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Results Summary

Patient Self-Reported

Severe Pain

Perceived Stress Scale

Moderate Perceived Stress

Genetic Predisposition

Average Pain Sensitivity

Patient’s Self-Reported Pain (Numeric Pain Rating Scale) 7

Psychological Influence on Pain (Perceved Stress Scale) 19

Demographics: Asian

Genetic Predisposition (COMT Haplotype):Average Pain
Sensitivity

Clinical Analytics Interpretation & Report

Numerical Rating Scale 7 of 10 The Patient reports Severe Pain.

Perceived Stress Scale Moderate Perceived Stress The Patient answers suggest
Moderate Perceived Stress.

COMT Haplotype Average Pain Sensitivity APS , The Patient has a genetic
predisposition to average
sensitivity to pain, what may
appear an average threshold, and
may be associated with expected
self-reported scores.
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Proove AI Powered-Clinical Summary

Patient’s Self-Reported Pain (Numeric Pain Rating Scale)

Your Numeric Pain Rating Scale (NPRS) score of 7 out of 10 indicates severe pain, which is an important factor for your care
team to consider.
A severe pain level often suggests the need for careful evaluation and monitoring of pain management strategies to ensure
your comfort and safety.
This score helps your clinician understand the intensity of your pain, guiding them in developing a safe and effective approach
to manage your discomfort.

Psychological Influence on Pain (Perceived Stress Scale)

Your Perceived Stress Scale (PSS) score of 19 indicates a moderate level of perceived stress, which measures how much
you feel life events are unpredictable, uncontrollable, and overwhelming.
This moderate level of perceived stress suggests that psychological factors may be influencing your overall well-being and
potentially your experience of pain.
Acknowledging this moderate stress level can be a helpful step in understanding its potential connection to your health and
exploring supportive strategies.

Genetic Predisposition (COMT Haplotype) Analysis

Your COMT haplotype indicates an average pain sensitivity, meaning this genetic factor alone is not typically associated with
unusually high or low pain perception.
The COMT gene plays a role in how your body processes certain neurotransmitters that are involved in pain signaling.
This average sensitivity suggests that other factors, such as your reported severe pain and moderate stress, are likely more
significant contributors to your current pain experience.

Questions to Ask Your Clinician

Given my severe pain and moderate stress, could you help me understand how these factors might be connected and what
comprehensive pain management approaches might be suitable for me?
Would it be helpful to discuss how my average pain sensitivity, as indicated by my COMT haplotype, fits into my overall pain
experience and potential management plan?
What strategies can I explore to manage my perceived stress, and how might reducing stress potentially impact my pain
levels?

Possible Additional Testing or Assessments

A comprehensive pain assessment might be considered to identify specific pain generators and contributing factors beyond
the self-reported score.
A behavioral health assessment could be helpful to further explore the impact of stress and emotional well-being on your pain
experience.
Reviewing current lifestyle factors, such as sleep patterns, physical activity, and nutrition, might provide additional insights into
your overall health and pain management.
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Supporting Clinical Evidence

Accuracy of the Pain Perception Test

The Pain Perception Profile (PPP) is built on one of the most extensively studied genetic mechanisms in pain science —the catechol-

O-methyltransferase (COMT) gene — and its clinical accuracy is supported by over a decade of independent, peer-reviewed

research spanning more than 6,000 patients across multiple countries, specialties, and clinical settings. The core foundation rests on

four COMT single nucleotide polymorphisms (rs6269, rs4633, rs4818, and rs4680) that combine into three functionally distinct

haplotypes — Low Pain Sensitivity (LPS), Average Pain Sensitivity (APS), and High Pain Sensitivity (HPS) — which account for 95–

97% of all COMT haplotypic diversity observed across both Caucasian and Asian populations. Critically, the LPS haplotype produces

COMT enzyme activity 4.8 times higher than APS and 11.4 times higher than HPS (p<0.01 for both; Diatchenko et al., 2005),

meaning genetic pain sensitivity is not a minor effect — it represents a biologically dramatic difference that directly predicts clinical

outcomes. In the landmark foundational study (Diatchenko et al., 2005; N=202), COMT haplotypes explained approximately 11% of

variability in pain sensitivity (overall ANOVA p=0.0004), and carriers of HPS or APS haplotypes developed temporomandibular

disorder at 2.3 times the rate of LPS carriers (Incidence Density Ratio=2.3, 95% CI: 1.1–4.8; p=0.02), with a population attributable

risk of 29% — meaning nearly one-third of all TMD cases in the population are genetically attributable to these haplotypes.

Subsequent research confirmed and extended these findings: in a post-motor vehicle collision cohort (McLean et al., 2011; N=85),

pain-vulnerable COMT genotype carriers had a 2.11-fold greater risk of moderate-to-severe acute neck pain (p=0.021) and 3.15-fold

greater risk of moderate-to-severe headache than non-vulnerable carriers, and COMT genotype was a more powerful predictor of

acute pain severity than crash characteristics including collision type and airbag deployment. In a prospective surgical cohort (George

et al., 2008; N=58), a model combining COMT haplotype with pain catastrophizing explained 51% of variance in post-operative pain

(R²=0.510, F=10.62, p<0.001), with high-catastrophizing APS/HPS patients experiencing a 6.8-fold relative risk of severe post-

surgical pain compared to all other groups. In the largest multi-ethnic cohort (Tan et al., 2016; N=973), COMT haplotypes significantly

predicted post-operative morphine requirements (p=0.010–0.029) and pain scores (p=0.022), while a 429-patient hernia repair study

(Belfer et al., 2015) demonstrated that combining COMT with GCH1 genetic markers improved a clinical prediction model's

discriminatory power from "fair" (AUC=0.78) to "good" (AUC=0.82) for chronic post-surgical pain. In the direct clinical validity study of

the PPP itself (Sharma et al., 2017; N=134 chronic pain patients across multiple U.S. research sites), 85% of physicians found the

genetic result fully consistent with their clinical evaluation of the patient's pain — with an inconsistency rate of only 7.57% — across

all three risk categories (81% consistency for low, 90% for moderate, and 84% for high pain perception scores). The laboratory

methodology underlying the test has been validated to 100% repeatability, 100% intermediate precision, 99.62%–100% inter-

laboratory reproducibility, and 100% concordance with bidirectional Sanger sequencing — the gold-standard reference method —

confirming the PPP's results are analytically precise, reproducible, and laboratory-independent. 

Key Advantages & Benefits of the Pain Perception Test

The Pain Perception Profile offers a set of clinically transformative advantages that no traditional pain assessment method can

replicate, beginning with its fundamental distinction: it provides an objective, biologically-anchored measure of a patient's genetically

determined pain sensitivity that is entirely independent of subjective self-report. Standard pain tools — the Numeric Rating Scale,

Visual Analog Scale, and clinical observation — are all patient-reported instruments vulnerable to under-reporting (stoic patients,

patients fearing stigma), over-reporting (patients seeking validation or medication), cognitive impairment, cultural bias, and implicit

provider bias. The PPP cuts through these confounders by revealing whether a patient is genetically predisposed to high, moderate,

or low pain sensitivity before interpreting their reported pain score — enabling physicians to distinguish between a patient whose

reported pain of 8/10 is genetically plausible versus one whose pain report may warrant additional diagnostic investigation. This was

demonstrated powerfully in a published case study (Gazzaniga et al., 2017) in which a patient labeled a "drug seeker" had a PPP

low-sensitivity result, correctly prompting further imaging that discovered an untreated bone fragment causing calf pain — overturning

the drug-seeking label and leading to definitive, appropriate treatment. 
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In the primary clinical utility study (Sharma et al., 2017; N=134), 40% of patients had their treatment plans directly changed as a result

of PPP results, producing improvement rates of 72% when medications were adjusted, 82% when alternative therapies were initiated,

71% when additional diagnostic testing was ordered, and 69% when non-pharmacological interventions were implemented —

outcomes that substantially exceed typical chronic pain management success rates under standard clinical assessment alone. The

PPP further enables precision pharmacology: a randomized controlled crossover trial (Tchivileva et al., 2010; N=40) established that

COMT haplotype predicts response to propranolol therapy for temporomandibular disorder, with 0-LPS-allele patients (approximately

one-third of any population) showing the greatest benefit, while LPS-homozygous patients received no benefit — meaning without

genotyping, 20% of patients received an ineffective treatment with no way to identify them in advance. Similarly,HPS-genotype

surgical patients require up to 29% more opioid analgesia than LPS patients in the 48 hours post-surgery (Zhang et al., 2015;

p=0.032), enabling evidence-based, individualized opioid dosing rather than one-size-fits-all prescribing. At the population level, the

PPP also addresses a critically overlooked dimension of health equity: African-American patients are 4.3 times more likely to score

high pain perception than Caucasian patients (p=0.001; 95% CI: 1.8–11.1; Sharma 2017) — providing a biological basis for

understanding and correcting documented racial disparities in pain management, where minority patients are systematically

undertreated. In the largest real-world outcomes study drawn from Medicare beneficiaries (N=6,161 patients, 158 clinics), PPP-

guided pain management produced an average 45% reduction in pain scores (from NRS 7.2 to 4.0), with 39% of patients achieving at

least 50% pain relief, only 7% reporting no improvement or worsening, and 12% of the cohort reducing their opioid medication burden

— generating an estimated $12.4 million in healthcare cost savings in the first year and more than $62 million over five years from a

single patient cohort, purely through moving patients from severe to moderate or mild pain categories. Taken together, the PPP's

combination of genetic precision, physician decision support, personalized treatment guidance, demonstrated patient improvement

rates, and measurable economic value positions it as a uniquely powerful tool for transforming chronic pain management from

reactive and subjective to proactive, objective, and individualized. 

Genotypes RS Number SNP

COMT rs6269 G/A

COMT rs4633 T/T

COMT rs4818 C/C

COMT rs4680 A/A
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The Proove Promise

We promise to respect the dignity and recognize the merit of individuality. Many define individual health from the perspective of the

“average” treatment, doctor, or patient, assuming that the statistical average predicts the individual outcome. The average is a myth.

There is “average” treatment, doctor, patient or person for that matter. We believe in the power of one - one person, one company,

one clinician, and one patient - to make a difference.

Interpretation

Genotypes

COMT (Catechol-O-methyltransferase) haplotypes, variations in the COMT gene, have been linked to differences in pain sensitivity and perception.

Specifically, the three major haplotypes (LPS, APS, and HPS) are associated with low, average, and high pain sensitivity, respectively. These

haplotypes influence COMT enzyme activity, which in turn affects neurotransmitter metabolism and pain signaling. COMT is an enzyme that breaks

down catecholamines like dopamine, noradrenaline, and adrenaline. These neurotransmitters are involved in pain modulation and other physiological

processes. COMT haplotypes, which are combinations of genetic variations in the COMT gene, affect the activity of this enzyme. Based on increasing

evidence that the genetic component of pain has been shown to account for significant variability in human pain perception and modified by easily

measurable phenotypic and clinical measures, the Proove Pain Perception® profile was created as a reference tool to guide the treatment of acute

and/or chronic, nociceptive pain. The profile is a precision medicine tool that evaluates genetic and non-genetic factors shown to influence the

variability in the processing of pain and response to opioids, and is intended to assist physicians in clinical decision making when presented with a

patient with acute or chronic nociceptive pain. It has been used by clinics specializing in primary care/internal medicine, pain management and

rehabilitation, and surgery for musculoskeletal indications. The profile provides information that allows physicians to tailor treatment according to a

patient’s pain sensitivity, as predicted by an algorithm that evaluates both genetic and clinical factors. Included in the profile’s algorithm are phenotypic

variables such as sex, ethnicity, degree of stress, and the presence of genetic polymorphisms in one of the most studied genes in pain genetics:

Catechol-O-Methyltransferase (COMT). COMT is an enzyme that catabolizes catecholamines, such as dopamine, epinephrine, and norepinephrine,

and is critically involved in pain transmission. Genetic variation in the COMT gene leads to a reduction in its enzymatic activity, and subsequent

changes in the concentration and downstream signaling of catecholamines. These genetic variations have been examined in over 40 independent

association studies of human pain. Reduced COMT enzymatic activity, which results in increased catecholamine levels, has been shown to be

associated with higher sensitivity to painful stimuli and vice versa. As summarized in the table in Section III: Clinical Validity, the phenotypic effects of

COMT genetic variations, i.e. single nucleotide polymorphisms (SNPs), are described in dozens of studies. The presence of COMT SNPs is associated

with increased sensitivity to thermal, ischemic, and mechanical pain experimentally and is linked to clinical differences in pain intensity, functional

outcomes and opioid consumption in postoperative settings, acute trauma, chronic pain, and fibromyalgia. COMT genetic changes have also been

associated with pain catastrophizing and psychological distress. Psychological traits that influence the perception of pain may predispose some

individuals to exhibit pain disorders more severely than others, despite having similar prognoses or other physical similarities. Furthermore, low COMT

activity also increases availability of opioid receptors and may enhance opioid analgesia and adverse effects. [1-25] 

Published clinical utility studies of Proove Pain Perception demonstrate that based on genetic testing results, physicians adjusted treatment plans for

40% of patients using the test. When medication changes were made based on genetic testing results, 72% of patients showed improvement in clinical

status. When non-pharmacological actions were performed, 69% of physicians felt their patients' clinical status improved. Moreover, physicians

believed the genetic test results were consistent with patient pain levels in 85% of cases. [26]
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Phenotypes

The Perceived Stress Scale (PSS) is widely considered the gold standard instrument for measuring stress perception [27-29]. Informed by Lazarus and

Folkman’s transactional model of stress [30], this self-report questionnaire is used to assess the degree to which a respondent finds circumstances in

their life to be unpredictable, uncontrollable, and/or overwhelming. In contrast to measures that assess environmental stress exposures (e.g., life

events checklists [31, 32]), the PSS captures a respondent’s subjective appraisal of whether life circumstances and experienced events exceed their

adaptive capacity [27, 33]. Questions on the PSS ask the respondent to rate their feelings and thoughts for the past month [27], indicating that a

relatively recent time frame is assessed. Since 1983, the PSS has been cited >30,000 times and used to demonstrate the wide-ranging effects of

stress in both healthy and patient populations. Higher PSS scores are associated with higher levels of pain intensity and pain interference. [34] HPS

haplotype, stress, and sex interact with each other and modify pain sensitivity. Stress and sex may impact the ability to detect COMT-dependent pain

sensitivity due to their effects on the adrenergic system. Specifically, because low COMT activity (HPS haplotype) and exposure to stress can increase

the epinephrine load in the system, an increase to pain sensitivity may also result. [8] 

(1) Diatchenko, L., Fillingim, R.B., Smith, S.B. & Maixner, W. The phenotypic and genetic signatures of common musculoskeletal pain conditions. Nat

Rev Rheumatol 9, 340-50 (2013). 

(2) Diatchenko, L. et al. Catechol-O-methyltransferase gene polymorphisms are associated with multiple pain-evoking stimuli. Pain 125, 216-24

(2006). 

(3) Diatchenko, L. et al. Genetic basis for individual variations in pain perception and the development of a chronic pain condition. Hum Mol Genet 14,

135-43 (2005).

(4) Slade, G.D. et al. COMT Diplotype Amplifies Effect of Stress on Risk of Temporomandibular Pain. Journal of Dental Research 94, 1187-1195 (2015).

(5) Belfer, I. et al. Association of functional variations in COMT and GCH1 genes with postherniotomy pain and related impairment. Pain 156, 273-9

(2015).

(6) Tan, E.C. et al. Common variants of catechol-O-methyltransferase influence patient- controlled analgesia usage and postoperative pain in patients

undergoing total hysterectomy. Pharmacogenomics J (2015).

(7) Wang, X.-S. et al. Association of single nucleotide polymorphisms of ABCB1, OPRM1 and COMT with pain perception in cancer patients. Journal of

Huazhong University of Science and Technology. Medical sciences = Hua zhong ke ji da xue xue bao. Yi xue Ying De wen ban = Huazhong keji daxue

xuebao. Yixue Yingdewen ban 35, 752-758 (2015).

(8) Meloto, C.B. et al. Modification of COMT-dependent pain sensitivity by psychological stress and sex. Pain 157, 858-67 (2016).

(9) Feinberg SD et al. Chronic Pain Guideline. Effective May 15, 2017. American College of Occupational and Environmental Medicine, MTUS

Guidelines.

(10) Andersen, S. & Skorpen, F. Variation in the COMT gene: implications for pain perception and pain treatment. Pharmacogenomics 10, 669-84

(2009).

(11) Belfer, I. et al. Pain modality- and sex-specific effects of COMT genetic functional variants. Pain 154, 1368-76 (2013). 

(12) George, S.Z. et al. Evidence for a biopsychosocial influence on shoulder pain: pain catastrophizing and catechol-O-methyltransferase (COMT)

diplotype predict clinical pain ratings. Pain 136, 53-61 (2008).

(13) Khalil, H. et al. OPRM1 and COMT Gene-Gene Interaction Is Associated With Postoperative Pain and Opioid Consumption After Orthopedic

Trauma. Biol Res Nurs 19, 170-179 (2017).

(14) Martínez-Jauand, M. et al. Pain sensitivity in fibromyalgia is associated with catechol-Omethyltransferase (COMT) gene. Eur J Pain 17, 16-27

(2013).

(15) McLean, S.A. et al. Catechol O-methyltransferase haplotype predicts immediate musculoskeletal neck pain and psychological symptoms after

motor vehicle collision. J Pain 12, 101-7 (2011). 

(16) Rut, M. et al. Influence of variation in the catechol-O-methyltransferase gene on the clinical outcome after lumbar spine surgery for one-level

symptomatic disc disease: a report on 176 cases. Acta Neurochir (Wien) 156, 245-52 (2014).

(17) Dai, F. et al. Association of catechol-O-methyltransferase genetic variants with outcome in patients undergoing surgical treatment for lumbar

degenerative disc disease. Spine J 10, 949-57 (2010).

(18) Dimova, V. et al. Association of genetic and psychological factors with persistent pain after cosmetic thoracic surgery. J Pain Res 8, 829-44

(2015). 

(19) De Gregori, M. et al. Genetic variability at COMT but not at OPRM1 and UGT2B7 loci modulates morphine analgesic response in acute

postoperative pain. Eur J Clin Pharmacol 69, 1651-8 (2013).

(20) Zhang, F. et al. COMT Gene Haplotypes Are Closely Associated with Postoperative Fentanyl Dose in Patients. Anesth Analg 120, 933-40 (2015).

(21) George, S.Z. et al. Biopsychosocial influence on exercise-induced delayed onset muscle soreness at the shoulder: pain catastrophizing and

catechol-o-methyltransferase (COMT) diplotype predict pain ratings. Clin J Pain 24, 793-801 (2008).
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(22) Finan, P.H. et al. COMT moderates the relation of daily maladaptive coping and pain in fibromyalgia. Pain 152, 300-7 (2011). 

(23) Desmeules, J. et al. Psychological distress in fibromyalgia patients: a role for catechol-O-methyl-transferase Val158met polymorphism. Health

Psychol 31, 242-9 (2012).

(24) Fernández-de-las-Peñas, C. et al. Catechol-O-methyltransferase Val158Met polymorphism (rs4680) is associated with pain in multiple sclerosis. J

Pain 14, 1719-23 (2013).

(25) Rakvåg, T.T. et al. Genetic variation in the catechol-O-methyltransferase (COMT) gene and morphine requirements in cancer patients with pain.

Mol Pain 4, 64 (2008). 

(26) Sharma M, Kantorovich S, Lee C, Anand N, Blanchard J, Fung ET, Meshkin B, Brenton A, Richeimer S. An observational study of the impact of

genetic testing for pain perception in the clinical management of chronic non-cancer pain. J Psychiatr Res. 2017 Jun; 89:65-72. doi: 10.1016/

j.jpsychires.2017.01.015. Epub 2017 Jan 30. PMID: 28182962. 

(27) Cohen S, Kamarck T, Mermelstein R.. A global measure of perceived stress. J Health Soc Behav. 1983; 24(4):385–396. [PubMed] [Google

Scholar] 

(28) Kupst MJ, Butt Z, Stoney CM, et al. Assessment of stress and self-efficacy for the NIH toolbox for neurological and behavioral function. Anxiety

Stress Coping. 2015; 28(5):531–544. [DOI] [PMC free article] [PubMed] [Google Scholar]

(29) Monroe SM. Modern approaches to conceptualizing and measuring human life stress. Annu Rev Clin Psychol. 2008; 4:33–52. [DOI] [PubMed]

[Google Scholar] 

(30) Lazarus RS, Folkman S.. Stress, Appraisal, and Coping. New York, NY: Springer; 1984. [Google Scholar]

(31) Holmes TH, Rahe RH.. The social readjustment rating scale. J Psychosom Res. 1967; 11(2):213–218. [DOI] [PubMed] [Google Scholar] 

(32) Berry C, Shalowitz M, Quinn K, Wolf R.. Validation of the crisis in family systems-revised, a contemporary measure of life stressors. Psychol Rep.

2001; 88(3 Pt 1):713–724. [DOI] [PubMed] [Google Scholar] 

(33) Cohen S, Williamson G.. Perceived stress in a probability sample of the United States. In: Spacapan S, Oskamp S, eds. The Social Psychology of

Health: Claremont Symposium on Applied Social Psychology. Newbury Park, CA: Sage;1988:31–67. [Google Scholar]

(34) White RS, Jiang J, Hall CB, Katz MJ, Zimmerman ME, Sliwinski M, Lipton RB. Higher Perceived Stress Scale scores are associated with higher

pain intensity and pain interference levels in older adults. J Am Geriatr Soc. 2014 Dec;62(12):2350-6. doi: 10.1111/jgs.13135. PMID: 25516031;

PMCID: PMC4362541. 

Methodology

DNA collection is performed via buccal swab and saliva specimen. A published study showed that the average DNA yield was 1.94 micrograms +/- 0.54

with a 94% genotyping pass rate in a pilot study (n=34), and 2.44 micrograms +/- 1.74 with a 93% genotyping pass rate in the high-throughput

application (n=1140) (10) Genomic DNA is isolated from a dry buccal swab and saliva specimen using a commercially available magnetic particle DNA

isolation kit along with proprietary techniques using an automated DNA isolation system. Specific regions of interest are amplified using commercially

available proprietary primers, TaqMan probes, and reagents from Life Technologies, a ThermoFisher Company. The variants are detected on Life

Techologies Quant Studio 7 genetic analyzer as Single Nucleotide Polymorphisms (SNPs). The data is analyzed and reported by qualifi ed licensed

laboratory personnel using Life Techologies Genotyper data analysis software, version 1.3. This test was independently verifi ed by Proove Genomics,

Inc. (Arlington, TX, USA) under Clinical Laboratory Improvement Amendment (CLIA) guidelines as a Laboratory Developed Test (LDT). 

Disclaimer

The above test(s) have not been cleared or approved by the U.S. Food and Drug Administration. The FDA has determined that such clearance or

approval is not necessary. Proove Genomics, Inc. has validated the performance characteristics of the above test(s). The above test(s) results are not

intended to be used as the sole means for clinical diagnoses or patient management decisions. Only medically necessary tests (based on specific

patient diagnosis and treatment) should be ordered. Screening tests will generally not be reimbursed by insurance companies. 
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