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Previous research has revealed a range of 
brain regions and circuits that are disrupted in 
individuals experiencing chronic pain. Here, 
we aim to assess the generalizability of 
several key regions, referred to as 
"neuromarkers”, in a large and diverse 
cohort UK Biobank (n = 37,781).
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Methods
Data:
• A total of 37,781 individuals were 

obtained from the UK Biobank (UKBB) 
and an additional 360 were obtained from 
OpenPain as a validation cohort.

A-Priori Neuromarkers of Chronic Pain:
• A comprehensive literature review was 

conducted to identify 7 key a-priori 
neuromarkers associated with chronic 
pain (Fig. 1).

Pain Associated Diagnoses:
• We examined 39 pain-related diagnoses 

(Fig. 2A) and compared neuromarker
expression against pain-free controls, 
calculating Cohen's d effect sizes (Fig. 
2B). The neuromarkers were utilized in 
logistic regression models for 
discrimination performance, with the top 
5 models presented (Fig. 2C).

Sex-Specific Analysis:
• Propensity-matched male and female 

groups in the UK Biobank were created, 
ensuring equal distribution of pain-
associated diagnoses and chronic pain 
profiles. Sex-specific ROC-AUC scores 
were calculated, with external validation 
assessed in the OpenPain cohort.

1) Current neuromarkers of chronic 
pain may only be strongly 
expressed in subjects with 
widespread pain or associated 
nociplastic pain syndromes (i.e., 
fibromyalgia)

2) Experimentally derived pain 
signatures, encompassing 
multivariate network information, 
demonstrate greater 
generalizability than specific 
region-to-region connectivity 
markers.

3) The enhanced discriminative 
power observed for women with 
chronic pain compared to men 
suggests potential sex-specific 
differences in the neural 
mechanisms underlying chronic 
pain. 

4) Future studies should consider 
the cognitive, affective, and 
physical elements associated 
with a pain state in order to 
progress toward development of 
an objective neuroimaging 
biomarker of chronic pain.

OpenPain

I. Derive A-priori
Neuromarkers in
UK Biobank and

Open Pain

II. Neuromarker
Expression in Pain-

Associated Dx

III. Sex-specific
Neuromarker
Expression Chronic (M)

Neuromarker Connectivity

Study Workflow

Chronic (F)

Dx-Free

Pain-Free

Gout Migraine
Fibromyalgia

Somatomotor
Ventral
Attention

Default
ModePAG - vmPFC

vmPFC

PAG

PCC - rTPJ

rTPJPCC

NAc - mPFC
mPFC

NAc

Tonic Pain Signature
(ToPS)

Visual
Somatomotor

Dorsal
Attention

Ventral
Attention

Limbic
Fronto-
Parietal

Default
Mode

Subcortical

Brainstem and Cerebellum

Fig. 2: Evaluation of Functional Neuromarkers in Common Pain-Associated Diagnoses

Fig. 1: A-Priori Chronic Pain Neuromarkers Derived and Evaluated in UK Biobank and Open Pain Cohorts

Fig. 3: Enhanced Discrimination of Chronic Pain in Females Using Neuromarkers

Fig. 3: A.
Prevalence
and frequency
of chronic pain
compared to
pain-free
controls in the
OpenPain
(top) and UK
Biobank
(bottom)
cohorts, post-
propensity
matching
based on pain
diagnoses and
chronic pain
status.

Fig. 3B. Within-sex AUC-
ROC scores were derived
for males and females
based on neuromarker
expression. Significance
thresholds were
established using
Bonferroni correction with
an alpha level of 0.05.

Fig. 3C.Group averaged
effect of neuromarkers
ROC-AUC score
performance within the UK
Biobank and OpenPain
cohorts.

Fig. 2A. The selected 39 non-cancer
medical conditions commonly
associated with chronic pain and the
count of cases reported

Fig. 2B. Group
differences in neuromarker
expression was
determined using Cohen’s
d for each diagnosis. The
diagnoses are ordered
depending on the number
of associations that
survived the multiple
comparison threshold pFDR
< 0.05. Negative (blue)
values indicate reduced
neuromarker expression
compared to the Dx-free
control group while
positive (red) indicate
increased expression.

Fig. 2C. ROC-AUC curves were
derived for each Dx by training
a logistic regression model on
all neuromarkers combined.
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