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In view of the role of hemoglobin
in oxygen transport, the hemoglobin
concentration in whole blood may
Indicate readiness for maximal physical
performance. Hemoglobin concentrations
were determined in members of the 1976
Canadian Olympic team and compared
with those of the 1975 Canadian
general population and with published
data for the 1968 Australian and Dutch
Olympic teams. The mean hemoglobin
concentrations of the 123 male and
64 female Canadian Olympic athletes
were 14.7 ± 1.0 and 12.9 ± 0.7 g/dL,
respectively. Both male and female
Canadian Olympic athletes had
significantly lower (P < 0.01) values
than the other three groups. The
suboptimal hemoglobin concentrations
may be related to inadequate dietary
intake of protein and iron.

Vu le r6le de l'hemoglobine dans le
transport de l'oxygene, Ia concentration
d'b6moglobine dans le sang entier
peut indiquer le degre de preparation
a accomplir une performance physique
maximale. Les concentrations d'hemo-
globine ont ete determinees chez
les membres de I'equipe olympique
canadienne de 1976 et compar6es avec
celles de Ia population canadienne
en general et avec les donnees
publiees pour les equipes olympiques
australiennes et hollandaises de 1968.
Les concentrations moyennes d'hemo.
globine des 123 hommes et 64 femmes
de l'equipe olympique canadienne
ont et6 de 14.7 ± 1.0 et 12.9 ± 0.7
g/dL, respectivement. Les athletes
masculins et f6minins de l'6quipe
olympique canadienne ont eu des
valeurs significativement plus faibles
(P < 0.01) que celles des trois autres
groupes. Ces concentrations sous-
optimales d'hemoglobine peuvent .tre
rellees a un deficit alimentaire en
prot6lne et en fer.

Determination of the hemoglobin con-
c.ntration in whole blood is a common
routine screening procedure. Impor-
tance is usually attached to low hemo-
globin values, the physician being
alerted to search for underlying causes
of anemia.1 Persons who exercise reg-
ularly are expected to have values that
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are at least average and possibly higher
than average.24 Nour-Eldin7 has stated
that "excessive exercise may lead to
accelerated destruction of red cells,
which may in turn serve as a stimulus
to erythropoiesis". He stated that Olym-
pic athletes were found to have an
average hemoglobin concentration of
16 g/dL. Ekblom, Goldbarg and Gull-
bring8 pointed out that the total amount
of circulating hemoglobin correlated
well with maximal oxygen uptake and
that with a decrease in hemoglobin
concentration there would be a de-
crease in physical performance. It fol-
lows that the determination of hemo-
globin concentration is especially im-
portant in the Olympic athlete since
this not only screens for clinical anemia
but also may indicate readiness for
maximal physical performance.
The purpose of the study reported

in this paper was to investigate the
hemoglobin concentration in a cross-
section of members of the 1976 Cana-
dian Olympic team and to compare the
values with published data for the Ca-
nadian general population in 1975 and
for other athletes of Olympic quality
as one assessment of readiness for
maximal physical performance.

Methods

The Canadian Olympic Association
medical staff, headed by Dr. E.G.
Percy, requested team members to
undergo, before participation in the
Olympics, a medical examination that
included determination of hemoglobin
concentration in whole blood. Since the
team members were in a variety of
Canadian training sites, the examina-
tions and laboratory investigations were
done in the local areas and the reports
were sent to Montreal to a central file
at the Canadian team's medical centre
in the Olympic village. The file was
available to the medical staff for refer-
ence whenever team members required
treatment or advice. From this source,
data for 187 Canadian Olympic ath-
letes (including coaches and managers)
were extracted for our study. Data on
the hemoglobin values in the 1975
Canadian general populatu.n9 and in
the 1968 Australian2 and Dutch3 Olym-
pic teams were obtained from the
literature.

The statistical significance of differ-
ences between means for independent
samples was determined with Student's
t-test.

Results

The mean hemoglobin values and
ranges during training for the cross-
section of athletes on the 1976 Cana-
dian Olympic team are shown in Table
I, and the values for athletes training
in endurance sports, including some
who did not make the team, are shown
in Table II.
The values for the Canadian athletes

are compared with those for the Cana-
dian general population and the 1968
Australian and Dutch Olympic teams
in Table III. The Canadian male ath-
letes had significantly lower (P < 0.01)
mean values than the other three
groups of men. Similarly, the Canadian
female athletes had significantly lower
(P < 0.01) mean values than the other
three groups of women. Furthermore,
the Australian male and female ath-
letes had significantly higher (P < 0.01)
mean values than the Canadian male
and female general populations. The
Dutch female athletes also had a signi-
ficantly higher (P < 0.01) mean value
than the Canadian female general pop-
ulation but there was no significant
difference between the mean values for
the Dutch male athletes and the Cana-
dian male general population.

Discussion

The results of this study, though
limited in value because of the random
timing of blood collection and the de-
centralized laboratory analysis, raise
some interesting questions.
Why should there be a significant

difference in hemoglobin concentration
between Canadian Olympic athletes and
the Canadian general population? The
athletes in this study ranked in the
lowest 25% of the Canadian popula-
tion for hemoglobin concentration,
their mean value being 0.8 g/dL less
than that of the general population.
Many studies have shown that ane-

mia impairs physical capacity.5'1-"
Furthermore, increased capacity for
physical endurance is associated with
physiologic increases in hemoglobin
concentration.4'3'12'16 Therefore, individ-
uals reaching Olympic qualifying status
should have hemoglobin values at least
equal to the averages for the general
population. Ekblom and colleagues8
found a substantial decrease in maxi-
mal work capacity following venesec-
tion of varied volumes of blood: a
decrease in hemoglobin concentration
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of 1.9 g/dL resulted in a decrease in
maximal work-time (for running on a
treadmill to exhaustion) of 29%. When
packed erythrocytes were reinfused a
month later, the hemoglobin concentra-
tion increased by 1.6 g/dL and the
maximal work-time increased imme-
diately by 23%. This suggests a direct
correlation between hemoglobin con-
centration and capacity for physical
work. One might speculate that if the
Canadian Olympic athletes had had
hemoglobin concentrations 1.0 g/dL
higher their maximal work capacity
might have increased by 10 to 14%.

Although the Canadian Olympic ath-
letes were not anemic by standards
commonly used in medicine (hemoglo-
bin values below 14.0 g/dL in men
and 12.0 g/dL in women0), were their
hemoglobin values optimal for world-
class performance?
The C'anadian athletes had signifi-

cantly lower hemoglobin values than
the Australian2 and Dutch3 athletes. In
the Australian study the athletes with
suboptimal hemoglobin values did not
perform well in the endurance events;
suboptimal was defined as less than
16.0 g/dL in men and less than 15.1
g/dL in women by the Australian in-
vestigators.

Brotherhood, Brozovic and Pugh17
demonstrated a significant increase in
blood volume and total hemoglobin
content in a group of middle-distance
runners, with no apparent increase in
hemoglobin concentration per decilitre
of blood. This might explain the ap-
parently lower mean hemoglobin con-
centrations in the Canadian Olympic
team as compared with the Canadian
general population. In other words, a
lower hemoglobin concentration does
not rule out an equal or higher total
body hemoglobin content. However,
when Canadian Olympic athletes are
compared with Australian and Dutch
Olympic athletes the same trend to in-
creased blood volume should be seen
in all three groups and the hemoglobin
concentration should reflect the total
body hemoglobin content. Thus, the
Canadian athletes probably had sub-
optimal hemoglobin concentrations and
their ultimate physical performance
may well have been limited.
Why would the Canadian athletes

have had suboptimal hemoglobin con-
centrations? One can only speculate on
the possible cause of this "sports ane-
mia" since no hematologic data other
than hemoglobin concentrations were
obtained. Investigation would have been
aided by a Coulter panel of tests and
by measurement of serum haptoglobin,
folate and vitamin B12 concentrations
and serum iron-binding capacity.

Deficiency in serum iron concentra-
tion may be a factor in the Canadian
Olympic team's suboptimal hemoglobin
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concentrations. Nutrition Canada' re-
ported that in the general population
15.4% of males and 21.2% of females
had suboptimal serum iron values.
Kvanta1' argued that iron is lost
through sweat production and that this
is a factor in sports anemia. He also
postulated that certain siderophilic
dietary components interfere with ab-
sorption of dietary iron.

Shiraki, Yoshimura and Yamada1'
reported in 1974 that sports anemia
could be produced in human subjects
exercising at workloads greater than
seven times the resting metabolic rate.
The anemia was always concomitant
with hypoproteinemia, and they con-
cluded that the cause of the anemia was
closely related to the protein deficiency
during exercise. They found that, by
increasing the daily dietary intake of
protein from an average of 1.5 to 2.0
g/kg of body weight, sports anemia was
prevented, especially when the intake of
animal protein was high. After per-
forming a series of experiments they
concluded that sports anemia occurred
because of destruction of erythrocytes,
the increased fragility of the cells being
due to some hemolytic factor (or fac-
tors) in the plasma.

The daily intake of protein by the
Canadian athletes studied is not known
since no dietary information was col-
lected from them. Current recommen-
dations for protein intake are shown
in Table IV. Every Canadian and
American source reviewed recom-
mended that, in general, the athlete's
need for protein is the same as that
of the general population.1520 In the
Canadian general population men con-
sume an average of 1.54 g/kg .d and
women, 1.50 g/kg.d.'
Even if our athletes had ignored the

recommended daily protein intake and
had eaten as much protein as the aver-
age Canadian adult, their daily protein
intake would still have fallen short of
that recommended for athletes in
Japan,27 Scotland," East Germany19
and Estonia,2' the values being 2.0, 3.0
to 5.0, 2.0 to 2.6 and 2.0 g/kg, respec-
tively.
A nutritional survey of the 1968

Australian Olympic team was done
when their hemoglobin concentrations

were measured.30 The Australian men
had an average protein intake of 1.80
g/kg ed, and the Australian women, an
average of 1.90 g/kg.d.

These observations point strongly to
the possibility that the suboptimal
hemoglobin concentrations in the Cana-
dian athletes may be related in some
way to suboptimal dietary intake of
protein.
We hope these questions will be

clarified in a study we are now plan-
ning for 50 athletes participating in en-
durance events. For 9 months complete
dietary inventories will be done month-
ly by means of a 7-day dietary record,
along with a Coulter panel of tests,
measurement of serum haptoglobin
concentration, reticulocyte count and
serum iron-binding capacity, and
SMA-12 analysis. Serum folate and
serum B12 concentrations will be meas-
ured when anemia is found. Quantity
and quality of endurance and work
performance, and occurrence of stress
injury will be reported daily. Data will
be correlated to establish nutritional
guidelines for this group of athletes
to produce optimal performance and
minimize the incidence of stress injury.
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