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IntroductiondUltramarathon runners commonly endure musculoskeletal pain during endurance events.
However, the effect of pain coping skills on performance has not been examined.
MethodsdA prospective observational study during three 250 km (155 mi), 6 stage ultramarathons was
conducted. Finish line surveys were completed after each of the four 40 km (25 mi) and one 80 km (50 mi)
stages of racing. Variables gathered included pain intensity, pain coping strategy use, pain interference, ﬁnishing position (quintile), and successful race completion.
ResultsdA total of 204 participants (age 41.4±10.3 y; 73% male) reported average pain intensity of 3.9
(±2.0) and worst pain intensity of 5.3 (±2.3) on a 0 to 10 scale. They used greater adaptive pain coping strategies (3.0±1.3) relative to maladaptive strategies (1.3±1.1). Worst pain and pain interference increased over
each stage of the race for all runners (P<0.001), with worst pain being signiﬁcantly different by ﬁnishing
status (P¼0.02). Although all runners endured increased pain and interference, the nonﬁnishers (28
[14%]) had signiﬁcantly greater differences in changes in pain intensity (P<0.01) and pain interference
(P<0.001). Maladaptive pain coping strategies were more common in nonﬁnishers; with each 1-point
increase (0e6 scale), there was a 3 times increase in odds of not ﬁnishing the race.
ConclusionsdAlthough increased pain intensity and pain interference was found in all multistage ultramarathon runners, successful event completion was signiﬁcantly associated with less maladaptive pain coping. Training in coping with pain may be a beneﬁcial part of ultramarathon preparation.
Keywords: endurance, ultramarathon, running, musculoskeletal pain, pain coping skills

Introduction
Ultramarathon running events are single-stage or multistage
foot races that are longer than the standard 42.195 km (26.2
mi) marathon. In addition to the long distances of these
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events, they often take place in desert or mountainous terrain that increases the potential for injuries and illnesses
associated with prolonged exposure and exertion in wilderness conditions. 1 Given the prolonged exertion in extreme
condition, it is not surprising that pain and injury are common among ultramarathon runners. Up to 52% of ultramarathon runners report alterations in training, 2 and 65%
report lost training days due to some form of musculoskeletal (MSK) pain. 3 The source of MSK pain can range from
mild muscle soreness and cramps secondary to prolonged
exercise to more severe pain from a speciﬁc injury. 4 , 5

2
The annual incidence of MSK injuries in ultramarathon
runners are similar to shorter distance runners, 6-8 with the
most common training injuries involving the knees and iliotibial band. Similar to training, MSK pain is experienced by
as many as 22 to 24% of ultramarathon runners during and
after a race, with the knees and Achilles tendons most commonly affected. 9 , 10 Although MSK pain appears to be
almost inevitable in endurance running, little is known
about how ultramarathon athletes use pain coping mechanisms to minimize suffering while optimizing performance.
Although it is reasonable to assume pain could pose a
barrier to optimal performance, this issue remains largely
unexamined. Exercise has been shown to have an analgesic
effect in both animals 11 and humans, 12 , 13 though the
mechanism is unclear and thought to be a complex interplay among signaling pathways, cognition, and perception.
Other factors such as sex, 14 competition, 15 and age 16 have
been shown to be associated with pain perception during
exercise. Theories of pain modulation create a construct
for further understanding of pain signaling. 17 The gate
control theory has facilitated an understanding of how
nociceptive signals from the periphery can dampen or
block afferent pain signals. Studies show that even at
rest, athletes have demonstrated a higher pain tolerance
than their nonactive peers, suggesting the presence of
more effective inhibitory processes in these individuals. 18
This phenomenon does not appear to be a ﬁxed trait; the
degree of the pain tolerance changes throughout an athlete’s training cycles 19 and further increases after an athlete
exercises. 15, 20 Moreover, research also refutes the notion
that athletes feel less pain; the threshold levels at which
they report noxious stimuli as painful is unchanged from
their nonactive peers. 18 However, athletes do demonstrate
increased ability to discriminate among noxious stimuli. 21
Most pain research in athletes has focused around “stoicism,” which suggests decreased emotional reactivity to
pain, decreased fear of pain, and increased conﬁdence in
the ability to handle pain. 22,23 We do not know how pain
intersects with athletic performance and, speciﬁcally,
whether the way individuals respond to pain can affect the
paineperformance intersection. Research from nonathlete
populations provides a foundation for examining this relationship, suggesting that an individual’s cognitive (beliefs)
and behavioral (coping) responses inﬂuence that individual’s function in the presence of pain; responses classiﬁed
as “adaptive” are hypothesized to improve function, and
responses classiﬁed as “maladaptive” are hypothesized to
interfere with function when pain is present. 24,25
The objective of this research was to explore the relationship that ultramarathon runners’ pain experience and
coping mechanisms have with their race performance. Speciﬁcally, we sought to understand 1) the relationship
between trends in pain intensity, pain coping strategies,
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and pain interference and the performance outcomes of ﬁnishing position (by quintile) and race completion and 2)
whether speciﬁc adaptive or maladaptive coping strategies
were associated with these outcomes. We hypothesized
that higher levels of performance (ﬁnishing vs not ﬁnishing,
or higher ﬁnishing position) would be associated with
greater use of adaptive pain coping strategies and lesser
use of maladaptive coping strategies.
Methods
RECRUITMENT AND PROCEDURES
Data were collected as part of a study on pain coping strategies in ultramarathon runners. 26 Participants were recruited
from registrants at the 2016 RacingThePlanet 250 km (155
mi) 6-stage ultramarathon races in the Atacama Desert in
Chile, Gobi Desert in China, and Namibian Desert. The
races had 4 initial stages of 40 km (25 mi) each, with an
80 km (50 mi) ﬁfth stage, followed by a ﬁnal 8 km (5 mi)
sixth stage. The races require the runners to carry their
own food and gear for the duration of the event, with the
race organizers supplying water and sleeping tents. Following precedent established in prior research, for analytic purposes we collapsed participant data across the 3 races into a
single cohort owing to the similar logistical demands and
history of similar participant characteristics. 1,27-29
All race entrants were offered the opportunity to participate in the study at the time of mandatory prerace check-in.
Those who met inclusion criteria (age 18 y, able to read
and write in English to be able to answer study questionnaires) signed an informed consent form and completed a
demographics questionnaire. They then completed a daily
questionnaire at the ﬁnish line after completion of each
day’s stage for stages 1 through 5. (Given the brevity of
the sixth stage and resulting inconsistency with the physical
demand of the ﬁrst 5 stages, data were not collected after
that stage.) Participation was voluntary, and no compensation was provided. Ethical approval was provided by the
University of Washington’s human subjects division.
MEASURES
Demographics and daily questionnaire
Study participants provided data on their age, sex, and running experience (marathons entered and completed and
ultramarathons entered and completed). After each stage
of racing participants completed a daily questionnaire
(using the anchor, “In today’s stage…”) that was constructed with primarily single-item questions assessing
important constructs to maximize brevity and thus minimize participant burden. The use of 1- and 2-item scales
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derived from longer measures is supported in the
literature. 30
Pain intensity
Participants were asked to rate their average and worst pain
intensity during the previous stage using the 0 to 10 numerical rating scale, a well-validated measure of pain intensity
that is commonly used in pain research. 31
Race completion and ﬁnish position
Race completion was assigned a dichotomous outcome
(ﬁnisher vs nonﬁnisher), with accuracy ensured through
race organizer ofﬁcial records. The participant’s ﬁnish position was deﬁned in quintiles: top 10%, 11 to 25%, 26 to
50%, 51 to 75%, and >75%. 32
Exertion
Participants provided a rating of perceived exertion using
the well-validated Borg scale. 33 The rating of perceived
exertion is reported on a scale of 6 (no exertion at all) to
20 (maximal exertion).
Coping
Three categories of coping were assessed: experiential
awareness, adaptive pain coping, and maladaptive pain
coping. Items were selected or adapted from a number of
validated questionnaires 30 , 34 , 35 and were uniformly
answered on a scale from 0 (never) to 6 (always).
Experiential awareness. Participants indicated 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.
Adaptive pain-related coping. Questions believed to be
associated with adaptive pain coping included the extent
to which participants 1) ignored their pain, 2) saw pain as
a challenge, and 3) tried not to let pain bother them.
Maladaptive pain-related coping. Questions believed to be
associated with maladaptive pain coping included the
extent to which participants 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.
For each of the coping domains, the items were averaged
to generate a composite score, and all demonstrated good
internal consistency (Cronbach’s alpha for experiential
awareness¼0.83; adaptive pain coping¼0.78; and maladaptive pain coping¼0.89). 26

3
STATISTICAL ANALYSIS
Univariate descriptive statistics were computed with the
demographic, pain, and coping variables to describe the
sample and key study measures. Prior to conducting primary analyses, stage-level variables were aggregated (averaged across the stages) for inclusion in models examining
between-person associations. To examine differences in
changes in pain intensity (using worst pain, considering
its larger effect on the study outcome relative to average
pain) and pain interference over race stages by ﬁnish status,
2 mixed effects multilevel models were conducteddone
for race completion and one for ﬁnish status. Use of multilevel models has a number of advantages, including the
ability to model within-person and between-person variance simultaneously, handling of autocorrelation of
within-person observations, and retention of individuals
with some missing within-person data. Our ﬁrst step was
to test whether these variables changed across stage; the linear and curvilinear (quadratic) effects of time were examined. Once the general shape (linear or curvilinear) of the
change over time was determined, interaction terms (eg,
the interaction of race stage with ﬁnish status) were created
to test for differences in the trajectories of pain and pain
interference over time by ﬁnish status.
Variations of general linear models with the 3 coping
variables (adaptive general, adaptive pain, maladaptive
pain) included as simultaneous dependent variables were
used to predict whether the racer ﬁnished (in a binary logistic regression) and their ﬁnishing quintile (in an ordinal
regression). All underlying statistical assumptions were
tested before regression models were conducted. In both
cases, there was no evidence of multicollinearity (all variance inﬂation factor values <2.86). For the binary logistic
regression, linearity of the continuous variables with
respect to the logit of the dependent variable was assessed
via the Box-Tidwell (1962) procedure. A Bonferroni correction was applied using all 12 terms in the model, resulting in statistical signiﬁcance being accepted at P<0.004.
Based on this assessment, all continuous independent variables were found to be linearly related to the logit of the
dependent variable. For the ordinal regression, the assumption of proportional odds was met, as assessed by a full likelihood ratio test comparing the ﬁt of the proportional odds
model to a model with varying location parameters
(c 2(18)¼14.71, P¼0.682). Statistical tests were performed
using SAS version 9.4 (SAS Institute, Cary, NC).
Results
There was a total of 427 entrants in the three 2016 races,
with 204 (48%) enrolled in the study. Demographics of
the participants are described in Table 1. Participants were
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Table 1. Participant demographics and ﬁnish rate statistics by race
Variable (possible range)
Age (y)
Sex (male)
Previous ultramarathon experience
Attempted
Completed
Completed (%)
Race
Namibia
Gobi
Atacama

Full Sample (n¼204)
Mean±SD or %

Finishers (n¼176)
Mean±SD or %

Nonﬁnishers (n¼28)
Mean±SD or %

41±10
73%

41±10
73%

46±11
70%

5±8
5±7
90±24

9±15
9±15
99±10

11±18
11±18
91±24

86%
89%
86%

14%
11%
14%

middle aged, with the majority being men. Finishers differed from nonﬁnishers in terms of age (nonﬁnishers>ﬁnishers), but they were otherwise similar. There was no
statistically signiﬁcant difference in ﬁnishing rate among
races. Descriptive data are provided in Table 2. Over the
course of the race, the average pain intensity and pain interference were in the low to mild ranges. The participants
endorsed using more adaptive coping strategies compared
with maladaptive coping strategies. Coping trajectories by
ﬁnish status are shown in Figure 1.

Table 2. Descriptive characteristics for primary study variables
Variable (possible range)
Percent time thinking of pain (0e100)
Average pain intensity (0e10) a
Worst pain intensity (0e10) a
Pain interference (0e10) a
Experiential awareness (0e6) a
Adaptive pain coping (0e6) a
Maladaptive pain coping (0e6) a
No. of stages ﬁnished (out of 5)
1
2
3
4
5
Finished race
Yes
No
Finishing quintile
Top 10%
>10%e25%
>25%e50%
>50%e75%
>75%
Did not ﬁnish
a

Mean±SD n (%)
a

30.9±21.0
3.9±2.0
5.2±2.0
4.1±2.0
3.7±1.0
3.0±1.0
1.3±1.0
7 (3)
5 (3)
14 (7)
2 (1)
176 (86)
176 (86)
28 (14)
24 (12)
35 (17)
41 (20)
48 (24)
28 (14)
28 (14)

Averaged across the assessments obtained from the participants from
each race stage.

Worst pain intensity and pain interference demonstrated a statistically signiﬁcant linear worsening over
the stages (worst pain P<0.001; pain interference
P<0.001). There were no signiﬁcant curvilinear effects
of stage (time) on either worst pain intensity or pain
interference. Change in worst pain intensity over the
stages was signiﬁcantly different by ﬁnish status
(P<0.02). Observation of simple slope values for ﬁnishers (P<0.001) versus nonﬁnishers (P<0.01) indicated that although worst pain intensity increased with
each stage for both ﬁnishers and nonﬁnishers, the
increase in pain intensity was greater for those who
did not ﬁnish (Figure 2). Similarly, change in pain
interference over the stage was signiﬁcantly different
by ﬁnish status (P<0.01). Although pain interference
increased with each stage for both ﬁnishers and nonﬁnishers, the increase was greatest for those who did not
ﬁnish the race (P<0.001) (Figure 3).
Logistic regression examining the effects of age,
worst pain, exertion, adaptive general coping, maladaptive pain coping, and adaptive pain coping on ﬁnishing
status was signiﬁcant (P<0.001) and accounted for 33%
of the variance in whether a person ﬁnished. The model
correctly classiﬁed 182 cases (89%). Of these 6 predictor variables, only 2 were statistically signiﬁcant: age
and maladaptive pain coping (Table 3). Older age was
associated with lower odds of ﬁnishing, such that with
each additional year of age, there was an approximately
10% reduction in the odds of ﬁnishing the race. For
each 1-point increase in the maladaptive pain coping
measure, there was a 68% reduction in the odds of ﬁnishing the race.
The results of an ordinal logistic regression with proportional odds examining the effects of age, worst pain, exertion, adaptive general coping, maladaptive pain coping,
and adaptive pain coping on ﬁnishing quintile showed
that none of the predictors were related to odds of ﬁnishing
in a higher or lower quintile (P>0.2).
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Figure 1. Trajectories of coping by ﬁnish status. Lines depict group means at each race stage.

Discussion
The study hypothesis on the relationship between pain coping and performance in multistage ultramarathon runners
was partially supported: a coping proﬁle that emphasized
lesser use of maladaptive coping strategies was associated
with a greater likelihood of race completion. However,
the extent to which a study participant used adaptive coping
strategies was not associated with race completion. Additionally, neither adaptive nor maladaptive coping strategy
use was associated with better performance, as deﬁned by
a higher quintile ﬁnish position. Increased pain tolerance
has been seen in diverse groups of athletes including
runners, 36 rowers, 37 ﬁghters, 38 swimmers, 19 and even
elite dancers, 39 and it is possible that those who did not
“suffer” as much (ie, used fewer maladaptive coping

strategies) were able to better tolerate the inevitable pain
of running 250 km (155 mi) and successfully complete
the race.
We found that moderate average pain intensity was
common among multistage ultramarathon runners.
Repeated assessment of runners showed a linear worsening
of worst pain intensity (ie, pain intensity increased as the
runner progressed from stage to stage), with a more rapid
worsening among those who did not ﬁnish the event. Conversely, there was no curvilinear relationship, meaning that
there was no phenomenon wherein pain peaked in the middle of the race but then lessened as the ﬁnish line
approached. Taken together, this supports the possibility
that pain is present at sufﬁcient levels in these races to
represent an independent risk factor for not ﬁnishing an
event.

Figure 2. Trajectories of worst pain intensity by ﬁnish status. Lines depict group means at each race stage with standard error bars.
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Figure 3. Trajectories of pain interference by ﬁnish status. Lines depict group means at each race stage with standard error bars.

Given the orientation of this population toward voluntary participation in a uniquely challenging physical task,
it is not surprising that these individuals used adaptive coping strategies more frequently and maladaptive coping strategies less frequently, despite the presence of moderate
levels of pain. This coping proﬁle differs from pain populations evaluated in clinical settings, especially chronic pain,
where there is a greater propensity for maladaptive coping
strategy use relative to adaptive coping strategies. 24
There was a substantial decrease in performance (signified by an increase in the likelihood of dropping out of the
race) when use of maladaptive coping increased. This is consistent with the literature on other pain populations (eg,
patients with nonathletic chronic pain) that suggests a substantial role for maladaptive coping in objective pain
outcomes. 40 Additionally, there was a small increase in the
likelihood of dropping out of the race for every 10 y of
age, which notably differs from prior research showing that
the risk of injury decreases with age. 9 Similar ﬁndings did

Table 3. Logistic regression results predicting ﬁnish status from
general adaptive, pain-speciﬁc adaptive, and pain-speciﬁc maladaptive coping strategies, controlling for age, average worst pain,
and average Borg rating (df for each parameter¼1)
Predictor

P value

Odds ratio

95% CI

Age (y)
Worst pain intensity
Borg
Experiential awareness
Adaptive pain coping
Maladaptive pain coping
Constant

<0.001
0.9
0.3
0.5
0.2
<0.001
<0.001

0.90
1.02
0.90
1.25
0.72
0.32
2.25

0.9e1.0
0.7e1.4
0.7e1.1
0.7e2.4
0.4e1.2
0.2e0.6

not emerge for either age or maladaptive coping for our
other performance outcome of ﬁnish position. Although it
may be the case that neither age nor maladaptive coping predict running speed, we suspect that the ﬁnding in this case
may be due to 2 factors: 1) that a vast majority of participants
prioritize ﬁnishing over speed and 2) the heterogeneity of the
population in terms of age, sex, experience, physical ability,
and more. In the absence of sufﬁcient data (and sample size)
to control for all of these variables, any effect of pain coping
on speed-based outcomes is washed out.
There are limitations to this study. Although the present
study illustrates differences between the ﬁnisher and nonﬁnisher groups in terms of how they coped with pain, our
understanding of nonﬁnishers is incomplete. We did not
collect data from nonﬁnishers at the point that they withdrew, so we do not have an understanding of the extent to
which their withdrawal relates to the pain they were coping
with throughout the study relative to other factors. For the
variables we do have, analysis is limited by statistical
power because the number of nonﬁnishers (n¼28) is relatively small. In an effort to minimize participant burden
and maximize study participation, we conducted a brief
data collection at each timepoint that focused exclusively
on the participants’ pain experience (eg, intensity, interference, and coping) and did not consider other variables
across the biospyschosocial spectrum that may also contribute to ﬁnish position or race completion, such as body
mass index, degree of social support for race participation
and completion, and trait psychological function (eg, trait
optimism or anxiety level). This includes not gathering
injury data or querying the cause of the pain, which could
have allowed a root cause analysis of the pain experience.
In a similar spirit, we also opted to use brief measures of
pain coping. This approach is justiﬁed in the literature 30
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but does raise the possibility of lower reliability, which can
limit power, reduce the estimates of the associations among
variables, and have less content validity than their parent
scales. Finally, we recognize that the study was conducted
on the unique subpopulation of individuals who participate
in multistage ultramarathons, and results may not be generalizable to other populations or athletes in other endurance
activities.
Conclusions
Worst pain intensity and pain interference was found to
increase over the course of in multistage ultramarathon
events. The observed strong direct relationship of decreased
use of maladaptive coping and successful completion of a
multistage ultramarathon suggests there may be value in
exploring proactive approaches to train athletes in the utilization of effective pain coping strategies.
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