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Increasngrunningvolumedidtshematological changesintrained endur ancerunners acasestudy
El aumento del volumen de entrenamiento de carrera induce alteraciones hematoldgicas en corredores
entrenados un estudio de caso

Jos2 Augusto Rodrigues dos Santos
Universty of Porto (Portugd)

Abstract. Background: Endurance running training induces several hematological changes that increase the capture, transport and delivery of the
oxygen to the exercisng muscles. Objective: This study aimed to verify how a dramatic increase in running volume induced new dterations in severa
hematologica indicators in previoudy trained endurance runners. Methods: Three subjects (PL: 26 years, 169,5 cm; HPR, 27 years, 167,9 cm; MC, 27
years, 180,7 cm) running 10-12 km/day, increased their running volume to prepare the participation in a 100-km ultra-marathon. New training
program included 10-12 training sessions per week, totalizing 200-260 km. Average daily running volume was 35.8£6.2 km. The parameters anayzed
were: hemoglobin, erythrocytes, hematocrit, mean cell volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), leukocytes, neutrophils, eosinophils, lymphocytes, and monocytes. Results: Erythrocyte count, hemoglobin, and hematocrit
decreased 6.5%, 5.1% and 6.7%, respectively for the average of the three runners. Leukocytes, neutrophils, eosinophils, lymphocytes, and monocytes
showed different aterations among participants with al the values remaining within normal reference values. Conclusion: Well-trained runners show
further hematological dterations when training volume is dramaticaly increased, which can be seen as the specific adaptation to the new training level.
It seems that hemogram is more sensitive than leucogram to the increase in running volume.

Keywords: endurance; training; running; hemogram; leucogram.

Resumen. Antecedentes: El entrenamiento de resistencia aerébica induce varios cambios hematol 6gicos que aumentan la captura, € transporte y la
entrega del oxigeno a los mlsculos en gercicio. Objetivo: El objetivo de este estudio fue verificar como un aumento dramético en & volumen de corrida
indujo nuevas dteraciones en varios indicadores hematoldgicos en corredores previamente entrenados. Méodos: Tres sujetos (PL: 26 afios, 169,5 cm,
HP, 27 afios, 167,9 cm, MC, 27 afios, 180,7 cm) corriendo 10-12 km / dia, aumentaron su volumen de carrera para preparar la participacion en un ultra
maratén de 100 km. El nuevo programa de entrenamiento incluy6 10-12 sesiones de entrenamiento por semana, totalizando 200-260 km. El
promedio diario de volumen de carera fue de 35,8 + 6,2 km. Los parametros analizados fueron hemoglobina, eritrocitos, hematocrito, volumen celular
medio (MCV), hemoglobina corpuscular media (MCH), concentracion media de hemoglobina corpuscular (MCHC), leucocitos, neutréfilos, eosinofilos,
linfocitos y monocitos. Resultados: El recuento de eritrocitos, la hemoglobinay € hematocrito disminuyeron 6,5%, 5,1% y 6,7%, respectivamente,
para € promedio de los tres corredores. Los leucocitos, neutréfilos, eosinofilos, linfocitos y monocitos mostraron diferentes alteraciones entre los
participantes con todos los vaores restando dentro de los valores normales de referencia. Conclusion: Corredores bien entrenados muestran alteraciones
hematol gicas adicionales cuando € volumen de entrenamiento aumenta drasticamente, 1o que puede ser visto como la adaptacion especifica d nuevo
nivel de entrenamiento. Parece que € hemograma es més sensible que d leucograma a aumento en & volumen de entrenamiento de carrera
Palabras clave: resistencia agrobia; entrenamiento; carrera; hemograma; leucograma.

continuity of training and/or exertioninducesacontinuousaccumulation
of total body water (Knechtle et al., 2008) which can decrease
hemoconcentration and affecting somehematologicd parameters.
Inwel-trained athletesincreasing trainingintensity duringthecourse
of the season decreaseshemogl obin and hematocrit (Banfi et d., 2011).
Theresults obtained from the manipulation of training volume are not
30 clear and depend onthe subjects training status. Whilein sedentary
individuas, hematologica changesareeasly achieved, inditeathletes
with severd yearsof hard training, long-term endurancetraining does
not largdly dter hematologica satus(Rigjensetd., 2002).
Therefore, this study sought to verify if a drametic increasing in
running volume during a training period of 17 weeks induced
hematologicd dterationsinwell trained endurancerunners.

Introduction

Itiswdl knownthat long-digancerunningtraininginducessevera
hematological adaptations according to the intensity, volume and
frequency of trainingloads Trainingloadsaredependent onthesubjects
training level and their nutritiona status (Ohtani et d., 2001).

It seems that chronic endurance training significantly reduced
hemoglobin, mean corpuscular hemoglobin (MCHC) and increased
lymphocyte count (Broadbent, 2011). Available cross-sectiond and
longitudind sudiesindicate thet blood of endurance ahletesis more
diluteand thishasbeen attributed to blood volumeexpangion, particularly
plasmavolumeasaresult of chronictraining (El-Sayed et d., 2005).

It seems that exercise-induced hemolysis in counterbaanced by

devated serum erythropoietin concentration and reticulocyte count Methods
with no impact on totd erythrocyte volume and hemoglobin mass
(Robechetd., 2012). So, hemodilutionisthemainhemétol ogical festure Participants

that characterizesendurancerunners. Thlsaﬂajtétl onfadilitaaesmuscle Three Sij ects wdl trained for endurance events voluntari |y

microcirculation and oxygen ddlivery to exercising muscles. Plasma
expanson is dso related to thermoregulation becauise metabolic heat
production consequent to muscle contraction cregtes an interna hest
load proportiond to exercise intensity (Cheuvront & Haymes, 2001)
which must be dissipated manly through sweeting.
Eveninintermittent Sport athletes, e.g. soccer players, hemoglobin
and hematocrit mean va uesdecreasethroughout the seeson (Ma covti
etd. 2003). While hematocrit risesimmediately after marathon (Kratz
etd., 2006) dueto hemoconcentration significant declinesinred blood
cdl, hemoglobinand hematocrit were detected two daysand ninedays
after a 24 h ultramarathon race (Wu ¢ d., 2004). It seems that the
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participated in this study. Participant’sage and height were asfollows:
PL (26 years, 169.5 cm), HP (27 years, 167.9 cm), and MC (27 years,
180.7 cm). All subjectswerenon-smokersand regularly drunk acohalic
beverages (beer and wine) during themedls. Thisstudy wasconducted
in accordance with the policy satement of the Declaration of Helsinki,
adopted by the World Medical Association, regarding the ethical
principlesfor medica researchinvolving human subjectsand gpproved
by the Scientific Council of the Faculty of Sport of the University of
Porto, Portugd . The participantswereinformed of therisksassociated
with their participation before giving voluntary written consent. Al
subjects participated regularly in road running, orientation, and cross-
country races. Medica screening showed no hedth congraintsin the
beginning of the study. During the lagt three years prior to the study
they usudly run10-12 km daily with oneday of completerest. Subject
HPwas proneto gestrointesting distress during exertion and reported
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episodic gagtrointestina complaints during normal running workouts.
He was medicaly supervisad. Abd et d. (2013) stated a significant
correlation between running training volumeand thetendency for lower
limb injury. However, training program was accomplished by dl the
participants without mgjor and impeditiveinjuries.

Training protocol

Withtheobjectiveto competeinan ultramarathon (100km), subjects
redized 10-12 training sess onsper week, totalizing 200-260 km during
17 weeks. Average daily running volume was 35.8+6.2 km. Running
training intensity wascontrolled by thoracicfrequency counter. Low to
moderate running pace was selected (130-160 beats per minute
correponding to 70-85% maximum heart rate) for continuousuniform
running with 2 fartlek sessons per week (10 accelerations of 300m)
inducing heart rates closeto the maximum. Every four weeksaperfor-
mancetest (30 km) was conducted.

Nutrition

Nutrition statuswas not controlled but participantswere requested
tomaintaintheir usud dietary diversity increasing carbohydrateintake.
Although this generd nutritiona counsding mean body mass was
markedly reducedinall subjectsduring theperiod of thestudy. Subjects
did not takeany minera or vitamin supplementation during the study.
During workouts, isotonic beverages (Isostar®) were ingested for
hydration and carbohydrate supplementation.

Bodymass

Body mass measurement was made by the sametechnicianinthe
two moments of evaluation and with the same device (Seca Alpha
Modd 770 Digital Weighing Scales, UK).

Hematology

Hemogram and Leucogram were assessed with the Automated
Hematology Andyzer S390 Coulter Counter. All blood collections
weremadea 9A .M. after an overnight fagting (12 hours after the last
medl), and after a24 hoursof compulsory rest period following thelast
workout to attenuate the effects of hemodynamic variationsand acute
hemodilution induced by prior workout (Sawkaet d., 2000). Venous
blood samples (5 ml) weredrawn from antecubital vein using sandard
venotomy techniques with the subjects in the sitting position. Blood
samples were collected into vacutainers containing
ethylenediaminetetraecetic acid (EDTA) and processed within 6 h.

Satidtical analyss

Alterations are expressed asthe percentage of variation (A).

Results

The results presented in Table 1 express the reduction in body
massandinal hemogram parameters. Leukocyteand leukocytesubsets
changed differently among subjectswith subject HPshowing thelargest
dterations.

Discussion

Training volume is one of the best predictors for 100-km race

Tablel.
Weight and hematological aterationsinduced by training
Variables PL. H.P M.C.
ML M2 2(%) M1 M2 2 (%) ML M2 2 (%)

Body mass (kg) 685 665 -29 693 655 -54 800 755 -56

Hemoglobin (g/dL) 143 140 -21 144 132 -83 164 149 -91

Erythrocytes (x102/L) 472 469 -06 476 432 -92 495467 -56

Hematocrit (%) 424 404 -20 423382 -41 461439 -22

M.C.V. (fl) 8 86 89 88 93 9%

M.CH. (pg) 30 30 30 31 33 32

M.CH.C. (g/dL) 3B 35 34 35 36 34

L eukocytes (x10%/L) 46 51 109 83 78 -60 45 40 -111

Neutrophils (%) 50 48 -20 55 39 -16 495 475 -20

Eosinophils (%) 3 1 -20 4 45 05 2 5 30

Lymphocytes (%) 43 49 60 35 505 155 455435 -20

Monocytes (%) 4 2 20 6 6 0 3 40 10
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performance (Knechtleet d., 2010). Wehypothesizethat eveninwell-
trained endurance runnersamarked increasing of running volumecan
induces gnificant hematologica changes.

Usudly the stress imposed by long lagting endurance exercise
causesan initid plasmavolume contraction dueto fluid losswhichis
followed by plasmavolumeexpanson. Training regularity canmaintain
thisexpansonwhichisreversble3to5 daysafter cessation of training
(Shaskey & Green, 2000).

Endurance training reduces blood viscosity by expanding plasma
volume(Santhiago et d ., 2009) improving VV O2pesk and exercise per-
formance(Berger etdl., 2006; El-Sayed et d ., 2009). Reductioninblood
vicogity improvesthemicrocircul atory blood flow and oxygen ddivery
to thetissues (El-Sayed et d., 2005).

In this study hemoglobin (Hb), erythrocyte count and hematocrit
decreased in al subjects which can be rdated to training-induced
expangonof plasmavolume (Sawkaet d ., 2000; El-Sayed et d., 2005)
thet promoted hemodilution (Brun et d., 2010). Albeit acute plasma
volumeexpansion can beseentwo daysand ninedaysafter longlasting
exertion (Wuet d., 2004) only training continuity can stabilizeplasma
expansg onandthesubseguent hematologica changes. Our resultswere
partly corroborated by Duboiset d. (2017) with rugby playersduring
asesson.

Mean Hb concentration was reduced 6.6% whet is corroborated
by Rietjensetd. (2002). Our valuesareidentical totrained cydlistsand
lower than sedentary controls (Smith et d., 1999). In different sport
disciplinesthedeclineof Hbrangesfrom 3to 8% during thecompetition
Season (Banfi et d., 2011). Smilar decreaseswereverifiedinthisstudy.
Erythrocyte count decreased markedly in two subjects confirming the
data of Rietjens et d. (2005) with one subject dightly exceeding the
lower limit of normal laboratory references (4.4 to 10 /L) what
conjugated with thelow Hb concentration could beanindex of anemia.
Asthe subject improved his running performancein dl periodica 30-
km testing we cannot seethese changesaspathological.

Erythrocyte count was reduced what is in line with the study
redized with dlite triathletes (Rietjens et d., 2002). Reduction of red
globular massby exerciseisnormaly related to thecontinuousvigorous
training (Brun et d., 2010), dthough Broadbent (2011) did not find
sgnificant different betweentriathletesand untrained subjectsduringa
competitive season. Confirming our resultsKehat et d. (2003) verified
asggnificant decrease in erythrocyte count after 2 years of training in
Specid Forcestrainees. It seemsthat endurancetrained subjectstend to
have lower red globular massin relation to sedentary people.

After the study's period dl subjects decreased their hematocrit.
Our results are corroborated by other endurance sudies (El-Sayed et
d., 2005; Ogtgjic & Ahmetovic et d., 2009). Contrary, a 20-week
srength training program eevated the hemeatocrit (Hu et ., 2008)
which highlightstheimportanceof theexercisemodefor hematological
adaptations. Whileendurancetraining decreaseshemetocrit highintengity
resigancetraining had the contrary effect (Santhiago et d., 2009).

Theerythrocytes indices, mean corpuscular volume(MCV), mean
corpuscular hemoglobin (MCH), and meen corpuscular hemoglobin
concentration (MCHC) seem not to be significantly modified by
Strenuous exertion (Banfi et d., 2004) what isin accordance with the
dight dterationsverifiedinthisstudy. Someauthorsstated thet endurance
training decreases MCV (Santhiago et d., 2009; Rietjenset d., 2005)
whilehigh-intensity trainingincressesMCV (Mujikaetd., 1993). Our
results showed the regularity of the different erythrocytes indices.
MCHC remained stable after the training period what conflicts with
the results of other studies which verified opposite dterations, i.e.
MCHC decreased (Broadbent, 2011) and MCHC increased (Mujikaet
d., 1998). Trainingintendty or the previousrunning experiencecan be
reasonsfor thisdiscrepancy. M CH did not experiment Sgnificant changes
inour study conflictingwiththesignificant increaseverified by Mujika
etd. (1998) after hard svimming training. Our basal valuesaresimilar
to the cydlists studied by Smith et d. (1999).

Erythrocyte count and hemogl obin reductions combined with the
stability of themean corpuscular volumeareanindex of hemolysisand
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compensatory reticulos's (Schumeacher et d., 2010) provoked by the
traumatic natureof running (Tdford et ., 2003) that inducesintravascular
hemolysis, intramuscular destruction and osmatic stress. In our study
it ssemsthat red blood cell destructionwasnot completely compensated
by reticulogs.

Itisgenerally acoepted that at rest highly trained individual spresent
lower leukocyte counts than non-trained (Pedersen, 1991), however
theresultsare conflicting (Broadbent, 2011). Watson et . (1988) found
no differences between trained and non-trained subjectsin relaion to
the leukocyte profile, while Nieman et d. (1995) verified decreased
leukocyte and neutrophil countsin marathon runnerswhen compared
to sedentary.

In this study, athough the values remained within the range of
dinica normality, leukocyte concentration changed differently among
subjects. It seemsthat the drametic increasein the volume of training
tends to reduce resting leukocyte count (Lehmam et d., 1997) what
wasseenintwo subjects. Thesgnificantincressing (10.9%) verifiedin
subject PL highlights the variability between subjects for leukocyte
responsetolonglagting running training.

Exhaustive endurance training attenuates neutrophils activity
(Gleeson, 2007) while chronic moderate exerciseimproves neutrophil
functions(Syuetd., 2012). It seemsthat intensvetrainingisdd eterious
for someimmune functions mainly neutrophil respiratory burst (Pyne
et d., 1995). Inthisstudy al subjects decrease neutrophil percentage
withsubject HPshowing thegreeter decreasing (amost 30%0) eventudly
related totheir gastric congtraintsand subseguent inflammeatory processes
(Lamprecht & Frauwallner, 2012). When exercise is exhaustive
neutrophils can be mobilized into the circulation and migrate to the
muscletissueseverd hoursafter exertion (Kandaet d., 2013). Recurrent
longlagingendurancetraining candicitachronicframework characterized
by low basal neutrophil values. Our resultsare corroborated by Morgado
et d. (2012) who found reduced number of neutrophilsin svimmers
undergoinglong-termintensivetraining.

Lymphocytosisoccursduring andimmediately after exerciseunder
avariety of conditionsbut returntobesdl levelswithin24 hours(Gleeson
& Wash, 2012). Regting lymphocyte number is usudly normad in
athletes, dthough low lymphocyte counts have been reported in
marathonrunners(Greenetd., 1981; Krazet d., 2002). All thesubjects
in this study showed norma lymphocyte vaues (higher than 1500/
mm3) in the two moments of evauaion. After the training period
subjects PL and HP incressed sharply their lymphocyte count and
percentage while subject M C reduced both indicators. Thisvariability
iscorroborated by other studies (Broadbent, 2011; Rodriguesdos San-
tos et d., 2006) and can be related to the individua response to the
accumulation of the physicd loads. Markers of immune function in
athletes & least 24 hours after the last exercise bout are generdly not
different from those of their sedentary counterparts, except when
athletesareengagedin periodsof intengfiedtraining (Gleeson & Walsh,
2012). Our resultsaresimilar tothosefound by Gleesonet d. (2011) in
athletesof different endurance sportsbut dightly higher thantheva ues
found by Kretz et d. (2002) in marathoners.

In subject HR, the combination of high leukocyte counts, marked
neutrophil reduction and marked lymphocyteincreasing areanindex of
hyperresponsiveness of hisimmune system eventually related to their
gagtrointesting complaints.

Eosinophils counts and percentages changed different inthethree
subjects but remained within normd reference vaues. Theindividua
variations could be related to exercise-induced bronchocondtriction
asodiated toairway inflammati on and subsequent recovery. Endurance
athleteshavehigh prevaenceof bronchid abnormditiescaused, anong
other reasons, by hyperventilation in cold environmentsthat canindu-
ceinflammation of upper respiratory tract (Heleniuset d., 2005). The
inflammatory response may induce increases in the percentage of
eosinophils, asituation thet occurred in 2 subjects of this study which
iscorroborated by Vergeset d. (2005).

Circulatingmonocytesincreased gnificantly after exerdse(Lombardi
etd., 2011) but returnto basa vaues24 hourslater (Starkieet d ., 2001)
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eventudly dueto remargindization or tissuerecruitment. Thechanges
verified in this study, dl within norma reference vaues, are patidly
confirmed by the study of Falon et d. (1999) but conflict with the
results of Shimizu et d. (2011) who found no dterations in basa
monocyte counts of elderly subjects submitted to resistance training.
The discrepancies can berelated to the training hardnessin this study.
Rdative high monocytevaues seenin subjectsHP and MC can bean
index of increased muscleinflammeation characterigtic of ultra-endurance
runners (Magtaloudis et d., 2006).

Conclusion

This study concluded that endurance trained subjects adapt to a
dramétic increase in running volume reducing red blood cell mass,
hemoglobinand hematocrit without significant changesinMCV, MCH
and MCHC. Leucocytes and leukocyte subsets changed differently
among subjectsbut alwayswithinlaboratory range. Highrunningvolume
caninducegadtrointestina congdraintswhich arereflectedinthebehavior
of some leukocyte subsets.
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