mediates the 

relationship between SES and pain outcomes 

a= -0.017 

95%CI = -0.029, -0.006 

p = 0.003 

Income 

DunedinPACE 

C = -5.393 

95%CI = -8.383, -2.402 

<0.001 

c' = -4.471 

95%CI = -7.476, -1.467 

p = 0.004 

b = 52.814 

5%CI = 16.207, 89.422 

p = 0.005 

Pain 

Intensity 

a= 0.47 * 

Neighborhood Deprivation 

Epigenetic Age Acceleration 

C = 1.83* 
c' = 1.03 

Jackson et al. 2023. doi.org/10.1016/j.socscimed.2023.116088 & Aroke et al. Unpublished work 

Pain Severity 

* = p < 0.01 
** = p 0.001 

https://doi.org/10.1016/j.socscimed.2023.116088


Central sensitization among Black Americans with 

Sickle Cell Disease living in Maryland 
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Pre-clinical central sensitization 

among Hispanic/Latinx Americans living in Texas 

• 94.2% of participants (Latinx Americans living in Texas, 2016-20) experienced 

racialized discrimination 

� 30-
o 
� 
ca 

E 
E 
� 

co 
1 

0 
� 

E 
� 
1 

20-

� 10-
2 
C: 
co 
� 
� 
� 

� 0-

30-

20-

10-

O 

30-

20-

' ' ' ' 10-

1 2 3 4 
Lifetime Discrimination Experiences 

0 

Exclusion 

a 3 a 

Exclusion Experiences 

Workplace/ 

School 

2 3 4 
Work/School Discrimination Experiences 

30-

20-

10-

0 

30-

20-

10-

0 

Stigmatization 

2 2 4 
Stigmatization Experiences 

Threat/ 

Aggression 

2 3 4 
Threat Experiences 

6 

·... THE . REPUBLIC OF TEXASAN!D TIE UNITED. STATES .IN. IS37. ...... 
il-ii«he. lli-

3 
! 
17, 

i 
i 
i 
i 

Library of Congress 
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Pre-clinical spinal sensitization 

among Native Americans living in Oklahoma 
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FIG. 4 Model linking ALEs and latent sensitization. Under conditions of low ALE exposure, there is no spinal sensitization and inhibitory mechanisms 

re intact, so no hyperalgesia is present. However, cumulative exposure to ALEs promotes spinal sensitization (increased TS-NFR/secondary hyperalgesi a, 

mpaired inhibition of spinal nociception), but spinal sensitization does not resu lt in in hyperalgesia because pain inhibition keeps amplified spinal noci­

:eption suppressed (i.e., latent sensitization). 

Guereca et al., 2022; Rhudy & Hellman, 2022 
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Social-environmental conditioning: 

Interaction between lifetime and acute exposures 
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The Injustice Model Of Pain Disparities 
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� Opportunities an new horizon>1o« 

health equity in pain 3 

Deep Research 
Understand risk and resilience factors among groups that disproportionately bear the burden of pain 

• Longitudinal multilevel mechanistic studies among contextualized/localized specific populations 

o Appreciate diversity (geographic/historical/ sociopolitical/environmental) and intersectionality 

o Preference focus, comprehensiveness, critical approaches to identify what is missing from current paradigms 

o Integrate/center lived experience and perspective 

• Within-population development 

o Valid and reliable approaches and instruments to capture major drivers of pain disparities 

o Validity and efficacy of existing interventions (one size does not fit all) 

• Impact of current and historical policies/practices on pain 

o Current/expanding anti-DEi and anti-LGBTQ policies 

o Historical trauma, institutions, discriminatory policies 

o Redlining, gerrymandering, etc 



health equity in pain 

Expansive Interventions 

Break out of disciplinary boxes that confine pain intervention to individuals experiencing the consequences of 

socially determined pain, with a goal of eliminating pain injustice 

l. Multi-level interventions that address the fundamental and proximal causes of pain disparities 

0 Treating the cause vs the symptom 

2. Novel targets for pain intervention such as environmental injustice, false cultural beliefs, housing/food 

insecurity, healthcare deserts, institutional/local/national policies 

3. Novel intervention methods such as built environment interventions, educational campaigns, community­

partnered/localized approaches 



Conclusion 

• Shared environmental exposures to policies and sociocultural norms that marginalize particular 

segments of the population are the root causes of pain disparities 

0 Social and structural forces not only impact treatment outcomes, but also mediate epigenetic 

and nervous system changes that sustain pain disparities across lifetimes, generations, and 

cultural histories 

• Achieving health equity in pain management will require addressing these root causes 

o deep research to elucidate complex and interacting mechanisms & develop valid approaches 

0 critical understanding of lived experiences of marginalized groups that is currently missing 

from the science 

0 expansive, multi-level, interventions that adopt novel approaches and targets ( currently 

missing from pain management paradigms) 
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