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Abstract 

 

An important and substantial body of literature has established that maladaptive and adaptive 

coping strategies significantly impact pain-related outcomes.  This literature, however, is based 

primarily on populations with painful injuries and illnesses.  Little is known about coping in 

individuals who experience pain in other contexts and whether coping impacts outcomes in the 

same way. In an effort to better understand pain coping in such contexts, the present study 

evaluated pain coping in ultramarathon runners, a population known to experience moderate 

levels of pain with minimal perceived negative effects.  This study reports on pain coping in 204 

entrants in 2016 RacingThePlanet© multi-stage ultramarathon events.  Participants provided data 

over five consecutive days on pain severity, pain interference, exertion, and coping.  Results 

demonstrated that the study participants were more likely to employ adaptive than maladaptive 

coping responses.  However, maladaptive coping, but not adaptive coping, was positively 

associated with percent time spent thinking about pain and pain-related interference.  Taken 

together, the study supports the idea that this high functioning group of individuals experiencing 

pain emphasizes the use of adaptive coping strategies over maladaptive strategies, reinforcing the 

perspective that such a pattern may be the most effective way to cope with pain.  Within the 

group, however, results supported traditional patterns, such that greater use of maladaptive 

strategies was associated with greater pain-related interference, suggesting that optimizing pain 

coping may be critical to reducing factors that may interfere with ultramarathon performance. 

 

Keywords:  Pain, coping, ultramarathon, sports medicine 
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It is now well-understood that pain beliefs, coping, and attitudes are associated with 

meaningful pain-related outcomes, such as pain interference.  Maladaptive coping approaches 

are well-substantiated, and a growing body of research describes adaptive coping approaches.[9; 

15; 18; 28]  Research generally supports that maladaptive approaches are “unhelpful” and 

adaptive approaches are “helpful” in relation to function.[10; 28]  However, these findings are 

primarily from patients suffering negative consequences of painful injuries or illnesses.  Little is 

known about coping employed by individuals who function at high levels despite their pain, 

leaving the assumption that those who thrive in the face of pain cope inversely to those who 

suffer from pain. 

 Ultramarathon runners are a unique population well-versed in the experience of pain. Up 

to 85% of these endurance athletes seek medical care during multi-stage races, with the vast 

majority needing care for skin injuries that were bothersome but not a reason to drop out from 

racing.[23] Interestingly, few of these individuals drop out of events despite pain and perceived 

need of medical care.[12; 23]  Ultramarathon pain research has focused primarily on pain 

thresholds and tolerance,[13] and explored the possibility that, relative to the general population, 

these athletes may be able to exert themselves further before pain prohibits their continuation.  

While informative, this research incompletely describes the pain experience in athletes and does 

not describe how they persist in the face of pain.   

Among non-athlete samples it has been noted that how someone copes with pain is more 

impactful than individual pain thresholds.[2] Such research in athletes is scant. One lab-based 

study found that marathon runners were positively impacted by both higher pain tolerance and 

higher levels of pain-specific self-efficacy relative to non-runners, but the two groups did not 

differ in their coping strategy use.[20]  There is little understanding of the strategies 

ultramarathon runners use to cope with pain, and how their use relates to pain-related outcomes. 

 This study sought to define the experience and impact of pain in ultramarathon runners 

during a multi-stage event.  First, we sought to understand how ultramarathon runners experience 

pain by examining how they rate its intensity and their approach to coping with pain during a 

race.  We hypothesized that over the course of an ultramarathon athletes would generally rate 

their pain in the moderate range, and the profile of pain coping strategies would emphasize a 

greater use of adaptive relative to maladaptive coping strategies. Second, we investigated how 

stage-to-stage fluctuations in coping related to the amount of time a runner spent thinking about 
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it, and the amount of pain-related interference they experienced.  We expected that traditional 

patterns would emerge, such that when (i.e. during a given race stage) an individual used more 

maladaptive coping strategies and less adaptive strategies than usual for them, they would spend 

more thinking about pain and report higher pain interference, above and beyond the effects of 

exertion and worst pain intensity. In line with prior research in non-athlete populations, we 

anticipated stronger findings would emerge for maladaptive coping than for adaptive coping. 

 

 

METHODS 

Recruitment and Procedures 

Participants were recruited at the 2016 RacingThePlanet© 155 mile (250 km) six-stage 

ultramarathon races in the Atacama Desert of Chile, the Gobi Desert in China, and Namibian 

Desert. The races had similar distances of 25 miles (40 km) for each of the first 4 stages, a 50 

mile (80 km) stage 5, and a short 5 mile (8 km) sixth stage. These races are self-supported with 

participants responsible for carrying their own clothing, water, and food for the duration of the 

event, with the race organizers providing only replenishment water and tents for sleeping. As all 

races were operated with similar logistical demands, the races were combined into a single 

cohort for analysis (as has been done in prior research [22; 24]). 

 All race entrants were offered the opportunity to participate in the study at the time of 

mandatory check-in, which occurred the day before the first stage.  Interested participants who 

met the inclusion/exclusion criteria (age 18 or older, able to read/write in English so as to be able 

to answer study questionnaires), signed informed consent and subsequently completed a 

demographics questionnaire.  They then completed a daily questionnaire of the primary study 

variables after completion of each day’s stage for the subsequent five stages (given the brevity of 

the sixth stage, data were not collected after that stage).  Participation was voluntary and no 

compensation was provided.  Study approval was provided by the University of Washington’s 

Human Subjects Division. 
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Measures 

Demographics questionnaire 

At enrollment, participants completed a questionnaire assessing basic demographic 

information (age, sex), as well as information on their running experience (number of marathons 

entered and completed, number of ultramarathons entered and completed).  

 

Daily questionnaire 

The daily questionnaire items were selected to balance the competing demands of 

providing a thorough assessment of the study variables, while respecting the situational necessity 

for brevity.  Thus, we opted to use a series of single-item questions to assess key study domains, 

as prior work suggested value in one- and two-item scales of longer measures.[16] All study 

questions were answered in reference to “today’s stage” of the ultramarathon immediately after 

stage completion. 

 

Pain severity.  Participants were asked to rate their average pain and worst pain using the 0-10 

Numerical Rating Scale (NRS).[17] The 0-10 NRS is the most commonly used self-report 

measure to describe pain intensity or severity in both research studies and clinical settings. 

 

Time spent thinking about pain.  For the purposes of this study, a variable was developed that 

asked participants to estimate the percentage of time (0-100%) in the stage they spent thinking 

about their pain. 

 

Pain interference.  Participants rated their perception of the extent to which their pain interfered 

with their performance with a 0-10 rating in response to a single item derived from the Brief Pain 

Inventory (BPI; i.e., “How much did pain interfere with your performance?”).[6] The BPI is a 

commonly used measure of pain interference in studies of chronic pain populations and carries 

sound psychometrics.[7] 

 

Exertion.  A rating of perceived exertion (RPE) was provided using the Borg scale, which is 

frequently used in studies that include exercise or physical exertion.[5; 25]  Participants rated 

their perception of how hard they felt they were working from 6 (no exertion at all) to 20 
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(maximal exertion).  Prior research has shown a strong correlation between the RPE and heart 

rate (HR), such that HR = 10 x RPE.[25] 

 

Coping. Three categories of coping were assessed: experiential awareness, adaptive pain-related 

coping, and maladaptive pain related coping.  To assess experiential awareness, participants 

indicated on a 0 (never) – 6 (always) scale the extent to which they: (1) felt optimistic, (2) felt an 

urge to keep going, (3) maintained a sense of mindful observation, and (4) maintained a sense of 

automaticity using single items derived from Jensen et al.[19] and the Five Facet Mindfulness 

Questionnaire – Short Form (FFMQ-SF).[4]  To assess adaptive pain-related coping they were 

asked to rate on a 0 (never) – 6 (always) scale the extent to which they: (1) ignored their pain, (2) 

saw pain as a challenge, and (3) tried to not let pain bother them.  To assess maladaptive pain-

related coping, they were asked to rate on this same 0 – 6 scale the extent to which they: (1) felt 

they could not stand their pain anymore, (2) felt defeated by their pain, (3) felt frightened by 

their pain, and (4) felt an urge to stop because of the pain, using items derived from the Coping 

Strategies Questionnaire – 2 item scales[16] and Jensen et al.[19]  For each of the 

aforementioned domains (experiential awareness, adaptive pain-related coping, maladaptive 

pain-related coping), the items were averaged to generate a composite score.  A principal 

component analyses of the 11 coping items indicated three components (scree plot bend at three 

points) that accounted for 74.6% of the variance.  Each of the three components accounted for 

over 10% of the variance and Varimax rotated component loadings showed three clear 

dimensions, with all items loading on scales as expected. All component loadings were ≥.753 

with no evidence of cross loading (all cross-loadings ≤|.356|; the one exception was the sense of 

automaticity item, which had a loading = .528 on the experiential awareness component and 

evidence of cross-loading on the adaptive pain coping subscale (.426).  We examined the effect 

of removing the item from the experiential awareness subscale.  Because its removal did not 

improve internal consistency of the subscale, did not change findings for the scale in main 

analyses of the scale, and was considered a conceptually important facet of general coping, it 

was retained. For all three scales, the possible range was 0-6; and in all three cases the scales 

demonstrated good internal consistency (Cronbach’s alpha for experiential awareness = 0.83; 

adaptive pain coping = 0.78; and maladaptive pain coping = 0.89). 
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Statistical Analysis 

Descriptive statistics for all outcome and predictor variables were calculated and analyzed for 

normality. Study hypotheses were examined using multilevel modeling (MLM) due to the 

hierarchical structure of the data with pain and coping ratings nested within each stage of racing 

and nested within each runner. MLM, using the SAS PROC MIXED procedure, simultaneously 

models between- and within-person variance accounting for the auto-correlation of observations 

in nested data such as this. This analytical approach also includes all available repeated data 

points and retains cases with missing within-person data. Prior to performing the MLMs, 

variables were centered based on current guidelines.[8] Deviation scores for coping measures, 

worst pain, and exertion (Borg) were created by person-centering each of the scores such that the 

centered value indicated the stage-specific change from each person’s race average.  These 

deviation scores essentially index stage-to-stage changes relative to an individual’s average 

coping (adaptive general, adaptive pain, maladaptive pain), worst pain, and exertion levels. We 

constructed two separate MLMs, one for each pain outcome – percent time thinking of pain and 

pain interference – that simultaneously modeled the association between the outcome and the 

three coping composite scores. Covariates –time-invariant sex, age, and average levels of coping 

composite scores, and time-varying perceived exertion and worst pain ratings for the concurrent 

stage - were chosen a priori based on theoretical considerations and/or past empirical findings. 

Inclusion of person means for repeated measures as covariates is recommended as a way to 

remove between-person variable from analyses of within-person variables and prevent predictors 

from correlating with individual intercepts[11]. Statistical tests were performed using SAS 

version 9.4 (SAS Institute, Cary, NC, USA). 

 

RESULTS 

Demographic and descriptive statistics 

The race series was comprised of 427 individuals, 385 (90%) of whom completed their 

race.  A total of 204 runners enrolled in this study (47.8% of race series entrants) and provided 

data for at least one stage of the race.  The vast majority of the study participants (N = 176, 86% 

of study participants) completed their race.  The samples were not statistically significantly 

different in dropout rate (p = ns). 
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Within the study sample, one hundred sixty (78%) study participants had no missing data, 

and overall 87.2% of the data were complete [889 of a possible 1020 data points (5 stages X 204 

participants)].  

Descriptive statistics are shown in Table 1. Participants were majority men (n=148, 

72.5%) with average age 41.35y±10.30.  Runners spent, on average, nearly 1/3 of their time 

during the race thinking about pain. Average pain, worst pain, and pain interference, were all in 

the moderate intensity range.  The runners reported lower levels of maladaptive pain coping 

relative to experiential awareness and adaptive pain coping.   

________________ 

Insert Table 1 about here 

________________ 

 

Between and within-athlete relationship of pain coping with time spent thinking about pain 

Results of MLMs (Table 2; random effects output in top rows, with fixed effects results 

below) showed that during stages when a runner reported higher than usual maladaptive pain 

coping strategies (relative to their personal average), they reported a higher percent time thinking 

about pain (est. = 5.56, p <.0001).  These effects were found above and beyond the effects of 

average levels of the three types of coping, current-stage ratings of perceived exertion (which 

was not significantly related to percent time thinking of pain), and worst pain (which was 

positively related to the outcome). Changes in experiential awareness and adaptive pain coping 

were not significantly related to percent time thinking about pain. In terms of aggregated coping 

variables, only between-person levels of maladaptive pain coping were significantly related to 

percent time thinking of pain, such that people who reported more maladaptive pain coping 

reported more time thinking of pain.  Both types of adaptive coping – general and pain-specific 

were not related to time spent thinking of pain at either the between- or within-person level.  

________________ 

Insert Table 2 about here 

________________ 
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Between and within-athlete relationship of pain coping with pain interference 

Results of MLMs with pain interference as the criterion (Table 3; random effects output 

in top row, with fixed effects results below) showed that when a runner reported higher than 

usual maladaptive pain coping, they reported an increase in pain interference (est = .70, p 

<.0001); in contrast, higher than usual experiential awareness was related to a decrease in pain 

interference (est = -.22, p .013). The findings were present even after accounting for the effects 

of average levels of the three types of coping and current-stage ratings of perceived exertion and 

worst pain; both of which were significantly positively related to pain interference. Between-

person levels of the three types of coping were all significantly related to pain interference in the 

expected directions for experiential awareness, which was negatively related to pain interference, 

and for maladaptive coping, which was positively related to pain interference.  However, those 

who reported higher levels of adaptive pain coping reported higher pain interference compared to 

those with lower levels of adaptive pain coping, even when controlling for worst pain ratings.   

________________ 

Insert Table 3 about here 

________________ 

 

DISCUSSION 

 

This study provides unique insight on pain, pain coping, and their relationship to 

meaningful pain-related variables in an athletic population that is known to thrive despite 

persistent and moderate levels of pain. Consistent with our hypotheses, as a group, these 

ultramarathon runners reported a prioritization of adaptive coping strategies and infrequent use 

of maladaptive strategies. Regardless of this apparent difference from chronic pain 

populations,[18] between-person and within-person analyses were consistent with the findings 

from pain coping research in chronic pain populations, such that the more an individual utilized 

maladaptive strategies relative to their norm, the more negative pain-related outcomes were 

reported. 

 The study participants reported moderate levels of average and worst pain, consistent 

with prior research indicating that experiencing moderate pain is common in this type of 

endurance event.[12; 23]  However, despite this pain, the runners reported a higher use of 
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adaptive coping strategies relative to maladaptive coping strategies.  It is important to place these 

findings into context when compared to other populations, particularly as it relates to duration 

and context of the pain. The vast majority of pain coping research has been conducted using 

chronic pain populations, while the pain experienced by athletes in competition is mostly acute.  

Thus it is not surprising that our findings parallel acute pain studies, suggesting that acceptance 

and distraction have a positive impact on pain tolerance and pain intensity.[21] Participants in 

these races are well-aware of the inevitability of pain and discomfort when entering the event, 

and that their pain is finite that will most likely end with race completion.  The pain is expected, 

and expected pain is known to be associated with less distress, compared to pain that is 

unexpected or pain associated with uncertainty.[3; 14]  Similarly, expected pain is also believed 

to be less likely to induce fear responses and is experienced as less unpleasant than unexpected 

pain.[32] Thus, the “healthy” coping profile that we found likely reflects characteristics central 

to the study participants (i.e., a person may be more likely to be an ultramarathon runner if they 

are able to cope effectively with pain and discomfort) combined with factors associated with the 

task (i.e., pain is known to occur during a multi-stage ultramarathon and therefore it is not 

surprising when it is experienced). 

 Although the study population demonstrated a propensity towards adaptive pain coping 

as a whole, within the population the pattern of findings were consistent with those found in 

chronic pain samples, such that greater use of maladaptive coping strategies was associated with 

worse pain-related outcomes, even when controlling for pain severity.[1; 27; 30; 31] Also, the 

influence of maladaptive pain coping on outcomes was much greater than that of adaptive pain 

coping, similar to prior non-athlete research that suggests a greater relative strength for 

maladaptive coping strategies.[28] This effect was evident both between participants and when 

examined as within-participant change over the course of the race (i.e., if a person used more 

maladaptive coping strategies than usual for them, they reported worse pain-related outcomes). 

Thus, this ultramarathon athlete population demonstrated that pain coping represented an 

influential factor in the relationship of pain to function.  Future research should address the fact 

that it is not known if modifying pain coping approaches or training runners to reduce their 

maladaptive responses improves perceived and objective performance.   
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 Beyond pain coping variables, we also observed an interesting finding related to the 

experiential awareness variables, such that these variables that are traditionally considered 

“enhancing” in the sports world (e.g.,[26]) were associated with worse pain-related functioning 

in this population.  This was an unanticipated finding, although in hindsight may be a direct 

reflection of the variables that were used.  Specifically, these variables were selected based on 

their association with constructs viewed as instrumental to high performance, particularly to the 

extent that they represent mindfulness and flow state. Individual items included runners’ ratings 

of optimism, urge to keep going, awareness of physical sensations, and sense they were running 

on automatic.  Under average, non-pain circumstances, high awareness of physical sensations 

could represent the extent to which a person is feeling the breeze on their face, the pavement on 

their feet, or a sense of floating through the air, all wonderful, performance enhancing 

experiences.  In contrast, under pain circumstances, an individual with high awareness of 

physical sensations could be rating the extent to which they are noticing just how much this 

hurts.  In this case, we would expect this to be associated with a decline in performance, as we 

observed in this study.  We encourage further exploration around this finding, both in terms of 

identifying flow state or mindfulness questions that do not change so substantially under 

changing context, as well as in terms of how to best leverage these targets of performance 

psychology to function as a performance enhancer when pain is present. 

 This study has several limitations.  As all study measures were self-reported, it is possible 

that shared method variance might have contributed to an over-estimation of the associations 

between variables. To make this study logistically feasible, we used brief measures of the study 

variables in order to reduce the participant time burden and potentially minimize study attrition. 

While there is research supporting the use of such measures,[16] we recognize limitations 

including the potential for lower reliability (which can limit the strength of associations found) 

and limited content validity.  It would be useful to examine the associations between versions of 

the belief and coping measures that have more items and outcomes in future studies. 

Furthermore, the use of brief measures resulted in our selection of a limited number of variables.  

Data on types and location of pain, nor the nature or severity of injuries were not collected.  

Although our findings suggest that there may be unique characteristics of ultramarathon runners 

(i.e., a greater endorsement of adaptive coping, relative to studies of chronic pain populations), it 

is outside the scope of this study to determine if these athletes acquire a more frequent use of 
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adaptive responses due to their running experience, if people who already use more adaptive 

coping gravitate towards these activities, or a combination of both.[29]  Longitudinal research 

examining how pain beliefs and coping changes over time would be needed in order to determine 

the relative role that experience plays in this relationship.   

 This study extends prior pain research by demonstrating that accepted and well-

understood associations hold even with a population that appears relatively unimpeded by pain.  

Specifically, our observations support the idea that a group of endurance athletes frequently use 

adaptive responses, both generally, and in response to pain.  While both adaptive and 

maladaptive responses play a role in function in this specific athletic population, the presence 

and use of maladaptive responses appears to play a more instrumental role than adaptive 

responses. The study’s results provide an impetus for future research exploring whether 

optimizing pain coping would be impactful in minimizing barriers to ultramarathon performance. 
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Table 1 

Sample descriptives (N=204) 
 

Variable (possible range) M±SD range 

Age M=41.35y±10.30 20-66 

Percent time thinking of pain (0-100) M=30.90±20.79 0-85 

Average pain (0-10) M=3.92±1.96 0-8.33 

Worst pain (0-10) M=5.24±2.33 0-10 

Pain Interference(0-10) M=4.14±2.31 0-10 

Adaptive General Coping (0-6) M=3.70±1.18 0-5.83 

Adaptive Pain Coping (0-6) M=3.04±1.25 0-6 

Maladaptive Pain Coping (0-6) M=1.31±1.09 0-4.33 
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Table 2 

Multilevel model results predicting percent time thinking about pain from changes in 

adaptive general coping, adaptive pain coping, and maladaptive pain coping (controlling for 

perceived exertion and worst pain, and average levels of the three types of coping). 

Covariance Parameter Estimates 

 Estimate SE Z p 

UN(1,1) 116.66 21.94 5.32 <.0001 

AR(1) 0.1218 0.06 2.09 0.037 

Residual 272.19 18.13 15.01 <.0001 

Fixed Effects 

Variable Beta SE t p-value 

Between-Person (df = 196)     

Intercept 9.02 4.73 1.91 0.058 

Sex -0.97 2.35 -0.41 0.679 

Age -0.15 0.10 -1.50 0.136 

Adaptive General Coping (mean) -1.07 0.90 -1.20 0.234 

Adaptive Pain Coping (mean) -0.43 0.94 -0.45 0.651 

Maladaptive Pain Coping (mean) 6.11 1.25 4.90 <.0001 

Within-Person (df = 644)     

Rating of Perceived Exertion 0.27 0.23 1.19 0.233 

Worst Pain 4.52 0.57 7.99 <.0001 

Δ Adaptive General Coping -0.54 0.99 -0.55 0.583 
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Δ Adaptive Pain Coping 0.28 0.64 0.44 0.657 

Δ Maladaptive Pain Coping 5.56 1.08 5.13 <.0001 

Note Δ = person-centered change score; Sex: 0=female, 1=male 
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Table 3 

Multilevel model results predicting pain interference from changes in adaptive general coping, 

adaptive pain coping, and maladaptive pain coping (controlling for perceived exertion and worst 

pain, and average levels of the three types of coping). 

Covariance Parameter Estimates 

 Estimate SE Z p 

UN(1,1) 0.58 0.13 4.39 <.0001 

AR(1) 0.07 0.06 1.30 0.194 

Residual 2.09 0.13 15.81 <.0001 

Fixed Effects 

Variable Beta SE t p-value 

Between-Person (df = 197)     

Intercept 0.04 0.38 0.12 0.907 

Sex 0.36 0.18 1.99 0.048 

Age -0.01 0.01 -1.66 0.099 

Adaptive General Coping (mean) -0.25 0.09 -2.82 0.005 

Adaptive Pain Coping (mean) 0.16 0.08 2.06 0.041 

Maladaptive Pain Coping (mean) 0.59 0.10 6.02 <.0001 

Within-Person (df = 649)     

Rating of Perceived Exertion 0.08 0.03 2.73 0.007 

Worst Pain 0.57 0.05 11.15 <.0001 

Δ Adaptive General Coping -0.22 0.09 -2.51 0.013 
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Δ Adaptive Pain Coping -0.07 0.06 -1.11 0.269 

Δ Maladaptive Pain Coping 0.70 0.08 8.36 <.0001 

Note. Δ = person-centered change score; Sex: 0=female, 1=male 
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