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Objectives

• Biomarkers and Predictors of Acute to 
Chronic Pain Transition

• Mechanisms of Transition to Chronic 
Pain

• Central Nervous System
• Peripheral Nervous System
• Immune System

• Acute to Chronic Pain Signatures 
Program

Analgesia, Kathleen Sluka



Chronic Pain is a Major Health Problem



Transition from Acute to Chronic Pain
20-50% Report Chronic Pain After Acute Injury



Rates of Chronic Pain Development Depend on 
Outcome, Definition, and Surgery

Rest Movement
US
N=104

BR
N=100

US
N=104

BR
N=100

None 84% 86% 68% 50%

Mild 12% 5% 22% 30%

Mod-sev 4% 9% 10% 20%

DeSantana et al., unpublished; Bayman and Brennan 2014; Sluka et al., 2023

Total Knee Replacement Thoracotomy

50%



Current pain predicts the 
transition to chronic pain 

• Pain
• Intensity

• Preoperative
• Postoperative/Post-injury
• Trajectory after injury/surgery

• Movement-evoked
• Widespread pain

Noiseaux et al., 2014; Mehta et al., 2015; Fregoso et al., 2019; Bayman et al., 2017, McLean and Clauw, 2004, Giordano et al., 2022, Sluka et al., 2023, Smith et al., 
2021, and many, many more

TKA



Psychological Factors Predict 
Development of Chronic Pain

• Anxiety
• Depression
• Pain Catastrophizing
• Fear of Movement

TKA

Noiseaux et al., 2014; Mehta et al., 2015; Fregoso et al., 2019; Bayman et al., 
2017, McLean and Clauw, 2004, Giordano et al., 2022, Sluka et al., 2023, Smith et 
al., 2021, and many, many more

Treatment of Psychological Factors 
Before Surgery Reduces Pain and 

Opioid Use

Dindo et al., 2018; Azam et al., 2017

Cessation of Opioid Use

Reduction in Pain <3



Function and Disability Predict 
Outcome After Surgery

Preoperative Exercise Reduces Pain, and 
Improves Function after TKA Surgery

Hayashi et al., 2023Perrish et al et al., 2023



Population Studies Show Physical 
Activity Reduces Risk for 
Development of Chronic Pain



OPPERA study 
suggests multiple 
factors contribute 
to development of 
chronic pain

Biosignature 
combining multiple 
factors

Maixner and colleagues



Combining Biological and Psychological Factors Enhances 
Prediction of Chronic Pain 

UK Biobank to train and validate biomarkers for pain-related 
medical conditions and self-reported pain (n=493,211)
Generalizability tested in All of Us Research Program 
(n=27,151) 

Blood assays, bone structure, brain imaging, polygenic risk 
score, psychosocial factors

Fillingim et al., 2024



Biological Markers

Sluka et al., 2023; Vargas-Alarcon, Fragoso et al. 2007, Cargnin, Magnani et al. 2013, Martinez-Jauand, Sitges et al. 2013, Rut, Machoy-Mokrzynska et al. 2014, Omair, Mannion et al. 2015; Kolesnikov, 
Gabovits et al. 2013, Linnstaedt, Hu et al. 2015; Storm, Stoen et al. 2013, Bartosova, Polanecky et al. 2015; Di Lorenzo, Di Lorenzo et al. 2009, Vossen, Kenis et al. 2010, Vasant, Payton et al. 2013, Tian, 
Liu et al. 2018; Lindstedt et al., 2011; Tour et al., 2017; Stannus et al., 2012; Merriwether et al., 2019; Attur et al., 2013; Lotz et al., 2014; Mabey and Honsawek, 2014; Nguyen et al., 2017; Daghestani and Kraus, 2015; 
Parisien et al., 2022; Arendt-Nielsen et al., 2010; Kosek and Orderberg, 2000; Yarnitsky et al., 2008, 2012; Luna et al., 2017; Georgopoulos et al., 2020, Apkarian et al., Curr Opin Neurol. 201; Turnball et al., 2024

Genomics

Transcript-
omics

Proteomics Metabolomics

Lipidomics

Epigenetics

Immune 
System

Brain 
Activity

QST



Mechanisms for 
Transition to 
Chronic Pain

Pain Gate, Kathleen Sluka



Multiple Stressors
Tissue Insult

Physical Inactivity
Fatigue

Psychological Factors
Obesity

Poor Sleep

Chronic Pain
Increased Risk in Females

Prevention
Biological Factors

Psychological Factors
Social Factors

Physical Activity

There are multiple 
ways to induce 
chronic pain

There are multiple 
ways to protect 
from chronic pain



Day 0 Day 5

pH 4 pH 4 Pain Behaviors
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Animal Models for Transition to Chronic Pain

Sluka et al., 2001; Yokohama et al., 2007; Sluka et al., 2009; Sluka and Rasmussen, 2010; Gregory et al., 2013

Insult #1 Insult #2

Insult #1 Insult #2

Prevention

Day 0 Day 5

pH 5 +pH 5 Pain Behaviors
up to 4 weeks

Day 0 Day 5

pH 5 +pH 5 Pain Behaviors
up to 4 weeks

Day 0 Day 5

pH 4 pH 4 Pain Behaviors
up to 4 weeks

Muscle Withdrawal Threshold

Before 24h 

Fo
rc

e 
(m

N
)

600

800

1000

1200

1400

1600

pH 7.2+Stimulation
pH 5.0+Stimulation

pH 5.0 alone

*

B D5 D6

Fo
rc

e 
(m

N
)

1000

1200

1400

1600

1800

2000

8 weeks (n=8) 
Sedentary (n=6) 

pH 5 pH 5

*



Multiple mechanisms underlie the 
transition to chronic pain

Reichling and Levine, 2009; Kandasamy and Price, 2015; Parada et al., 2005; Sun and Chen, 2016; Tillu et al., 2009; DaSilva et al., 2010; Radhakrishnan and Sluka 2010; Brito et al., 2017; 
Cheng et al., 2011; Bobinski, 2017; Leung et al., 2016; Megat et al., 2018

Review: Smith et al., JCI, 2025



Lesnak et al., 2023

Male vs. Female Sedentary

Immune System Mechanisms
Immune System Altered by Muscle Insult and Exercise



IL-1R

Fatigue Metabolites

IL-10R

M1

M2

M0

M1/2

Day 0 Day 5

pH 5 +pH 5 Pain Behaviors
up to 4 weeks

Macrophages play a key role in transition 
and resilience to chronic pain 

Lesnak et al., 2023



Immune System Mechanisms
Macrophages in muscle are necessary for development of muscle pain

Gregory et al., 2015, 2018; Gong et al., 2016; Fusaro et al., 2020

Fibromyalgia model Activity-induced pain model
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Fusaro et al., 2020; Hayashi et al., 2023

P2X4 and P2X7 on muscle macrophages
promotes development of chronic pain
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Immune System Mechanisms
ASIC3 on muscle macrophages necessary for development of chronic pain 
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Immune System Mechanisms
IL1-β promotes development chronic pain
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E) Female, IL-1β protein
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Immune System Mechanisms
Macrophage release of IL-1β is prevented by blockade of P2X7
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Leung et al., 2016; Bobinski et al., 2011, 2017; Lesnak et al., 2023
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Summary

The local immune system – 
macrophages - promotes the 
development of chronic pain 
through multiple 
mechanisms

Balance between excitatory 
and inhibitory cytokines
determines phenotype of 
macrophages and response 
to injury

Responder Team, Kathleen Sluka



A2CPS funded through the Common Fund of the National 
Institutes of Health: NS112873, NS118922, DA049110, 
NS112874, DA049115, DA049116, DA049113

Acute to Chronic Pain 
Signatures Program Goal: Examine whether putative biomarkers alone or in 

combination predict susceptibility or resilience to 
development of chronic pain 6 months after surgery
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Protocol

Sluka et al., 2023; Berardi et al., 2022

Knee replacement
Thoracic Surgery
Target enrollment: n=2800
Current enrollment: n>2300



A2CPS includes 
biomarkers across 
multiple domains

Sluka et al., 2023; Berardi et al., 2022

39 Primary Biomarkers
High power with sufficient evidence in human 
subjects

>70 Secondary Biomarkers
Weaker evidence

100s of Exploratory 
Biomarkers



Baseline 
Characteristics



Baseline Outcome Data

Knee Thoracic

BPI-Worst Pain 4.2 + 2.0 (0-10) 2.2 + 2.8 (0-10)

BPI-Interference 4.2 + 2.6 (0-10) 1.1 + 2.0 (0-9.4)

Anxiety – GAD 3.9 + 4.7 (0-21) 4.8 + 5.3 (0-21)

Depression - PHQ 4.4 + 4.7 (0-24) 5.4 + 5.4 (0-24)

Pain Catastrophizing (6-item) 6.5 + 5.8 (0-24) 6.3 + 5.6 (0-24)

Fear of Movement 14.9 + 6.3 (0-24) 8.9 + 6.5 (0-24)

Symptom Severity Index 4.4 + 4.6 (0-24) 5.4 + 5.5 (0-21)

Pain Resilience Score 38.5 + 10.8 (0-56) 35.8 + 11.0 (0-56)



Future

Expected enrollment complete in 2025

Data and resources will be placed in a public repository

Available to the scientific community for future questions



Significance of 
Biomarker Research

Inform Future mechanistic hypothesis of pain 
pathophysiology

Identify Potential therapeutic targets

Improve Methods for monitoring treatment 
success

Implement Individualized treatments based on 
patient response



Conclusion
• Multiple factors work 

together contribute to 
the transition to 

chronic pain
• These factors likely 

include multiple 
clinical pain 

mechanisms, 
psychosocial and 

biological factors that 
are unique to the 
disease and the 

individual
Sluka et al., PAIN; 2020; Smith et al., JCI, 2025
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