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Headline

A lthough the popularity of ultra-trail races has increased,
research regarding physiological responses to the race re-

mains scant. The direct measurement of oxygen consumption
is a highly valid method of estimating physiological responses,
but it is difficult to manage and measure over a prolonged pe-
riod. However, heart rate (HR) measurement is simple and
often used as a proxy of energy cost (1). Moreover, HR moni-
toring is useful for evaluate pacing strategy during endurance
events (2,3).

Aim
We reported on the HR and pacing strategy of a female
international-level ultra-trail runner during a 168-km ultra-
trail race.

Methods

Athlete
A female international-level ultra-trail runner was the sub-
ject of the study (age: 32 years; personal marathon record:
3:10:54). She had competed in over ten ultra-trail races, in-
cluding a 100-mile race. She had also completed the 230-km
fastest known time (FKT) challenges in San’in Kaigan Global
Geopark in Japan about half a year before the target race.

Race
The target race of the present case study was the Thailand
by UTMB (100 miles)–a 168 km trail with a 7450 m elevation
gain. The Thailand by UTMB is one among the 28 races of
the Ultra-trail World Tour 2021 Circuit (4).

Measurement
HR and altitude information were measured throughout
the race using an outdoor multisport watch (Polar Grix x
Pro, Polar Electro), which utilizes PPG-based Polar Preci-
sion PrimeTM technology. The age predicted maximal HR
(HRmax) was calculated based on a previous study (205 - 0.6
x age) (5). The four exercise intensities were: recovery HR
(HRre; < 70% of HRmax), moderate aerobic HR (HRma; 70-
80%), intense aerobic HR (HRia; 80–90%), and high intensity
HR (HRhi; > 90%) (6).

The race performance information (time and elevation data)
was obtained using an application called LiveInfo by Live Trail
application (7). We calculated all pacing strategy variables
for overall top 20 in Microsoft Excel. Since trail running races

have remarkable slope fluctuations, it is difficult to evaluate
pacing strategy based on velocity, which is calculated by di-
viding the distance covered by the time taken to cover it. We
thus also integrated positive elevation gain into the equation
to assess the runner’s pacing strategy (Figure 1). Even if the
velocity remains the same, the energy cost increases as the
slope increases. Therefore, we assumed that the even pacing
strategy had a higher coefficient of determination.

Results
A total of 154 individuals participated in the race, but only 70
of them completed it. The subject completed the race in 27 h
20 min 18 s (overall: 7/70; female: 2/14). Figure 2 presents
changes in her HR and altitude thorough the race. Table 1
shows her HR data. Her average HR was 138bpm, which cor-
responded to 74% HRmax. Her HRre was 23.4%, HRma was
52.9%, HRia was 18.3%, and HRhi was 5.5%.

There was a significant relationship between the coefficient
of determination and finish time (r = -0.594) (Figure 3).
The target runner had the highest coefficient of determination
among the 20 runners. This relationship was higher than the
relationship between the coefficient of variation, which was
calculated based on the velocity at each section, and finish
time (r = 0.254).

Fig. 1. Calculation example of coefficient of determination
based on velocity (distance/time) and positive elevation
gain for each section. This is based on the data obtained
from the subject.
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Fig. 2. Changes in heart rate and altitude during the 168-km ultra-trail race.

Fig. 3. Relationship between regression line based on velocity and positive elevation gain and finish time.

Table 1. Heart rate responses during the 168-km ultra-trail running race.

Variable Value

Average HR 138 bpm

Peak HR 181 bpm

HRre(<70%HRmax) 23.4%

HRma (70-80%HRmax) 52.9%

HRia (80-90%HRmax) 18.3%
HRhi (>90%HRmax) 5.5%
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Discussion
This case study reported a runner’s HR response and pacing
strategy in a 100-mile ultra-trail race. Assuming the running
caused severe muscle damage due to eccentric contraction and
imposed other challenges (e.g., interference with nutrition in-
take to meet energy demand and running in dangerous envi-
ronments), the relative intensity of the subject (expressed as
HR) deserves attention. In fact, in comparison to elite cyclists
who participated in an ultra-cycling race with an almost iden-
tical race time as the present study (27 hours 25 minutes) (6),
the subject displayed a higher relative intensity (HRre: 23%
vs 53% ; HRma: 53% vs 25% ; HRia 18% vs 19% ; HRhi: 6%
vs3%). In addition, the subject’s relative intensity was also
higher than that of those who participated in ultra-trail races
of a similar distance. Kinrade and Galloway (8) evaluated the
average HR of seven amateur ultra-endurance runners dur-
ing a continuous 24-h ultra-trail race and reported that their
HRmax was 68%. Another study by Coates et al. (9) reported
that the average HR of five recreational runners during a 160-
km ultra-trail race was 119bpm. As mentioned earlier, the
subject in this study had competed in several ultra-trail races.
It is reasonable to assume that inexperienced runners tend to
either underestimate or overestimate their individual capac-
ity. We thus speculated that the high relative intensity of the
subject may be attributable to her significant experience.

Another interesting result of this study was that the pac-
ing strategy variable that integrated positive elevation gain
had a stronger correlation with performance than the conven-
tional pacing strategy variable (i.e., coefficient of variation of
velocity). This suggests that an ultra-trail race cannot be eval-
uated accurately if its undulating terrain is not accounted for.
Furthermore, the subject was found to have the most stable
pacing strategy when the undulating terrain was accounted
for. This result indirectly explains why the subject was able
to run at a high relative intensity.

As shown in Figure 2, the subject’s HR at the end of the race
was lower than that at the beginning of the race, regardless
of whether she was climbing or descending. This phenomenon
may be related to several factors, but it is difficult to explain
using the data obtained here. Best and Braun (10) reported
that mountain racing is characterized by a maintained or de-
creased HR in the second half in comparison to the first half,
whereas road racing of a similar length is characterized by an
increasing HR. They speculated that the altitude and other
demands specific to mountain racing (e.g., muscle recruitment
and biomechanical factors) may explain this phenomenon. An-
other possible explanation pertains to the physiological mech-
anism called "late cardiovascular drift" (11). It is well known
that when runners run at an even pace over a long period
of exercise (≥∼1−10 h), an increase in their HR is observed.
This phenomenon is known as normal (early) cardiovascular
drift. On the other hand, late cardiovascular drift is character-
ized by a decrease in HR. The exact mechanism for the same
is currently unknown but it appears to be related to the down
regulation of the sympathetic system and circadian rhythm of
melatonin.

Practical Applications
• An experienced female international-level ultra-trail runner

could run at over 70% of HRmax on average in a 100-mile
ultra-trail race. This may require an optimal pacing strat-
egy.

Limitation
• The validity of the pacing strategy variable based on the

positive elevation gain has not been scientifically verified.

• The HR was measured using PPG-based Polar Precision
PrimeTM technology. We acknowledge that there are sev-
eral concerns regarding its accuracy. However, a recent
study investigated the accuracy of this technology in 37
long distance runners and reported that it had an excellent
reliability (ICC > 0.90) with respect to the interval running
protocol (12).
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if changes were made. The Creative Commons Public Domain Dedi-
cation waiver (http://creativecommons.org/publicdomain/zero/1.0/)

applies to the data made available in this article, unless otherwise
stated.
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