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Live high-train low associated with increased haemoglobin
mass as preparation for the 2003 World Championships in
two native European world class runners
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Background: It is unclear whether world class endurance
athletes, in contrast with less well trained subjects, increase
their haemoglobin mass on a regimen of living high and
training low (LHTL).
Objective: To assess whether haemoglobin mass increases in
world class athletes on LHTL and whether this increase is
associated with peak performance at a subsequent important
competition.
Methods: Two Swiss world class runners (one 5000 m and
one marathon) lived for 26 days (18 hours a day) at an
altitude of 2456 m and trained at 1800 m. This LHTL camp
was the preparation for the World Athletic Championships
taking place 27–29 days after the end of the camp.
Haemoglobin mass and other haematological variables were
measured before and after the LHTL camp. The performance
parameter was the race times during that period.
Results: Haemoglobin mass increased by 3.9% and 7.6%,
and erythrocyte volume by 5.8% and 6.3%. The race times,
as well as the ranking at the World Championships,
indicated clearly improved performance after the LHTL camp.
Conclusions: The results suggest that LHTL with an adequate
dose of hypoxia can increase haemoglobin mass even in
world class athletes, which may translate into improved
performance at important competitions at sea level.

I
n the last few years, the concept of living high and training
low (LHTL) has become very popular with endurance
athletes. By living at altitude, the athlete should theoreti-

cally benefit from an increased haemoglobin mass (Hbmass)
and erythrocyte volume (EV), whereas training at low
altitude should minimise the disadvantage of reduced
absolute training intensity achieved when training at
moderate altitude.1 Together, this should lead to an improved
performance at sea level.2 Apparently at variance with this
concept, several studies have shown unchanged Hbmass and/
or EV after LHTL or living high and training high,3–10 but
critical inspection of their data indicates that either the
selected altitude for ‘‘living high’’ was probably11 too low,6 8–10

and/or the duration was too short.3–5 Rusko et al12 indicated
that the hypoxic stimulus to increase Hbmass and EV should
be least 400 hours at 2300–2500 m. Several studies2 13–15 have
shown increased Hbmass or EV after LHTL with this stimulus.
However, the athletes in these studies were not reported to be
world class. In the only study with world class athletes7 and
an appropriate hypoxic stimulus, Hbmass and EV failed to
increase. Thus it is not clear whether it is possible to increase
further an already high Hbmass in world class athletes. There
is a lack of documented observations of world class athletes
who successfully increased Hbmass (or EV), especially when

preparing for an important competition. The aim of our
‘‘double case’’ study was therefore to measure Hbmass and
performance before and after a LHTL camp, with a
presumably high enough hypoxic stimulus, in the immediate
preparations for the World Athletic Championships (Paris
2003) in two world class Swiss runners.

METHODS
The best Swiss 5000 m runner (personal best (PB) =
13:36:54) and the best Swiss marathon runner (PB =
2:10:56) participated in this study. Both are native Swiss
citizens, were 29 years old at time of the study, and had
participated in the European Championships in 2002. The
subjects gave their written informed consent to the study,
which was approved by the institutional review board of the
Swiss Federal Office of Sport. The two runners had
participated since winter 2002 in the project ‘‘Doping-free
top-class sport’’, conducted by the Swiss Federal Institute of
Sports and the WADA accredited Swiss laboratory of anti-
doping. Besides a public written anti-doping statement from
the 20 best Swiss athletes in endurance disciplines, this
project included seven additional unannounced doping tests
per year (in which these athletes among others were checked
for erythropoietin abuse). The two iron supplemented
athletes had no injuries or ill health during the study period.
They lived for 26 days (,18 hours a day) at a natural altitude
of 2456 m and trained at an altitude of about 1800 m. The
5000 m and marathon competitions at the World
Championships were due to take place 27–29 days after the
end of the LHTL camp. One week before and one week after
the LHTL camp, Hbmass, EV, plasma volume, and blood
volume were determined by the CO rebreathing method
described by Burge and Skinner16 with minor modifications.17

Carboxyhaemoglobin (COHb) was determined with an ABL
520 (Radiometer, Copenhagen, Denmark). The amount of CO
during the rebreathing period was 80 ml in both subjects,
leading to a DCOHb of 5–6%. In a separate study, we
determined the accuracy of our method by performing two
tests separated by 24 hours (n = 12). Coefficients of
variation of 1.6% (Hbmass), 2.2% (EV), 4.1% (plasma volume),
and 3.1% (blood volume) were obtained. For the measure-
ment of packed cell volume and haemoglobin concentration,
a whole blood sample (2.7 ml) was drawn from the
antecubital vein after the subject had lain supine for
15 minutes. The blood was immediately analysed with a
haematology analyser (CELL-DYN 3200, Abbott Laboratories,
Abbott Park, Illinois, USA). The performances of the two
world class athletes were evaluated from their competition
results.

Abbreviations: EV, erythrocyte volume; Hbmass, haemoglobin mass;
LHTL, live high-train low; PB, personal best
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RESULTS
The absolute blood values (Hbmass, EV, plasma and blood
volume) had increased after the LHTL camp, whereas there
was no change in packed cell volume and haemoglobin
concentration (table 1).

Figure 1 presents the results of the marathon and 5000 m
competitions before and after the LHTL camp. Both the
marathon runner (14th place) and the 5000 m runner (13th
place, best European runner) achieved their best individual
results at an important championship.

DISCUSSION
Blood variables
The increase in Hbmass (+7.6% and +3.9%) and EV (+6.3% and
+5.8%) in relation to the reproducibility of the measurement
(the increase was about 3–4 times the typical error of
measurement for both Hbmass and EV), the fact that the
magnitude of these changes was in line with previous
findings,2 the fact that the use of erythropoietin was unlikely,
and the fact that there were no changes in the packed cell
volume and haemoglobin concentration lead us to the
interpretation that there was a real change in Hbmass and
EV. Gore et al7 questioned whether their failure to increase
Hbmass in world class cyclists after 31 days of living and

training at 2690 m could be due to the Hbmass (14.3 g/kg)
already being near to the natural physiological limits. In our
study, the 5000 m runner started with a Hbmass of 14.3 g/kg
and increased it to 15.4 g/kg. The relative Hbmass of the
marathon runner increased from 15.7 to 16.3 g/kg. These
high values are in line with other world class athletes17

measured with the same technique. Interestingly, the high
Hbmass (and EV) of the 5000 m runner was associated with a
very low packed cell volume (below 0.4), which is also
explained by the high plasma volume.

Performance
The 5000 m runner ran 40 seconds faster (13:12:69) on the
first day after the LHTL camp than on the first day (Swiss
Championships) before the LHTL camp. Even related to his
PB (13:36:54), he had improved by about 24 seconds. Also in
the final of the World Championships, he ran in a time of
13:26:06, about 10 seconds faster than his previous PB. When
comparing the marathon times, one has to take into account
that the course in Paris had several inclines and was run at a
somewhat irregular pace, which was not conducive to PB
times. With this in mind, the marathon time reached in Paris
(2:11:14) could be interpreted as an improvement on the
performance achieved three months before (2:11:05) in a race
that was also prepared for with altitude training. The absence

Table 1 Haematological variables before and after 26 days of living high and training
low in two world class runners

5000 m runner Marathon runner

Before After % change Before After % change

Packed cell volume 0.388 0.386 20.5 0.427 0.438 +2.5
Haemoglobin (g/l) 132 133 20.8 156 157 +0.6
Haemoglobin mass (g) 878 945 +7.6 952 988 +3.9
Erythrocyte volume (ml) 2581 2742 +6.3 2605 2757 +5.8
Plasma volume (ml) 4728 5064 +5.8 4099 4160 +3.9
Blood volume (ml) 7309 7807 +6.8 6704 6917 +3.2
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Live high (2456 m)
and train low (1800 m)
for 26 days

Figure 1 Competition results of one marathon runner and one 5000 m runner before and after 26 days of living high and training low (LHTL) in
preparation for the World Championships (Paris 2003). WC, World Championships.
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of a control group and the anecdotal nature of the report are
weaknesses of the study. This is mainly due to the limited
number of world class runners available. However, it can be
argued that it is very difficult to substantially improve the
performance of world class athletes, especially when they are
already approaching 30 years of age. In addition, our
performance observations agree with previous findings in a
well controlled study of elite runners.18 Taken together, this
seems to be one of the first documented observations of
increased Hbmass and EV after an LHTL camp, followed by a
successful endurance performance at an important cham-
pionship of native European world class endurance athletes
approaching their thirties.
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. . . . . . . . . . . . . . COMMENTARY . . . . . . . . . . . . . .

The absence of a control group in this study does not allow
the conclusion that the measured effects are purely the result
of living high and training low. In addition, in all similar
studies it is difficult to be certain that extraneous factors such
as the covert use of erythropoietin (EPO) by the athletes was
also not a factor contributing to their increased exercise
performance. However, this would seem unlikely in this case
as elite Swiss athletes are exposed to one of the toughest anti-
doping controls in the world. In addition, the athletes did not
show an increase in packed cell volume—an expected effect
of EPO use. One strength of the study is that the athletes’
performances were measured in real competition so that they
probably tried equally hard in the performance tests before
and after training. An obvious criticism of similar studies is:
how do you ensure that athletes perform maximally in both
the performance trials, before and after an intervention? For
the subconscious tendency would surely be to try less hard
before the intervention and harder after the intervention.
Hence the need for adequate control groups. The balance of
probability is that the large measured performance effects
were indeed the result of training low and living high,
although an effect simply of training in a novel environment
cannot be totally excluded. The study invites similar well
conducted studies that include an appropriate control group.
It is appreciated that such studies are probably prohibitively
expensive so that we are left to interpret findings from the
less definitive uncontrolled trials.
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