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Headline

Pacing strategy is a well-known determinant of optimal
marathon performance. For example, Ely et al. (1) in-

vestigated a pacing strategy in three Japanese women’s cham-
pionship marathons and reported that winners maintained a
relatively constant running velocity throughout the race, while
inferior runners slowed down after 25 km.

Since heart rate has a linear relationship with exercise in-
tensity, monitoring of heart rate helps with pacing strategy.
However, even when runners run at a constant pace during a
marathon, heart rate in the second half is higher than that
in the first half due to cardiovascular drift to keep cardiac
output constant. Although the detailed mechanisms of car-
diovascular drift are still unknown, increased skin blood flow,
progressive dehydration, and increased sympathetic nervous
activity are related to cardiovascular drift. Previous studies
have shown that cardiac cost (heart rate divided by running
velocity) is a useful index to evaluate cardiovascular drift dur-
ing a marathon race (2,3). For example, Shimazu et al. (3) in-
vestigated the relationship between cardiac cost and marathon
performance in 14 healthy male runners (finish time range:
2:28:01 to 4:49:54) and concluded that suppression of cardio-
vascular drift was an important factor for optimal performance
in the marathon race.

Aim
The present case study reported cardiac cost during a world
record breaking race in a visually impaired runner.

Methods

Athlete
The athlete is the most successful visually impaired marathon
runner (female, born in 1977; disability class T12, current per-
sonal marathon record: 2:54:13). She won a silver medal at
the 2016 Summer Paralympic in Rio de Janeiro and a gold
medal at the 2020 Summer Paralympic in Tokyo. She also won
3 championships in World Para Athletics Marathon Champi-
onships, taking place in conjunction with the Virgin Money
London Marathon.

Race
The target race of the present case study was the 69th Beppu-
Oita Mainichi Marathon held on February 2, 2020. In this
race, she broke her own world record for the first time in two
years.

Measurement
The indicators used in the present case study were running ve-
locity and heart rate. The running velocity was obtained from

the official race website. The heart rate was measured using
an arm-worn optical heart rate monitor (OH1, Polar Electro).
Previous studies have shown that this sensor has high valid-
ity for monitoring heart rate from low to high intensity (4,5).
The average running velocity and average heart rate were cal-
culated for the entire race, each half, and every 5 km segment.

Results
The finish time was 2:54:22, improving the world record by
00:01:52. Table 1 shows the running velocity, heart rate, and
cardiac cost in each segment. The runner followed a negative
split strategy (first half: 1:27:48, second half: 1:26:34). The
coefficient of variation of the running velocity was 1.0%.

The runner kept a constant cardiac cost (11.5 to 11.6) from
5 to 30 km. The heart rate was 165 bpm in the first half and
174 bpm in the second half. Based on the age-predicted maxi-
mal heart rate (205 – (0.6 x age) (6), the runner ran up to 94%
of heart rate max throughout the race (169 bpm/179 bpm).

Discussion
The main finding of the present case study is that the world
record holder for the women’s visually impaired marathon
could suppress cardiovascular drift for up to 30 km in a
marathon race.

While every runner well understands the importance of the
pacing strategy for optimal marathon performance, it is dif-
ficult to run at a constant pace in an actual race. Billat et
al. (2) reported that almost 80% of runners had a decreasing
trend in speed in a marathon race (n = 280, range of finish
time: 2:30 to 3:40). They reported that the heart rate of these
runners started to increase at the halfway mark before the run-
ning velocity decreased, which only appeared at 26 km. Since
there is a linear relationship between exercise intensity and
heart rate at intensities up to approximately 100% of maxi-
mal oxygen uptake, running with the highest possible heart
rate throughout the race leads to optimal performance. How-
ever, overpacing in the first half of the race induces glycogen
depletion, dehydration, and muscle damage, which results in
slower running velocity in the second half of the race. Indeed,
the runners who slowed more in the second half of the race had
less of a heart rate increase or a greater decrease in the New
York City marathon (n = 50, average finish time: 2:54:43) (7).
These previous findings indicated that maintaining the heart
rate as high as possible but not elevated in the first half of the
race is a key factor in optimal marathon performance.

As shown in Table 1, the runner maintained a constant car-
diac cost up to 30 km and then gradually increased toward the
finish. The estimated percent heart rate max (94%) of run-
ners is higher than that of runners with a similar time record
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(90%) (7), suggesting that the present runner could run at
high relative intensity. In addition, the coefficient of variation
of the running velocity was low (1.0%) with a slight negative
split, which is similar to the 59-year-old men’s world record-
breaking race (first half of the race: 1:14:12, second half of

the race: 1:13:20, coefficient of variation: 0.8%) (8). Based on
the present and previous findings, visually impaired marathon
runners had an optimal heart rate response when achieving
the highest performance.

Table 1. Running velocity, heart rate, and cardiac cost during the marathon race.

Segment 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-42.195

Running Velocity (km/h) 14.3 14.4 14.4 14.5 14.5 14.7 14.7 14.7 14.4

Heart rate (bpm) 160 166 167 166 167 170 175 179 181

Cardiac cost (bpm/km/h) 11.2 11.5 11.6 11.5 11.5 11.6 12.0 12.2 12.6

Practical Applications
• For visually impaired marathon runners, it is recommended

to measure heart rate during long-distance training. Pre-
vious and present studies indicate that if heart rate rises
excessively up to 25 km despite constant running velocity,
it is overpaced for a marathon. On the other hand, if the
runners run at constant heart rates up to approximately 30
km, the runners may be able to run even-type or negative
split-type strategies in the race.

• To the best of my knowledge, the mechanism of the ability
to suppress cardiovascular drift during a marathon remains
an open question. However, a study showed that runners
with optimal performance had less cardiovascular drift in
the second half of the race and were superior in running
economy, which was measured by treadmill running test
(3). This finding suggests the importance of training to im-
prove the running economy. It is thus recommended that
visually impaired runners conduct strength training, which
is a technique that could improve running economy (9).

Limitations
• The present case study did not measure physiological vari-

ables in the treadmill running test, such as maximal oxygen
uptake, running economy, and maximum heart rate. This
hinders a detailed analysis.

• As far as I am aware, the relationship between cardiac
cost and marathon performance remains unclear for run-
ners with finish times of less than approximately 2 hours 30
minutes. Desirable cardiac costs for elite runners, such as
those competing in the Olympics, remain important ques-
tions that will require future work.
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