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Abstract

AIM: To analyze detailed changes in hematology and
biochemistry tests parameters before and after a long-
distance race in ultramarathon runners.

METHODS: Blood samples of 11 participants were obtained
for standard analysis before, immediately after, two days
after and nine days after the 2002 International Ultra-
marathon 24 h Race and the International Association of
Ultrarunners (IAU) Asia 24 h Championship.

RESULTS: Total bilirubin (BIL-T), direct bilirubin (BIL-D),
alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and lactate
dehydrogenase (LDH) increased statistically significantly
(P<0.05) the race. Significant declines (P<0.05) in red
blood cell (RBC), hemoglobin (Hb) and hematocrit (Hct)
were detected two days and nine days d after the race.
2 d after the race, total protein (TP), concentration of albumin
and globulin decreased significantly. While BIL, BIL-D and
ALP recovered to their original levels. High-density lipoprotein
cholesterol (HDL-C) remained unchanged immediately after
the race, but it was significantly decreased on the second
and ninth days after the race.

CONCLUSION: Ultra-marathon running is associated with
a wide range of significant changes in hematological
parameters, several of which are injury related. To provide
appropriate health care and intervention, the man who
receives athletes on high frequent training program high
intensity training programs must monitor their liver and
gallbladder function.
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INTRODUCTION
Numerous reports nave been published on the effects on the
body of endurance sports such asthe 5000 m, the 10 000 m, the
marathon, cross-country running, rowing and cycling!*4. In
recent years, more athletes have become involved in ultra-
endurance races, such astheiron-man triathlon, the 100 km race
and the 24 h marathon, and a few investigations have addressed
the related hematological and biochemical changes. Strenuous
physical activities are becoming increasingly popular around the
world, and thiswork may benefit participantsin future competitions.
Some of these previous studies have involved staged races
with long rest periods; while others made comparisons before
and after competition. This study examines, athletes who have
completed along-distance run lasting 24 h, and detailing the
related hematological and biochemical changes before,
immediately after, two days after and nine days after the race.

MATERIALS AND METHODS

Anthropometric data

A 24 h ultra-marathon was held at Soo-Chow University on
March 2, 2002. Therunnersran around a400 moval track for 24 h,
covering a distance of at least 100 km. The runners changed
direction every 4 h. Thetemperature during the 24 h race ranged
from 19.0to 26.8 °C and therel ative humidity ranged from 63 to
91%. The runners were permitted to rest and to ingest water
and food freely. Ten males (10/36) and one female (1/1)
participated in this study, having previously given their
informed consent. Table 1 lists the anthropometric data.

Table 1 Anthropometric data of the study population (n = 11)

Range Mean Standard
Deviation
Age (yr) 26.00-55.00 45.10 +2.64
Height (cm) 155.00-177.00 166.80 +6.23
Body weight (kg) 47.00-69.30 60.60 +9.69
Distance completed (km) 106.70-194.40 158.60 +26.78
BMI(body mass index) 19.56-22.12 21.79 +0.24

Parameter of blood tests
20 mL blood samples were obtained from the antecubital vein
24 h before the race, immediately after the race, two days after
the race and nine days after the race. The blood was analyzed
in1lhusingan ABBOTT CELL DY N 3000 autoanalyser (Abbott
Diagnostics, Mountain View, CA., USA) and HITACHI 7150
autoanalyser (Hitachi High Techotologies, Tokyo, Japan).
Statistical significance of paired differencesin means and
standard deviations of the related hematological and
biochemical changes among pre-race, immediately post-race,
two days post-race, and nine days post-race values were
calculated using by one-way ANOVA analysis. The level of
significance was set at P<0.05.

RESULTS

Hb. Hct. platelet data
Thepre-racered cdl count, Hb and Het levelswerenot significantly
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immediately after the race, but were significantly reduced two
and nine days after the race, being lowest at two days after the
race. The mean cell volume was not significantly changed
immediately after the race or on day two post-race, but was
significantly increased by day nine post-race. Mean cell Hb
concentration was significantly lower on day two than before
the race, but had recovered on day nine.

Mean cell Hb and red cell distribution width remained
unchanged at all times. The platelet concentration immediately
after the race and on day nine following the race wasincreased
significantly compared to pre-race values, but had decreased
significantly on day two. (Table 2).

Total WBC and differential count

The white blood cell count was significantly increased at the
end of the race and remained high until day nine. Moreover,
the number of neutrophilswasincreased at the end of race but
recovered two days later. Furthermore, the lymphocytes,
eosinophils and basophils were decreased immediately after
the race but recovered two days later. Finally, the number of
monocytes was increased immediately after the race and on
day two post-race, but returned to the pre-race level by day
nine post-race. (Table 3).

Ferritin, TIBC

The ferritin level, total iron binding capacity (TIBC) and
transferring saturation rose significantly immediately post-
race along with ferritin level, and remained at the end higher
on day two and nine. All of the parameters remained normal

mean values. (Table 4).

Liver function tests

TheBIL-T and BIL-D concentrations were significantly raised
immediately after the race and normalized two days|later. TP,
albumin and globulin concentrations were unchanged
immediately after the race but were significantly reduced on
day two, recovering gradually after day nine, though TP and
a bumin remained below pre-racelevels.

ALP, AST and ALT had increased significantly by theend
of the race. ALP returned to its pre-race level after day two.
Moreover, AST declined by day two and resumed its pre-race
level by day nine. Furthermore, ALT continued to rise until day
two and had recovered by day nine. Gammaglutamyl transferase
(y-GT) remained unchanged until the end of race and beyond
the end of the event. Finally, LDH was significantly raised by
the end of the race and was decreased on day two post-race,
but remained above their pre-race level on day nine. (Table 5).

Lipid metabolism
Triglyceride (TG), cholesterol/low-density lipoprotein
cholesterol (CHO/LDL-C) ratio and LDL-C were lower
immediately after the race had finished. TG level and CHO/
LDL-C ratio recovered by day two post-race, while LDL-C
recovered by day nine. Cholesterol was not significantly
changed at the end of the race, but was significantly lower on
day two.

HDL-C was highest immediately after the race but had
reduced by day two and nine post-race. (Table 6).

Table 2 Changes in Hb, Hct, red cell parameters and platelet count before and after the race

Pre-race 0 h post-race 2 d post-race 9 d post-race
Red cell count (x10%/L) 4.71+0.25% 4.71+0.45 4.07+0.27 4.42+0.21
Hb (g/dL) 14.63+0.91° 14.58+1.17 12.52+0.86 13.81+0.69
Hct (%) 42.34+2.73¢ 42.37+3.82 37.33%£3.15 40.27+1.84
Mean cell volume (fI) 89.91+3.11¢ 90.05+3.37 90.29+3.50 91.15+3.19
Mean cell Hb (pg) 31.09+1.23 31.02+1.44 30.90+1.29 31.22+1.34
Mean cell Hb
Concentration (g/dL) 34.59+0.45¢ 34.44+0.60 34.24+0.47 34.25+0.64
Red cell distribution width (%) 12.84+0.60 12.94+0.88 12.69+0.57 12.80+0.65

Platelet (x10°/L) 235.45+47.27%¢

248.91+46.95 209.82+58.28 280.27+67.23

2P<0.05 vs statistically significant when pre-race compared with 0 h post-race. ®P<0.05 vs statistically significant when pre-race
compared with 2 d post-race. ®P<0.05 vs statistically significant when pre-race compared with 9 d post-race.

Table 3 Total and differential white cell counts before and after the race

0 h post-race 2 d post-race 9 d post-race

Pre-race
White cell count (x10°/L) 4.95+1.05%¢¢
Neutrophils (%) 56.02+6.69°
Lymphocytes (%) 33.10+6.942
Monocytes (%) 7.83+3.58
Eosinophils (x10°/L) 2.07+1.012
Basophils (x10°/L) 0.96+0.192

11.87+1.46 5.83+1.09 5.95+1.45
76.43+6.28 57.66+7.28 57.93+9.16
14.47+4.82 30.89+6.42 32.15+8.07
8.21+2.84 9.34+2.77 7.15%1.91
0.20+0.19 1.75+0.76 1.80+1.20
0.68+0.24 0.82+0.26 0.99+0.28

2P<0.05 vs statistically significant when pre-race compared with 0 h post-race. ®P<0.05 vs statistically significant when pre-race
compared with 2 d post-race. ®P<0.05 vs statistically significant when pre-race compared with 9 d post-race.

Table 4 Comparisons of parameters related to iron metabolism before and after the race

Pre-race

0 h post-race

2 d post-race 9 d post-race

64.45+27.95%
361.00+31.38%
17.73+8.05%

Ferritin (ng/L)
TIBC (umol/L)
Transferrin saturation (%)

117.00+52.66
372.18+30.93
31.09+13.32

70.18+44.88 103.36+42.15
357.64+35.43 356.36+30.75
19.27+11.62 29.18+11.70

2P<0.05 vs statistically significant when pre-race compared with 0 h post-race. ®P<0.05 vs statistically significant when pre-race
compared with 2 d post-race. ®P<0.05 vs statistically significant when pre-race compared with 9 d post-race.
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Table 5 Serum enzyme activity before and after the ultra marathon race

Pre-race 0 h post-race 2 d post-race 9 d post-race
BIL-T (umol/L) 11.63+2.91% 25.65%+9.75 13.68+7.70 12.14+4.10
BIL-D (umol/L) 2.57+0.682 7.01£2.91 3.25+1.54 2.74+1.20
TP (g/L) 72.51+4.70°% 72.50%6.21 66.14+3.90 67.00+£4.91
Albumin (g/L) 44.82+2.83 45.42+2.92 38.55+5.83 42.43+2.84
Globulin (g/L) 27.53+2.51° 27.25x3.74 25.56+2.01 27.53+£2.42
ALP (U/L) 132.85+56.50? 160.55+33.00 131.36+34.00 134.27+34.40
AST (U/L) 37.10+19.10% 536.70+311.10 271.30+227.80 34.30+£8.70
ALT (U/L) 35.10+13.10%¢ 118.40+75.10 126.00+68.30 50.50+18.90
y-GT (U/L) 20.18+6.23 24.18+14.30 19.18+9.00 20.91+8.00
LDH (U/L) 367.50+105.60%¢ 1 420.50+598.50 1 120.30+605.10 582.70+207.90

2P<0.05 vs statistically significant when pre-race compared with 0 h post-race. ®P<0.05 vs statistically significant when pre-race
compared with 2 d post-race. ®P<0.05 vs statistically significant when pre-race compared with 9 d post-race.

Table 6 Changes in parameters related to lipid metabolism before and after the ultra marathon race

Pre-race 0 h post-race 2 d post-race 9 d post-race
TG (mmol/L) 0.95+0.272 0.67+0.28 0.84+0.32 1.09+0.55
CHO (mmol/L 4.87+£1.06° 4.63+£1.09 4.13+0.57 4.51+0.50
HDL-C (mmol/L) 1.92+0.47 2.02+0.50 1.68+0.24 1.77+0.32
LDL-C (mmol/L) 2.51+0.78% 2.30+0.72 2.02+0.49 2.24+0.39
CHO/ HDL-C 2.50+0.482 2.30+0.37 2.40+0.38 2.60+0.43

aP<0.05 vs statistically significant when pre-race compared with 0 h post-race. °P<0.05 vs statistically significant when pre-race
compared with 2 d post-race. ®P<0.05 vs statistically significant when pre-race compared with 9 d post-race.

DISCUSSION

Few studies have extensively addressed the hematological and
biochemical changesin endurance runners. This investigation
elucidates the effects of intensive exercise on athlete health and
thefindings can be used to hel p participantsin future competitions.

Red cell count, Hb and Hct, three indicators of anemia, were
normal before the race. Significant decreases was found by
day two, consistent with the accel erated destruction of RBCin
endurance athletes. The three indicators remained reduced
between days two and nine; so-called sports anemid*?, is not
only caused by hemolysis owing to mechanical trauma but
also by oxidative injuries of the red cells*®. Under normal
conditions, red cells with amean life of 120 d are renewed at
approximately 1% daily. However, thisturnover rate increases
following endurance training, as reflected in the participantsin
this study. The increased turnover rateis good for the athletes
as the young red cells can carry oxygen more efficiently than
the older cells.['”28 The mean cell volume, mean cell
hemoglobulin and mean cell hemoglobulin concentration
remained normal throughout. The transient sports anemiawas
caused by reduced red cell numbers rather than red cell size or
amount of Hb!**?%, The change in platelets number was
inconsistent with previous studies. The platelet count was
higher at the end of the race and on day nine, but remained
withinthe normal range, and no coagul opathy was detected. Further
study can clarify the significance of the increase. The white cell
count increased markedly race and subsequently declined. The
initial increase followed from to arisein peripheral reservesand
was mostly associated with neutrophils. Neutrophiliaand numbers
of lymphocytes were related to catecholamine, cortisol and some
chemotactic factors: transient immunological dysfunction may
occur under such conditiong®?3, This study found on decrease
in absolute lymphocyte count and no signsof infection in afollow-
up questionnaire administered 2 wk after therace.

The concentration of serum ferritin was significantly
increased immediately after the race and on day nine post-race,
owing to the acute phase response of the destruction of red
cells, consistent with previous reports. Total iron binding
capacity and transferrin saturation were markedly increased by

the end of race, reflecting the acute release of iron.

BIL and BIL-D increased at theend of therace and normalized
after day two, associated with hemolysisthat followsfrom ultra-
long running. The hemolysis was related to a decline in
haptoglobin concentration and structural changesin the red
cell membranes®24. AST, ALT, y-GT, LDH and AL Pall increased
by the end of the race, implying damage to the skeletal muscle
cellsand hepatic cells. Serum BIL normalized by day two asred
cell turnover reduced, but AST, ALT and LDH continued to
exceed pre-race levels, representing a continued release of
enzymes from the muscles and livert?27,

Albuminisinvolvedin protein synthesisby theliver. Albumin
reduced significantly by day two, reflecting damage to the
anabolic functioning of hepatic cells. TP fell after day two,
mainly owing to the decreasein albumin and had not recovered
by day nine. Despite the reduced protein level, no clinical pitting
edema was found. The pre-race mean AST, ALT and LDH
exceeded the normal range, possibly indicating chronic damage
to theliver following long-term strenuous exercise.

Most hepatic function parameters displayed no correlation
with age, except for negatively correlated globulin, reflecting
thelower immunological functioning of older runnersfollowing
endurance exercised®?!, AST, ALT and LDH were positively
correlated with runner performance and unrelated to BIL and
ALP, implying that changesin hepatobiliary parametersresulted
mainly from damageto hepatic cells.2 Long-termregular exercise
has been recognized to contribute to reducing cholesterol 32,
triglyceride and LDL-C and increasing HDL-C. In this study
thelipid parameters of all of the participantswerein the normal
ranges, supporting the beneficial effect of rhythmic aerobic
exercise. However, the effects of long-term ultra-endurance
activities deserve further investigation.

Most fat is stored as triglyceride in fat and muscle cells.
Plasmaand muscular triglyceridewere consumed equally during
the first stage of endurance exercise, and subsequently the
free fatty acid became the major source of energy explaining
the reduction in triglyceride at the end of the race®>*4. The TG
and LDL-C were significantly lower at the end of the race and
on day agreeing with previous reports. Cholesterol isamajor
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risk factor for coronary artery disease and deserves extensive
investigation. Cholesterol levelswere not significantly changed
at the end of the race, and were decreased by day two, but the
cholesterol/HDL -Cratio, whichisnot affected by plasmavolume,
was significantly reduced by the end of the race. This
phenomenon may result from the increase in HDL-C and the
decreaseinLDL-C.

Ultramarathon running is associated with numerous changes
inhematological parameters, many of which areinjury related.
These changes should not be confused with indicators of
disease. Increasing liver enzyme levels in runners indicated
damage to liver cells, but increased BIL resulted from higher
clearance rates of RBC. The liver damage was directly
proportional to workload. Acute reduction of TG might result
from the use of body fat asthe major energy source. An ultra-
long endurance run effectively reduced LDL-C for two days
post-race, but did not significantly change HDL-C.

Safety guidelines, protective equipment and prevention
education are crucial to reducing sports injuries. Then,
preventing liver and gall bladder injuries and ensuring safe
health management program are necessary for ultramarathon
athletes. In summary, efforts to minimize these injuries are
warranted both to ensure the long-term health of runners and
toreducemedical cogts. Thekey to management of ultramarathon
runner osteoporosis involvesidentifying the potential risk for
osteoporosis and osteoporotic fracture, followed by measures
that focus on reducing modifiable risk factors through helath
management program!34,

REFERENCES

1 Pestell RG, Hurley DM, Vandongen R. Biochemical and hor-
monal changes during a 1000 km ultramarathon. Clin Exp
Pharmacol Physiol 1989; 16: 353-361

2 Noakes TD, Carter JW. Biochemical parameters in athletes
before and after having run 160 kilometres. S Afr Med J 1976;
50: 1562-1566

3 Nagel D, Seiler D, Franz H. Biochemical, hematological and
endocrinological parameters during repeated intense short-term
running in comparison to ultra-long-distance running. Int J
Sports Med 1992; 13: 337-343

4 Seiler D, Nagel D, Franz H, Hellstern P, Leitzmann C, Jung K.
Effects of long-distance running on iron metabolism and he-
matological parameters. Int J Sports Med 1989; 10: 357-362

5 Dickson DN, Wilkinson RL, Noakes TD. Effects of ultra-mara-
thon training and racing on hematologic parameters and se-
rum ferritin levels in well-trained athletes. Int J Sports Med
1982; 3: 111-117

6 Taylor C, Rogers G, Goodman C, Baynes RD, Bothwell TH,
Bezwoda WR, Kramer F, Hattingh J. Hematologic, iron-related,
and acute-phase protein responses to sustained strenuous
exercise. J Appl Physiol 1987; 62: 464-469

7 Davidson RJ, Robertson JD, Galea G, Maughan RJ. Hemato-
logical changes associated with marathon running. Int J Sports
Med 1987; 8: 19-25

8 Rama R, Ibanez J, Riera M, Prats MT, Pages T, Palacios L.
Hematological, electrolyte, and biochemical alterations after a
100-km run. Can J Appl Physiol 1994; 19: 411-420

9 Fellmann N, Bedu M, Giry J, Pharmakis-Amadieu M, Bezou
MJ, Barlet JP, Coudert J. Hormonal, fluid, and electrolyte
changes during a 72-h recovery from a 24-h endurance run. Int
J Sports Med 1989; 10: 406-412

10 Zuliani U, Mandras A, Beltrami GF, Bonetti A, Montani G,
Novarini A. Metabolic modifications caused by sport activity:
effect in leisure-time cross-country skiers. J Sports Med Phys
Fitness 1983; 23: 385-392

11 Fallon KE, Broad E, Thompson MW, Reull PA. Nutritional
and fluid intake in a 100-km ultramarathon. Int J Sport Nutr
1998; 8: 24-35

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

van Rensburg JP, Kielblock AJ, van der Linde A. Physiologic
and biochemical changes during a triathlon competition. Int J
Sports Med 1986; 7: 30-35

Thompson PD, Crouse SF, Goodpaster B, Kelley D, Moyna N,
Pescatello L. The acute versus the chronic response to exercise.
Med Sci Sports Exerc 2001; 33: S438-S445

Fallon KE, Sivyer G, Sivyer K, Dare A. The biochemistry of
runners in a 1600 km ultramarathon. Br J Sports Med 1999; 33:
264-269

Weight LM. ‘Sports anaemia’. Does it exist? Sports Med 1993;
16: 1-4

Szygula Z. Erythrocytic system under the influence of physical
exercise and training. Sports Med 1990; 10: 181-197

Jordan J, Kiernan W, Merker HJ, Wenzel M, Beneke R. Red cell
membrane skeletal changes in marathon runners. Int J Sports
Med 1998; 19: 16-19

Smith JA. Exercise, training and red blood cell turnover. Sports
Med 1995; 19: 9-31

Newmark SR, Toppo FR, Adams G. Fluid and electrolyte re-
placement in the ultramarathon runner. Am J Sports Med 1991;
19: 389-391

Staubli M, Roessler B. The mean red cell volume in long
distance runners. Eur J App Physiol Occup Physiol 1986; 55:
49-53

Natale VM, Brenner IK, Moldoveanu Al, Vasiliou P, Shek P,
Shephard RJ. Effects of three different types of exercise on
blood leukocyte count during and following exercise. Sao Paulo
Med J 2003; 121: 9-14

Pyne DB. Regulation of neutrophil function during exercise.
Sports Med 1994; 17: 245-258

Spitler DL, Alexander WC, Hoffler GW, Doerr DF, Buchanan
P. Haptoglobin and serum enzymatic response to maximal
exercise in relation to physical fitness. Med Sci Sports Exerc
1984; 16: 366-370

Nagel D, Seiler D, Franz H, Jung K. Ultra-long-distance run-
ning and the liver. Int J Sports Med 1990; 11: 441-445

Priest JB, Oei TO, Moorehead WR. Exercise-induced changes
in common laboratory tests. Am J Clin Pathol 1982; 77: 285-289
Elosua R, Molina L, Fito M, Arquer A, Sanchez-Quesada JL,
Covas MI, Ordonez-Llanos J, Marrugat J. Response of oxida-
tive stress biomarkers to a 16-week aerobic physical activity
program, and to acute physical activity, in healthy young men
and women. Atherosclerosis. 2003 ;167: 327-334

Yao HW, LiJ,JinY, Zhang YF, Li CY, Xu SY. Effect of leflunomide
on immunological liver injury in mice. World J Gastroenterol
2003; 9: 320-323

Nieman DC, Pedersen BK. Exercise and immune function.
Recent developments. Sports Med 1999; 27: 73-80

Nieman DC, Nehlsen-Cannarella SL, Fagoaga OR, Henson
DA, Shannon M, Hjertman JM, Schmitt RL, Bolton MR, Austin
MD, Schilling BK, Thorpe R. Immune function in female elite
rowers and non-athletes. Br J Sports Med 2000; 34: 181-187
Lamon-Fava S, McNamara JR, Farber HW, Hill NS, Schaefer
EJ. Acute changes in lipid, lipoprotein, apolipoprotein, and
low-density lipoprotein particle size after an endurance
triathlon. Metabolism 1989; 38: 921-925

Crouse SF, O’Brien BC, Grandjean PW, Lowe RC, Rohack JJ,
Green JS. Effects of training and a single session of exercise on
lipids and apolipoproteins in hypercholesterolemic men. J Appl
Physiol 1997; 83: 2019-2028

Nicklas BJ, Katzel LI, Busby-Whitehead J, Goldberg AP. In-
creases in high-density lipoprotein cholesterol with endurance
exercise training are blunted in obese compared with lean men.
Metabolism 1997; 46: 556-561

Ginsburg GS, Agil A, O’Toole M, Rimm E, Douglas PS, Rifai
N. Effects of a single bout of ultraendurance exercise on lipid
levels and susceptibility of lipids to peroxidation in triathletes.
JAMA 1996; 276: 221-225

Kratz A, Lewandrowski KB, Siegel AJ, Chun KY, Flood JG,
Van Cott EM, Lee-Lewandrowski E. Effect of marathon run-
ning on hematologic and biochemical laboratory parameters,
including cardiac markers. Am J Clin Pathol 2002; 118: 856-863

Edited by Wang XL Proofread by Xu FM



