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Intravascular haemolysis in the recreational runner
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Intravascular haemolysis has been found to result from
prolonged endurance competition, rigorous military train-
ing and participation in impact sports. Haematological
research involving the recreational runner is sparse.
Recreational runners frequently vary their training to
avoid monotony and improve endurance capacity. This
study investigated the haematological effects of a typical
day of increased distance training in 15 male recreational
runners (62.4(3.1) ml kg-1 min-' treadmill Vo2max;
44.6(8.4) km per week training (mean(s.d.)). Venous blood
samples were collected before, immediately after, 1 day, 4
days, and 10 days after a 13-km training run (about twice
the subjects' typical running distance) and analysed for
changes in bilirubin, serum potassium, haematocrit,
haemoglobin, red blood cell count, haptoglobin, poikilo-
cytosis and reticulocytosis. Urine samples were collected
at the same times as the blood samples and analysed for
urobilinogen. Significant (P < 0.05) 1-day and 4-day
decreases in mean haemoglobin, red blood cell count, and
haptoglobin values, compared to before training venous
blood values and significant (P < 0.05) post-training
increases in bilirubin, serum potassium, urobilinogen and
poikilocytosis provided evidence for increased intravascu-
lar haemolysis. After 10 days the values for haematocrit,
bilirubin, serum potassium, red blood cell count, uro-
bilinogen and poikilocytosis were not significantly
(P > 0.05) different from pre-training values while haemo-
globin remained significantly (P < 0.05) lower, exhibiting
a constant but not significant increase over the period from
1 to 10 days. The results indicate that mild intravascular
'footstrike' haemolysis can occur in the recreational runner
when typical training distance is increased. This condition
appears to be transient and benign.

Keywords: Running, training effects, sports haematology,
endurance exercise

Sports anaemia is a term which has been used to
describe both pseudodilutional anaemia and the true
anaemias of athletes. Pseudodilutional anaemia is a
normally occurring and beneficial adaptation to
endurance training which is characterized by an
overcompensation, that is expansion, of plasma
volume. The two most common causes of true
anaemia in athletes are iron deficiency and intravas-
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cular ('footstrike') haemolysis' which results in
urinary loss of iron. Increased intravascular haemo-
lysis has been observed to occur as a result of
rigorous military training2 and from participation in
impact sports3 . It has also been recognized in unfit
individuals suddenly subjected to a strenuous bout of
exercise5 and in highly trained endurance athletes
after marathon6 and ultra-endurance competition7 8.
More recently, an intensive training programme
consisting of vigorous isometric and isotonic exer-
cises9 and high amounts of training in well-trained
middle- and long-distance runners10 has been investi-
gated and shows evidence of increased intravascular
haemolysis. No evidence exists regarding the haem-
atological effect of a typical increased daily training
distance on the moderately trained, 'recreational',
endurance runner.

Despite some newer forms of aerobic exercise such
as aerobic dance and cross-training sports like the
triathlon, running continues to be extremely popular.
It is estimated that there are more than 30 million
runners in the USA alone. The great majority of these
individuals are not competitive runners. However,
they do alter their training so as to avoid monotony
and to improve their cardiorespiratory endurance
capacity. The haemolytic effects of such changes in
training in the recreational runner remain largely
unexplored.
The purpose of this study was to examine the effect

of increasing the distance of a daily training run, by a
typical amount, on the development of intravascular
haemolysis in moderately trained endurance run-
ners. Haematological, morphological and urinalysis
measures were selected to study the effects and time
course changes during recovery.

Patients and methods
Fifteen endurance trained Caucasian men
volunteered to participate in this study. Each subject
had been running 32-56km per week and possessed
a maximal oxygen consumption (VO2max) in the range
of 55-65 ml kg-1 min-'. All testing procedures were
carefully explained and each subject signed an
informed consent form before participating. A train-
ing questionnaire was also completed at this time.
Percentage body fat was determined as described by
Zuti and Golding"1. Table 1 displays the physical and
physiological characteristics of the subjects while
Table 2 presents their training characteristics.
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Table 1. Physical and physiological characteristics of male
recreational runners

Variables Mean(s.d.) Range

Age (years) 27.8(6.3) 19-40
Height (cm) 172.5(23.8) 165-190
Weight (kg) 70.6(7.3) 60.5-85
Body fat(%) 12.1(3.7) 7.4-20.3
Vo2max (mlkg- min-) 62.4(3.1) 55.2-65.6

n = 15

Table 2. Training characteristics and environmental conditions for
13-km training run

Variables Mean (s.d.) Range

Weekly distance (km) 44.6(8.4) 32-56
Distance per run (km) 8.9(1.6) 6.4-11.2
Frequency per week 4.7(0.9) 3-6
Time for training run (min: s) 55:19(3:55) 50:22-62:30
Ambient temperature ('C) 22.3(1.1)
Relative humidity (%) 54(4.3)

n = 15

To determine VO2max, each subject underwent a
continuous, progressive, multistage treadmill test.
The protocol consisted of a brief warm-up followed
by an initial exercise intensity of 188m min' at a 4%
grade (this represents a treadmill elevation of four
vertical units for every 100 horizontal units) with a
2.5% increase in grade every 2min thereafter, while
keeping speed constant. Verbal encouragement was
given throughout the test, especially at the highest
levels of exercise intensity. Oxygen consumption was
determined at 30-s intervals using a Beckman
Metabolic Cart (MMCI, Beckman Instruments, Brea,
California, USA). Criteria for V02 max included a
plateau in oxygen consumption (less than
2rmlkg-'min-1 increase with a further increase in
workload), a respiratory exchange ratio greater than
1.1, and approximation (within ten beats per minute)
of age predicted maximum heart rate. With a majority
of the criteria satisfied, the highest rate of oxygen
consumption achieved was recorded as VO2max.
Heart rate was monitored continuously by an
electrocardiogram using a CM5 lead placement
(negative electrode on manubrium, positive electrode
on 5th intercostal space, left anterior axillary line).

After treadmill testing, three separate days were
scheduled for the 13-km run with the time of day
(mid-morning) held constant. The course was flat and
every subject ran it once within a week. The course
surface comprised a mixture of dirt and gravel (the
soft shoulder of a road) with occasional stretches of
blacktop. Seven of the 15 subjects ran on the first
scheduled day, four ran on the second day and four
ran on the last day. The subjects were instructed not
to run longer than their average daily training
distance for at least 4 days before the 13-km run while
maintaining average daily training intensity, and also
to resume typical training distances after the 1-day
blood draw but not to do any longer or more intense

runs than they would normally do until after the final
blood draw. The intention was to observe the
selected variables during the normal course of
training in a group of recreational runners with a
minimum of experimental interference.
On the day of the run, subjects were instructed to

run the 13km as though it was a hard training run.
They were reminded not to compete with each other
but rather to run at a training pace that was typical for
them, for this distance. Subjects ran on the same day
only for ease of post-run data collection. Each subject
agreed at the end of the 13km that his effort was
similar to a typical hard training run as indicated on
the training questionnaire. The environmental condi-
tions and times for the training run are shown in Table
2.
With the subject seated, fasting venous blood

samples (12 ml total per draw) were collected by an
experienced certified phlebotomist for analyses be-
fore the increased distance training run and at
selected times after the run (within 1 h, 1 day, 4 days
and 10 days). The pre-training run values were
considered to be representative of typical training
status. Extreme care was taken during the venepunc-
ture to avoid the possibility of any haemolysis from
the blood draw itself. All samples were transported
on ice to a nationally accredited (joint Commission on
Accreditation for Hospitals) clinical laboratory. Using
anti-coagulated ethylene diamine tetra-acetic acid
(EDTA) blood, the haematological assays were
performed within 4 h after collection by a registered
American Society of Clinical Pathologists (ASCP)
medical technologist on a J.T. Baker Model 500A
haematology analyser (Serono-Baker Diagnostics,
Allentown, Pennsylvania, USA) which had been
calibrated immediately before assessment.
Serum potassium, total lactate dehydrogenase

(LDH), and bilirubin concentrations were analysed
on a Technicon SMA/20 automated analyser (Tech-
nicon Instruments, Tarrytown, New York, USA). The
potassium method was a direct potentiometric
procedure for the quantitative measurement of
potassium in buffered serum12. The potassium
ion-selective electrode responds to potassium ions
according to the Nernst equation. Total LDH determi-
nation was based on methods and modifications
previously described13. The total bilirubin method
was a quantitative calorimetric procedure'4. Assays
for haptoglobin were determined using M-Partigen
haptoglobin kits containing radial immunodiffusion
plates obtained from Calbiochem-Behring Corpor-
ation (Behring Diagnostics, Somerville, New Jersey,
USA). All procedures and calculations were con-
ducted in accordance with the instructions accom-
panying the kits and met all the criteria specified
therein.

All urines were collected in standard urinalysis
specimen containers and analysed immediately after
collection. Urobilinogen was determined on the urine
specimens using Ames multistix reagent strips
(Miles, Diagnostics Division, Elkhart, Indiana, USA)
and following the accompanying instructions. Using
a Wright's stained blood smear of anticoagulated
blood (EDTA as the anticoagulant), poikilocytosis
was observed and rated 0, +1, +2, +3 or +4
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following the standard procedure employed by the
medical laboratory responsible for the morphological
evaluation. Reticulocytosis was measured microsco-
pically using a drop of new methylene blue anti-
coagulated blood mixture. Reticulocytes were enum-
erated in red blood cell counts of a thousand and
expressed as a percentage. All blood and urine
analyses were performed by registered (ASCP)
medical technologists who were unaware of the
purpose of the study.
A single-group repeated-measures research design

was used for this study with statistical significance
determined by analysis of variance. The repeated
measures research design allows for the highest
degree of comparability among subjects (since sub-
jects serve as their own controls) and is the dictated
design when the study involves measuring the same
group of subjects over time to assess effects which
develop with the passage of time'5. Additionally, the
repeated measures design provides a means of
increasing the number of subjects in a study. One
limitation of such a study design is the possibility of
carry-over effects. This was perhaps a limitation in
this study since the subjects were permitted to
resume normal training after the 1-day blood draw.
However, the study was designed to provide for an
assessment of the haematological effects of a typical
increase in training distance in a realistic training
setting. This necessitated the resumption of training
following the 13-km run. Using selected orthogonal
contrasts, post hoc analyses were conducted to probe
for significant differences when indicated. Results
were judged significant where P < 0.05.

Results
The endurance runners in this study averaged
44.6 km of running per week while training, on
average, 4.7 times per week and 8.9km per run (Table
2). The mean maximal oxygen consumption value of
62.4 ml kg min' for this group is greater than the
typical VO2max value of 39.1 ml kg-' min' reported for

individuals ofthis age and sex"6; lowerthan the value of
70-85 ml kg-' min' reported for elite male endurance
runners'7; and similar to the 60.6 ml kg-l min'
reported for other male recreational runners'8. In
addition, these runners were leaner than the average
man for their age group, 12.1% versus 20.1% body fat'6
and not as lean as high calibre endurance athletes:
12.1% versus 5-8% body fat'7.
Only two of the runners had run in a race (both

10km) during the 6 months before the study, and
none had ever run a half or full marathon. The 13-km
training run represented the average distance of what
the runners in this study currently used as an
increased, once a week, training distance, as stated
on the training questionnaire. The range of distances
used for this purpose varied from 9.6km to 16km
with about half of the study group reporting 13km.
Evidence for the increased effort required to complete
this increased training distance can be seen in the
significantly (P < 0.05) elevated LDH levels as
measured within 1 h after the training run and
compared to the pre-training run values (Table 3).
The mean haematological values for haematocrit,

haemoglobin, red blood cell count, haptoglobin and
mean cell volume for each of the measurement time
periods assessed are shown in Table 3. The haemato-
crit and red blood cell values increased significantly
1 h after the increased distance training run when
compared to their respective pre-training run values,
after which time both decreased significantly; that is,
1-day values were significantly lower than 1-h
post-training values for these two variables. Red
blood cell values were significantly lower than
pre-training run values when measured 1 day and 4
days afterwards. The haemoglobin concentration
measured 1 day after the increased distance training
run was significantly decreased from the pre-training
run values and remained so when measured 4 days
and 10 days after the run.
Haptoglobin was significantly lower 1 day and 4

days after the increased distance training run but
returned to pre-training run values by the tenth day.

Table 3. Blood and urine responses to increased distance training run*

Variables Pre-training Post-training run
run

lh 1 day 4 days 10 days

Clinical chemistry
Lactate dehydrogenase (U 1-1) 190.7(32.1) 236.8(43.4)t 207(30.8) 192.2(37.1) 195.4(32.9)
Bilirubin (mgdI-1) 0.6(0.1) 0.8(0.2)t 0.7(0.2) 0.6(0.2) 0.6(0.1)
Serum K+ (meq 1-1) 4.5(0.4) 4.8(0.6)t 4.6(0.6) 4.3(0.4) 4.4(0.4)

Haematology
Haematocrit (%) 44.5(1.7) 45.9(2.6)t 43.6(1.4)t 44.2(1.7) 44.5(1.6)
Haemoglobin (gdl-1) 15.6(0.5) 15.8(0.7) 15.1(0.3)tt 15.0(0.4)t 15.2(0.5)t
Red blood cell (106 mm-3) 5.02(0.26) 5.17(0.31)t 4.86(0.19)tt 4.88(0.34)t 4.95(0.29)
Haptoglobin (gl100mV1) 91.9(69.1) 80.4(75.1) 66(65.8)t 59.5(52.9)t 81.8(63)
Mean cell volume ([Lm3) 89(3.9) 89.3(3.5) 89.6(2.8) 90.6(3.9) 89.8(3.2)

Urinalysis
Urobilinogen (Ehrlich units dV-1) 0.1(0) 0.8(0.4)t 0.4(0.4)tt 0.1(0)§ 0.1 (0.2)§

Morphological
Poikilocytosis (0, +1, +2, +3 or +4) 0 0.33(0.48)t 0.4(0.5)t 0.4(0.5)t 0.1(0.2)
Reticulocytosis (%) 0.55(0.27) 0.56(0.21) 0.61(0.28) 0.71(0.23) 0.64(0.15)

* Values are means(s.d.); n = 15; t significantly (P < 0.05) different from pre-training run; t significantly (P < 0.05) different from 1 h after
the training run; § significantly (P < 0.05) different from 1 day after the training run
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Serum potassium and bilirubin were initially signifi-
cantly elevated, as measured within 1 h after the
training run, but were not significantly different from
pre-training run values when measured thereafter
(Table 3). LDH, haptoglobin and serum potassium
were the only variables outside the normal range
during any of the measurement times, and all of the
variables selected for the study were in the normal
range at the start of the study and at the end (10 days
after the training run). They were only outside the
range after the 13-km run.

Urobilinogen was significantly elevated 1 h and 1
day after the increased distance training run and
returned to within the normal range thereafter as
measured 4 days and 10 days after the training run
(Table 3). Morphological changes following the
increased distance training run are also shown in
Table 3. Poikilocytosis was significantly elevated 1 h, 1
day and 4 days following the training run as
compared with pre-training values, while there was
no significant change in reticulocytosis at any of the
measurement times selected for this study.

Discussion
This study was designed to examine the effects of a
typical change in endurance training, an increased
distance run, on the haematological state of the
non-competitive distance runner. Based on the
information obtained (physiological, body composi-
tion measures, training and current competition
status) and a comparison of this with high calibre
distance runners, the subjects in this study can be
described as a typical group of recreational runners.
The great majority of people who run as a means of
improving cardiorespiratory fitness and maintaining
body composition, fall into this non-competitive
recreational category; and yet, little if any haematolo-
gical research has been carried out using them as
study subjects. One of the reasons they are of
interest, aside from their numbers, is that out of this
group will come a number of dedicated and
enthusiastic distance runners who will train harder
and longer, eventually making the transition to a
highly competitive state. An understanding of the
acute haematological changes in the recreational
runner may provide an insight into how the known
haematological adaptations, both positive and nega-
tive, occur in the highly competitive distance runner.

It is known from research regarding the competi-
tive distance runner, that regular prolonged exercise
brings about diverse haematological responses and
adaptations. Among the haematological responses in
the high calibre distance runner are gastrointestinal
bleeding19 and an increased intravascular haem-
olysis8'10 20. Adaptations include beneficial effects
such as dilutional pseudoanaemia21 and an increased
red cell mass22 as well as a possible iron-deficient
anaemic state23'24 which is detrimental to perform-
ance. The purpose of this study was to investigate
whether or not a typical increase in daily training
distance would increase intravascular haemolysis in
the non-competitive, recreational distance runner.

Eichner21 has suggested a diagnostic triad for

footstrike haemolysis that includes subnormal hapto-
globin concentration, mild reticulocytosis, and mild
macrocytosis. Other researchers have noted increases
in bilirubin, serum potassium and LDH, and de-
creases in red blood cell volume and haematocrit, to
be indicators of increased intravascular haem-
olysis20 25. Most researchers have used a transient
decreased concentration of haemoglobin to identify
'sports anaemia'26, the primary cause of which has
been attributed to intravascular haemolysis27. The
athlete's state of hydration is an important consider-
ation when deciding which of the criteria to use.
Body weight has been shown to be a valid and
reliable indicator of hydration state28. In the current
study, mean body weight as measured 1 day after the
run and compared to the pre-training run mean(s.d.)
(70.3(6.8) versus 70.6(7.3) kg) was not significantly
lower (P > 0.01).

It can be concluded from the results of this study
that intravascular haemolysis also occurs in the
recreational runner. Evidence for this included
significant 1-day decreases in haptoglobin, haemo-
globin, red blood cell and haematocrit and the
immediate post-training run increases in bilirubin,
serum potassium and urobilinogen. Morphological
evidence included significant increases in poikilocy-
tosis as measured 1 h, 1 day and 4 days after the
increased distance training run, and increases in
reticulocytosis and mean cell volume 4 days after-
wards which were not significant. With the exception
of haemoglobin, all of the observed significant
changes following the increased distance training run
returned to pre-training run levels by the tenth day
after the run.
The increased intravascular haemolysis that occur-

red in this study with these recreational runners can
be described as transitory and mild; transitory
because of the non-significant variable differences
observed on the tenth day after the training run as
compared with pre-training values. Other studies
using highly trained subjects have reported decreases
in haemoglobin of up to 2.6gdl-1 (reference 8) and
haptoglobin to be exhausted following marathon
runninge, while this study noted a mean drop of
30% in haptoglobin and only a modest (0.6gdl-1)
decrease in haemoglobin. However, five subjects in
the study exhibited a mean decrease of haemoglobin
greater than 1.0gdl-1, with the greatest decrease in
haemoglobin being 1.6gdl-'. The findings of this
study with respect to haptoglobin and haemoglobin
are similar to those reported recently for aerobic
dance4.

In contrast to other research investigations of
sports anaemia, this study suggests that intravascular
haemolysis may be a relative phenomenon that
occurs even in the recreational runner when adjust-
ments to typical training distances are made. The
results indicate that this transient condition is best
assessed by immediate post-exercise bilirubin, serum
potassium and urobilinogen determinations; and by
1-day post-exercise measurements of haptoglobin,
haemoglobin and red blood cells. Since haemoglobin
continued to be significantly decreased 4 days and 10
days after the increased distance training run, it
might be advisable to moderate training for the next
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several days to ensure complete haematological
recovery.
The increased intravascular haemolysis in the

recreational runner may be a contributing stimulus
for the beneficial cardiorespiratory endurance adapt-
ation of erythrocythaemia or might even be important
in bringing about an optimal haematological state for
performance, which seems to be a borderline anaemic
stated. Further haematological research is needed
regarding the repeated effects of such changes in
training, including intensity as well as distance, over
a longer period of training, and their relationship to
performance.
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