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Purpose: Discovery and validation of pragmatic biomarkers represent significant advance
ments in the field of pain management. Evaluating relationships between objective biomar
kers and patient-reported outcomes (PROs) is an effective way to gain mechanistic insight 
into the potential role of biochemistry in chronic pain. The aim of this study was to validate 
the Foundation Pain Index (FPI) by evaluating associations between deranged biochemical 
function and PROMIS-29 domains in individuals living with chronic pain.
Patients and Methods: PROMIS-29 scores and FPI test results were obtained from 298 
patients with chronic pain in this retrospective, observational study. Statistical analysis was 
performed using clinical test data to evaluate relationships between deranged biochemical 
function and quality of life measures across 8 universal domains.
Results: FPI scores significantly associated with multiple PROMIS-29 domains including 
physical function, impact score, fatigue, pain interference, and depression (P < 0.05). 
Moreover, specific analytes that comprise the FPI significantly correlated with PROMIS-29 
domains, including 5-hydroxyindolacetic acid (pain interference, physical function, and pain 
impact scores), hydroxymethylglutarate (physical function), homocysteine (pain impact 
scores), kynurenic acid (pain interference and physical function), and quinolinic acid (phy
sical function) (P < 0.05).
Conclusion: Cross-validation of the FPI with PROMIS-29 domains further supports the role 
of deranged biochemical function in the etiology of chronic pain. Objective identification of 
atypical biochemical function and subsequent correction holds tremendous promise for the 
non-opioid management of pain. Continued research efforts will aim to determine the impact 
of biochemical optimization in pre-surgical periods and post-surgical outcomes in patients 
with chronic pain.
Keywords: biomarker, pain, oxidative stress, neurotransmitter, micronutrient deficiency, 
kynurenine pathway

Plain Language Summary
Validation of mechanistic biomarkers would improve the assessment, treatment, and manage
ment of chronic pain in patients. Evaluating the relationships between validated biomarkers 
and Patient-reported Outcomes (PROs), such as the PROMIS-29 instrument, could reveal 
underlying, biochemical conditions driving characteristics of chronic pain. The Foundation 
Pain Index (FPI), a multi-biomarker assay based on algorithmic analysis of abnormal urinary 
metabolites, was found to correlate with multiple PROMIS-29 domains, such as fatigue and 
depression. Specific components of the FPI associated with assessments of physical function, 
pain interference, and pain impact scores. Laboratory analysis of patient urine samples 
revealed the majority of subjects to have ≥2 abnormal biomarker findings. This study 
supports the role of biochemistry coupled with clinical assessments of chronic pain to 
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provide medical providers opportunity to apply targeted, non- 
opioid interventions to patients. Furthermore, these tests could 
provide clinicians a course-of-action to optimize perturbed bio
chemistry in pre-surgical periods and improve surgical outcomes 
in patients.

Introduction
Chronic pain is an overwhelming public health burden 
impacting 20–30% of Americans and representing total 
societal costs of $600 billion a year.1,2 Diagnosis and 
treatment of chronic pain is complicated by the absence 
of a linear relationship between the type or degree of 
organic pathology and pain intensity. Instead, the indivi
dual experience of chronic pain is shaped by a myriad of 
biochemical, psychosocial, and behavioral factors.3 Given 
the biopsychosocial complexity of chronic pain, the reli
ance on patient self-report, and the risks associated with 
long-term opioid medications, it is imperative that com
prehensive evaluation tools which optimize decision- 
making and minimize risk are available to all clinicians. 
Patient-reported outcome (PRO) measures are instruments 
for documenting patients’ perceptions of disease and treat
ment impact on their health and function. In the context of 
pain management, PROs can be employed to track pro
gress, evaluate treatment efficacy, and change the course 
of care when necessary. Traditionally employed in 
a clinical trial setting, these multidimensional assessment 
tools are now finding widespread utility in clinical practice 
for the evaluation of chronic pain patients. In an active 
clinic setting, PRO instruments are available to assess 
several aspects of pain management, including overall 
symptom burden, mental health (eg depression, anxiety, 
stress, personality, and positive and negative affect), phy
sical function, mental function, disability, and social satis
faction and impairment.4,5

Pain management, a specialty often dependent on 
flawed measurements such as linear numerical rating 
scales (NRS) and visual analog scales (VAS), is now part 
of a growing patient-centric movement that places major
ity of focus on multidimensional patient reported out
comes. This strategy of assessing pain in the context of 
biopsychosocial assessment is recommended by the Health 
and Human Services (HHS),6 National Institutes of Health 
(NIH),7 Institute of Medicine,8 Initiative on Methods, 
Measurement, and Pain Assessment in Clinical Trials 
(IMMPACT),9–11 and others.

Our group recently reported on the clinical validation 
of a multi-biomarker assay for the evaluation of chronic 

pain in patients.12 This innovative laboratory test, known 
as the Foundation Pain Index (FPI), evaluates eleven 
endogenous biomarkers, which represent a highly diverse 
set of biochemical pathways involved in the pathogenesis 
of chronic pain.12 Quantitative results for each of the 
eleven biomarkers are analyzed via a proprietary algorithm 
to generate a single numerical score (FPI score) on a scale 
of 0–100, which describes the severity of abnormal find
ings. FPI scores provide clinicians with objective and 
reproducible measures of the biochemical, metabolic, and 
nutritional drivers of chronic pain. Criterion validity of 
this multi-biomarker pain index was established by 
demonstrating a significant correlation between FPI scores 
and a validated PRO instrument known as the 36-item 
short-form health survey (SF-36). The SF-36 survey is 
a validated assessment of chronic pain that measures 
health-related quality of life across eight dimensions (phy
sical functioning, physical role, bodily pain, general 
health, vitality, social functioning, emotional role, and 
mental health). Specifically, our group was able to show 
that deranged biochemical function, evident by higher FPI 
scores, was significantly correlated to overall SF-36 scores 
(P = 0.0141), general health (P = 0.0457) and even more 
significantly, with emotional well-being (P = 0.0044) and 
limitations due to emotional problems (P = 0.0011).12 To 
our knowledge, this is the first report of a validated multi- 
biomarker test panel that has been shown to correlate with 
PRO measures. These findings provide strong evidence for 
a role of perturbed biochemical function in the etiology 
and/or chronicity of pain. During initial validation of the 
FPI, the SF-36 was selected as the most appropriate vali
dated assessment to evaluate both the physical and emo
tional impact of pain on subjects. Since publishing this 
data, our group has received requests from practicing 
physicians to cross-validate the FPI with PROs more 
commonly used in the clinic setting.

A common measurement language is critical to galva
nizing innovation, research, and care improvement. The 
Patient Reported Outcomes Measurement Information 
System (PROMIS) was created by the NIH in 2004, 
resulting in the initiation of several studies that focused 
on heart failure, chronic obstructive pulmonary disease, 
rheumatoid arthritis, cancer, chronic low back pain, and 
major depression. The goal of PROMIS was to update 
longer form legacy instruments with validated outcomes 
measures that provided greater accuracy from a reduced 
questionnaire. Many familiar legacy measures were used 
to create the PROMIS item banks, and crosswalk tables 
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are available to allow for comparisons (PROsetta Stone®; 
http://www.prosettastone.org). The PROMIS-29 battery 
assesses mental health, physical health, and social health 
through seven 4-question instruments, including assess
ments of fatigue, pain intensity, pain interference, physical 
function, sleep disturbance, anxiety, depression, and ability 
to participate in social roles and responsibilities. The 
PROMIS-29 and its subdomains have been validated 
and/or cross-walked to a host of legacy measures in 
a variety of populations, including the Oswestry 
Disability Index, Roland-Morris Disability Questionnaire, 
Short form-36, Brief Pain Inventory-Pain Interference 
domain, the EQ-5D, and Quality-Adjusted Life Year 
calculations.

The present study sought to validate the FPI by evalu
ating relationships and associations between deranged bio
chemical function and PROMIS-29 domains. Previous 
work has highlighted strong correlations between 
PROMIS-29 and SF-36 scores, and as such we hypothe
size that validation of FPI against a second PRO would 
further support the role of deranged biochemistry in the 
etiology of chronic pain.13,14

Patients and Methods
Study Subjects
Patients were selected for this retrospective, observational 
study if they had completed a PROMIS-29 survey and 
provided a urine sample within 15 days of the initial 
encounter for pain biomarker testing before treatment 
initiation. Subjects were selected from a single clinical 
site in Santa Rosa, CA, and a total of 298 unique patients 
were included in the analysis. Subjects were excluded 
from the analysis if they were being prescribed 
medication(s) known to directly modulate any of the com
ponent biomarkers of the Foundation Pain Index assay or 
if they had a history of hepatic and/or renal disease. For 
this study, no patients were excluded based on medications 
or history of hepatic and/or renal disease. IRB exemption 
for the present study was approved by the Western 
Institutional Review Board (IRB Study Number: 
1289960). Research was performed in compliance with 
the Declaration of Helsinki and respected the confidenti
ality and anonymity of patient health information.

Researchers referred to the International Association for 
the Study of Pain (IASP, 2020) for defining chronic pain as 
“An unpleasant sensory and emotional experience asso
ciated with actual or potential tissue damage, or described 

in terms of such damage.”15 For this study, pain was identi
fied as chronic if symptoms persisted for longer than 3 
months. Despite presumed differences in diagnosis, duration 
of pain, and previous treatment of pain-related syndromes, 
the study subjects were assessed as a homogenous group.

PROMIS-29
The PROMIS-29 is a 29-item profile instrument that 
assesses 8 universal domains (not disease-specific): 
Physical Function, Anxiety, Depression, Fatigue, Sleep 
Disturbance, Ability to Participate in Social Roles and 
Activities, Pain Interference, and Pain Intensity. The first 
seven domains are assessed with 4 questions each; Pain 
Intensity is measured with a single 11-point numeric rating 
scale (NRS) from 0 (no pain) to 10 (worst imaginable 
pain). High scores represent more of the domain being 
measured. Thus, on symptom-oriented (negatively 
worded) domains of PROMIS-29 (anxiety, depression, 
fatigue, pain interference, and sleep disturbance), higher 
scores represent worse symptomatology. On the function- 
oriented (positively worded) domains (physical function 
and social role) higher scores represent better functioning.

To score the PROMIS-29 domains, item responses were 
tallied, multiplied by the total number of category questions, 
and divided by the number of patient responses. T-scores 
were then calculated for all domains except the single pain 
intensity item, which was used in raw form. The T-score 
converts the raw score into a standardized value, which can 
be directly compared to the general US population. For most 
PROMIS instruments, a score of 50 is the average for the 
general US population with a standard deviation (SD) of 10. 
All study subjects completed a PROMIS-29 survey upon 
admission into the clinical site chronic pain management 
program and immediately before providing a urine sample 
for biomarker analysis.

Pain Impact Score (PIS)
The Pain Impact Score (PIS) is calculated from the 
PROMIS-29 pain intensity, physical function, and pain 
interference subdomains. The raw scores of these mea
sures are combined to define a single digit score. The 
raw score for physical function is inverted so that higher 
raw scores denote worse function. The raw score ranges 
from 0 to 10 for pain intensity and 4 to 20 for pain 
interference and physical function. The PIS ranges from 
8-No Impact (pain intensity of 0, pain interference of 4, 
physical function of 4) to 50-High Impact (pain intensity 
of 10, pain interference of 20, physical function of 20).7
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Sample Collection
Urine samples for FPI testing were collected within 15 
days from patients on their initial clinic visit after com
pleting the PROMIS-29 survey. After collection, urine 
samples were packaged and shipped to Ethos 
Laboratories (Newport, KY) for comprehensive biomarker 
analysis and FPI score derivation.

Analytical Methodologies
Samples were accessioned into a centralized laboratory data
base (LIS) and prepared for analysis. Each 96-well plate 
contained two quality controls, four-point calibrators, and 
one negative sample when measuring excreted metabolites 
in patient samples. Liquid chromatography tandem mass spec
trometry (LC-MS/MS) assays were used to determine biomar
ker creatinine concentrations. All analytes were analyzed with 
MassHunter software and quantified using isotopic dilution. 
Biomarker concentrations are reported as µg/mg creatinine, 
with normalization to creatine correcting urinary dilution.

Statistical Methods
Descriptive statistical analysis for the patient cohort was 
analyzed by GraphPad Prism (8.3.0). Mean, standard devia
tions, T-scores, and ranges (minimum to maximum values) 
were assessed among patients with chronic pain. Reference 
ranges calculated from a previous study were used.16 Due to 
non-normal distribution of PROMIS-29 assessments among 
patients with chronic pain, Spearman’s rank coefficient (r) 
was used (GraphPad Prism 8.3.0). Correlation analysis was 
performed for group characteristics (age, sex, creatinine 
levels, biomarker concentrations, FPI scores) and clinical 
assessments of the PROMIS-29 survey. Components within 
the PROMIS-29 survey used for analysis included evalua
tions of Physical Function, Pain Impact Score, Fatigue, Pain 
Interference, Depression, Anxiety, Ability to Participate in 
Social Roles, Global Pain, and Sleep Disturbance. An α- 
level of 0.05 was established as the level of significance for 
the study.

Results
Cohort Characteristics
A total of 298 unique patients from a single site were included 
in this retrospective, observational study. The mean age of 
chronic pain subjects was 60.7 yrs. (60.68 ± 13.62) with 
a 57.4% female population. Raw PROMIS-29 scores were 
transformed to standardized T-score metrics, with a mean of 
50 and standard deviation of 10. PROMIS-29 T-scores for the 

7 subdomains along with an 11-point pain intensity measure 
and pain impact score can be seen in Table 1.

Consistent with our previously published population pro
file of chronic pain patients, subjects in this cohort reflected 
chronic pain profiles of baseline PROMIS-29 subdomain 
values significantly worse than the general population, 
which has a mean T-score of 50.17 On average, subjects 
displayed moderate-severe pain (7/10) and moderate-high 
impact pain (36.4/50). Further, subjects displayed severe 
pain interference and physical dysfunction, with an average 
T-score of 67, which is 1.7 standard deviations worse than 
that of the US general population. This population also 
displayed a worsening-shift towards depression, anxiety, 
fatigue, and sleep disturbance of one standard deviation as 
compared to the general population. In summary, this repre
sents a population of individuals with severe chronic pain 
and pain interference that impacts activities of daily living 
and represents the broader chronic pain population in terms 
of their multidimensional psychometric profile.

Abnormal biomarker results were detected in a large 
majority of the chronic pain subjects with 87.2% of patients 
exhibiting at least one abnormal biomarker finding. All 
biomarker results were interpreted using established clinical 
reference ranges that had been previously determined using 
pain-free control groups.12,16 The most common abnormal 
biomarker finding among all subjects was elevated quinolinic 
acid. Quinolinic acid is a neurotoxic NMDA agonist and 

Table 1 PROMIS-29 and T-Score Metrics in Chronic Pain 
Patients (n=298)

PROMIS-29 Domain PROMIS-29 Pain Patients

Mean ± SD Range

Global Pain 7.0 ± 1.8 1–10

Pain Impact Score 36.4 ± 7.60 15.0–50.0

T-Score

Pain Interference 67.1 ± 5.79 41.6–75.6

Ability to Participate in Social Roles 37.3 ± 6.39 27.5–53.6

Sleep Disturbance 59.9 ± 7.53 37.6–73.3

Fatigue 61.6 ± 8.39 33.7–75.8

Depression 58.2 ± 9.78 41.0–79.3

Anxiety 58.1 ± 9.22 40.3–81.4

Physical Function 34.8 ± 6.20 22.9–56.9

Abbreviations: PROMIS-29, Patient-Reported Outcomes Measurement 
Information System 29-item profile; SD, standard deviation.
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product of the kynurenine pathway of tryptophan catabolism. 
These results corroborate an earlier study from our group that 
identified elevated levels of quinolinic acid as the most com
mon abnormal finding in a retrospective analysis of 17,834 
chronic pain patients.16 Rates of abnormal detection for each 
component biomarker of the FPI can be seen in Table 2.

Further supporting the role of an up-regulated kynurenine 
pathway in chronic pain disorders was the finding of elevated 
levels of kynurenic acid in 33% of patients. Elevated pyr
oglutamate, indicative of glutathione depletion, was detected 
in 35% of patients. Glutathione depletion is a common find
ing in chronic disease states and especially prevalent in the 
chronic pain population due to the widespread use of analge
sic medications containing acetaminophen, which directly 
depletes glutathione stores.18 Elevated levels of xanthurenic 
acid, a surrogate marker of Vitamin B6 status was detected in 
33% of patients. Increased utilization of pyridoxal-5-phos
phate (P5P), the active form of vitamin B6, is common in 
inflammatory diseases due to the role that P5P plays as 
a cofactor in many inflammatory pathways including the 
kynurenine pathway.19

The mean FPI score (0–100 scale) among the chronic 
pain cohort was 35.9 (35.9 ± 25.2) with 17.6% of patients 

recording a “Low” FPI score (0–19), 58.1% of patients 
recording a “Moderate” FPI score (20–49), 16.6% of patients 
recording a “Moderately High” FPI score (50–79), and 7.6% 
of patients recording a “High” FPI score (80–100). Table 3 
details FPI scores and the average number of abnormal 
component biomarkers for each of the scoring categories. 
The number of abnormal biomarker findings per patient 
ranged from 0 to 7 (out of a total of 11 biomarkers) (Table 4).

Associations of Component Biomarkers 
with PROMIS-29 Domains
Correlation analysis was performed using individual 
PROMIS-29 domains and component biomarker data (ie, 
individual metabolites of the FPI) for the purpose of identi
fying associations between individual biomarkers and spe
cific symptomologies. Foundation Pain Index scoring (0– 
100 scale) provides an extremely intuitive means of deter
mining the potential role of biochemistry in a patient’s pain. 
However, to modulate underlying aberrations, it is impor
tant to understand the individual biomarkers of the FPI and 
their mechanistic links to certain symptoms. The serotonin 
metabolite 5-hydroxyindolacetic acid (5-HIAA), which can 
indicate abnormal serotonin synthesis and metabolism, 

Table 2 Concentrations of Biomarkers and Prevalence of Abnormal Biomarker Findings in Chronic Pain Patients

PROMIS-29 Pain Patients

Biomarker Reference Range Mean ± SD Range Prevalence of Abnormal Results

Methylmalonic acid 0–2.3 1.20 ± 0.70 0–4.3 6.2%
Homocysteine 0–1.3 0.86 ± 0.69 0.1–6.7 13%

Xanthurenic acid 0–0.63 0.58 ± 0.44 0–4.13 33%

Pyroglutamate 8–40 38.6 ± 23.1 0–187 35%
Vanilmandelate ≥ 0.8 3.43 ± 1.54 0–9.9 0.7%

5-hydroxyindoleacetic acid ≥ 1.6 4.78 ± 3.95 0–34.1 4.2%

Quinolinic acid 0–6.3 6.12 ± 2.84 0–23.8 36%
Kynurenic acid 0–2.0 1.83 ± 1.05 0–8.4 33%

Hydroxymethylglutarate 0–5.1 3.39 ± 1.88 0–17.4 12%

Ethylmalonic acid 0–6.3 3.75 ± 2.75 0–22.6 10%
3-hydroxypropyl mercapturic acid 0–2.4 1.08 ± 1.73 0–15.3 12%

Abbreviations: PROMIS-29, Patient-Reported Outcomes Measurement Information System 29-item profile; SD, standard deviation.

Table 3 Foundation Pain Index Scoring Characteristics Among PROMIS-29 Patients

FPI Category LOW MODERATE MOD. HIGH HIGH

FPI Score Range 0–19 20–49 50–79 80–100

Average Number of Abnormal Biomarkers 0.25 ± 0.44 1.63 ± 0.61 3.38 ± 0.49 5.14 ± 0.83

Number of Patients in FPI Score Category 51 168 48 22
Percentage of Patients in Category 17.6% 58.1% 16.6% 7.6%

Abbreviations: FPI, Foundation Pain Index; PROMIS-29, Patient-Reported Outcomes Measurement Information System 29-item profile; MOD. HIGH, Moderately High.
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strongly associated with pain interference (P = 0.046), 
physical function (P = 0.037), and pain impact scores (P = 
0.019). Hydroxymethylglutarate accumulates under condi
tions of Coenzyme Q10 deficiency and strongly associated 
with physical function (P = 0.009). Quinolinic acid, 
a neurotoxic metabolite of the kynurenine pathway (KP) 
of tryptophan catabolism, exhibited an extremely strong 
correlation with physical function (P < 0.0001) and less 
strong associations with pain interference (P = 0.096) and 
ability to participate in social roles (P = 0.058). Kynurenic 
acid, another neuroactive metabolite of the KP, strongly 
associated with pain interference (P = 0.015) and physical 
function (P = 0.020) and less strongly with pain impact 
scores (P = 0.061). Levels of homocysteine, a biomarker of 
B-vitamin status, also associated with pain impact scores 
(P = 0.049) (Table S1).

Overall, the physical function domain of the PROMIS- 
29 strongly associated with four component biomarkers 
(5-hydroxyindoleacetic acid, quinolinic acid, kynurenic 
acid and hydroxymethylglutarate) of the FPI and 
approached significant associations with xanthurenic acid 
(biomarker of Vitamin B6 status) and vanilmandelate 
(metabolite of epinephrine/norepinephrine). Pain interfer
ence and the pain impact domains were also associated 
with numerous component biomarkers of the FPI, further 
supporting initial clinical validation findings.

Association of FPI Scores with 
PROMIS-29 Domains
Criterion analyses validated the presence and significance 
of any correlations between FPI scores and individual 
domains of the PROMIS-29. Overall, FPI scores were 
significantly associated with multiple PROMIS-29 
domains including physical function (P = 0.0023), impact 

score (P = 0.0033), fatigue (P = 0.0138), pain interference 
(P = 0.0223), and depression (P = 0.0473) (Table 5). 
Extremely strong associations between FPI scores and 
the physical function domain of the PROMIS-29 are con
sistent with the numerous statistically significant correla
tions between component biomarkers of the FPI and 
physical function (Table S1).

Discussion
These results provide further evidence of clinical validity 
and confirm the presence of strong associations between 
FPI scores and validated clinical assessments in chronic 
pain patients.

This cross-validation of the FPI with PROMIS-29 
domains will facilitate further clinical adoption of this 
innovative laboratory offering as a growing number of 
pain physicians employ the PROMIS-29 for initial assess
ment and evaluation of ongoing treatment strategies. 
Validating biochemical correlates to PROMIS-29 domains 
not only improves our understanding of pain biochemistry 
but also provides novel treatment strategies as abnormal 
biochemical function can be modulated or corrected with 
safe, non-opioid therapies.20 The introduction of targeted, 
non-opioid therapies capable of alleviating pain and 
improving PRO measures would represent a significant 
advancement in the field of pain management.

Furthermore, discovery and validation of biochemical 
correlates to PRO instruments such as the PROMIS-29 and 
SF-36 also holds tremendous promise for improving out
comes and patient selection criteria for interventional pain 
procedures. There is a rapidly growing realization that 

Table 4 Prevalence of the Number of Abnormal Biomarker 
Findings Among Patients

Number of Abnormal 
Biomarkers

Number of 
Patients

% of Patients 
(N=289)

0 38 13.1%

1 87 30.1%
2 82 28.4%

3 42 14.5%

4 23 8.0%
5 10 3.5%

6 6 2.1%
7 1 0.3%

Table 5 Association of PROMIS-29 Domains and Foundation 
Pain Index Scores Among Chronic Pain Patients*

X Variable Y Variable R (rank) P-value

PROMIS – Physical Function FPI Score −0.1758 0.0023

Impact Score FPI Score 0.2026 0.0033
PROMIS – Fatigue FPI Score 0.1423 0.0138

PROMIS – Pain Interference FPI Score 0.1321 0.0223

PROMIS – Depression FPI Score 0.1148 0.0473
PROMIS – Anxiety FPI Score 0.09149 0.1144

PROMIS – Ability to 

Participate Social

FPI Score −0.07406 0.2016

PROMIS – Global Pain FPI Score 0.04403 0.5277

PROMIS – Sleep Disturbance FPI Score 0.002828 0.9612

Note: *Statistical analysis was performed using Spearman rank’s (r) coefficient. 
Abbreviations: PROMIS-29, Patient-Reported Outcomes Measurement 
Information System 29-item profile; FPI, Foundation Pain Index; R (rank), 
Spearman correlation coefficient.
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optimal surgical outcomes are heavily dependent on the 
response rate of patients to a physical and emotional 
healthy state.21 Because of this, the pre-surgical period 
should be viewed as an effective and opportunistic time 
to optimize the health status of a patient and maximize the 
likelihood of a successful outcome. Pre-surgical patient 
preparation aimed at enhancing surgical recovery, known 
as “prehabilitation,” is a growing field in pain management 
with tremendous upside for patients, providers, employers, 
and payors. Most agree that successful prehabilitation 
requires the use of a multi-modal approach to maximize 
positive impact.21

Evaluation of a patient’s biochemical status and 
attempted correction of any deranged biochemical function 
should be included as part of an innovative approach to 
optimizing surgical outcomes. Optimizing nutritional status 
in the perioperative period is currently recommended by the 
Neurostimulation Appropriateness Consensus Committee 
(NACC) due to the recognition that malnutrition impairs 
wound healing and increases susceptibility to infections.22 

In the context of surgery, malnutrition has been found to be 
an independent predictor of morbidity and mortality in 
postoperative patients.23 The impact of poor nutritional 
status on the outcomes of surgery is just one example of 
how biochemical function can impact patient outcomes. 
Optimizing biochemical function, which includes but is 
not limited to nutritional components, has the capacity to 
improve patient outcomes beyond healing and infection 
mitigation. In large part, this is due to the potential impact 
of presurgical biochemical status on the postsurgical inflam
matory response. The human response to surgery is 
intended to be protective in nature and promote successful 
healing. The cascade of events that follow injury and the 
stress of surgery is highly complicated and involves an 
interplay of metabolic, hemodynamic, hormonal, and 
immunological systems.24 An imbalance between the pro- 
inflammatory and anti-inflammatory response to surgical 
intervention may result in an exaggerated or inappropriate 
response leading to poor outcomes.24 While the prognostic 
value of preoperative nutritional and inflammatory status 
has been well described in the literature, there remains 
a limited number of intuitive and cost-effective laboratory 
tools capable of characterizing the preoperative biochemical 
status of a patient. Our group will be conducting prospective 
studies to determine if the Foundation Pain Index can guide 
preoperative biochemical optimization with the goal of 
improving patient outcomes across the spectrum of inter
ventional pain procedures. Specifically, our group is 

interested in determining if pre- and post-operative optimi
zation of biochemical function in the chronic pain popula
tion can improve long-term outcomes for surgical 
interventional procedures such as spinal cord stimula
tion (SCS).

Conclusion
Cross-validation of the FPI with the PROMIS-29 in a cohort 
of 298 chronic pain patients further supports the role of 
deranged biochemical function in the etiology of chronic 
pain. Higher FPI scores, indicative of more severely 
deranged biochemical function, were associated with wor
sening PROMIS-29 scores across most domains including 
physical function, pain impact scores, fatigue, pain interfer
ence, and depression. Objective identification of underlying 
biochemical pain determinants or contributing factors will 
provide practitioners with novel treatment options aimed at 
correcting underlying biochemical function. Robust, biomar
ker-based correlates to the complex neurobiological under
pinnings of chronic pain will provide novel insight into 
chronic pain mechanisms and afford non-invasive, longitu
dinal monitoring. Further research efforts will aim to deter
mine the impact of pre-surgical biochemical correction on 
surgical outcomes in patients with chronic pain.
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