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Purpose: Measures of pain sensitivity have potential relevance for patient care. We previously identified a subgroup of people at risk 
for ongoing pain characterized by genetic AND psychological factors. Here, we report planned secondary analyses examining the 
effect of personalized interventions on pain sensitivity outcomes.
Patients and Methods: Two hundred and sixty-one healthy individuals with the COMT SNP rs6269 AA genotype and Pain 
Catastrophizing Scale scores of 5 or higher received exercise-induced muscle injury, followed by a randomly assigned treatment: (1) 
general education and placebo; (2) personalized psychological intervention and placebo; (3) general education and propranolol; or (4) 
personalized psychological intervention and propranolol. Pain sensitivity outcomes (pressure pain thresholds (PPT), suprathreshold 
heat rating, temporal summation, and conditioned pain modulation efficiency) were compared using a mixed effect model to examine 
difference among groups, adjusted for age, sex and race.
Results: No main effects for group assignment were noted (p > 0.05 for all), when considered as 4 groups or 2 collapsed groups (ie 
propranolol vs placebo or personalized psychologic vs general education). Interaction terms were then entered into our models in an 
exploratory fashion. For PPT outcomes interactions were noted for, sex and time, and race and time (p<0.015). For temporal 
summation outcomes, interactions were noted for sex and group and race and group (p < 0.015).
Conclusion: Results indicated no statistically reliable changes in pain sensitivity when considering matched vs unmatched treatment 
groups. Caution is needed in this interpretation given that the trial was not powered to specifically identify these differences. 
Exploratory analysis of interactions among ethnic/racial and gender identities by treatment, however, showed the potential for 
differential effects for specific pain sensitivity measures. Significant interactions across modalities suggest analysis of higher order 
interactions/intersectionality could be of great interest for testing efficacy of personalized interventions in future trials.

Plain Language Summary: Purpose: In previous work, we identified a set of genetic and cognitive traits that were associated 
with persistent pain after exercise induced muscle pain. Participants and methods: In this current study, we tested whether 
a combination of information focused on how you think about pain and a medication tailored to a genetic risk factor would 
help people without clinical pain conditions recovery faster from exercise-induced muscle pain than using general information and 
placebo medication. Results: The study did not strongly support that interventions matched to higher risk of persistent pain made 
changes for all the people. What we did find is that individuals’ ethnic, racial and gender identities might be influencing sensitivity 
to specific measures of pain sensitivity. Conclusions: Interactions among individuals’ identities might impact pain sensitivity. 
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These findings could be used to generate hypotheses for and/or inform future studies of individualized medicine approaches for 
pain. 

Keywords: muscle, exercise, shoulder, genetics

Introduction
Ongoing and persistent pain after surgery or injury places a significant burden on an individual, the family, and society. 
On a global scale, chronic secondary musculoskeletal pain conditions rank high among health conditions in terms of 
prevalence, disability, and economic burden.1 We previously identified a subgroup of people at risk for ongoing pain that 
is characterized by both genetic AND psychological factors.2 The two key elements of this high-risk subgroup are the 
catechol-O-methyltransferase (COMT) gene – (responsible for encoding the COMT enzyme involved in catecholamine 
metabolism) and pain catastrophizing, a psychological factor that encompasses beliefs about pain. Our previous studies 
reported that the interaction between a COMT SNP genotype and pain catastrophizing serves as a better predictor of 
shoulder pain and disability outcomes compared to either factor in isolation.2,3 These findings were observed in both pre- 
clinical (exercise induced pain) and clinical (arthroscopic rotator cuff repair) cohorts.2,3

After promising findings from the cohort studies,2,3 a pre-clinical randomized trial tested the efficacy of interventions 
matched to risk factors of the high-risk subgroup. This trial did not identify additional benefits of these personalized 
interventions on the primary outcome, rate of recovery after exercise induced shoulder pain.4 In this current paper, we 
report the results of the planned secondary analyses to examine the effect of the personalized interventions on pain 
sensitivity outcomes.

Pain sensitivity is determined from responses to noxious thermal, mechanical, electrical, or chemical stimuli that are 
applied in a standard manner, commonly using quantitative sensory testing (QST) methodology. Pain sensitivity is 
a behavioral measure providing proxy information regarding endogenous facilitation and inhibition of sensory processing 
of noxious stimuli.5,6 Genetic variations in pain-related genes – such as those involved in neurotransmitter metabolism or 
signaling pathways – can influence an individual’s pain sensitivity;7,8 and pain sensitivity is linked to the psychological 
and emotional aspects of pain experiences.9 Individuals with heightened pain sensitivity may be more prone to 
experiencing increased pain intensity after surgery.10 Investigating pain sensitivity is therefore crucial for advancing 
our understanding of how individuals respond to interventions that have been personalized to genetic and psychologic 
risk factors.

In this planned analysis of secondary outcomes of the Biopsychosocial Influence on Shoulder Pain (BISP) pre-clinical 
randomized trial,11 we determined the extent to which interventions personalized to psychological and genetic factors 
characteristic of a group at risk of high pain intensity and longer pain duration modified pain sensitivity following acute 
exercise-induced muscle injury. The intervention for the psychological factor was psychologically informed education 
based on our work and others in people with low back pain12,13 to modify catastrophizing thoughts. A pharmaceutical 
intervention, propranolol, was chosen based on previous findings of reduced in pain sensitivity in people with orofacial 
pain that was dependent on COMT genotype.14

We hypothesized that individuals receiving the matched interventions would report greater improvement in pain 
sensitivity compared to those receiving unmatched interventions. Since the results of the trial were null for the primary 
outcome,4 we did not have hypotheses for any specific pain sensitivity measure, and investigated all measures for their 
response to matched interventions using a tiered approach that balanced priority of QST measure with amount of Type 
I error. We also explored the influence of interactions related to race and sex to fully consider whether these matched 
interventions have the potential for efficacy when those factors are considered.

Materials and Methods
Trial Overview
The BISP trial was prospectively registered on ClinicalTrials.gov (NCT02620579) and adhered to the reporting guide-
lines recommended by CONSORT and SPIRIT.15 A detailed description of the study methods can be found in our 
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published protocol article11 and previously reported results in the primary article.4 The University of Florida Institutional 
Review Board approved the study, and all participants provided informed consent for eligibility screening and participa-
tion in the BISP trial in compliance with the Declaration of Helsinki.

Eligible participants underwent a protocol to produce exercise-induced muscle injury on day 1, followed by four 
consecutive days of a randomly assigned treatment delivered on-site (days 2–5) through the University Clinical Research 
Center. This protocol is described below. The four intervention groups were created by combining two pharmacologic 
conditions (propranolol or placebo) with two informational conditions (psychologic intervention or general education) 
that were theoretically appropriate for the high-risk subgroup. The primary endpoint of the parent trial was shoulder pain 
recovery and there were no differences between the personalized intervention group (propranolol and psychologic 
intervention) and any of the other three comparator groups.

Participants
Healthy individuals aged 18 to 65 years who were fluent in English, were confirmed to have the COMT AA genotype 
(correlated with heightened pain sensitivity at the rs6269 variant) and Pain Catastrophizing Scale (PCS) scores of 5 or 
higher were considered for study participation. All testing occurred in clinical laboratories within the University of 
Florida Health Science Center.

It should be noted that, compared to clinical populations, a score of 5 on the PCS is not considered “elevated.” 
However, this specific cutoff score was empirically determined in a pre-clinical cohort and validated in a clinical cohort 
meeting COMT AA genotype x PCS subgroup classification.4 Specifically, this high-risk subgroup composed of 
individuals with the COMT AA genotype and PCS scores of 5 or higher, demonstrated the strongest predictive power 
for increased shoulder pain at 12 months post-operation in a clinical cohort. Consequently, this subgroup was designated 
as the high-risk subgroup of interest.

Inclusion criteria were: a) ages ≥ 18 years to 65 years and b) English speaking. Exclusion criteria were identified 
during screening and trial enrollment and included in Supplemental Table 1.

Exercise-Induced Shoulder Injury
Research personnel, blinded to intervention assignment, performed the muscle injury protocol and subsequent follow-up 
assessments. Participants underwent exercise-induced shoulder muscle injury on their dominant arm. Briefly, participants 
were seated in a Biodex (Shirley, NY) isokinetic dynamometer. Maximum voluntary isometric contraction (MVIC) of 
isometric shoulder external rotation was determined. Participants then completed eccentric (lengthening)/concentric 
(shortening) external rotation repetitions at 60°.s−1 for 3 sets of 10 repetitions. After completing those repetitions, 
MVIC was retested. If they achieved 50% or less of the pre-exercise MVIC, the fatigue protocol was terminated. If they 
generated more than 50% of the pre-exercise MVIC, participants performed additional sets of 10 repetitions and MVIC 
was re-tested. This cycle was repeated until participants’ MVIC was less than 50% of the initial MVIC. The goal of the 
injury protocol was to induce shoulder pain intensity, reduced range of motion, and weakness in the exercised muscle. 
Additional details on this procedure are available in our prior publications [8,11].

Interventions
This trial was designed to determine if the high-risk subgroup we identified in prior cohort studies responded 
differentially to treatments tailored to characteristics of that subgroup. Accordingly, participants were randomly assigned 
to one of four groups created by combining two pharmacologic intervention conditions (propranolol or placebo) with two 
informational conditions (psychologic intervention or general education) resulting in the following cohorts: Group A – 
personalized psychologic and placebo (1 personalized component), Group B – general education and placebo (0 perso-
nalized components), Group C – personalized psychologic and propranolol (2 personalized components), or Group D – 
general education and propranolol (1 personalized component). See Supplemental Table 2 for full descriptions of the 
interventions and these interventions are also described in our protocol11 and primary trial results papers.4
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Randomization and Allocation
A computer-generated randomization scheme was prepared by the statistical team prior to the study. Treatment assign-
ments were accessed by study personnel through a secure website, which provided independent assignment for 
pharmaceutical and psychological interventions. Research staff involved in the study were blinded to the intervention 
assignment that they were not directly associated with. Randomization was completed after enrollment into the study 
before baseline measures were collected and the muscle injury protocol performed. Randomization was stratified by sex 
due to reported differences in pain conditions and observed sex differences in a prior study on shoulder pain.4

Outcomes
A comprehensive battery of nine pain sensitivity outcomes were collected across multiple modalities and body regions, 
assessing changes in static (ie thresholds) and dynamic pain sensitivity (facilitation and inhibition) at sites local and 
remote to the area of induced injury. Local and remote sites were chosen based on the hypothesis that systemic effects of 
the injury and the intervention would be indicated by changes in remote/distant measures of pain sensitivity.

Quantitative sensory testing was completed every day from Day 1 (baseline) to Day 5 in the Pain Clinical Research 
Unit of the UF Clinical and Translational Sciences Institute by personnel blinded to intervention assignment. Pain 
responses to the QST were collected using the numeric pain rating scale (NRS). The NRS is a 101-point scale in which 
patients verbally rate their pain from 0, indicating “no pain”, to 100, indicating “the most intense pain sensation 
imaginable.” The NRS demonstrates sound psychometric properties. Stimulation sites were varied to prevent carryover 
effects due to local sensitization. All participants underwent a brief training with the stimuli to familiarize participants 
with the stimulus range, limit range effects in psychophysical scaling, and alleviate any participant anxiety about the 
upper limit of stimulus intensities to be used. Standard instructions were used for all testing.

Pressure Pain Threshold (PPT): Three Sites
Pressure pain threshold (PPT) was assessed using an AlgoMed pressure algometer (Medoc, Durham NC) with a 1 cm 
diameter probe. The algometer was placed vertically on three different anatomical locations, the ipsilateral deltoid, 
contralateral deltoid, and ipsilateral tibialis anterior (distant to the anatomic location of the pain). PPT was defined as the 
amount of force (applied at a rate of 1kg per second) required to produce a sensation of pain distinct from pressure or 
discomfort. Participants were asked to say “pain” immediately when a sensation of pain was felt. At this point, the 
experimenter immediately retracted the algometer and the value of pressure applied was recorded (kPa). Three PPT 
measures were performed on each anatomical location.

Suprathreshold Rating of Thermal Stimuli: One Measure
The thermal stimuli were delivered to the participant’s forearm using the Pathway ATS/CHEPS Model (Medoc, Durham 
NC) unit or the TSA Neurosensory Analyzer (Medoc, Durham NC). Temperature increased at 10°C.s−1 from a baseline 
temperature of 39°C to 49°C. Pain intensity was assessed with an NRS response to each stimulus. The participants rated 
the magnitude of any pain following the heat pulse using the NRS.

Temporal Summation of second Pain (TSSP): Two Measures
Five heat pulses were applied to the ventral forearm of the patient using a PATHWAY Contact Heat-Evoked Potential 
Stimulator (CHEPS; Medoc Ltd, Ramat Yishay, Israel). To ensure temporal summation, an inter-stimulus interval of 
2 seconds was used with temperatures starting at 39°C and increasing to 49°C. The participants were asked to rate the 
magnitude of pain following each heat pulse using the NRS. Ratings of pain intensity at the 5th pulse,16 as well as the 
change in rating (rating of pulse 5 – rating of pulse 1) were used in subsequent analysis. TSSP reflects generally 
facilitatory processes.

Conditioned Pain Modulation (CPM) Protocol: Three Measures
We used a cold pressor/pressure protocol to induce and measure CPM. First, PPT on the mid-point of the contralateral 
tibialis anterior was assessed using the methods described above and used as the “test stimulus”. Next, participants 
immersed the hand on the painful side up to the wrist into a cold water bath for up to one minute (conditioning stimulus). 
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The water was maintained at a constant temperature of 8°C by a refrigerated water circulator and was constantly 
circulated to prevent warming around the hand. Thirty seconds after hand immersion, participants were asked to rate the 
pain intensity (0–100) from the immersed hand and were instructed to maintain their hand in the water bath for as long as 
they could tolerate for a maximum of one minute. After removing the hand from the cold bath, a new test stimulus was 
delivered to the contralateral tibialis anterior. Resultant measures were CPM efficiency (prePPT – postPPT), cold 
tolerance (time), cold tolerance rating. CPM efficiency reflects inhibitory processes.

Analysis Considerations for QST Measures
We applied a tiered approach to analysis and interpretation of these variables, where we prioritized QST measures. In the 
first tier were “dynamic” measures purported to assess the modulatory aspects of pain sensitivity: suprathreshold heat, 
TSSP, and CPM efficiency. In the second tier were “static” measures purported to assess key aspects of pain sensitivity 
thermal tolerance, ipsilateral PPT and distant PPT (tibialis anterior), followed in the third tier by measures with lower 
priority but with relevance to this study question tolerance ratings and PPT at the contralateral deltoid. These tiers were 
used for type 1 error correction and explained in more detail in statistical methods.

Statistical Analysis Methods
Summary statistics were provided for baseline characteristics by intervention groups. To answer our primary question, 
QST outcome variables were compared across the four randomly assigned groups, adjusting for sex and self-reported 
racial identity. For each outcome, a mixed effect model with a random subjects effect was fitted to examine difference 
between the four treatment groups and within-patient change over time, adjusting for age, self-identified sex (female vs 
male) and self-identified race (non-White vs White). The rationale for this exploration is that it is plausible that responses 
to personalized intervention may differ across key sociodemographic factors like age, sex, and racial identity.17,18 

Unstructured covariance was assumed. Four intervention groups comprised of pharmacologic (propranolol or placebo) 
or informational (psychologic intervention or general education) combinations were modeled as fixed effect with the 
placebo and general education as the reference group.

Propranolol effects were compared between the two placebo groups versus two propranolol groups combined (Group 
A+B vs Group C+D). Education effects were compared between the two education 1 groups versus two education 2 
groups combined (Group A+C vs Group B+D). Two-way interaction terms (group and sex, group and race, time and sex, 
time and race) were examined to guide future work. Three-way interactions were not considered (eg race, group, and 
time). Non-significant interactions were removed from the final models.

The graphical approach to sequential statistical testing was used to adjust for multiple testing of between group 
differences.19 The graphical approach relies on sequentially testing hypotheses based on an a priori sequence of “relative 
importance”. Specifically, our outcomes were divided into three tiers (first three, second three, and last three) based on 
hypothesized importance of any findings as ranked by the investigator team. We equally allocated alpha to the three 
hypotheses corresponding to first tier outcomes (ie, test at two-tailed alpha of 0.05/3). If a hypothesis was rejected in Tier 
one or Tier two, half of alpha was equally distributed to the other hypotheses in the same tier while the other alpha was 
equally distributed to the hypothesis of the next tier. If a hypothesis is rejected in Tier three, alpha was equally distributed 
to the other hypotheses in the same tier. All data analysis was done in SAS software (version 9.4; SAS Institute).

Results
A total of 1363 people were screened for the presences of COMT AA and a pain catastrophizing scale score of >5 which 
identified 261 participants. 28 were excluded/withdrawn post-randomization for medical/safety reasons such as hyper-
tension or tachycardia measured during the first session. For the remaining 233 eligible patients analyzed (ie number 
included in the primary analysis), there were 57 in the placebo and psychologic intervention group (Group A), 57 in the 
placebo and general education group (Reference Group B), 62 in the propranolol and psychologic intervention group 
(Group C), and 57 in the propranolol and general education group (Group D). Baseline characteristics were balanced 
across 4 groups (Refer to Table 1 for details). No serious adverse events, defined as the need to seek healthcare outside of 
the study, were reported.
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Table 1 Demographic and Anthropomorphic Variables

Category Overall Placebo + 
psychologically 

informed education 
(N=57)

Placebo + 
general 

education 
(N=57)

Propranolol + 
psychologically 

informed education 
(N=62)

Propranolol + 
general 

education 
(N=57)

P-value

Sex Male 80 (34.3%) 18 (31.6%) 20 (35.1%) 22 (35.5%) 20 (35.1%) 0.968

Female 153 (65.7%) 39 (68.4%) 37 (64.9%) 40 (64.5%) 37 (64.9%)

Dominant 
Hand

Right 208 (89.3%) 48 (84.2%) 54 (94.7%) 56 (90.3%) 50 (87.7%) 0.650

Left 21 (9.0%) 7 (12.3%) 3 (5.3%) 5 (8.1%) 6 (10.5%)

Ambidextrous 4 (1.7%) 2 (3.5%) 0 (0.0%) 1 (1.6%) 1 (1.8%)

Race American 
Indian/ Alaska 

native

1 (0.4%) 1 (1.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.226

Asian 71 (30.5%) 18 (31.6%) 20 (35.1%) 15 (24.2%) 18 (31.6%)

Native Hawaiian 
or Other Pacific 

islander

1 (0.4%) 1 (1.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Black or African 
American

45 (19.3%) 13 (22.8%) 15 (26.3%) 10 (16.1%) 7 (12.3%)

White 108 (46.4%) 24 (42.1%) 20 (35.1%) 33 (53.2%) 31 (54.4%)

I prefer not to 
answer

7 (3.0%) 0 (0.0%) 2 (3.5%) 4 (6.5%) 1 (1.8%)

Combined 
Race

Asian 71 (30.5%) 18 (31.6%) 20 (35.1%) 15 (24.2%) 18 (31.6%) 0.249

White 108 (46.4%) 24 (42.1%) 20 (35.1%) 33 (53.2%) 31 (54.4%)

Black or Other 54 (23.2%) 15 (26.3%) 17 (29.8%) 14 (22.6%) 8 (14.0%)

Ethnicity Hispanic or 
Latino

77 (33.0%) 19 (33.3%) 14 (24.6%) 23 (37.1%) 21 (36.8%) 0.442

Not Hispanic or 
Latino

156 (67.0%) 38 (66.7%) 43 (75.4%) 39 (62.9%) 36 (63.2%)

I prefer not to 
answer

25 (10.7%) 8 (14.0%) 2 (3.5%) 8 (12.9%) 7 (12.3%)

Age Mean ± StdDev 21.0 ± 4.3 21.7 ± 5.9 20.3 ± 2.5 21.4 ± 5.3 20.5 ± 1.9 0.217

Height Mean ± StdDev 66.0 ± 4.5 65.7 ± 5.3 66.0 ± 4.2 66.4 ± 4.1 66.0 ± 4.5 0.896

Weight Mean ± StdDev 148.2 ± 34.2 150.0 ± 34.5 148.8 ± 33.7 148.4 ± 36.7 145.4 ± 32.5 0.913

BMI Mean ± StdDev 23.7 ± 4.3 24.1 ± 4.5 23.9 ± 4.1 23.6 ± 4.4 23.4 ± 4.3 0.829

Worst Pain Mean ± StdDev 0.2 ± 0.7 0.1 ± 0.4 0.2 ± 0.6 0.2 ± 0.6 0.4 ± 1.0 0.194

Quick-DASH 
Score

Mean ± StdDev 3.8 ± 5.6 4.7 ± 6.5 3.1 ± 4.8 3.7 ± 5.3 3.9 ± 5.7 0.478

FPQ Total Mean ± StdDev 14.8 ± 6.3 15.6 ± 6.8 14.6 ± 7.0 14.5 ± 6.0 14.5 ± 5.5 0.724

PCS Total Mean ± StdDev 12.3 ± 8.3 12.7 ± 9.0 12.6 ± 7.2 12.6 ± 9.1 11.4 ± 7.8 0.805

PHQ-9 Total Mean ± StdDev 2.7 ± 3.5 3.2 ± 4.4 2.8 ± 3.1 1.9 ± 2.3 2.9 ± 3.8 0.186

TSK-11 Total Mean ± StdDev 19.5 ± 5.1 19.4 ± 5.7 19.5 ± 5.0 19.6 ± 4.7 19.8 ± 5.2 0.982

Abbreviations: Quick-DASH, short form Disability of arm, shoulder and hand; FPQ, Fear of Pain Questionnaire; PCS, Pain Catastrophizing Scale; PHQ-9, Patient Health 
Questionnaire; TSK, Tampa Scale of Kinesiophobia.
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Treatment Group Effects
Summary statistics for the nine outcomes are presented in Supplemental Table 3 by intervention group and day of visits. 
No main effect for group was noted for any outcome variables (p>0.05 for all). This was the case when the analysis 
included a “group” variable with 4 levels (ie 4 treatment groups, or a “group variable” with 2 levels (ie participants who 
received propranolol versus participants who received placebo drug, or between participants who received personalized 
psychologic and participants who received general education.

Influence of Covariates
Females had significantly lower CPM efficiency, lower average pressure pain threshold (PPT) of both ipsilateral/ 
dominant and contralateral/non-dominant deltoid, and lower ipsilateral/dominant tibialis anterior than males (p value 
<0.05). White participants had lower ratings of suprathreshold heat, higher CPM efficiency, lower TSSP, and longer cold 
tolerance than non-White participants (p < 0.05).

Exploration of Interactions
Interaction terms (group and sex, group and race, time and sex, time and race) were added to models after consideration 
of the main effects. These two-way interactions provide additional information for future planning of trials of persona-
lized medicine approaches17,20 and are shown in Table 2. For ipsilateral deltoid PPT, interactions across sex and time (p < 
0.001), and race and time (p = 0.015) were noted in which thresholds in Whites became greater (less sensitive) at the 
shoulder compared to non-Whites, and females became more sensitive to PPT at local and distal testing sites over time 
compared to men. An interaction between race and group was observed on the ipsilateral deltoid and tibialis anterior. In 

Table 2 Mixed Model ANOVA Table with Interactions

Effect Class Value Estimate Standard Error t Value P-value

Temporal Summation: Ipsilateral/dominant - 5th pulse

Intercept 70.57 10.59 6.66 <0.001

Age −0.20 0.42 −0.48 0.628

Sex Female −4.90 6.71 −0.73 0.466

Race White −21.38 6.71 −3.18 0.002

Group A −13.25 8.72 −1.52 0.129

C −20.72 8.78 −2.36 0.018

D −7.45 8.72 −0.85 0.393

A+B vs C+D 0.62 6.56 0.09 0.925

A+C vs B+D −1.85 6.60 −0.28 0.779

Time −1.50 0.27 −5.62 <0.001

Sex * Group Female * A 5.73 9.49 0.60 0.546

Female * C 19.74 9.18 2.15 0.032

Female * D 11.96 9.28 1.29 0.198

Race * Group White * A 24.46 9.19 2.66 0.008

White * C 19.23 9.04 2.13 0.034

White * D 7.86 9.10 0.86 0.388

(Continued)
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Table 2 (Continued). 

CPM Efficiency

Intercept −59.49 29.64 −2.01 0.046

Age 1.91 1.32 1.45 0.148

Sex Female −22.10 10.23 −2.16 0.031

Race White 20.77 9.85 2.11 0.035

Group A −34.60 13.91 −2.49 0.013

C −27.03 13.71 −1.97 0.049

D −12.89 13.96 −0.92 0.356

A+B vs C+D 5.33 19.56 0.27 0.785

A+C vs B+D −48.74 19.47 −2.50 0.012

Time 5.7 2.39 2.38 0.018

Temporal Summation: Ipsilateral/dominant – rating of 5th pulse – rating of 1st pulse

Intercept 34.56 6.06 5.71 <0.001

Age −0.41 0.24 −1.70 0.089

Sex Female −3.43 3.83 −0.9 0.371

Race White −10.03 3.91 −2.56 0.011

Group A −9.56 4.97 −1.92 0.055

C −14.91 5.01 −2.98 0.003

D −5.89 4.97 −1.19 0.236

A+B vs C+D 1.92 3.74 0.51 0.609

A+C vs B+D −3.97 3.76 −1.05 0.293

Time −2.44 0.28 −8.76 <0.001

Sex * Group Female * A 4.83 5.41 0.89 0.373

Female * C 12.00 5.23 2.29 0.022

Female * D 1.37 5.30 0.26 0.796

Race * Group White * A 6.27 5.24 1.20 0.232

White * C 11.93 5.16 2.31 0.021

White * D 4.44 5.19 0.86 0.393

Race * Time White * Time 1.29 0.40 3.19 0.001

Cold Pressor Tolerance

Intercept 53.41 3.71 14.39 <0.001

Age −0.04 0.17 −0.22 0.826

Sex Female −0.69 1.30 −0.53 0.596

Race White 2.73 1.25 2.19 0.029

(Continued)
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Table 2 (Continued). 

Group A 4.06 1.77 2.30 0.022

C 2.14 1.74 1.23 0.218

D 2.98 1.77 1.69 0.092

B 0

A+B vs C+D −1.06 2.48 −0.43 0.669

A+C vs B+D 3.23 2.47 1.31 0.192

Time 0.46 0.10 4.43 <0.001

Average Pressure Pain Threshold (PPT) of Ipsilateral/Dominant Deltoid

Intercept 204.67 66.31 3.09 0.002

Age 5.09 2.64 1.93 0.054

Sex Female −26.98 41.96 −0.64 0.52

Race White 7.43 41.94 0.18 0.859

Group A 2.08 54.77 0.04 0.970

C 121.93 54.90 2.22 0.027

D −22.79 54.72 −0.42 0.677

A+B vs C+D 16.38 40.91 0.40 0.689

A+C vs B+D 37.10 41.16 0.90 0.368

Time −4.89 3.12 −1.57 0.117

Sex * Group Female * A −10.75 59.23 −0.18 0.856

Female * C −103.22 57.07 −1.81 0.071

Female * D 36.09 57.85 0.62 0.533

Race * Group White * A −12.87 57.33 −0.22 0.822

White * C −119.92 55.97 −2.14 0.032

White * D −63.45 56.67 −1.12 0.263

Sex * Time Female * Time −11.95 3.28 −3.65 <0.001

Race * Time White * Time 7.64 3.13 2.45 0.015

Average Pressure Pain Threshold (PPT) of Ipsilateral/Dominant Tibialis Anterior

Intercept 356.98 77.53 4.60 <0.001

Age 5.42 3.37 1.61 0.108

Sex Female −64.75 27.17 −2.38 0.017

Race White 35.05 52.25 0.67 0.503

(Continued)
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Table 2 (Continued). 

Group A −16.11 44.77 −0.36 0.719

C 68.53 46.39 1.48 0.14

D −10.44 47.86 −0.22 0.827

A+B vs C+D 48.54 50.04 0.97 0.332

A+C vs B+D 38.46 50.43 0.76 0.446

Time −8.77 2.95 −2.97 0.003

Race * Group White * A 5.34 72.92 0.07 0.942

White * C −147.14 70.50 −2.09 0.037

White * D −93.01 72.09 −1.29 0.197

Sex * Time Female * Time −7.70 3.65 −2.11 0.035

Cold Pressor (pain) Rating

Intercept 49.24 11.46 4.3 <0.001

Age 0.40 0.51 0.78 0.434

Sex Female −3.08 4.00 −0.77 0.441

Race White −6.52 3.84 −1.70 0.090

Group A 0.64 5.43 0.12 0.906

C −2.81 5.35 −0.53 0.599

D 5.54 5.43 1.02 0.308

A+B vs C+D −2.09 7.63 −0.27 0.784

A+C vs B+D −7.71 7.59 −1.02 0.310

Time 0.59 0.77 0.76 0.445

Suprathreshold: Ipsilateral/dominant forearm midline (49°C)

Intercept 27.60 5.21 5.30 <0.001

Age −0.10 0.21 −0.49 0.626

Sex Female −4.33 3.26 −1.33 0.184

Male 0

Race White −9.03 3.33 −2.71 0.007

Not White 0

Group A −7.66 4.31 −1.78 0.076

C −12.94 4.32 −3.00 0.003

D −1.68 4.30 −0.39 0.697

A+B vs C+D −1.40 3.22 −0.43 0.664

A+C vs B+D −3.88 3.24 −1.20 0.231

Time −1.81 0.23 −7.75 <0.001

(Continued)
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both these measures, Whites in Group C (propranolol and psychological education) were more sensitive on average than 
non-Whites in Group B (placebo and general education).

Interactions between sex and group, and race and group were retained in the expanded models for temporal 
summation. The responses to the interventions differed such that females in Group C (placebo medication and general 
education demonstrated greater temporal summation than females in Group B (propranolol and psychological education). 
Whites in Group C had elevated TSSP compared to Whites in other groups and non-Whites.

No interactions were noted for any cold pressor-related tasks and measures (CPM, cold tolerance, or cold pressor 
ratings; p > 0.05).

Discussion
The primary findings of this planned secondary analysis of the BISP pre-clinical trial indicated no change in pain 
sensitivity after receiving the treatment matched to the characteristics of the high-risk subgroup (propranolol and 
psychologic intervention) when compared to unmatched treatment. These findings suggest no general benefit of matched 
care for pain sensitivity measures; this aligns with findings from the primary trial and the primary outcome of pain 
recovery after the exercise induced muscle injury.4 This finding in the secondary analysis was not due to lack of overall 
responsiveness, as on average, most measures of pain sensitivity changed over time; rather, the change was independent 
of random group assignment. This is surprising given effects of propranolol on pain sensitivity measures in other 

Table 2 (Continued). 

Sex * Group Female * A 4.49 4.66 0.96 0.335

Female * C 13.26 4.49 2.95 0.003

Female * D 1.38 4.55 0.30 0.762

Race * Group White * A 6.92 4.51 1.54 0.125

White * C 10.14 4.40 2.30 0.021

White * D 3.36 4.46 0.75 0.451

Race * Time White * Time 0.57 0.34 1.64 0.100

Average ressure Pain Threshold (PPT) of Contralateral/Non-Dominant Deltoid

Intercept 245.86 58.43 4.21 <0.001

Age 4.83 2.63 1.84 0.067

Sex Female −57.07 21.32 −2.68 0.008

Race White −26.43 19.61 −1.35 0.178

Group A −1.58 27.63 −0.06 0.955

C 1.47 27.21 0.05 0.957

D −28.35 27.64 −1.03 0.305

A+B vs C+D 25.30 38.92 0.65 0.516

A+C vs B+D 28.24 38.71 0.73 0.466

Time −7.30 2.54 −2.87 0.004

Sex * Time Female * Time −8.16 3.14 −2.60 0.009

Notes: Bold font – Name of dependent variable; Reference groups for categorical variables: Sex – Male; Race – 
Non-White; Intervention group – B. Intervention groups A: Placebo medication + Psychologically informed 
education; B: Placebo medication + general education; C: Propranolol + Psychologically informed education; D: 
Propranolol + general education.
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studies.14,21 However, the effect on pain sensitivity is not consistent. For example, propranolol administration affected 
heart rate variability but not TSSP or CPM in healthy people.22

While the analyses did not yield potential benefit for the matched treatment with regards to pain sensitivity, we also 
wanted to fully explore potential treatment effect modifiers. The rationale for this exploration is that it is plausible that 
personalized intervention may differ on key sociodemographic factors like age, sex, and racial identity.17,18 

Unfortunately, our sample was too homogenous on age to explore that factor, but we did have enough variability to 
explore potential treatment effect moderation in sex and racial identity. Collectively, exploratory analysis of interactions 
among racial and gender identities and treatment group showed some differential effects. These effects are the remaining 
focus of the discussion, but we caution readers to interpret with caution due to a) lack of statistical power and b) the 
exploratory nature of these analyses.

White participants demonstrated greater reductions in sensitivity at the shoulder than non-White participants with 
respect to PPT over the study participation duration. For our analysis of racial identity, we used White and non-White 
groups based on participants’ self report, resulting in approximately 50% of participants in each group. Closer inspection 
of non-White participants indicated a majority identified as Asian or of Asian heritage. This preliminary finding aligns 
with work by Ahn et al 2017,23 where people of Asian heritage demonstrated greater pain sensitivity to experimental 
stimuli than non-Hispanic Whites.

Pain sensitivity also correlates with variation in the COMT gene. For example, people with the AA rs6269 genotype 
have demonstrated heightened sensitivity to pain in the masseter muscle.24 Moreover, other studies suggest propranolol’s 
analgesic efficacy is modified by genetic variation in the COMT gene.25 While speculative at this point, it is notable that 
our sample included 43% of people who identified as Asian and expressed the AA genotype; while Whites in the 
matched treatment group had higher temporal summation and were more sensitive to PPT than non-Whites in placebo 
(sham medication and general education) group.

Other findings related to interactions that did not include time are more difficult to interpret. For example, females in 
the matched treatment group had greater temporal summation than females in the group receiving placebo medication 
and general education. Overall, the combination of findings suggests consideration of three-way and four-way analyses 
would be of great interest (ie, sex by group by time); however, this would require much larger samples of participants 
across the intersection of genetic haplotypes and racial and ethnic and gender identities.

As with all pre-clinical studies, there are limitations to consider. First, the participants who enrolled were predomi-
nantly young healthy individuals who did not have the health condition being studied. This limits the external validity of 
the findings to people. Second, exercise-induced injury creates pain that resolves over time and therefore may not be the 
best model for chronic pain development. Third, while we did have a placebo arm, we did not include a natural history/ 
control are in this trial so we cannot report directly on QST responses that occur over time with no intervention or 
perception of intervention. Fourth, the trial was not explicitly powered using pain sensitivity outcomes and therefore may 
have been underpowered for the secondary analyses. Additionally, analyses that included interaction terms were 
exploratory and also likely to be underpowered. Finally, given the pre-clinical nature of this study there are no established 
thresholds for determining how clinically meaningful the observed changes were for any of these measures. Therefore, 
these findings have low clinical relevance but could be used to inform mechanistic responses to these interventions.

Conclusion
In this secondary analysis of the BISP pre-clinical randomized trial, there was no evidence that treatment matched to 
a previously validated high-risk subgroup resulted in better pain sensitivity outcomes. These results align with the 
primary outcomes of the pre-clinical trial. In order to fully explore the potential for personalized approaches we also 
considered interactions with race and sex for pain sensitivity outcomes. The interactions of sex and race with time, while 
significant were separate from intervention group effects. These results indicate the potential for differential responses 
based on these factors but should be interpreted with caution and only used to generate future hypotheses. However, 
interpreting our hypotheses, that personalized interventions would modulate pain sensitivity, is difficult. Nevertheless, 
these exploratory findings suggest more complex statistical models may be needed that include race, sex, intervention 
and time to address personalized interventions.
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A minimal dataset will be hosted at clinicaltrials.gov. A de-identified, analyzable dataset and the code used for analyses 
will also be provided upon request to the corresponding author. All requests will be reviewed by the study team.
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