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(4 figures)

The blood iron status of 44 male runners of various running specialities (18
sprinters, 13 middle- and 13 long-distance runners) is evaluated by measuring serum
ferritin (SF), serum iron (Si), hemoglobin concentration (Hb), hematocrit (Ht), red
blood cells content (RBC) and haptoglobin concentration (Hp). The results of these
analyses (except Hp) are compared to those obtained in sedentary male subjects (con-
trol group) of the same mean age. Mean SF, SI, Hb and Ht measured in athletes
are significantly lower than in control group. The remarkably low Hp values obtain-
ed in athletes suggests the occurrence of hemolysis. Using unpaired ¢ test, it appears
that the blood iron status of these runners does not depend on their running speciality.

Introduction

Iron deficiency and suboptimal hemoglobin concentration have been reported
among athletes, especially in distance runners involved in intense physical training
(DuFAUX et al., 1981). It has been suggested that this phenomenon is the result of
increased hemolysis (DUFAUX e al., 1981) and iron excretion through sweat (EEN
et al., 1980) and urine (BLACKLOK, 1977) in combination with reduced absorption
of iron from the gut (EBN et al., 1980). According to DUFAUX et al. (1981), distance
runners have a greater need of iron than other athletes because of greater loss of
iron through hemolysis. The hypothesis was made that this greater hemolysis in run-
ners is due to mechanical destruction of red blood cells caused by repeated foot strikes
on the ground (DUFAUX ef al., 1981).

The aim of this study is to compare the iron status of runners of various running
specialities. We have measured serum iron, serum ferritin, haptoglobin and
hemoglobin concentrations in the blood of long- and middle-distance runners. We
have compared these results to those obtained in sprinters and in healthy but seden-
tary young men of the same age.

Analytical procedures and Methods

Venous blood samples were taken at rest in the supine position in 44 male run-
ners divided in 3 groups according to their running speciality (group 1 : 18 sprinters,

66



104 G. MOUTON et al.

TaBLE I. Mean red blood cell content (RBC) and haptoglobin concentration (Hp) in athletes and control
group. The Hp value in controls is taken from DUFAUX et al. (1981). The standard deviation and range

are also indicated.

RBC Hp
(10%/mm?) (mg/100 ml)
Control (n=32) 5.09+0.39 105 £ 40*
(4.39 to 5.90) n = 28
Sprinters (n=18) 5.03+0.34 45.7+18.0

(4.33 t0 5.72)

(17.4 to 89.8)

Middle-distance runners (n=13) 4.84+0.34 39.7+19.2
(4.35 to 5.54) (8.0 to 59.5)
Long-distance runners (n=13) 4.88+0.34 32.8+23.0
(4.26 to 5.42) (1.0 to 65.4)

* from DuFaux et al. (1981)
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FiG 1. Hemoglobin concentration in controls and runners. The mean values are represented by horizontal

bars and the vertical bars represent the standard deviation. Significance differences between athletes and
controls are also given.

group 2 : 13 middle-distance runners, group 3 : 13 long-distance runners) and in 32
to 52 healthy male subjects (moderately physically active or sedentary) of the same
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mean age (control group, group 4). The subjects of groups 1, 2 and 3 participated
regularly in athletic competitions and trained at least four times a week.

The iron status of the control subjects was established on the occasion of routine
medical examination but the blood analysis of the runners were performed with the
intention to determine the possible causes of their general state of fatigue. All these
subjects were examined on their own request. Some of them complained about general
state of fatigue and deterioration of athletic performances sometimes in association
with muscular sensations of pain and inability to achieve their usual training programs.

Hemoglobin (Hb) and red blood cells (RBC) were measured using a Coulter
Counter Model S TR3 (Coulter Electronics Ltd, U.K.). Hematocrit (Ht) was measured
by microcentrifugation. Serum ferritin (SF) was assayed by radioimmunoassay (Leeco
Diagnostics Inc. USA) (GoLpie & THoMAs, 1978). Serum iron (SI) was measured by
the Ferrozine method using the Merz & Dade Kit (Switzerland) (STOOKEY, 1970). The
haptoglobin (Hp) content of blood was assessed by nephelometry (ICB BECKMAN
Instruments Inc., USA). All tests were performed according to kits and apparatus
manufacturers. ;

The results were compared on a statistical basis using the Student’s unpaired # test.
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Fi1G 2. Hematocrit in controls and runners. See Figure 1.

Results

Part of the results of blood analysis performed in our subjects are presented in
Table I and in Figures 1 to 4. Using unpaired ¢ test, it appears that the average
hemoglobin concentration, hematocrit level, serum iron and serum ferritin for the
three groups of runners are significantly lower (P < 0.05) than for the control sub-
jects. While significantly lower than in the control group, mean Hb and Ht levels
in runners are within the range usually considered as normal. The upward limit of
the ranges are shifted to lower values. The most striking difference between the runners
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F1G 3. Serum iron in controls and runners. See Figure 1.

and the control subjects concerns the SF concentration which is about 55% lower
in athletes. The highest SI levels in the runners have been measured in group 3. The
mean SI value in that group does not differ significantly from control. The lowest
SF and Hp (Fig. 4 and Table I) values were found in the long-distance runners but
there were no significant differences in the results of blood analysis among the three
groups of athletes. The Hp concentration in the blood of the control group was not
available but the mean Hp values measured in the runners were considerably lower
(about 30% of control values) than in control subjects who took part in a similar
study (DurAuUx et al., 1981). The SF concentrations in the blood of the athletes are
significantly different from control groups (P<0.001). No significant difference was
found for RBC except between groups 4 and 2 (P<0.05) (Table I).

Discussion

During the last few years a great deal of interest has focused on the iron status
of athletes. Our results confirm known data on iron metabolism in athletes. Subop-
timal Hb levels, low serum iron and ferritin concentrations have been reported (CLE-
MENT & ASMUNDSON, 1982). According to PATE (1983), the optimal Ht value for
oxygen transport in athlete is equal to 45% and corresponds to a Hb concentration
of 160 g/litre. As a consequence, any Hb concentration lower than 150 to 160 g/litre
could be too low for endurance athletes and could be considered as suboptimal Hb
concentration for athletes (PATE, 1983).
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FiG 4. Serum ferritin in controls and runners. See Figure 1.

The results of the present study show that the mean Ht and Hb concentrations
in atheletes are significantly lower than in sedentary subjects but the difference is
quite small. However the mean values of Hb and Ht calculated by pooling the data
in the three groups of runners may be considered as a lower limit for optimal levels.
It is thus unlikely that the state of fatigue of these athletes and the degradation of
their performances could be explained by a reduction of the oxygen-carrying capaci-
ty of their blood giving rise to a decrease of their maximum oxygen uptake. It must
be noted, however, that Hb concentrations below 150 g/litre have been measured
in 20 over 44 runners.

The data presented in Figures 3 and 4 clearly show that the SI and SF concentra-
tions are significantly lower in the athletes’ groups. This observation is in agreement
with the results of previous study (DUFAUX et al., 1981). The mean SF and SI con-
centrations measured in our athletes are close to that reported by CLEMENT & ASMUND-
soN (1982) in 52 male endurance runners. It has been shown that the iron stores of
the body are well correlated with SF concentration (LiescEiTz et al., 1974). As a con-
sequence, it can be concluded that low SF levels reflect iron deficiency. From the
results of the present investigation, it cannot be concluded directly that the diminish-
ed iron stores are involved in the reduction of performances of our athletes since
the relationship between these two parameters was not studied. In any case, the ef-
fects of iron depletion without anemia on work capacity of human subjects are con-
troversial. Some studies reported increased physical performances in humans
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supplemented with iron without significant changes in Hb concentration (ERICSSON,
1970, OHIRA ef al., 1979) but CELSING et al. (1986) have shown that iron deficiency
induced by repeated venesections over a period of 4 weeks in healthy male subjects
did not alter their endurance capacity nor the oxidative capacity of their muscles.
As pointed out by CELSING et al. (1986), the iron deficiency period imposed to their
subjects could be too short to affect the oxidative capacity of their skeletal muscles.
The low SF and SI concentrations measured in our runners which may be considered
as normal could be in fact suboptimal or abnormal for athletes and would reflect
severe deficiency. It is well known from animal experiments that chronic iron defi-
ciency could affect the performances by reducing the activity of iron-dependent en-
zymatic systems in skeletal-muscle mitochondria (DAVIES ef al., 1984). This hypothesis
could be tested in man by analyzing the activity of iron-depending enzymes in biopsy
specimens taken from skeletal muscles.

Iron deficiency in athletes is a common feature. The possible causes of this
phenomenon have been reviewed by PATE (1983). According to PATE (1983), the low
iron storage in athletes who are in caloric. balance could be a reduced iron absorp-
tion from the gut and high rate of iron loss through sweating and hemolysis. Iron
loss through sweating cannot be evaluated on the basis of the present study but the
low Hp levels in the runners clearly demonstrate that intravascular hemolysis occurs
in these subjects. It has been hypothesized that high rate of hemolysis in runners
is the result of mechanical destruction of fragile RBC in the capillaries of the feet
caused by the impact of the footsoles on the ground (DUFAUX ef al., 1981). As shown
in Table I, the mean Hp concentration in the runners is lower than in control sub-
jects who took part in the study of DUuFAUX ef al. (1981). The lowest mean Hp values
have been found in the long- and middle-distance runners. These mean Hp concen-
trations are below the normal value (<40 mg/100 ml) but they do not differ
significantly from the mean Hp concentration measured in the sprinters.

The results of the present investigation show that the iron status of runners dif-
fers significantly from control subjects. Despite the fact that mean Hb, Ht, RBC,
SI and SF concentrations are within the normal range many athletes manifest iron
deficiency and anemia. Their tendency to suffer from iron deficit and anemia re-
quires adequate treatment and systematic screening for iron deficiency and subop-
timal Hb levels. As the hematological parameters measured in the present study do
not significantly differ among the three groups of runners, it can be concluded that
the iron status of these athletes does not depend on the peculiarities of their athletic
speciality.
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