.7 JUL ]993

EFFECT OF HYPOXIA ON AEROBIC CAPACITY IN

ATHLETES WITH LOW BLOOD HEMOGLOBIN LEVEL

CHANTANA AKARATHAM
VA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

(PHYSIOLOGY)

N~ )

RORTETONTRLIAD

87N

IN
FACULTY OF GRADUATE STUDIES

MAHIDOL UNIVERSITY

1993

23114



Thesis

entitled

EFFECT OF HYPOXIA ON

AEROBIC CAPACITY IN

ATHLETES WITH LOW BLOOD HEMOGLOBIN LEVEL

Monthree Chulasamaya,M.D.,Ph.D
Dean

Faculty of Graduate Studies

Chadtana  Alandhom

Chantana Akaratham

Candidate

Pipat Cherdrungsi , M.S.

Major Advisor

_ﬂié‘?_‘urf&__inlty_vm@\

Thossaphol Sa-nganetra,M.D.

Co-advisor

Chaturaporn Na nakorn,M.D.

Co-advisor

Pipat Cherdrungsi , M.S.
Chairman

Master of Science Program in
Physiology ( Physiology of
Exercise)

Faculty of Science



Thesis
entitled
EFFECT OF HYPOXIA ON ALROBIC CAPACITY IN
_ATHLETES W{?H LOW BLOOD HEMOGLOBIN LEVEL
was submitted to the Faculty of Graduate Studies , Mahidol
University for Lhe degree of Master of Science (Physiology)

on

MAY 20, 1993

df\aw}fmm Bkanatlam

Chantana Alkarablhliam

Candidate

Pipat Cherdrungsi , M.S.

Chairman

Thossaphol Sa-nganetra,M.D.

Memnber

P AL A A e e = e ——

Chaturaporn Na nakorn,M.D.

Member

A s

Monthree Chulasamaya,M.D.,Ph.D. Pornchal Mat anglasombut,M.D., Ph.

Dean Dean

Facnlty of Graduate Studies Faculty of Science



BIOGRAPHY

NAME : Flt.Lt. Chantana Akaratham

DATE OF BIRTH : 8 Mar B.E.2506 (1963)

PLACE OF BIRTH : Bangkok , Thailand

INSTITUTION ATTENDED : Bachelor of Scieqce (Physiotherapy)

Mahidol University (1982-1986)

(X}

RESEARCH GRANT Partially supported by the Faculty
of Graduate Studies,Mahidol University

in the academic year of 1982.



ACKNOWLEDGEMENT

I would 1like to express mny deepest gratitude and
sincere appreciation to Associate Professor Pipat
Cherdryngsi, my advisor, for his supervison. guidance,
criticism and encourangement which has enabled me to carry
out this thesis successfully. Special thanks are also to
Gp. Capt. Dr. Thossaphol Sa-nganetra and Dr. Chaturaporn
Na-nakorn for +their invaluable suggestions.

1 am greatly indebted to the staffs of the Sports
-écience Center, Sports Authority of Thailand for allowing
me to use their instrument during conducting this study. I
would also like to thanks the hematological laboratory
staffs at Bhumibol Aduljadej Hospotal for the hematological
determiantion and also to Mr. Thossaporn, Mr. Santi and Miss
Pantipa for their beneficial assistance. My greatly sincere
thanks are also to the Director of the Institute of Aviation
Medicine, R.T.A.F. and his staffs for allowing me to use and
helping me to manipulate their hypobaric chamber during
conducting a preliminary investigation.

I am grateful to Sgn. Ldr. Pairoat for his excellent
computer and also to the R.T.A.F. athletes who volunteered
as the subjects throughout my study.

Finally, a special note of gratitude and appreciation

goes to ny dearest mother and father for their love,

understanding and encouragement throughout my thesis.

F1lt.Lt. CHANTANA AKARATHAM



@ PN s ' s -
ga'ma'mwuﬁ Naﬁﬂ\iﬂﬂ'}"lzﬁqﬂﬂﬂﬂatQuﬁ]Elﬂ']"lilﬂ'"lu"l'iﬂ‘n'l\nta'fT‘fllﬂ

o o« da o PN 4: .
1uunnﬁ1nuszﬂn31u1ﬂauu?utaammﬁ

Vo au - ~
ﬁ?ﬁﬂ AUNUT  DATEITU

< - as « =
U5 INGVANAATUVNTURE (FITIN8)

< < I'4
AMENTINNITAIUAN INS TUWUE
9
S oas r's N -
WWRIY LIATNR , M.S.
“nawa §914uA5, M.D.
aqswi M uwT , M.D.
o o <
AUNELIIRTANET 20 WHENIAN  W.f. 2536
UNEAED
s, ’ - oy [ %) -y < L}
1an1n198nRA anﬁwanaqssmnﬂiuTﬂauuﬁusaammaﬂdﬂuaﬂNWin
‘4 o < .
nﬁeuaiiiﬁﬂ?uaﬂﬁaznﬂmaaﬂ?Lau?uunnﬂﬂnwﬂia1ﬂ7ﬁﬁﬂaa1udu 11 ﬂuaﬂq
] v v < « a t
TE%914 20 - 29 1 ﬂ?WNLnnnuﬁaqﬁiuTﬂauu1uLaam 12.1-14.92 n5462a
< v 'V e = 3 [~ 1 q la’d Y < e
LATART TawusunadInyuueaantdu 2 nan ﬂﬂﬂQNﬂNTSQUSTNTﬂRHu?uLaﬂﬂ
a 1 o 1 - < ltJdd N |Aq
UBANII 14 NTUADLABAGT LIEANRUNALABAIN (anenia) LREARUNNAI N
v @ z ' N X P '
LaNTuDANETNTNATUTUL ABAG UG 14 ASNADLATAGTINTY L San NaNAIuAN
. a8
(control) nﬂnﬁiﬂﬂﬂﬂﬂﬂqquaﬂuﬂiniunﬂiﬁﬁaan?Lau§04ﬂ (VO _max)
1 ' < s o o« ] E3) . o PN
B8R AULDTITTUALTIATARATUUNAATILGRZAY  TaaINAANN1ANA 1A LY L Wl -
[ ) ] d ..I;Qa clv . ©v
ﬂaﬂuuunnaeqﬁuaaﬂemaLuaonunsznqnqeﬂugoﬁﬂnﬂgnnmaauaﬂuﬂ7ﬂﬂq1m
9
L e ar ‘JNQ < .
TagldnTg1UIAe U TuFa12za I dnNUINIMLAR2anT L AuUNG (normoxisa)
. : a o X . [
uazludn1izriaaandiau (hypoxia) DINIAMNAIBATENNTa Mwannaay
AdQ i -
METINARFUNLY TN IUANT LAY 14.5 % wasIuInTLau 85.5 % T9LNsi-
LY ¥ L d ul: 1
Lﬂﬁﬂﬂﬂﬂﬁaguungqﬂisuﬂm 10,000 WQLwﬁaszﬂuuﬂnzta WNanI1Inadauwilln
9
' .’;’ Igu - <, < dl '
A1 VO_max naeﬁnmaaunQMNQYNnunnszanSTuTﬂanuﬁuLaamLuaagﬁuanﬂdz
. ' y A e < o
normoxiallG3zaaavludnIrhypoxia wazrn17aa’sut duiga1aTasasvnuan
. ] B v o o B <
VO max ud&A12¢ normoxia walduugatewnmuiuszaudIninaliuiuiaae
3.; v, o 1 ¢ < é o [ ~ PP
UBNIINUANITANINTITIAANI U T L TUAAIINANGINAN L UNALRDALANNUABADINT L IU

o v o o < <
(SaOZ), AATILOUABINANA ttazaﬂ'i"lﬂﬁikﬂaaunna\muﬁ'}ﬂ‘haaﬂ(VE)



i1
o . o v ¥ oo P A o
YunmswnuaznmzaannﬁaoﬂﬁﬂwiaunqaanﬂuaﬂLmﬂQuLaaanqﬂauuazuaﬁaaﬂ—
p ¥
183078 Wu21TUdN1IE hypoxia A1 Sa0_ nelunmsdinuazamzaannife-
NI:I .  ar
A18da16In30 Sa021uﬁﬂﬁds normoxia UWRsTUIMEARAAIAINIBRAIFE Sa0,
®
[eANNINTUUAATIN VO_max @183dIN628 nTtdaguldav L vaudTinguan
v < o « 4 "W <
1uunnﬂﬂnuizﬂu37u1ﬂaﬁu1usaaﬂmw ﬁﬂnnﬂﬁdﬁﬁaaﬂauunﬁﬁﬂnﬂLﬁaﬂwwqwu
9

. [v] Vv - .l, 1 44
21 amiﬂLmunaowaiqgqu(HRmax;?uaﬂﬂqsnwmaaﬂ%Lqu NP RGET A RN

vl

PA] '
8017z nENNYINmEaNT L ANLUAR  TURAIIFTIGBAAT L AUNLAN il HRmax
< ') R v o 4 =T o af
AOANAINNAT VO _max [OIININAE TUNBENAITNFUWUT U UUBTNWUTWIN AN
Jdu <5 i
NUsEaudTNTnalulng ANETARANITNINBAND L IUNTTAARITDINAR L ANTLL N6
s .  ar ar dp 1 d
Angv’NNITaanNnIKSNg aaﬂﬂﬁaanunﬂiamaqnaaqnunanﬁgqﬁmaawe1iﬂ
3
T ~ - - . .
AN TUFNIIETIQBANT L IUD HTu UL aR L anTuL RaaA18uaInN1TaanAIaNAE
[ '] < LI | v Q}.IJ :.;) ’ I &
naqnquLaamqwouﬂqgenaﬂﬂquﬂqnquuuaﬁqﬁugqqﬂnnﬂimnaanqaaenquLnﬁnu
N, ' o M, o - . v od
UBNINNUINIWLIY AU DBNNTIRIAISL UYL WNAITNVUATANIIUBEISAB L UAINNE
v daa [N . <4
TadAIz N ENNYTN A aNT L 3uLnG ARTINITLA[AUNDAIANKR 8 TIBAN &
S o v ¥ ! ,
jﬂnun1i1ﬁaanﬁtqu§qQQ (V_ at VO_max) naeggnnﬂﬁannqaaonqn 1ugn
o . o o
tUREuL AN TaadAIIZ 110 aaNT L U 1unwuaqLﬁﬂ?ﬂﬁﬂﬁstﬂaﬂuuﬂaqnav
[v) - 1 I's
VO_max N1TAAANTANIRTINITIERANTLIU @ AIUMUNT RS AULBTTTUA LTI -
¢ w & % - o ) & - ! v
Tdae (VO at AT)TuiBvdndingAumioninga (mitatduladdnssanianiuas
P v P v = a0
UIN) AULUBIRIIINANIIETIG8ANTLIN ANIATULAAWINTE Vo, at AT go
¢ oo go‘vl N o o
TagAIMaaaUTNUUTAUAT Sa0, Naeav  aAaladn1lzandntInusand-
- ldd - -
LIBUARLAIEANIIZT 1O DNT L W nﬂﬂLﬂ?ﬂuLﬁﬂunqunussﬂuﬂiuTﬂauuUna
- . <y 1 - oY - (] t t e
ﬂuﬂqutaaﬂqqq W21 izﬂuﬁTuTnauu1usaaﬂ1uuwama AT Gaaa’ua1aILlg
[] old ar v s ' < o (vl
6199 NinalTay tiu Sa0,, DRTIN1IEaanT L IUADNITULE 1T IR 1
L o . A 4
f99 (0, pulse),A77UNUNNDIN U, UATARTINITLARAUNTASANVNIETIDEN
v [ ). ' P S
ANETIAFAIITEIGBANT L I ARTILARNDINITY @ SATUMUNLAUL BT TTUALTTY -
Ps ﬁ., o - . - <} P I ' '
Tdaa(HR at AT)\ uﬂduﬂ7w1LﬂadnaenquLaaﬂﬂﬂonwu?ﬂuﬂﬂﬂﬁnaﬁnquﬁiu

x H 1 4 < u
THALUUNG  WRINIANTITANEIATINLAGNIT 1) A2IRFINITANILASTTNAT

4 :
LHATAZ VO max uav VO, at AT aeaviNaagludnnizmieaandiau Iy



iii
3&""- P 4 < y AP
A0/ L HURaRIUNUOIINFT1WITan N asIsuatudnrzanednulsuaaan
< s " f
2ulne 2) ﬂﬁ1aﬂa0ﬁaﬁﬂQﬁaﬂﬂuﬂiﬂnﬁﬁuaiTiaﬂguLuﬂﬂﬂﬁ?ﬂﬂﬂﬁ Sao,
< - a o e P < )
naaay  3) izmuﬁTuTnauunm11uﬂ§uunﬂﬂﬂLaamqwq HHUATVNTITRARIDD Y
(v 4‘ g 1 "< ]

VO _max autuaquﬂaﬂnanqaanmaaﬂ%Lauiuuiouﬂnnu BATNNHNRARNT
d dl 1] L 1&):?-
tdeaundastay AT LNﬂiﬁﬁﬂﬂﬂﬂg?uﬂﬂﬁjsﬁﬂﬂaﬂﬂ%Lﬂu naﬂacuaﬂunq 31

E v o N [ L 7R N ]
ANHTARNIITTIABANT L I nﬁsutaamﬂqua1wanwaLRﬂﬂﬂﬂQﬁuaﬂuﬂiﬂﬁu
oY . o + o . o <
ﬂﬂiIﬁﬂﬂﬂ%tQuﬂmzﬂaﬂﬂﬁa0ﬂ18§0§ﬂuﬂ1uuwaﬁmzaaﬂﬂﬁaﬁﬂﬂﬂﬂﬂuﬂaﬂdﬁuﬂﬁ
o é a I's da a
TEAUTAILAULATTTURLTIE ARG 4) Tuaniazsanrd@ndilIuiuaands 3uUne
AT L AR IANNANTENUAATIN1TIT20NT L IVINULAANAIANATE W ATVUNEN
o ' d v a o A oY
Ta 9 5)ﬂ01un7ﬁuna1nﬂuﬂqiqdﬂwiuﬂﬂinﬂaﬂuaﬂuﬁinﬂuﬂﬂitﬁaaﬂ%tau—
4 1 « 1 1 < <
§q§ﬂnﬂﬂﬂqznﬂaaanﬁtqu?uﬂ@ﬂLaaaqqoaﬂaqu1nﬂ1ﬁn§m31u1ﬂauuﬂnm
1 c < v S0Py EY) 3 -~
281919N0% 813t URTUTa21R TANNIINNIT AR NT L IUTUL RBALAIAAA S
' 1 < o ¢y o o 1 <o P -
HYAENFIUL NaTasHulTIngnITan  UaTaaenanaIande  TzaudiuTnalulu

- . o -«
Laaaen ’ ﬂﬂiaﬂaqnaﬂﬂﬁuﬂmaanatﬂuYuLaaﬂuﬂo (Caoz) WR&AITARN

naeﬁﬂiﬂtaunaeﬁqﬁagqqﬂ



iv
Thesis Title Effect of Hypoxia on Aerobic Capacilty in
Atheltes with Low Blood Hemoglobin Level
Name Chantana Akarathanm
Degree Master of Science (Physioclogy)
Thesis Supervisor Committee
Pipat Cherdrungsi , M.S.
Thossaphol Sa-nganetra , M.D.
Chaturaporn Na nakorn , M.D.
Date of Graduation 20 May B.E.2536 (1993)
Abstract
The influence of blood hemoglobin concentration (Hb) on
the reduction in aerobic capacity during acute exposure to
hypoxia was investigated in eleven healthy male athletes of
the Royal Thai Air Force (R.T.A.F.).Their ages and Hb ranged
from 20-29 years and 12.1-14.9 g/dl,respectively. According
to their Hb, the subjects were divided 1into two groups:
control and anemia. For the subjects whose Hb equal or more
than 14 g/d]l were defined as the control and those who had
Hb level 1less than 14 g/dl were stood for the anemia. Each
subject performed an incremental exercise test until
exhaustion on a bicycle ergometer at both normoxia and
hypoxia. Hypoxia was induced by inspiration of 14.5 %0,
with N, balance (equivalent to an altitude of approximately
10,000 feet).The maximum rate of O, consumption (VO max’) and
anaerobic threshold (AT) of each subject were determined.
The results showed that despite the differance in Hb , the
normoxic VO _max and the VO, at AT of the two groups of

subjects were similar. It was also found that for all



subjects at normoxia the VO_max was 1independent on Hb
aﬁd was significantly decreased at hypoxia. The reduction in
VOo_max at hypoxia from that at normoxia (4 VO_max) was
directly correlated with the normoxic VO_max but was
inversély correlated with Hb. That is, at any Hb, the higher
in normoxic VO_max the greater A VO _max occurred, and at any
normoxic VO_max , the lower in Hb the greater LVO_max was
observed. Hence, the athletes with high normoxic VO_max and
low Hb exhibited considerably high AVO_max. Percent arterial
oxygen saturation (Sa0_), heart rate (HR) and minute
ventilation (V_) at rest and during exercise were also
determined.Blood lactate was measured before and immediately
after the exercise test. Sa0, was found to be decreased from
normoxic values both at rest and during maximal exercise at
hypoxia. The effect of hypoxia on the exercise-induced
decrease 1in Sa0, was more pronouced in athletes who
exhibited high AVO_max compared to those with low AVO_max
and also in the high AVO_max athletes with low Hb than
those with normal Hb. Only in the anemic athletes, maximal
exercise heart rate (HR__ ) at hypoxia was lower than the
normoxic value.It was also found that subject who exhibited

great reduction in HR_ at hypoxia showed high AVO_ max

while such therelationship was not appeared in the non-
anemic athletes. Under hypoxic condition, the decline in
postexercise blood lactate was correspoded to the reduction
in maximal work load;however,the former values in the anemia

was higher than the control even though the hypoxic maximal

work load was similar between the two subject groups. During



vi

incremental exercise, V. at the point where VO _max was
achieved in both subject groups under normoxia were not
changed by hypoxic exposure. Similar to VO_max change, the
level of VO, at AT expressed in term of mwrl/kg/min was
markedly decreased by hypoxia in athletes who possessed high
VO, at AT.The decrease was correlated with the lowering in
in Sa0,. Under both environmental conditions, comparison
between the anemic and the control athletes showed no effect
of Hb on the AT and its related parameters such as Sa0,, O,
pulse, V_ ,and work load. Only HR at the AT showed lower
in the anemia than the control under hypoxia. The results of
this study indicated that: 1) aerobic capacity determined
by VO_max and VO, at AT, was decreased at hypoxia in
proportion to its normoxic levels; 2) the reduction in the
aerobic capacity was attributed to the decreased Sa0_; 3)
low Hb in the anemic athletes could magnify OVO_max but not
AVO, at AT during acute hypoxic exposure indicated that,under
hypoxic condition, the anemia exerted deterioration on Vo,
during maximal exercise but not submaximal exercise at the
level of AT; 4) no effect of anemiaon VO, at any level of
exercise 1intensity could be found under normoxic condition;
5) the exact mechanisms responsible for the more marked
reduction in VO_,max at hypoxia in the anemia than the
control were unknown.However, possible contributing factors
for this might be those which caused lowering in arterial 0,
transport.. These might include the low Hb, the reduction in

o x

CaO, and HR__ .
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CHAPTER I

INTRODUCTION

Previous studies illustrated that there was a closed

relationship between maximal aerobic power (VO max) and

(1.2.3.4) .
. Since the

maximal systemic oxygen transport
latter is governed by maximal cardiac output (Qmax) and
arterial oxygen content (Ca0,), the VO_max, therefore,

is influenced by any factors that can cause changes in CaO,.

For examples, elevation of Ca0_, by raising the ambient

R (5§.8) b N o
air pressure or by increasing the hemoglobin

concentration of the blood can increase VO_max ‘7. on the

other hand, decreasing the <Ca0, by acute exposure to

high altitude . YR or reducing the oxygen carrying

11>

capacity of the blood by anemia have all

experimentally been shown to decrease both the VO_max and
physical performance. From these information it might be
expected that highly aerobically fit athletes with large
VO_,max should possess high hemoglobin concentration. But
this is not always true since some top athletes, especially
in endurance disciplines, possess a lower hemoglobin
concentratiop but higher VO_max when compare with normal
healthy sedentaries ‘** *®’. A ternm ‘sports anemia’ was used
to denote the anemia occurring in relation to intensified

physical training (e but the causes of this are not

exactly known (rE> A possible contributing factor of such

the low hemoglobin concentration in these alhletes 1is



considered to be a mismatched elevation of plasma volume

(16—-20)

and total hemoglobin

It has been reported that at high altiﬁude above
1,200-1,800 meters VO _max decreases by about 3% for every
300 meters additional increase of altitude ‘° *"'"*%’ and
that the reduction of VO_max at high altitude 1is directly
varied with sea level VO_max i.e., the more aerobically fit
individuals suffered a larger decrement in maximal aerobic

(9.10)

power at high altitude '

Since athletes with sports anemia could possess
high VO_max, a question arise whether the 1low blood
hemoglobin concentration in these athletes which shows no
deteriorative effects of anemia on VO max at sea level
could enhance the reduction of VO_max when they acutely
expose to high altitude.

Up to now the studies of the combined effects of
acute . exposure to high altitude and low blood hemoglobin
concentration, especially 1in case of sports anemia, have
not been reported. It is ,therefore, of interest to
investigate the effect of high altitude exposure on aerobic

capacity in anemic athletes in comparison with athletes with

normal blood hemoglobin level.



CHAPTER 11

LITERATURE REVIEW

I. AEROBIC CAPACITY :

The Ability of humans to perform work or
exercise 1is best esamined by determining work capacity and
the total amount of oxygen that can be consumed during
exercise which is called "aerobic capacity" ¢#2>  For each
liter of oxygen consumed,about twenty kilojoules (range froﬁ

23)

19.7 to 21.2) ¢ will be delivered ;3 hence, the higher

the oxygen uptake, the higher the aerobic energy output.
Since we can only estimate an aerobic capacity but not

measure it, so the term "aerobic power" is used to reflects

(24)

what is measured,that is,the rate of aerobic energy use
I.1 Maximal Aerobic Power (VO_max) :

Maximal aerobic power (VO_max) 1is the maximal-
amount of oxygen that can be consumed per minute during
maximal exercise ‘**’ or is defined as the point where the
oxygen consumption plateaus and shows no futher increase (or
increase only slightly, not more than 150 ml) with an
additional workload ‘*®’. Like many other physiological
terms, the term maximal aerobic power can be written in
the other wo;ds such as maximal oxygen consumption, maximal
oxygen intake, and maximal oxygen uptake. The VO max
provides a quantitative statement of an individual’s
capacity for aerobic energy transfer. As.such, it is one of

the more important factors determining our ability to



sustain high-intensity exercise for 1longer than 4 to 5
minutes. Absolute value of VO, max is expressed as liter
per minute to describe the absolute power of the

(24)

cardiorespiratory systen . It’s more usual to present

VO_max in term of milliliter per kilogram body weight per
minute (ml/kg/min) which express the value of VO_max
relative to the amount of tissue that must supplied. This
unit is best suited for making comparison between athletic
groups or between athletes and non- athletes. Those wio have

highest VO_max reported so far are 94 ml/kg/min for a

3

male and 77(ml/kg/min) for a female cross-country skier‘®
I.2 Criteria for Achievement of Maximal Oxygen Uptake

If the subject is well motivated, the oxygen

uptake fails to show an increase with increasing work load
¢®%>  Because it is known that oxygen uptake increases
linearly with increasing work loads up to the maximal rate
of oxygen uptake, a plateau of oxygen uptake with an
increasing workload is a sure sign that the subject has .
achieved his maximum. In an absence of a plateau or a fall
in oxygen uptake, one cannot be certain that the highest

oxysgen uptake is indeed the subject’s VO _max ‘27> other

subsidiary criteria of a good maximum effort include ‘*¢’ :

1. heart rate close to the age-related maximum (220-age)

(23)

+10
2. a respiratory gas exchange ratio of 1.15 or more
3. a high blood lactate level (11-16 mmol/1l).

However, the body must be driven into a

substantial oxygen debt before a plateau is demonstrated,



and this may be difficult to realize in children or older

subjects ze>

«23)>

Test of VO_max should follow 4 general requirements

1. the exercise test must involve large muscle group

2. the rate must be measurable and reproducible

3. the test must be tolerated by all healthy individual

4. type of exercise test should be independent of the

skill.
In laboratory experiments VO_max is usually

measured by one of three types of exercise ;3 running on a
treadmill, cycling on a bicycle ergometer, and stepping up
and down from a bench ¢23> There are some advantages and
disadvantages to each of these procedures. Running on a
tradmill produce  the highest values for VO max,
independent of the skill and is the least differences in
efficiency between the subject €272 put it is quite
difficult to measure respiratory and physiological changes
due to body and ‘1imbs motion § ¥, Cycling on a bicycle
ergometer can be used to measure the quantity of work
performed very accurately -and is prefer able for
peasurement of the physiological changes, taking blood and
testing of respiratory function since in cycling the upper
body and limbs are relatively motionless. However,in persons
who have ne;er ridden a bicycle before, the maximal test may
be undesirable. A step test is very inexpensive and portable
so it may be the only realistic test alternative in field

studies, but it is more difficult to perform recording such

as ECG or blood collecting of exercising subjects when



compare with the 2 former methods‘®”’

In general, a test of VO_,max starts with a
submaximal work rate which also serves as a warming-up
activity. After +this, the load may be increased in one of
several ways: (1) the load may be immediately increased to a
level that represents the predicted maximal load for the
subject and is maintained for three to six minute. (2) The
load may be increased stepwise every minute or every other
minute until exhaustion. (3) The 1load may be increased
stepwise with several submaximal, maximal, or supra maximal
loads and maintain exercise for five to six minute at each
load with or without resting periods between each step (=22

I.3 Factors Determining Maximal Aerobic Power (VO_max)

The oxygen which is utilized during exercise is
supplied by two processes, oxygen transport by the blood
and oxygen extracted by the tissues. Systemic oxygen
transport can be expressed mathmatically as the product of
the arterial oxygen content (Ca0,) multiplied by cardiac
output (Q) : [Systemic oxygen transport = Ca0, x QJ. Hence
the processes of oxygen supply may be further distributed
into cCao_, é, and tissue extraction. These three factors
are the end products of three important physiological

systems : pulmonary, cardiovascular, and local circulatory

systenms (ze> accompanying with the one important factor :

tissue factors (diffusion of oxygen from the capillaries to
the cell ‘?°°*%> gapnd oxygen utilization ability of the
(320 .31)

cell ). It 1is sufficient to say that Vo_max is

reached when Ca0O_, @, and tissue extraction have achieved



2

their maximal functional state Q).[Vozmax = Q X

(a-v)O, difference 3] Figure 1 indicates the close
relationship between VO_max and maximal systemic oxygen
transport (Q__,. x Cao0 ). This relationship exists

Ema x

over a wide range of values in the presence of normoxia

and hypoxia (re3-4

I.4 Effect of Training on Maximal Aerobic Power :

changes in VO_max as a result of aerobic
training range from no improvement to increases as great as
43 % and more °‘°%’, The extent of any training effect
depends on many factors, including physical condition prior
to initiation of training, age, heredity, mode of exercise
during assessment of VO, max, and type of training programe
‘®7> . For instant, in sedentary people, low intensity
training with sessions lasting about 30 minutes repeated 3
times per week, and demanding approximately 50 % of VO _maXx,
can 1increase the paximal oxygen uptake 5 to 10 % after 6
to 12 weeks. And when training at 70 to 80 % of VO_max,

(32.33)

the improvement is on the average 15 % . When

expressing an improvement in percentage of the VO_max
those individuals who start with a relatively low level of

. . (32 .3a4a)
fitness improve the most . However, natural

endowments set a final ceiling for the improvement (32.34>

Sex of the ﬁrainee is not an important factor in predicting
improvement of VO_max as long as other factors, since both
males and females respond to aerobic training with similar

. . . (a3az2z)
increments in maximal oxygen uptake

Aerobic training changes include increases in
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mitochondrial size and number as well as the activity of
aerobic enzymes, increased myoglobin and enhanced oxidation
of fat and carbohydrate, These adaptation are geared to a

greater aerobic production of ATP (==

Aerobic training also brings about both functional
and dimentional changes in the cardiovascular system. These
include decreases in resting and submaximal exercise heart
rate, enhanced stoke volume and cardiac output, and an
expanded arterioalveolar oxygen difference ((a-v)O0,
difference) ¢2%2>  In longitudinal studies: of sedentary
young men, an increase in "maximal cardiac output and
systemic (a-v)0, difference both contribute to the increased
Vozmax(za). With prolonged training resulting in a
further increase in the VO max, an increment in the
cardiac output is the cause of the increase. There is no
significant difference in the maximal (a-v)O, difference
between well-trained athletes who have a very high VO_max

and trained subjects who have much lower VO _max. The

individual variations in maximal stroke volume are much

«23)>

larger than differences in (a-v)0_, difference
I.5 Hematological Indices and Maximal Aerobic Power :

It is well established that physical performance,
endurance capacity, resistance to fatique, and maximal
aerobic power are depend on many different factors. The
important one is the oxygen carrying capacity of the blood
which is mainly determined by hemoglobin concentration,
number of circulating erythrocytes, and the efficiency of

(aa),

their functions Highly significant positive



a1a

correlations were observed between the total amount of

circulating hemoglobin,hemoglobin concentration, hematocrit,
number of circulating erythrocytes , and red Dblood
cell hemoglobin content on one hand, and the VO_max, and the
duration of physical work to -exhaustion on the other

(7.17.35-40) <7

. Exblom at al >studied the response to
exercise after blood loss and reinfuse reported that there
was a more or less parallel decrease following 800 ml blood
loss in maximal work time and VO_max. The latter came back
to control 1level after 14 days, while the former did not
reach prebleeding value before reinfusion. Reinfusion of
packed red cells that increased total hemoglobin 16 % ,
increasing both red cell volume and hemoglobin
concentration. This was followed by a dramatic "overnight"
increase in maximal work time of 23 % and a parallel

. . C7)
increase 1in Vozmax of 9 % 2

The observed changes in VO_,max both by blood"
letting and by reinfusion were highly correlated with the
changes in hemoglobin concentration and the total hemoglobin.

Celsing and covworkers «=8 performed the
experiment about effect of long term anemia and
retransfusion on central circulation during exercise found
that a peroid of 8 to 10 weeks of anemia, where the
reduction of hemoglobin concentration was 27.9 % compare
with pre-venesection period , was followed by a decrease in
VO_max, maximal heart rate and maximal cardiac output.

The formor was back to normal after retransfusion of

erythrocytes, whereas maximal heart rate and maximal
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cardiac output were still reduced 48 hours after a

retransfusion.

1.6 Other Factors Influencing Maximum Aerobic Power

a) Genetic factor :

By analyzing the genetic contribution to
aerobic power, Klissouras €®2> found that 93 % of aerobic
power is under genetic influence although aerobic power is
trainable there is a genetic ceiling on improvement.However,
there 1is one study about physical performance and muscle
fiber types in monozygous and dizigous twins revgaled no
significant genetic contribution to aerobic power but slow
twitch fiber percentage had a high genetic influence, 99.6 %

(853

for males and 92.2 % for females . Since may be this

study failed to control socioeconomic, health, and physical

activity factors between groups €22 4t is likely that

besides these factors the successful performance in aerobic
(za)

sports 1is largely a matter of inheritance .

b) Sex influence :

After puberty female’s VO_max(L/min) is twenty-
five to thirty percent lower than male’s 72 In women
muscular strength, body weight, and maximal power capacity
are also lower than those of men ‘° ’.Thus it seenms
obvious that the body composition differences between the
sexes account for some of the sex difference in VO_max. In
addition, stroke volume, hemoglobin concentration, and
mitochondrial density are likely contributing factors, since
the average values of these three parameters in women are

lower than those of men ‘°*-



c) Age influence : 12

During childhood and adolescence the maximal
aerobic power increases with increasing age because there
is a growth in all tissues of importance for strength and
power during this period. After the VO, max reaches its
peak between sixteen to seventeen years in females, and
eihgteen to twinty years in males, there is a gradual
decline (s, The decrease in VO_max and endurance
capacity with advancing years 1is caused by morphological
aging processes in the vascular system, respiratory organs,

and skeletal musculature. Among important causative factors
are the following :

1) Changing inside and between the capillaries and
cells reduced oxygen permeability and oxygen utilization.

2) Progressive diminution of power reserves and
maximal cardiac output caused by atrophy of myocardium and
progressive sclerotic processes in the heart.

3) The reduction of oxygen saturation of the blood
due to the changing of alveolar membrane and capillaries.

4) The connective tissue is increase whereas muscular

mass 1is decreased so it is resulted with the reduction of

(28)
VO_max .

d) Muscular mass involved in exercise :
The size of active muscles is considered to be
one factor that can varies the demand on the oxygen-
transporting functions. Astrand and Saltin €2°> noticed a

five percent difference, VO_,max being higher during

running than during cycling. To obtain maximal values when
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using the <cycle ergometer, motivation and stimulation may
be particulary important, owing to more pronounced local
fatique 1in the legs (Knee region) when cycling. In arm
exercise, the VO _max is about 70 % of what 1is attained in
leg exercise. At a given work rate, the intra-arterial
blood pressure and the heart rate during arm exercise are
higher than in - leg exercise. When combining arm and leg
exercise <(cranking and c¢cycling) the highest oxygen uptake
that can be attained depends upon the relapive load on the
arms. Evidently the organism (inclusive heart) could
tolerate a prolongation of the exercise period when a larger
mass of skeletal muscle were activated since the
subjective feeling of strain is related more to the
metabolic rate per square area of muscle than to the total
metabolism. The assessment of +the individual’s VO max
should be made with the subject exercising in the upright
position (running or cycling) with or without arm exercise

added.

e) The influence of ambient temperature, humidity,

barometric pressure and time of day :

For all types and degree of perfarmance, there
are probably physiological optima of ambient temperature,
humidity, barometric pressure, and time of day. Herxheimer
found that at the equal steady-state of exercise, there is
a great increase in heart rate when the ambient temperature
is increase ‘" . Temperature and humidity above the

comfort range can lead to an extra load on the organism

during ergometric performance, depending on movement of the
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ambient air. They cause a rise in heart rate, cardiac output,
and amplitude pf arterial pressure during equal powvers as
expressions of increased regulatory functions. During the
performance, the organism generates amount of heat and that
makes the increment of internai temperature. As internal
temperature rises, the heart rate and cardiac output
increase, accompanied by decreased arteriovenous oxygen
difference, in order to distribute and dissipate the
increased muscular heat. Temperatures below 20 ¢ have a
favorable effect on endurance performance whereas higher
temperatures favour sprints €282 To evaluate Vo_max by
bicycle ergometer, the data for oxygen consumption and
carbon dioxide production obtained under ambient conditions
must be reduced for standardization purposes to values based
on O c¢ and 760 mmHg (STPD). Also the increase from morning
to evening in heart rate, systolic pressure, and other
piclogical factors must be taken into account.

As barometric pressure and partial oxygen
pressure fall, the VO_max decreases. In the case of

submaximal exercise intensities, the heart rate and
respiratory minute-volume rise as the ambienthpressure falls
(2z8).

II HYPOXIA AND MAXIMAL AEROBIC POWER

II.1 Hypoxia

Hypoxia 1is the condition of oxygen deficiency at .

the tissue level *°°. Traditionally, hypoxia has been

divided into 4 types =

a. Hypoxic hypoxia. The PO_, of the arterial blood is
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reduced.

b. Anemic hypoxia. The arterial PO, is normal but the
amount of hemoglobin avialable to carry oxygen is reduced.

c. Stagnant or ischemic hypoxia. The blood flow to a
tissue is so low that adequate oxygen is not deliverd to the
tissue despite arterial PO, and hemoglobin concentration
are normal.

d. Histotoxic hypoxia. The amount of oxygen delivered to
a tissue 1is adequate but, because of the action of a toxic

agent, the tissue cell cannot make use of the oxygen

supplied to them.
I1.2 The Study of Hypoxia :

Three procedures have been used to study hypoxia

cza)

a. By exposing subjects to the high altitude areas such
as Pike’s Pead (4,300 m or 14,108 ft), this procedure is
used when the biological effects of the total altitude

environment are under study.

b. By using a hypobaric (low pressure) chamber, when
only the hypoxia is under study. In this case, mobility is
limited but hypoxia can be closely controlled.

c. To manipulate the percentage of oxygen inspired by
the subject. 1In this way , altitude can be simulated.

II.3 Physiological Response to Hypoxia

At an altitude 10,000 feet' where PO, is
approximately 60 mmHg there is enough hypoxic stimulation of

the chemoreceptors to definitely increase ventilation cae?

11.4 Effect of Hypoxia on VO_max :
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The impact of moderate hypoxia upon maximum
oxygen uptake has both practical and theoretical interest.
From the practical viewpoint, sports physician wish to know
the 1likely deterioration in endurance performance when

competitions are staged at moderate altitudes e

, While
from the theoretical viewpoint hypoxia seems a useful tool

to distinguish a central limitation of oxygen transpoert from

(288.44 .485)

a peripheral restriction of performance

It is well known that VO max is directly
proportional’ to the maximal rate of systemic oxygen
transport, which is the product of arterial oxygen content
(Ca0,) and maximal cardiac output (Qmax). With acute (less
than 24 hrs), hypoxic exposure, Qmax is unchanged from sea

level, but arterial oxygen saturation, thus Ca0O_,, is

(1.47 .48)

reduced resulting in a decrement in VO max
Apparently,' a greater than 3 % drop in CaO_, resulting from

hypoxia may be required before VO_max is measurable

(40)

affected .

Recently, in 1988 shephard et al €@ reported
that hypoxia induced by breathing 12 % oxygen in nitrogen
(equivalent to an altitude of 4400 meters) caused an average
28 % decrease of VO max, with a somewhat small decreases
in peak heart rate, peak blood pressure, peak ventilation
and peak blood lactate concentration. The major part of the
impairment in oxygen transport was due to a reduction of
arterial oxygen saturation, with small contributions from
the decrease in heart rate and the decrease of ventilation.

(8.10.50.861)

Like many previous experiments they found
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that the more aerobically fit individuals do tend to
suffered a larger decrement in VO_max than the |less
aerobically fit ones. They summarized these relationships

in a multiple regression equation of the type €22

~

VO _max = 0.5 VO_,max + 0.007 V_ + 0.009 fh - 0.35 - 1.23

(r = 0.945, SEE. = 0.188 1/min)

where " VO_max (l/min) is the hypoxic'change of VO_max

(VO_,max normoxia minus VO_max hypoxia) , VO_max (1/min)

is the maximal oxygen uptake in normoxia, V_ (1/min) is
the hypoxic change of respiratory minute volume, fh is
the hypoxic change of the heart rate, and S is the sex
(male = 1, female = 2) When VO_max and V_ were related to
body weight the relationship was :

- VO _max= 0.50 VO_max + 0.0074 V_ + 0.138 fh - 2.08(S)-14.8

(r = 0.935, see = 2.72 ml/kg-min)

' The primary and the most immediate function of
the cardiovascular system .is to supply oxygen in adequate
quantity to the tissues. To pérform exercise, the active
muscles have a manifold increase in O requirement as

e

compared to rest. Thus, meeting the increase in O,

requirement to do physical work requires remarkable

cardiovascular and respiratory adjustments to maintain PaCO,

(1085 ) .

and pH

II1II.1 Anaeroic Threshold Hypothesis

The anaerobic threshold is defined as the level of

exercise VO, above which aerobic energy production is

supplemented by anaerobic mechanisms (ree>. The

hypothesis states that :
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1. the 0, required by the metabolically active
muscles can exceed the O supply to the mitochondria

e

when.the work rate is sufficiently high

2. the imbalance between the O, supply and O,
requirement (i.e.,O0, requirement greater than supply)
brings about a net increase in anaerobic oxidation in the
cytbsol of the <cell with pyruvate conversion to lactate

(fig 2).

3. lactate 1is buffered in the cell primarily by HCO,
(fig 3)

4. the CO, generated from buffering increases CO,
output while HCO, exchanges for lactate across the muscle
cell membrane according to the new electrochemical
gradients

5. the buffering and acid-base disturbances produce
predictable changes in gas exchange.

II1.2 Noninvasive Measurements of the Anaerobic Threshold

The noninvasive detection of the AT has gone to
several refinements. Initially, it was suggested that
departures in the linearity of véntilation (V_) and carbon
dioxide output «(VCO,) plus and abrupt increase in the

gas exchange ratio (R) could be used as markers for the

(1068.107) . .
. While these are

onset of a metabolic acidosis
valid indices, they are not optimal, because it is often
difficuly to Jjudge the VO, value at which V_, VCO,
and R begin to increase more steeply. A better detection

scheme would involve determining the AT as the breakpoint

from a variable that is decreasing or is relatively



ATP
F!
FFA Pyruvate & i - Carbohydrate
\\
)
,°- _NAD a7
.. UNADIIHS
W 1
Lactate C)\‘ i
:® .
Mitochondrial
—— == ~ Acetyl COA— B T I Shu!“ﬂ——— Tl W Py Gy
/ \ l.
Oxalo agelate Cltrate '\
/' "2 NAD “-,
JNADH itk
,
Trlearboxyllc = 10
Actd 4 5 Elcctron 'Tr:n|porl——>=02:4' HZO
) Wy
Cycle \L l/ \L 7
ATP ATP ATP

Fig 2. Schematic of metabolic pathways leading to production of

adenosine triphosphate. Pathway "a" is used for low to moderate

intensity work rates. Pathway "b" supplements pathway "a" at

. . o {105)
heavy and very heavy work intensities.

From Wasserman, 1984

19

q0S0LAD

NOLHONUHDOLTH



20

Muscle Cell i Blood | Lung
} 1

<1) Subslratle + 0, < : 0, € : O,
] 1
[} !
| |

Energy + CO, . - CO, : > CO,
+ H' La (Anaerobic) i
1 1
"""""" s .. "
| f
(2 H' La + K* HCO, «—— - .
e : HCO :
I Na‘ 1
[} | ” Lé I
H,0 + Cco, + K' Lg ———+" !
1 |
I I
[} )

—> o, ——> co,

Fig - 3. Cell buffering of the increase 1in lactic acid

production when pathway "b",described in Fig.2 cobtributes to

(105)
the reoxidation of cytosol NADH. From Wasserwan, 1984



71
unchanging over a number of work rates before it begins
to increase.

Two variables have this pattern of response
during incremental exercise. They are the ventilatory
equivalent for VO, (V_/VO,) and end-tidal PO, (P_.0.).
During the early work rates of an incremental test
both variables decrease because the physiological dead space
to tidal volume ratio (V /V.) decreases. The
decrease becomes less steep as the work rate continues to
increase. At some point V_/VO_ énd P_.O, begin to
systematically increase (fig 4,5). But other events can also
cause these two variables to increase, e.g.,anxiety, pain,
hypoxemia, and volitional hyperventilation. How then can
one be sure that the increases in V_/VO0, and P_..0,
are due to an exercise-induced lactic acidosis and not to
some other ventilatory stimulus 7

The answer involves the concept of "isocapnic

(109

buffering"”. Wasserman et al have shown that for

rapid incremental exercise tests, V. and VCO, increase
at the same rate for a few work rates beyond the AT (see fig
5). This is evident by the fact that V_/VCO, does not
increase at the AT but remains stable. Thus, the criterion
-of the systematic increase in V_/VO, without a
concomitant. increase in V_/VCO, is the most specific gas
exchange method for detection of the AT cro8>

However, the optimal protocol for the

noninvasive detection of the AT would appear to be one that

1) maximizes the investigator’s ability to observe the
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isocapnic buffering region and

2) results in a clear break point in V_/V0O, (res?

III.3 Factors Affecting Anaerobic Threshold

The AT is influenced by many factors. Of these,
the inportant appear to be mode of exercise, heredity, state
of training, body size, sex, and age.

a) Mode of exercise :

In various experiments where the AT was
determined on the same subjects during different forms of
exercise. The AT 1is not +the same for all types of
exercise. For instance, the vo_, at the AT 1is usually

higher for tradmill exercise than for leg cycle ergometry

(11°>, presumably because the work is distributed over a

larger muscle mass. In different speed of pedaling, Hughet

111>

al. found that the higher the frequency the lesser
the work rate at AT. The duration of each work rate during
112

incremental exercise does not affect the AT

b) Heredity :

(113>

In 1986, Aunola and Rusko demonstrated

that among untrained men, who were grouped so that they
represented distinctly either the slow twitch or the fast
twitch type groups, AT seemed to be dependent on the fiber
type majority in exercising muscles.The increase recruitment

of fast-twitch fibers could accont for the increase in

blood lactate this in turn , reduces the anaerobic threshold

C117)

c) Training :

Several studies suggest that the AT be
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increased after +training (#124-31%> " Based on the study of

Gibbons et al ' they suggested that the AT was
improved at training intensity 1levels equal to the AT,
above the AT and below the AT. However, by observation, it
can be deducted that the AT group showed a greater degree
of improvement in AT than the other two groups. Possible
mechanisms that account for an increased AT after endurance
training include an improved distribution of blood flow
(facilitated by an increase in capillary density) in trained
muscle or increased oxidative capacity at the cellular level
,and an alteration in the muscle fiber recruitment pattern

resulting in a delayed activity of fast twitch muscle fibers

¢117)

during incremental exercise

d) Body Size :

From the cross-sectional study in children

118)

Cooper et al found that AT and VO_max increase in

a highly ordered manner with increasing size, and as Jjudged
by AT/VO_max. Therefore, they concluded that in children
cardiorespiratory .responses to exercise are regulated at
optimized values despite overall change‘in body size during
growth.

e) Sex :

(110)

Nicolic and Todorovic found that in

female group the AT was only 57.3 % compared with the
male group during arm exercise and 60.8 % during leg
exercise.

f) Age :

«120)
1.

Regbranck et a found that there is a
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significant decrease in AT in boys and girls with age when
the AT was expressed as both absolute and relative values
but Cooper et al. ¢**2> round only slightly decresed in the
ratio of AT to VO_max with age. These suggest an increase

in lactacid anaerobic capacity during growth.

IIT.4 Anaerobic Threshold and Performance

It 1is widely appreciated thaﬁ a relative high
level of VO_max is necessary for high 1level aerobic
endurance performance in competition with other athletes who
also have relatively high VO_max. Another characteristic of
endurance athletesis that they can exercise at high percen-

tages of their VO max for long periods without accumulating

121>

large amounts of lactic acid in their blood

It has been pointed out by a number of studies

(107 .122-128)

that AT reflected endurance capacity . Tanaka

(128)

et al. have demonstrated that alterations in 10,000 m.

running performance are more directly accounted for by the
AT changes (r = -0.69 to -0.92) and by the VO, max changes
(r = -0.60 to -0.85).

The postulated rationale for the close
relationship between the AT and endurance performance
relates to the rate of muscle glycogen breakdown. Because
long-tern, high intensity exercise results in, and is
perhaps ultimately 1limited by, mnuscle glycogen depletion
(r27.rEes exercise Jjust Dbelow the AT would result in a
much slower reduction of the muscle glycogen stores than

exercise above the AT and would therefore be tolerable for

much longer periods of time. This is because glycogen is
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used at a rate that is 18-19 times faster during anaerobic

glycolysis compare to oxidative phosphorelation for the same

(120)

energy (ATP) yield. Boyd et al. have demostrated that
elevetions in blood lactate concentration inhibit lipolysis
in exercising man and thus force obligatory carbohydrate

utilization.

I11.5 Application of the Anaerobic Threshold Measurement

In testing patients with the complaint of
exercise intolerance we use the AT to complement our VO _max
measurement (Figure 6). If the VO max is normal , then we
conclude that the patient is normal,ilimited by obesity (a
common condition that reduces exercise tolerance because of
the high metabolic cost but without cardiovascular of
respiratory dysfunction) , or we look for evidence of mild

coronary artery disease or lung disease.

If the VO max is low, it is valuable to know if

the AT is normal or low.Our lower limit for normal AT is 40%

(130

of the predicted VO_,max wih a mean . We use the same

method for predicting the AT for females.

The AT is reduced when O, flow to the
metabolically active muscles is inadequate. Therefore,
conditions that limit cardiac output during exercise such as
primary hearp disease, pulmonary vascular occlusive disease,
peripheral vascular disease,and anemia will cause AT to be
reduced because of their effect of 0, flow.

If the AT is normal but the VO max is low(or the

patient stop the exercise before reaching its maximal level)

then the cardiovascular system is probably not limiting. The



28

Vozmax
| l
normal low
|
| I I
normal Lung Heart AT

disease disease |

l o

(mild) (mild) normal low
obesity [— ‘ | I [ | l
Poor Lung Coronary Heart Pulmonary
Effort disease artery disease Vascular disease
disease —-———]
(angina) peripheral
Sedentary Anemia vascular

disease

Figure 6. Use of the AT for decision making in the differen-

tial diagnosis of exertional dyspnea (From Wasserman, 1984).

combination of reduced VO_max and normal AT generally
signifies either that the patient is limited by lung disease
or is not willing to put forth the effort needed to achieve
a normal VO_max (Figure 6).

Thus thg AT is an aid in the differential diagnosis of
disorders of cardiorespiratory coupling to cellular
respiration. Combined with other measurements, the
pathophysiology of exercise limitation can be further
subclassified. The AT can also be used for evaluating

therapy because it is sensitively affected by changes in O,
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flow to the tissues. It is relatively independent of

effort, in contrast to VO_max (re%>

IV SPORTS ANEMIA

It is already known that at sea level anemia
causes both VO_max and physical work capacity to decrease

(38.30.6868.57) . . °
even when there is only as little as one to

Ca0)

two gram percent decrease in hemoglobin concentration
The greater severity of anemia , the greater decrease in
work capacity. Post exercise lactate concentration also
appears to be higher in anmemic group, eventhough they work

(57)

shorter and with lower work rate . On the other hand,

it has been reported that transfusion of packed red cells
which leads to increased hematocrit and blood hemoglobin
concentration resulted in enhanced VO_max ¢7-2%2 since
physical training can actually enhance VO_max, logically,
it might be inferred that the physical training coupled with
the increase in physical fitness should bring about an ele-
vation of oxygen carrying capacity of blood by raising the
values of hemaﬁological indices such as erythrocytes count,
hematocrit and hemoglobin concentration. However there are

many reports showed that elite sportsmen, especially in

endurance disciplines, demonstrate decreases in these three

(21.22.83)

hematological indices even at rest
Interestingly anemia was observed in top athlete of both
. sexes, including those participating in the Olympic games.
Anemia also occured after prolonged intense physical effort

(14 ,15)
. These phynomenon has been referred to as "sports
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anemia", "athletes’ anemia", "post exercise or post effort

. (13.14a4.58.50-82).
anemia" These terms are used to denote

the anemia occurring in relation to intensified physical

. . 185> .
training

A definitive criterion for hemoglobin
concentration that has been used in diagnosing sports

anemia was set in 1983 by Pate as shown in table 1 creso

Table 1. Suggested criteria for sports anemia and

suboptimal hemoglobin concentration.

Sports anemia Suboptimal [Hb]
Men <14 gm/100 ml <16 gm/100 ml
Wemen <12 gm/100 ml <14 gm/100 ml

- - sports anemia will be used in the traditional
clinical sense to designate a.subnormal hemoglobin
concentration in an athlete or physically active persons.

- Suboptimal hemoglobin will designate a hemoblobin
concentration that 1is lower than could be considered
optimal for oxygen transport purposes and will be defined
as a hemog}obin concentration below the mean for the

normal population.

IV.1 Morphological Features of Erythocytes in Sports Anemia:

Generally, sports anemia has been observed in
athletes ranging from previously sedentary individuals

beginning a running programe (186), to fit individuals



(81)

performing daily submaximal exercise ” and to
. . . . . . - . (az2)
individuals participating in prolonged severe exercise

. . C131) .
and strenous endurance training . Besides the lowver

hematocrit, hemoglobin concentration and erythrocyte count,
development of sports anemia can also be determined by the
morphological alterations of erythrocytes such as mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH),
and mean corpuscular hemoglobin céncentration (MCHC) .
However the reports pertaining to these indices are

contradictory. For instant, Rodemski et al 873

found
that, development of sports anemia in physically fit men
after daily sustained submaximal exercise, had a
hematological paﬁtern, characteristic of hypochromic
macrocytosis (MCH and MCHC decrease but MCV increase). They

suggested that this pattern possibly reflects a promote

release of young RBC from the bone marrow. Another

A

explanation for _ this is that, after exercise . the.

intracellular water content increased which in turn leads to

increase in water content in erythrocyte reflected by

decrease values of MCHC, mean cell density of erythrocytes

(8A.65)

(MCD) and by increase of MCV . Anyway in the study

(111>
1

of Hiramatsu et they reported that sports anemia

is normocytic and normochromic that is caused by destruction
of erythrocytes in the initial stage of physical training
that involves hard muscle work.

More recently, iron deficiency has been considered

. . (s8)
as the most frequent cause of anemia 1in sportsmen as

reported by several exhaustive studies (38.56-97>  If the
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hemoglobin 1level suggests the presence of a true anemia,
the physician should look at the MCV, because the two most
common contributors to true anemia in athletes-iron
deficiency and footstrike hemolysis are characterized by red
cells that are too small and too large, respectively. For
example, if the hemoglobin level is 10 to 11 gm/100 ml and
the MCV is 85 fl or below,iron deficiency anemia is probably
the correct diagnosis. If the MCV is 95 f1 or more (runner’s
macrocytosis),it’s probably footstrike hemolysis(oa).

IV.2 Combined Factors Causing Sports Anemia :

Sports anemia usually occurs as a combined effect
of several factors acting together and the sum of each these
effects which, when considered seperately may not be deemed
important at all. The combined causes of sports anemia are
following :

a) Post-training blood plasma.expansion

It is well documented that endurance training is

accompanied by increases in plasma volume and total blood
(18.17.,10,20)

hemoglobin . But an increase in plasma volume

is not matched by a proportional elevation of the red blood

(18.18)

cell mass or total hemoglobin . So it is not

unusual for well-trained endurance athietes to have a lower
hemoglobin concentration than nonathletes (se.e83
Cirtainly, an increase in total blood volume may increase
stroke volume and maximal cardiac output. These increases

are expected to promote blood flow and oxygen delivery to

peripheral tissues during strenous exercise that in turn

(e3)

increase the sea level VO_max as well
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b) Disturbances in erythropoiesis

N
C opniaer?

8)

Hallberg and Magnusson € suggested that
because of adaptive changes caused by training, such an an
increase in concentration of 2,3-DPG that shift the
hemoglobin-oxygen dissociation curve to the right. This
shifts 1leads to an increased delivery of oxygen to all
tissueé, including sensory cells of the kidney responsible
for erythropoietin synthesis. Thus the increased level of
2,3-DPG would be associated with a reduction in the
production of erythropoietin and there by induce a lower
hemoglobin concentration and hematocrit in the peripheral
blood.

Moreover the reduction of serum testosterone
caused by repeated competition also leads to the
disturbances 1in erythropoiesis(°°> since it is known that
serum testosterone plays a significant role in
erythropoiesis at various levels of its regulation.

Another one factor that can disturb the
erythropoiesis system of athletes is a reduction in the
number of T, <(helper) 1lymphocytes and the helper to
cytotoxic suppressor (T,) .ratio in the peripheral blood

(80 .70)

after intense physical endurance efforts . The T,

lymphocytes play an important role in stimulating the
early stages.of erythropoiesis (7
¢) Iron deficiency
In the recent years several reports showed that
iron deficiency 1is the most frequent cause of anemia in

(88.687)> . . . . . .
sportsmen . The diagnostic triad 1is microcytosis

23118 | 1087790
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(MCY = 85 fl) (°°), a subnormal hemoglobin concentration

(lower than 14 g/dl in male and less than 12 g/dl in femele)

(83) . . .
», and a subnormal serum ferritin concentration (less

(ea.a87)

than 12 ug/l)

In sportsmen, iron deficiency may arise from many

causes including :

1 Insufficient iron supplement in dijet ¢®°:722

especially on a strict vegetarian diet where all iron comes

(7a.7a4a)

from nonheme groups which are difficult to absorb

2 Reduced iron absorption from the digestive tract
($8.87.72-75>  Ehn et al. found that in eight distance
runners, absorption in iron in the inorganic,ferrous state

was particulary depressed(7°>.

3 Increased demand for iron particulary in' young
athletes, in those just begin intense physical +training
periods (1A'5°'°°'73>, and in menstruating women (se.723
Such an increased demand is connected with intensified
synthesis of myoglobin and iron-containing enzymes.

4 High rates of iron loss. There are many reports show
that increased 1loss of iron from athlete’s body may result

from bleeding into the digestive tract ¢°°-°7 72:77°7%

Accelerated iron 1loss by sweating has also been suggested.
For instance, Ehn and his coworkers %’ suggested that
loss of iron through heavy sweating could have been a
factor for the much lower of iron hal-life in male runners
than in male controls. Other factors considered to associate
with the increment of iron loss in athlets are

. . . . . (S868.67.,768,70-83)
hemoglobinuria, myoglobinuria and hematuria
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d) Intensified hemolysis during physical effort
The appearance of hemoglobinuria have been found
in both following prolonged running or marching on firm
surfaces and on soft surfaces <~ _ °%7%%’ Increased
hemolysis was also found in other exercise disciplines

(88)

such as weight lifting <57), swimming , and rowing

¢8®>  where there is no traumatization of soles. Hence ip
seems that stressing mechanical damage to erythrocytes is
not the only cause of exercise-related hemolysis but there
are some other factors emerging during intense physical
activity can also adversely affect red blood cells. Factors
enhancing hemolysis during physical exercise are :

1 Age of erythrocytes : Aging of red blood cells
causes decreases in enzymatic and metabolic activity, and
changes in blood cell membranes ‘°°°®*’. These changes

lead to fragmentation of cell membranes and increased

hemolysis of older erythrocytes resulting from intense

(14.40.682.84.87.92-04)

physical exercise
"2 Changes in erythrocyte shape : Changes in shape and
morphology of red blood cell were observed after a 100 km
run and a marathon ‘°° °%’. These changes decrease the
erythrocytes’ filterability and deformability which may
increase hemolysis of such altered red blood cells.

3 M;chanical trauma : Mechanical damage to
erythrocytes may occur as a result of accelerating blood
circulation ‘®'’ or compression of the erythrocytes in
microcirculation during rapid contraction of large muscle

groups (88-70-87>  The extent of the hemolysis is related



- (80)
to the race distance

4 Dehydration and hemoconcentration : The results of
post exercise such as dehydration,hemoconcentration, increase
in blood viscosity and blood plasma,increase in the
osmolarity of blood plasma, increase in the intraerythrocytic

osmolarity, and acute postexercise acidosis can accelerate

(5S68.50.88 - ©2.04)

hemolysis of older erythrocytes

5 Elevation of body temperature : The elevated body
temperature during exercise may also promote hemolysis of

erythrocytes by lowering their osmotic and mechanical

. (S6.50.94.98)
resistance .

6 Catecholamines and lysolecithin : The increase in
the catecholamines 1levels under exercise stress increases
osmotic and mechanical susceptibility of erythrocytes so the
erythrocytes can break down more easily
(€.14.80.62.04.89-299>  There is also a hemolytic agent,

lysolecithin , possibly released into blood circulation

during exercise by spleenic contraction under the action of

. (14 .8680)
catecholamines

7 Hypog}ycaemia : The decrease in glucose
concentration in blood during exhaustive exercise can
affect the osmotic resistance of erythrocytes and‘thus
facilitate bemolysis (2=

8 Peroxidation of the erythrocyte membrane: Exercise,

particulary exhaustive maximal exercise, induces the
‘production of free radicals in large quantities
(62.63.101.102)

. These oxidants induce the changes in

red blood cell membranes which may result in increased red
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(90 .101-103)

blood cell hemolysis

e) Loss of erythrocytes by bleeding into the digestive

and urinary systems :

Endurance running has been shown to cause

gastrointestinal blood loss (°°%°°%° Possible causes of

this blood loss included local lesions such as hemorrhoids,
damage of the intraabdominal hollow organ due to
repetitive impacts of a free surface against a fixed surface

s,and gut ischemia due to diversion of the splanchnic

circulation 3 A8 In a study of physically active

serviceman found that profuse hematuria could occur
occasionally in 1long distance runners from lession in the

bladder due to trauma ‘**®’. The mechanism of injury

was described as repetitive impacts of the posterior
bladder wall against the bladder base during each stride
(133)

. Even though hematuria in contact sports may be

due to -direct renal +trauma, noncontact sports such as

swimming, crewv, and track were also demonstrated

hematuria ‘'*%’.  The possible mechanisms for hematuria

in nontraumatic to the kidney are :
1) there 1is so much vasoconstriction of the renal

blood vessels during severe exercise that may result in

(134)

renal ischemia which causes hypoxic renal damage

2) vasoconstriction of the renal blood vessels may
result in an increased filtration pressure and stasis in the
glomerular capillaries that leads to an increased filtration

of protein and red blood cells through the glomerular

(132)
membrane



CHAPTER III

OBJECTIVE

The aim of this study was to investigate the effect
of acute hypoxic exposure on maximal aerobic power (VO _max)
and anaerobic threshold (AT) and their related parameters in

sports anemic athletes.
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CHAPTER 1V

Materials and Methods

1. Subject

All subjects were volunteer male athletes of
the Royal Thai Air Force (R.T.A.F.). Screening tests were
performed to identify those who exhibits either normal or
under normal blood hemoglobin level by the table of sports
anemia’s criteria °7’. According to this +table anemia
was defined as an athlete or a physically active person.who
had blood hemoglobin 1less than 14 g %. Based on such
definition (or criteria) the subjects could be divided into
two groups, control and anemia. Attempt was made to select
subjects who were physically active and had no history of
any diseases, except anemia, that might 1limit maximum
exercise performance. Attempt was also made to match the
two subject groups for their average level of maximum
aerobic power. No attempt was made to select subjects
through physical education and sports programs.

Eleven subjects , with age range 21-29 yr, were
selected to .participate in this study. There were four
volleyball 'players, four runners, two cyclists, and one
triathlete participated. Five of the eleven who exhibited
blood hemoglobin concentration of less than 14 g % were in
the anemic group. The subjects of the control group were
within the normal range for hematological indices. None of

the subjects took medication at the time of the study, non
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were they prolongly exposed to hypoxic air. The
physiological and physical fitness characteristics of the
two subject groups are shown in table 2. Prior to this study
all subjects had trained for at least 1 year at the RTAF
Sports Association, Bangkok. From subjects’ interview,
training had been performed for 3-5 hour/day, 5 days/week.
Informed consent waé obtained from each subject Dbefore
participation in this study.

2. Equipments:

The following equipments were use to measure
VO_max , percent body fat , and blood lactate concentration.
2.1 Analysis of VO_max and percent body fat
~ Bicycle ergometer (Monark 818, Sweden)
- Polygraph ( Grass Model 7, U.S.A.)
- Three-way value and mouthpiece (Collins, U.S.A.)
- Timer (Hanhart-timer, Germany)
- Pneumotachograph ((i/a) 7320, #2) and pressure
transducer, Grass, U.S.A.)
- 12% O, standard calibration gas (Corning U.S.A.)
and gas regulator (Scott model 2, U.S.A.)
- Gas mixture (14.5% O,, balanced N,) prepared
by Thai Industrial Gas, CO.
- Expired gas mixing chamber 13.0 1
- ﬁeart rate meter (Sport tester PE 3000, Polar
electro, Finland)
- Oximeter (S-100, Simed U.S.A.) and finger probe

(Simed U.S.A.)

- Weight balance with height measuring meter
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(Detecto, Japan)

- Thermometer for measurement of oral temperature
(SK normal glas;, Safte, Japan)

- Sphygmomanometer (AIL-KIT, Japan)

- Stethoscope (3M, Germany)

- Skinfold calipers (Lange, C.S.I., U.S.A.)

- Wet and dry bulb thermometer (Japan)

- Gasometer 120 1 (Warren e. collins incorporated,

U.S.A.)
2.2 Blood lactate determination
- Stapple with lancet (Autoclix, Bachringer
Mannheim Gmbh, W-Germany)

- Haparinized capillary tube (Vitrex, Modulohm I/S,

Denmark)

- Lactate analyzer (madel 23L, YSI Inc., U.S.A.)

3. Environmental Conditions

This study both normoxic and hypoxic condition
were conducted in a temperatured-control room at Sports
Science Center, Bangkok. The former condition was induced
by room air inspiration while the latter was induced by
inspiration of 14.5% oxygen in nitrogen. The reduction
between the two <conditions was three to four hours apart.
The average values of Dbarometric pressure ,relative
humidity , and ambient temperature in the morning and in the
afternoon were 749.7 4+ 1.1 mmHg, 52 + 0.5%, 23.2+0.4‘C,
and 748.8 + 1.4 mmHg, 51.8 + 0.4%,23.6 + 0.5’C,respectively.

4. General Procedure:

4.1 Screening method
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Prior to their participation, each subject was
screened by screeing procedures included medical history and
physical examination. Exclusion from participation
was indicated when any condition or illness that
contraindicated performance of heavy exercise was observed.
One day before participation in this experiment,
all subjects were told to have a night sleep at least 6 to
8 hours. Questionaires about daily physical activity
pattern and the former highest competitive match were
filled up prior to an exercising protocol. Oral temperature
and heart rate were measured at rest with oral thermometer
and heart rate monitoring (sport tester), respectively. The
blood of 2.5 ml was collected at anticubital vein of the
arm for measuring hematocrit, hemoglobin concentration, and
erythrocytes count.

4.2 Anthropometric studies.

Body weight and height were measured with a
mobile balance (Detecto; Japan). The body weight was
measured with subject wearing minimal clothing and recorded
to the nearest tenth of a kilogram. The height was measured

to the nearest millimeter.

The percentage of body fat (% Body fat) and
lean body mass were determined by using skinfold calipers to
measure the skinfold thickness at 4 sites of the body :
biceps, triceps, subscapular, and suprailiac craes.
The details of selected sites were as follows :

- Biceps : over the mid-point of the muscle belley with the

arm hanging vertically and relax.
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- Triceps: over the mid-point of the muscle belley, midway
between the olecranon and the tip of the acromion, with
the upper arm hanging vertically and loosely.

- Subscapular : just below the tip of the inferior angle of
the scapular at the ankle of about 45 degree to the
vertical.

- suprailiac : Jjust above the iliac crest in the mid
axillary line.

| Calculations of body fat were based on the
equation given by Lawrence et al.*®%:

Body fat (%) = [(4.95/body density) - 4.5)1 X 100

Equations for the prediction of body density

were calculated from :

body density

1.1631 - 0.0632 log x (>20 yrs man)

1.1631 - 0.0630 log x (<20 yrs man)
wWwhere x = the sum of skinfold thickness at all four sites.
The -lean bodymass (LBM) was calculated from the following
equation :

LBM = Body weight [1-(% body fat/100)1]

4.3 Continuous multistage progressive non-steady state

exericse test.
4.3.1 Analysis of ventilatory gas
The subject was seated on a bicycle ergometer
(Monark 818;Sweden)of which the saddle height was adjusted
appropriately and breath through a three-way value assembly
connected to the gasometer (Warren e. collins incorporated,
U.S.A.) that supplied inspired gas. After 20-minute breath

of inspired gas mixture at rest on a bicycle ergometer
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(Monark 818, Sweden), the subject started pedalling the
ergometer at 60 revolutions per minute (rpm) with no
resistance for 4 minutes as a warm up peroid. Thereafter,
the resistance was increased by 20 watts every minute until
volitional exhaustion and/or the subject was unable to
continue pedalling at the prescribed rate. During the.test,
for each minute change in work load, the time marker was
activated and its signal was marked on the chart paper.

During the exercise test, respiratory gases,
heart rate, and arterial oxygen saturation were continuously
monitored.

4.3.2 Manipulation of inspired air

In normoxic condition room air was standed for
inspired gas while in the hypoxic condition the inspired gas
came from gas mixture which composed of 14.5% oxygen and
balance nitrogen (approximately equivalent to an altitude
of 10,000 feet 3 see Appendix I for calculation of gas
mixturei.

The normoxic gas (room air) or the prepared
hypoxic gas was filled in the 120 1 gas meter (Warren e.
collins incorporated, U.S.A.), saturated with water vapor,
and inspired by subject via a connecting tubing and the
three-way value. The rate of inflow of the gas to the gas
meter was manually adjusted so that the outflow of the gas
meter was continuous and adequate for ventilation both at
rest and during incremental exercise.

4.3.3 Heart rate monitoring

Sport tester, PE 3000, heart rate meter which
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consits of receiver, electrode belt and transmitter was used
to monitor the subject’s heart rate. Before having the
subject monitored on the bicycle ergometer, we buckled the
electrode belt around the subject’s chest in the position
that the transmitter was symmetrically attached with respect
to the chest. Selected the time and pulse mode on the
receiver and when the heart symbol appeared on the lower
left of the display, the heart rate was determined and
shown digitally on the display.

4.3.4 Arterial oxygen saturation measurement
In this study, noninvasive technique for
determination of arterial oxygen saturation (Sa0,) was
performed with the use of oxemeter (finger'probe type, S-100,
Simed corporation, U.S.A.). During sitting on the bicycle
ergometer, the subjeét’s righ£ or left index finger was put
firmly on the finger probe. Percent Sa0_, as well as the
subject’s heart rate were continuously displyed both at
rest and during incremental exercise. The values at the end
of each minute were recorded.
4.3.5 Measurement and analysis of expired air
A pneumotgchtograph was connected to the
expiratory side of the three-way value. Two air outlets of
the pneumotachtograph (Fleisch iza 7320 (#2),
Instrumentation Associates Inc., U.S.A.) were connected to
two arms of differential pressure transdﬁcer (PT 5 A, Grass
Instrument Inc., U.S.A.). Signal from the pressure
transducer was amplified with low-level DC preamplifier

(7P1E, Grass Instrument 1Inc, U.S.A.) which was further
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amplified by drover amplifier (TDAC, Grass Instrument Inc.,
U.S.A.). The amplified signal was then connected to
integrator (7P10A, Grass Instrument Inc., U.S.A.). Both
output from the low-level DC channel and the integrator
output were recorded on chart paper. The former output
represented the expired flow rate while the latter
represented the expired volume of each breath. When there
was no expired air flowing through pneumotachtograph
between the end of each expiration phase and the end of its
consecutive inspiration phase the sighal from the
integrator was automatically adjusted to =zero. With
expiration the integrator signal increased, reaching its
maximum at the end of expiration, after which it
automatically adjusted back to iero. The beginning of
inspiration up to the beginning of next inspiration was the
criteria for "one breath".

For analysis of gas composition of inspired and
expired air, small lumén sampling lines from oxygen analyzer
(OM-11, Beckman Instruments Inc.,U.S.A.) and carbon dioxide
analyzer(LB-2,Beckman Instruments Inc.,U.S.A.) were inserted
to the gas mixing chamber.The gas analyzer outputs were sent
to multi-channel polygraph(7DAC,Grass Instruments Inc3;U.S.A.)
and then oxygen and carbon dioxide composition of expired
air was reco;ded on chart paper. Paper speed was set through
the exercise test at 2.5 mm/sec. Sampling flow rate for
oxygen and carbon dioxide analyzer were set at 500 ml/min.

Schematic and picture of experimental set up are shown

in Fig.7-9.
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Fig 8. Experimental set up for continuous multistate non-

steady state exercise test.

1. Oximeter 5. Standard calibration gas
2. Grass model 7 polygraph 6. Pneumotachograph
3. Oxygen analyzer 7. Expired gas mixing chamber

4. Carbon dioxide analyzer 8. Lactate analyzer



Fig 8-1. The other equipments for progressive exercise test.

1. Gasometer 120 1

2. Inspired gas mixture’s tank (14.5% O, balance N,)

3. Bicycle ergometer



Fig 9. Resting position of the subject on bicvele
ergometer just before Lhe beginning of conlinuous mull istate

progressive non-steady state exercise Lokt
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4.3.6 Data storage and calculation of ventilation
Minute by minute values of work rate, heart
rate, and arteral oxygen saturation wvere transferred to
computer system. Inspired and expired air oxygen and carbon
dioxide content, volume of expired air and duration of each
breath were also transferred to computer. A special Lotus-

based spread sheet was developed for storage and calculation

of vo,, vco,_, V. and cother variables for the
determination of anaerobic threshold and VO _max.
These variables were plotted against the same

time scale and graphic output were generated.
4.3.7 VO, max determination
Since it is known that oxygen uptake
increases linearly with increasing work rate up to the
maximal rate of oxygen uptake, a plateau of oxygen uptake
with an increasing work rate is a criteria that the
subject has achieved his maximum <*°’- However, in and
absence of VO, plateau, the other criteria of a good
maximum effort include ‘*°’ :
1. heart rate close to (220-age) + 10 *%°
2. respiratory gas exchange ratio (R) of 1.15 or more
3. a high blood lactate level (11-16 mmol/1)
4. an increase in VO, with a further step increase of
work load not more than 150 m1 ¢*° 2,
The subject was well motivated during the test
expecially one to two minutes before exhaustion.
4.3.8 Anaerobic threshold determination

The ventilatory anaerobic thushold (AT) could
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be identified by the point of :
1. An increase in end-tidal O, without a corresponding
decrease in end-tidal Co, (Fig.5.) cres>
2. A decrease or remain unchanged of ventilatory
equivalent for 0, (V_/V0,) starts to increase
without and increase in V_/vco, crese
3. Departures in the 1linearity of ventilation (vV,))
and carbon dioxide output (VCO_) plus and abrupt
increase in the gas exchange ratio (r) “'°®-*°77-
4.3.9 Hematological determination

The levels of hematocrit , hemoglobin
concentration, erythrocyte count and red cell morphology
of each subject were determined before performing the
exercise test. These parameters were determined by the
hematological laboratory staffs at Bhumibol Adulyadej
Hospital, Directorate of Medical Survices, Royal Thai Air
Force.

Then mean corpuscular volume (MCV),mean
corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) were calculated from the
known parameters mentioned above by éhe following

. ¢108):
equations

MCV(fl) = Hematocrit (%) x 10
erythrocyte count (million/cu mm)

MCH(pg) = Hemoglobin concentration (g%) x 10
erythrocyte count (million/cu mm)

MCHC(%) = Hemoglobin concentration (g%) x 100

Hematocrit (%)
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4.3.10 Blood lactate determination
Blood samples of approximately 25 microliter
each were collected from finger tip into haparinized
microcapillary tubes at rest and at 1 and 3 minute after
the end of exercise. The samples were then analyzed for
blood lactate concentration by the YSI 23L lactate analyzer
(see Appendix II).

5. Experimental Protocol

Each subject was informed of the perposes,
experimental protocol,and procedures of the experiment,as
well as risk from participation,and then signed a statement
of informed consent.

The subjects were divided into two groups
based on their Hb concentration, namely control and anemia.
The level of Hb concentration of 14 g/d]l was used as a
criterion for the justment of anemia‘®®’

The experimental design was managed so that
the average VO, max of the control and the anemic groups of
subjects were comparable. The physiological characteristics
of the two subject groups were presented in Table 3.

Two exercise tests under the normoxic and
hypoxic exposures were conducted on the same day about three
to four hours apart in randomized order.The reason for this
is that since the presence of sports anemia may be transient
which could be disappeared after a peroid of less than one
week(Az'ai),so to keep the hematological indices of each

subject the same at both normoxia and hypoxia the two

exercise tests were performed on the same day.
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To avoid the effect of diurnal variation and
the ordering effect on the VO,max testing , randomized
normoxic and hypoxic exposures were performed.Similar to the
present study , two exhaustive exercise tests on the same
day have been performed previously by other investigations
and no effect of such the tests on work performance have

(140 .,172)
been reported

Exercise Testing Protocol

K<——Exposture to Normoxia (room air) or Hypoxia (F O, 14.5%)—

<—Rest on—ycWorm-up-|¢-Incremental-load exercise{<—Recovery — )
bicycle 60 rpm| test,60 rpm,20 watts/min

ergometer 0 watt

A\ .
1Y A \ N

€—20 min—K—4 min-Y&——Approx 11-15 min— |€—1nin¥2min —

Blood sampling

Start exercise for lactate

determination

Exhaustion Endé—

6. Data Analysis

Student’s paired t-test was used to examine
the effect of hypoxia on work performance and all
physiological paramenters measured in each group of subject.

An unpaired t-test was used to test for
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statistical significant differences in all measured
variables between the control and the sports anemic groups.
Correlation and simple linear regression were
also employed to see whether any intercorrelations existed
among the measured parameters in question.
The level of statistical significance was
considered at the probability (p-value) of 0.05. Results

are reported as means % SEM.
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CHAPTER V

RESULTS

1 Physical and Hematological Characteristics.

The physical and hematoiocical characteristics of
the control and the anemic groups are presented in table 3.
Both had statistically the same physical fitness level at
normoxic condition , but had significant differences in
all hematological paramiters except the mean corpuscular

hemoglobin concentration (MCHC) which was statistically the

same in control and anemia.
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Table 2. Physical and hematological characteristics of
overall subjects.
Parameter Control Anemia
Age(year) 23.0 + 1.2 14.7 £ 1.8
Height (cm) 171.75%2 2.82 171.30£ 4.52
Weight (kg) 61.18+ 4.96 62.72¢ 3.45
% Body fat 12.37+ 0.40 13.22+ 0.53
Fat free mass(kg) 53.67+ 4.49 54.44+ 2.80
RHR (beats/min) 57.3 + 1.3 56.6 + 1.8
VO, at rest(ml/kg/min) 5.33+ 0.38 6.10+ 0.59
Hb(g/dl) 14.624+ 0.14 12.86+ 0.24
Het (%) 42.23%+ 0.71 37.66% 0.86 '
RBC(x10°) A.77+ 0.08 5.20& 0.24"
MCV(f1) 88.61+ 0 55 72.944 3.62 "
MCH (pg) 30.72+ 0.5 24.92+ 0.94" "
MCHC(g/dl) 34.654% 0.59 34.21+ 0.41

Values are means + SEM.

Significantly different from control;+p<0.05,+++p<0.001.
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2 Maximum Oxygen Uptake (VO )

2 max

In Fig 10 ,the absolute decrement in VO max at
hypoxia is plotted as a function of the normoxic VO_max.
The linear regression equation of the control subjects was
Y = 0.24X - 6.8,where Y is the absolute decrement of VO_ max,
X 1is the normoxic VO_ max. The correlation coefficient (1)
between these +two variables was 0.81(p<0.05) ,indicating
that regression of A VO_max on normoxic VO max was
significantly correlated. There was also a linear
correlation between VO _max and A VOo_,max for the
anemic subjects: Y = 0.68X - 26.15, r=0.88 (p<0.05).

In Fig 11 ,the hypoxic VO, max was plotted
against the normoxic VO_max showing the distribution of
hypoxic VO,max wunder the influence of normoxic VO max
and hemoglobin concentration. The hypoxic VO_max of every
tested subject, was lower +than the normoxic VO _max.
Moreover,when the control and anemic groups were considered
seperately ,the rate of hypoxic VO, max over normoxic VO, max
was lower in the later group.

When A VO_max , was expressed as either
ml/kg/min or a percentage of normoxic VO _max , was plotted
against hemoglobin concentration negative correlation was
found in both cases but only the later case showed
significant correlation (Fig 12a and b ).

Fig 13 the distribution of Sa0, in relation
to hemoglobin concentration at rest and at Vo, max at both

normoxia and hypoxia. Only significant correlation



304 | O Hb<l4g %
@ Hb>14g % /

N
o
N

. éSC
= :
£ 204 &/
< </
2 /
> J
E 15- /
5 /
£ o/
ON1O— './ o \’
o> ’ © @)
< od €
5- N7
o~
O 1 || 1 ¥ |

30 40 50 60 70 80
Normoxic VO, max ( mi/kg/ min)

Fig 10. The absolute decrement in VO_max al. hypoxiafﬂvozmax)

plotted as a function of normoxiec VO_max in econtrol and

anemic subjects

————— The regression line is Y = 0.2X - 6.8 3 r=0.81(p<0.05).

r=0.88(p<0.05) .

—-++~ The regression line is Y = 0.7X - 26.6;



280' O Hb<14 g %
£ ® Hb>14 g %
™~ 70 -
o
< W
> o
Q
Ee0+ &
5 @(’
° \A
= 50- 2 et
/
O & o)
o> O/
i \
% 40~ 65
0.
>
xI

o
©)

{ I | { {

30 40 50 60 70 80
Normoxic VO, max ( mi/kg/min )

Fig 11. The hypoxic VO, max plotted as a function

normoxic YO _max.

60

of

denotes the 1line where the value of hypoxic VO _max

is equal to normoxic VO_max

————— the regression line is Y = 6.8 + 0.8X ; r=0.97

the regression line is Y = 26.2 + 0.3X; r=0.66.



30

N
(8}
!

A\702 max ( mi/kg /min )

m VO, max> 570 mi/kg/min
8] \702mox< 57.0 ml/kg/min

Fig 12.

against hemoglobin concentration, (b) The AVO_max expressed

as a percent chage from normoxic VO, max is plotted

hemoglobin concentration.

40+

max )
2 w
(6]

{

W
o
I

L

AVOzmax (% normoxic VO

25

o

(&)
]

10

61

(a) The absolute value iof FA) VO _max

plotted

against



62

Normoxia Hypoxia
® ot roest o at roest
= at V02 max o at V02max
100 Normoxia,at rest
:——*—:—Fw‘ O—
e NormOXiQ,Qt \70 m(]. "
] RHI\LZ
95_ \—-..-n
o] O G
Hypoxia,al rest —
$90-| 0O———0~—0c """ o o)
St O
o m]
@) a
o ]
il o ot ~
n 85 \]()?,m */D/
.. ol _—
\/\\JQO*\O‘*}*
/
80 g O
O P/ (@]
O =
/*/ u]
75
] ] T 1
12 13 14 15
LHbI(g%)

Fig 13. The individual values of arterial oxygen saturation

(5a0,) of overall subjects plotted against hemoglobin

concentration.



63

(p<0.001) between these two parameters was observed in
subjects during exercise at the point of VO_max under
acute hypoxia. Under this condition » subjects with lower
hemoglobin concentration exhibited more reduction in Sa0,.

The relationship between the reduction in Sa0,
from resting value at VO_max ( that is , Sa0, at rest
- Sa0, at VO _max or d sao0,) and hemoglobin
concentration was shown 1in Fig 14. Significantly negative
correlation was found in hypoxic (p<0.01) but not in
normoxic condition. 1It’s linear regression equation was
Y = 51.7-3.1X , where Y represented A sa0, and X
represented hemoglobin concentration. The fitness of the
equation was statistically significant (p<0.01).

When the decrement of VO_max at hypoxia
(AVO _max) and hypoxic A sao, (5a0, at rest - Sa0,
at VO_max) were plotted against each other (Fig 15a,b),
significantly positive correlation and regression vwere

found in both control and anemia: Y = 0.8X+1.5;r=0.92

(p<0.01) and Y=3.5X-30.53r=0.97 (p<0.01),respectively, where

Y represented A VO_max(ml/kg/min) and X represented
hypoxic A Sa0, (#%). However,when the rate of reduction
in VO_max « A VO _max) over hypoxic A Sa0, was

considered it showed greater in the anemic subjects. In
addition, when the VO,max was accounted at any magnitude
of hypoxic fa) Sa0, the subjects with high VO_max of
greater than 57 ml/kg/min exhibited A VO_max greater
than those with lower VO_max.

Fig 16 shows the relationship between the
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reduction in VO _max at hypoxia <« A VO, max) and the
decrement in HR from normoxic value at the point of VO_max
( that is, HR at normoxic VO, max ~ HR at hypoxic VO_max
or A HR at VO_max ) in both anemic and non-anemic
subjects. Significant positive correlation was found (r=0.82,
p<0.05) in anemic group but not in control. The regression
equation for the anemic curve was Y=2.3+1.2X 5 where Y
represented A} VO,max (ml/kg/min) and X represented the
QA HR at VO_max.

Table 3 shows heart rate (HR), oxygen pulse,
lactate and respiratory parameters of the control and the
anemia at rest on bicycle ergometer under normoxic and
hypoxic conditions. Acute exposure to hypoxia caused an
increase in HR above the normoxic level in both subject
groups (p<0.05 in control and p<0.01 in anemia). When
comparison among groups vwere performed, no significant
difference in resting HR under both normoxia and hypoxia
were found. The hypoxia-induced change in HR expressed as
percent of the normoxic 1level was similar among the two
subject groups. Resting minute ventilation (V_) was also
enhanced by hypoxia (p<0.05 in both subject groups). The
percent change from the normoxic value was significantly
greater in the anemia than the control (p<0.001).

Contrast to HR and V_, hypoxic enposure
caused the decrement in resting arterial oxygen saturation
(Sa0,) below the normoxic level in both subject groups
(p<0.001 both). When comparison among groups were performed,

no significant difference was found in resting Sa0, in either
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Table 3. Heart rate (HR), oxygen pulse , lactate , and respiratory

parameters

of control and anemic

athletes

bicycle ergometer in normoxia and hypoxia.

at rest on

CONTROL ANEMIA
Parameter Normoxia Hypoxia Normoxia Hypoxia
HR(beats/min) 65.3 + 2.9 73.5 & 1.4 61.6 + 2.5 66.8 + 4.3""
(# Normoxia) 100 113.7 + 5.8 100 108.6 # 6.2
Vo, (ml/kg/min) 5.3 £ 0.4 5.8 + 0.4 6.1 4+ 1.6 4.9 + 0.3
(% Normoxia) 100 105.3 + 1.4 100 94.8 4 16.2
v_ (1/min) B8.4940.58  9.5710.72" 8.3241.18  11.164¢ 1.22"
(% Normoxia) 100 112.8342.36 100 141.80+23.07" """
0 pulse(ml/beat) 5.0 + 0.6 4.6 & 0.4 6.2 + 1.7 4.6 & 0.2
(% Normoxia) 100 93.9 £ 4.2 100 87.0 £ 13.0
R(VCO_/VO_) 0.7640.05  0.8340.04 0.7840.08  0.8840.12
(% Normoxia) 100 108.0048. 41 100 110.00417.73
Lactate(mmol/1) 1.1 & 0.1 1.2 0.1 1.0 + 0.1 1.1 + 0.1
(% Normoxia) 100 107.8 + 4.8 100 108.5 + 6.5
Sa0, (%) 99 91.5 £ 0.7 99 91.0 £ 0.6 "
(% Normoxia) 100 92.5 + 0.72 100 92.0 1 0.6

Values are means + SENM.

Significantly different from nornoxia;”p(o.os,u”p(0.0l,”““p(0.00l

Significantly different from control ;

NS
p<0.001



69

normoxia or hypoxia. The hypoxic induced change in Sa0_
expressed as percent of the normoxic level was similar
among the two subject groups. There were no significant
differences in o, pulse, R, and blood lactate
concentration between the anemic and the control subjects at
rest under both normoxia and hypoxia.

Data on maximal exercise test are shown in
table 4. Acute exposure to hypoxia caused a significant
decrease in maximum heart rate (HRmax) below the normoxic
level in the anemic group (p<0.001) but not in the control.
When comparison among groups were performed significant
difference in HRmax was found only under hypoxic condition
(p<0.05) where the HRmax of the anemia and the control
were 164.6 + 1.9 and 173.0 + 4.8 beats/min, respectively.
Oxygen pulse at VO_,max was also suppressed by hypoxia
(p<0.05 iﬁ control and p<0.01 in anemia). When comparison
among groups were performed, no significant difference in
this parameter was found either at normoxia or hypoxia. And
again the percent change from the monmoxic value was
similar among the two subject groups.

Like the two above parameters, maximal work
load (WLmax) was also suppressed by hypoxia (p<0.01 in both
subject groups). At both normoxia and hypoxia no significant
difference in WLmax was found when comparison among groups
was performed either when it was expressed as an absolute or
percent change from normoxic value. Similar results were
obtained when WLmax in relative to body weight was

considered. The blood 1lactate concentration at the end of
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Table 4. Maximal exercise data of control and anemia athletes in

normoxia and hypoxia.

CONTROL ANEMIA
Parameter Normoxia Hypoxia Normoxia Hypoxia
HRmax(beats/min) 177.0 + 4.2  173.0 + 4.8 172.2 + 1.9 164.6 + 1.9""""
(% Normoxia) 100 97.6 + 0.9 100 96.2 + 1.2
WL (watt/kg) 4.3+ 0.4  3.94+0.3 4.210.4 3.74+0.3"
(% Normoxia) 100 89.8 + 1.4 100 88.2 + 2.3
WL___(Watts) 256.7 + 8.1 230.0 + 6.8"° 260.0 & 12.6 228.0 % 4.9""
(% Normoxia) 100 89.6 + 1.6 100 88.2 + 2.3
O.pulse at VO max 20.2 t 1.2 17.5 t 1.0°  21.4 1.7  17.4 % 0.6*"
(*+ Normoxia) 100 99.3 t 9.3 100 81.6 + 4.6
R at VO_max 1.09 $0.41 1.20 & 0.02  1.10 + 0.02 1.17 + 0.07
(% Normoxia) 100 109.674+ 2.82 100 107.84 4.80
Lactate (mmol/1) 8.2 0.3 7.5 0.2""  8.74+0.3 7.940.2"
(% Normoxia) 100 91.8 + 1.9 100 91.0 4 1.5
V_max (1/min) 73.5212.89 72.38 42.41 73.4642.63  73.81+ 5.02
(% Normoxia) 100 98.80 $2.08 100 101.004 8.62
VO max(ml/kg/min) 56.1% 2.8 49.3 + 0.9"  57.7 + 5.4 45.0 4 2.5
(% Normoxia) 100 87.9 + 1.0 100 78.4 4 4.5
580, at VO max(%) 96.0+ 0.8 84.8 & 1.2° " 96.8 + 0.5 78.0 £ 0.9"**"***
(% Normoxia) 100 88.4 + 1.8 100 80.6 1+ 0.8

Values are means i+ SEM.

Significantly different from normoxia 3

Significantly different from control ;'

p<0.05,"" pco.o1,”™" p<o.oo1

p<0.05, " *pco.001.
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exercise was significantly 1lower at hypoxia than at
normoxia (p<0.01) in both groups of subjects.Significant
difference in blood lactate between groups was exhibited
only under hypoxic condition (p<0.05) with the higher value
in the anemic group (Table 24).

Maximal oxygen uptake (VO_max) was,
certainly, suppressed by acute exposure to hypoxia (p<0.05
in both subject groups). The reduction in VO _max at
hypoxia was appreciably greater in the anemic group and
make its hypoxic VO_,max significantly lower than control
either when expressed as an absolute or percent change
from normoxic value (p<0.05 both). Similar results were
obtained when arterial oxygen saturation at VO max (Sa0,

at Vo_max) was compared between these two groups subjects.

Contrast to the six above parameters,
respiratory exchange ratio at VO_max (R at VO_max) was
enhanced by hypoxia in the control (p<0.05) but not in the
anemia. When comparison among groups were performed, no
significant difference in R at Vo_max under normoxia and
hypoxia were found. The last parameter to be considered is
maximal minute ventilation (V_max) that showed no
significant difference between normoxia and hypoxia and also

between control and anemic groups.
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3 Anaerobic Threshold (AT)

Table 5 illustrates +the comparison in oxygen
uptake (VO_), arterial oxygen saturation (8a0,) , heart rate
(HR),0, pulse,work loard (WL) and minute ventilation (V)
at anaerobic thresold (AT) of control and anemic group of
subjects under normoxic and hypoxic conditions. Acute
exposture to hypoxia caused a significantly decrease in Vo,
at AT below the normoxic 1level in both subject groups
(p<0.05 in both groups). No significant difference in this
parameter was found either at normoxia or hypoxia,when
comparison among groups were performed. However,when vo,
at AT is expressed as a percentage of VO_max are
considered,the hypoxic induced change in VO, at AT were
remained but not significantly lower than normoxia.

Arterial oxygen saturation (Sa0_) at rest was,
certainly,supressed by acute exposure to hypoxia (p<0.001 in
both subject groups). When comparison among groups were
performed,no significant difference in resting Sa0_, under
normoxic and hypoxic conditions were found. Similar results
vere obtained when Sa0, at AT was considered. The
reduction in Sa0, from resting to the point of AT (i.e.
Sa0, at rest-Sa0, at AT or A Sa0, ) was enhanced by
acute hypoxic exposure (p<0.01 in control and p<0.05 in
anemia). And again no significant differance in A Sa0, was

found when comparison among groups were performed at both

normoxia and hypoxia.

Like Vo, and Sa0, at AT , work load and



73

Table 5. Anaerobic threshold data of control and anemia in hoth

normoxia and hypoxia.

Control Anemia
Parameter normoxia hypoxia normoxia hypoxia
Vo_(ml/kg/min)  36.8 & 4.7 27.3 & 2.8  35.0 + 4.6 24.2 + 1.8"
VO, (%VO_max) 64.5 + 6.1 54.7 £ 4.0  60.2 + 3.9 54.3 & 2.3
a0, (%) 98.3 + 0.3 85.5 + 1.6 97.8 0.8 86.8 & 0.4"""
* 580, (%) 0.7 £ 0.3 6.0 + 1.4"" 1.2 4 0.7 4.2 + 0.4"
HR(beats/min)  135.7 & 9.1 131.5 % 6.9 124.6 + 5.5 112.6 + 2.4" "
0.pulse(ml/beat) 15.9 + 0.8 12.4 ¢ 0.9"°" 17.2 + 1.2 13.4 1 0.8"""
WL(watts) 136.7 +18.2 100.0 #11.5 136.0 +18.3 92.0 + 4.9"
V_(1/min) 36.2 + 4.0 29.5 + 3.5  36.3 & 3.1 31.6 & 2.2

Values are means + SEN.

Significant difference from normoxia : ”p(0.05, ””p(0.0l, '“”p(0.00l.

Significant difference from control : Hp<0.01.



74

oxygen pulse at this point were significantly
decreased during hypoxic exercise. When comparison among
groups were performed , no significant difference in these

to parameters under both normoxia and hypoxia were found.

Minute ventilation at anaerobic threshold
( Vv_ at AT ) was not supressed by hypoxia in
both groups . of subjects. Similar to the three above

parameters, when comparison among groups were performed,
no significant differance in V. at AT under normoxic and
hypoxic conditions were found.

Does not like the above parameters, heart rate
at anaerobic thresold (HR at AT) was not affected by
hypoxia. Significant differace in HR at AT between the two
subject groups was exhibited only under hypoxic condition
(p<0.01) with the lower value in the anemic group (Table 5).

Table 6 showed the relationship among VO, max,
CHb] and various AT parameters of overall subjects at
normoxic and hypoxic conditions. Significant positive
correlations were found between VO, at AT on one hand , and
VO_max,WL at AT,and V. at AT on the other at both conditions.
Such the correlations were also found between AVO, at AT on
one hand,and AHR and VO, at AT on the other. No significant
correlation was observed either between [Hb]l and Vo, at AT

or between [Hb]l and AVOz at AT.



Table 8. correlation coefficient (r) of anaerobic threshold

(AT) and the corresponding parameters at both

normoxia and hypoxia.

Vo, at AT(ml/kg/min) [VO_, at AT

Parameter normoxia  hypoxia <(normoxia-hypoxia)
VO, max(mi/lg/min) 0.78""  0.82""

Hb(g/d1) . -0.60 0.18 ~0.19

WL at AT(watts) 0.89""" o0.84™*"

V_ at AT(1/min) 0.73""  0.64"

AHR (normoxia-hypoxia) 0.87"

Vo, at AT(ml/kg/min) 0.88"""

Significant correlation 3 ”p<0.05 ,"p(0.0l ,"'“p(0.001

75
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CHAPTER VI

DISCUSSION

A number of studies have shown that a reduction in

arterial oxygen content (Ca0_),such as that occurred

¢« B8.10 b}

during acute exposure to high altitude or to
hypoxia‘lnn),or a decrease in Hb concentration (e.g. due
to blood 1lost ‘7’ or anemia ¢'' 3%-°92, at sea level

resulted in the decrement of aerobic work capacity and
maximum oxygen uptake (VO_max). But in the case of sports
anemia that can be found in athletes who had an intensified
physical training, the decrease in Hb concéntration does not
affected the VO,max at sea level since these athletes still
have a higher VOo_max than the normal sedentarjes‘®® '®-®2-°23>
this might suggest that the lowering of blood Hb level have
no significant effect on the VO_max in these highly fit
athletes at sea level. It is known that individuals with
normal blood Hb level, the reduction in VO_max at high
altitude < A VO _max) is varied directly with the normoxic
or sea level VO,max,i.e.,the more aerobically fit athlete
suffered a larger decrement in VO _max at high altitude® *°’,
However , such the effect of high altitude hypoxia on the
VO, max of athletes with sports anemia is still unknown. A
question,therefore, arises; could the sports anemia in
athletes who have high VO_max aggravate the reduction in

VOo_max at high altitude ? The present study was conducted

to answer this question. So this experiment was conducted in
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athletes to determine the reduction in aerobic capacity at
hypoxia as a function of Hb concentration with the use of a
nultiprogressive non-steady state exercise test.

In this study the subjects were divided into two groups
depending on their Hb concentration,as suggested by pPate‘®>’
» the athletes who had blood Hb level less than 14 grsdl
were classified as anemic subjects. The other group of
athletes who had hemoglobin concentration more than 14 g%
vere stood for the control. Besides the Hb concentration,
these anemic athletes also had hematocrit (Hct), mean
corpuscular volume (MCV), and mean corpuscular hemoglobin
(MCH) lower than the control. The only one hematological
index that was not lower than the control was mean
corpuscular hemoglobin concentration (MCHC).

Lowering in hemoglobin concentration and Hect in
athletes have been suggested to be due to post exercise

plasma expansion ‘*' %3’ This phenomenon has been called

"post-exercise overhydration" by Refsum et a1 “*2°

(885)
Robertson and coworkers

studied the changes in red
cell density and its related indices in response to distance
running and pointed out a marked increase in plasma volome
between 48 and 72 hours after a 21 km run. Taking liquid
during prolonged exercise, the shift of water from tissue
space to vascular space, and the suppression of sodium and
water by kidneys during exercise have been proposed to be
the main causes of the postexercise plasma expansion ‘°%°°%°,

Many investigators have found a decreases in hemaglobin

concentration, hematocrit, and erythrocyte count in the
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peripheral blood following intense training ¢'©-%°%-°9>

It has also been reported that the hematological parameters
of erythrocytic system were low in top-class athletes in
endruance disciplines (12'13'58). The tendency to keep
down the hemoglobin concentration is not an accidental
phenomenon but represents beneficial adaptive change
associated with a 12 to 20% plasma volume expansion which
brings about blood dilution and improves rheological
properties of blood. The increase in blood plasma volume, 1i.
e. the total volume of circulating blood improves endurance
capacity and resistance to exhaustion by increase in stroke
volume, and improvement in the efficiency of sweating
(13'86'135). There are, however, a report, indicating no
differences in hemoglobin concentration, hematocrit or
erythrocyte count in well-trained compared with untrained
persons after physical training that effect in an increase
in VO_max craer

The lower MCH of the anemic athletes thén the non-anemic
subjects in this study did not lead to hypochromia since the
MCHC of this anemic group was normal.

By considering the blood morphology, most of the
subjects had normochromic normocyte except the one in anemic
group (triathlete) who showed anisocytosis 1 and
poikilocytosis 1%, This irregularity in erythrocyte
structure has also been found in 71% of the runners
immediately after a marathon race and in 13% of the runners

(o8B .08)
of

on day 10 recovery . However, when his blood

morphology was investigated again during off season (where
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the intensity and duration of training were lower than in
season), such a morphological alteration of RBC was
disappeared and blood hemoglobin concentration as well as
Hct were increased towards normal (Hb 14.2 g%, Hct 43%).
Similarly, when the blood saﬁples of the other 4 anenic
athletes were re-examined during off season, their blood
Hb concentration and the Hct were also raised towards normal.

Accordingly, for all above hematological data seems
likely that the 1lower in hematological indices and the
morphological alteration of RBC of these anemic athletes
were transient and might be caused by an intensified
physical training since during off season where the
intensity and duration of training reduced, this phenomenon
was disappeared without any treatments such as iron
supplementation i e -

Besides postexercise plasma expansion and iron
deficiency, the other three commonly cited causes of sports
anemia are hemolysis induced by intensified physical effort,
losses of erythrocytes by bleeding into the digestive and
urinary systems, and disterbances in erythropoiesis €r=2,
Since the mild macrocytosis is the one important evidence to

(ai1.1a45)

denote the intensified hemolysis while the MCV

values of all anemic athletes in this study showed normal to
mild microcytosis (Appendix III) so the anemia of these

athletes should not be attributed to this cause.

(@A ,.086) (133)

Gastrointestinal bleeding and hematuria

has been reported in endurance runners as well as in non-

c134)

contact sports (such as swimming) via the possible
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mechanisms including 1) so much vasoconstriction of the
renal blood vessels during severe exercise that may result
in renal ischemia which causes hypoxic renal damage (re4
2) vasoconstriction of the renal blood vessels may result in
an increased filtration préésure and stasis in the
glomerular capillaries that leads to an increased filtration
of protein and red blood cells through the glomerular
membrane oo . Although two of the athletes with low
hemoglobin concentration in this study were endurance
runners and one was triathlete, it is not known whether loss
of erythrocyte by bleeding into the digestive and urinary
systems could account for the anemia since analysis of the
intestinal and renal excretions was not performed.

Another possible cause of sports anemia is the
disturbances in erythropoiesis. Hallberg and Magnusson ces?
suggested that training-induced an increase in 2,3-DPG
leads to an increase in oxygen delivery of sensory cells of
the kidney responsible for erythropoietin synthesis and
there by induce a lower hemoglobin concentration and
hematocrit in the peripheral blood. Moreover, the reduction
of testosterone‘®®’ as well as a reduction in the number
of T4 <(helper) lymphocytes andthe helper to cytotoxic
suppreasors (T8) ratio (ee.70e> in the peripheral
blood after intense physical endurance efforts can disturb
the erythropoiesis system of athletes.

The main objective in +this investigation was to

determine the influence of hemoglobin concentration on

aerobic capacity during acute exposure to hypoxia (inspired
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oxygen 14.5% or approximately equivalent to an altitude of
10,000 feet). Since the two groups of subjects had the same
physical fitness level wunder normoxic condition, but had
significant difference in hemoglobin concentration (Table 2)
so the effect of hemoglobin concentration on the reduction
in aerobic capacity under hypoxic condition can be studied.
In this study, under hypoxic condition where the
inspired O, was 14.5% or eguivalent to an altitude about
10,000 feet, the rapid physiologic adjustments occurred to
compensate for the thinner air and accompanying reduced PaO,
(2=-49p During hypoxic resting, hyperventilation and
increased cardiovascular response especially tachycardia
were seen 1in both subject groups. However, such these two
physiological compensations at hypoxia could not bring the
arterial blood O, tension of the two subject groups toward
the normoxic values since their Sa0, fell(Table 3),and hence
lowered Ca0_, at hypoxia should occur. Despite the lower
in Ca0_,, resting HR at hypoxia was increased while the
0, pulse at normoxia was equal to that at hypoxia (Table 3).
If the O, pulse mainly reflected cardiac stroke volume,
such a rising HR would result in the elevation of arterial
0, transport at hypoxia (O, transport = HR x SV x CaO_).
According to the fact that VO, is the product of cardiac
output and C(a-v)0, difference (i.e.0, extraction by the
tissues) and since the similarity in resting VO, was
found between normoxia and hypoxia, it is possible that

Cta-v)0, difference at hypoxia may be smaller than that at

normoxia, if <cardiac output was increased by hypoxia. A
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(e8> who studied the central

previous report of Hartley
femoral and brachial circulation during exercise in hypoxia
(P, 464 npmHg)foundthat the femoral C(a-v)0O, difference
at any VO, was less during hypoxia while the femoral flow
vas greater. 1In the present study, when comparison between
anemia and control were considered, Ca0O_, at hypoxia of the
former group seemed to have a lower value than the latter
since Sa0_, was similar while Hb concentration was lower
in the anemic subjects. However,it is not known whether the
C(a-v)0, difference was more decreased in the anemic group
than control wunder hypoxic condition since the resting
cardiac output was unknown. Blood lactate concentration at
rest in both subject groups was not altered under hypoxia
might indicate that there was enough oxygen uptake for the
aerobic metabolism 50 that an increased anaerobic
metabolism via lactic system was not required.

Our present data about maximal exercise under hypoxic
condition showed that maximum oxygen uptake (VO_max) at
this condition was more markedly decreased in the anemic
group of athletes than the control group (Table 4). The
reduction in VO_max at hypoxia (normoxic VO_max - hypoxic
VO_max or A VO_max) was directly correlated with
normoxic VO, max (Fig 10) but was inversely correlated with
the Hb concentration (Fig 10-12).

Exposure to hypoxic atmosphere at high altitude is known
to impair aerobic performance as characterized by reduced

(8.10.20.18586)

VO_max , and the amount of reduction is

proportional to the reduced in the partial pressure of O,
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in the inspired air. The relationship between the reduction
in VO_max and altitude has been estimated to be on the
order of 10% (of sea level VO_max) for every 1000 m
ascended beyond an altitude of 1500 m above sea level
(8.21.22.20)  ,10s the more aerobically fit individuals who
have a higher level of VO_max do tend to suffer a larger
decrement in VO_max at altitude when compared with the
less fit ones. However, the influence of aerobic fitness on
the reduction of VO_max at high altitude was controversial.
In 1969, Buskirk ¢rae> tudied the results of a number of
investigations and concluded that the decrement in VO_ max
expressed 1in either ml/kg/min or % normoxic VO,max) at
high altitude was smaller for fit persons than for less fit.

on the other hand, in two studies of Grover ®*? and

Saltin (50), the decrement in VO max of highly trained
athletes was reported to Dbe greater than would have been
expected based on observations made on less fit individuals.
So the mechanisms by which ihe degree of aerobic fitness as
characterized by sea level or normoxic VO_max can modify
the relationship between altitude and the decrement 1in
VO_max has been further investigated by a number of studies
(8-10.1473 15 1982, Squires and Buskirk 82 performed the
experiment on twelve young men to study the effects of acute
exposure to simulated altitude of 914 to 2286 m and found
that during maximal exercise at an altitude of 2286 m there
were significant decrease in SaO,, minitue ventilation (V_),

carbon dioxide production (VCO,)» and systemic blood

pressure. These in turn, made VO_max significantly
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decrease. According to Hartley’s study 48> in  which

maximal exercise under hypoxic condition at an altitude of
4350 m was conducted 1in the sedentaries, maximum cardiac
output (Qmax) and oxygen content in mixed venous blood
(Cv0,) has been reported to be remain unchanged from sea
level 3 so the author made a conclusion that the reduction
in VO_max at high altitude may be related to a decrease in
arterial oxygen content (CaO_).

€1°> studied the influence of

In 1985, Young et al
cardiorespiratory fitness on the decrement in VO_max at
high altitude in 51 male sea level residents and found
significant positive correlation between sea level VO _max
and the reduction in VO_max at high altitude ( VO_max)
which was similar to the present study. Based on Dempsey’s
study which reported that at sea level, elite track athletes
show significant hypoventilation and significant hypoxemia
at or near their VO_max when compared to the lower fitness
athletes. So Young suggested that the individuals who have
higher sea level VO_max would suffer a greater decrease in
vOo_max at high altitude. Such a conclusion about arterial
desaturation does not fully explain the interaction between
physical condition and the impairment of oxygen transport
during hypoxia. Therefore, in 1988, further investigation
was done by Shephard and coworker “®° to study the effect
of physical fitness on VO_ max at hypoxia which induced by
inspiration of 12% oxygen 1in nitrogen (equivalent) to an
altitude of 4400 m). Again, they found significant positive

correlation between sea level or normoxic VO max and the
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reduction in VO_max at hypoxia with the corresponding
regression equation of A VO_,max (ml/kg/min) = 0.5 VO max
(ml/kg/miny - 9.91 (r = 0.73) that was compatible with our
current study in which the regression equation of over all
subjects was A VO_max (ml/kg/min) = 0.6 VO_max (ml/kg/min) -
23.5(r = 0.77) where AVO_max is the hypoxic change of VO max
and VO_,max 1is normoxic VO_max, the difference between the
two predicted values of AVO_max from these two equations
were due to an altitude difference since the former equation
was done at an altitude of 4400 m instead of 3040 m as done
in our study.

In the present study, when the relationship between
normoxic VO, max and AVvO_max of the control and anemia
were considered seperately, such a positive corrélation
remained but the rate of change in [ VO_max of the anemic
group was greater than the control (Fig 10). In other word,
at any normoxic VO_max the anemic athletes do tend to
suffer a larger decrement of VO_max at altitude when
compared with non-anemic subjects (Fig 10-11).

Moreover, when the average value of hypoxic VO_ max was
compared between the anemia and the control groups it showed
significantly lower in the former group with +the
corresponding decreased in Sa0, and maximum heart rate
(Table 4, Fig 13,14,16) while at maximal exercise the minute
ventilation (V_max) and respiratory exchange ratio (R)
were not affected by hypoxia as well as by hemoglobin
concentration (Table 4) suggesting that the limiting factors

for this hypoxic exercise should not include V_.
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The pulmonary factors which may potentially limit oxygen

*

. ' .
uptake under the hypoxic exercise include total ventilation,

cardiac output, ventilation-perfusion (V_/Q)* mismatch ,
alveolar-capillary oxygen diffusion limitation, and possibly

gas phase diffusion limitation crEs2 Shephard and

coworker ‘°’ observed that.the subject who hyperventilated
during hypoxic exercise had only a small reductiop of oxygen
transport, while another who hypoventilate had a larger than
anticipated decrease of VO_max. Then suggested that the
drop in average V_max could augmented a decrease in Sa0,.
Our results, however, showed that hypoxic VO_,max and SaO,
were certainly, 1lower than those of normoxia and a
marked reduction im both VO_max and Sa0O, were found in
the anemic athletes, even though the change in V_max was
similar among the subject groups (Table 4). Since a factor
which is sometimes incriminated in the limitation of
exercise is the increased work of breathing at high work
loads ; this could lead to an oxygen demand in excess of the
increased oxygen intake achieved crse> The cost of
ventilation that exceeded +the oxygen uptake is reached at

(189)

level of minute ventilation above 120 l/min which

was not found in our subjects. Thus at least in case of our
study, minute ventilation was not the limiting factor for
exercising at an altitude of 10,000 feet either in the
control or in the anemic group of subjects. The finding that
V_max was maintained at high altitude is supported by the

. (1S3) (187D
experiments of Hughes et al. , Reeves et al R

(1s58)

and Sutton but differs from the result of Shephard
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«cQ) . . . . -
who found a reduction in V_max during hypoxic exercise

(P O, = 12% O, in N_,) suggested that such a decrease in V_

2

may be due to bronchospasm induced by sufficient time of

breathing the hypoxic gas mixture.

The more sea level or normoxic VO_,max the larger
decrement in hypoxic VO_max which could be attributed to
greater diminution of oxygen transport as a result of an
increase in alveolar-arterial oxygen tension gradient crse,
One factor potentially limiting oxygen transport during all-
out effort is the ratio of maximum diffusing capacity (D max)
to the product of the slope of the oxygen dissociation curve
72 and maximum cardiac output (Qmax) (that is, D, max/Qmax) .
In any given subject , +this ratio varies from one
part of +the lung to another, but if the average value does
not reach a cirtain minimum figure, equilibration of
alveolar and capillary blood will fail to occur in the

shorter capillaries (154), with resultant arterial

unsaturation relative to the alveolar oxygen pressure. Since

D, max is reduced in hypoxia or at high altitude (°'157),
and in well-trained subject this difficulty is compounded by
a large @Qmax ¢#2> and a short capillary transit time (rE72
thus resulted in a larger decrease in D max/ Qmax ratio,
an increment of alveolar-arterial oxygen difference ((A-a)0,
difference) could be expected. A study of Torre-Bueno et al.
¢*®%>  jndicated that during exercise at an altitude of
10,000 ft,with exercise intensity above 1 1/min VO_,, (A-a)O0,
difference appeared and become wider with an increasing

VO and suggested that an increased in V,/Q mismatch

2’
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and also the appearance of diffusion limitation occurred.

(170)

Thews et al also reported that during hypoxic

exercise, the major cause of the (A-a)0, gradient was

(152)

diffusion-limitation. Finally, West et al found a

decreasing Sa0, in the face of a rising alveolar PO, on
Mi.Everest, also suggested that it was due to diffusion
limitation. There is, however,a controversial report against
the appearance of diffusion limitation at high altitude.

89> showed that diffusion resistance

Asmussen and coworker'
had no noticeable effect even during work at hypoxia.

A wide arteriovenous oxygen difference L[(a-v)O0,
differencel in well-trained subjects is said to augment the
(A~a)0, difference since it increases the impact of
ventilation perfusion inequalities and frank venous-arterial
shunts upon SaOZ(O). More recently, it has been reported that
in sports anemic athletes, the decrement in O, affinity of
Hb was found together with an increase in 2,3-DPG which made

a rightward shift of O0O_-Hb dissociation curve‘*®*’"  this

shift may create disadvantages at high altitudes‘iaz) in
that a diffusion limitation may be a determining facter in
exercise tolerance *"°’. In the present study, the reduction
in Sa0, in maximal exercise test in association with a
reduction in VO_max was observed and found to be more marked
in the anemic athletes than the controls. This might suggest
the greater limitation of pulmonary diffusing capacity
during exercise under hypoxic in the anemic subjects.

However, since the O_,-Hb dissociation curve and the 2,3-DPG

were not determined in the present study, it is not known
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wheter the shift of O_-Hb dissociation curve to the right
enhanced the diffusion limitation during exercise in hypoxia
in the anemic athletes.

One of the factors which 1limit exercise both at sea
level and aititude is the maximal cardiac output (@max) < **’
During submaximal exercise with reduced PO, in the
inspired air, the lower Sa0, is compensated for with an
increased cardiac output by an increase in HR (r-rme2
HRmax and Qmax were reported to be unchanged at all fraction

of an inspired O, (F 0.) €*2>  4nd this also has been found

during maximal exercise at an altitude of 4,000 m € In

2

addition, Cerretelli‘® suggested that acute hypoxia had no

effect upon the peak HR at altitude of less than 4,000 m,and
Reeves '°°’ also reported no significant reduction in HR
of athletes during maximal exercise at 10,200 feet above sea
level. All thses suport our finding in the control group in
the present study (Table 4). However, there was at least one
report ¢*¢%>  that observed as large reduction in HRmax as
that found by Shephard et al.®’ during maximal exercise
under hypoxic condition and they hypothesized that such a
slower peak HR would be caused by hypoxia reduced myocardial
contractility and/or +the rate of diastolic filling that
might be considered as an evidence of an impairment of
myocardial function but the controversial argument was done
by Sutton andcoworker *°?’ who reported that besides the
reduction in Qmax and HRmax during hypoxic exercise (P O, =

43 mmHg) or equivalent to and altitude of 8,848 m) cardiac

function which assessed by hemodynamic, echocardiography and
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electrocardiography was normal with no clinical evidence of
myocardial ischemia.

During maximal exercise at hypoxia, O, pulse was equal
between the control and the anemia while HRmax was lower in
the latter group (Table 4) indicated the smaller 0,
transport in this subject group since the o, transport‘=
O, pulse x HR. Possible mechanism for this reduction in 0,
transport may refer to a marked decrement in diffusing
capacity that illustrated by the larger decrement of the
Sa0, in the anemic athletes (Table 4). The marked decrease
in Sa0, together with the lower [Hb] would lead to the
greater reduction in Ca0, of the anemia when compared with
the control. Hence; the lower HR and a marked reduction in
Ca0, of the anemia would cause a larger "VO_,max than non-
anemic athletes even though the CvO0_, may similar or
decrease due to the rightward shift of O_,-Hb dissociation
curve in the anemic subjects.

In this experiment, the lesser rise of blood lactate
after maximal exercise at hypoxia was found in both subject
groups with the corresponding lower WLmax. This finding was
in agreement with the other such as Shephard et al.(g),
Sutton et al. “*®%°%%°> Blood lactate concentration 1is
determined by several interacting factors, including the
rate of lactate formation from glycogenolysis and glycolysis
» the rate of lactate entry into the tricarboxilic acid
cycle (Krebs cycle), the rate of efflux of lactate fronm
muscle to blood, and the rate of metabolism of lactate by

. N . . . (1a865)
the 1liver and other tissues, including active muscle



91

Each factor could play apart in the present study. Given
that power output was reduced during hypoxic exercise, a
smaller proportion of the type II glycolytic fibers may have
been activated, this in turn, caused the reduction in the
rate of lactate formation ‘°’. This suggestion was further
supported by the results of muscle biopsy which revealed
that +the reduced glycogenolysis and lactate formation at
exhaustion with increasing simulated altitude is the
importance factor for the reduction of lactate under hypoxic
exercise "°’’. In the present study, the hypoxic bouts
also lasted 1-3 min less than the normoxic experiments,
possibly allowing less time for lactate to diffuse from the
active muscles into the blood stream. A decrease of plasmar
bicarbonate caused by pre-exercise hyperventilation in
humans has been previously been shown to inhibit lactate
efflux from muscle to blood ‘**7°*°%’. The pre-exercise
hyperventilation was also found in this study (Table 3) this
may also contribute to the reduced blood lactate
concentration during maximal exercise at hypoxia. In this
study, the post hypoxic exercise lactate concentration was
found higher in anemic athletes even though their WLmax were

(S7)

similar to the control (Table 4). Gardner et al. who
performed the experiment about physical work capacity and
metabolic stress in subjects with iron deficiency anemia
suggested that the higher in post-exercise blood lactate of
the anemia than the control indicated the relative

contribution of anaerobic glycolysis to the overall energy

demands of the exercise task. This explanation might also be
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applied in our study. Although the controversial result was

€49 vho study the cardiovascular

proposed by Beard et al.
performance of high altitude males during short-term
exercise testing at high altitude as a function of degree of
anemia and found that the snemics had significantly lower
arterial 1lactate concentration at maximal effort than the
controls. the reason for this controversy may due to the
different exercise-response between sports anemic lowlanders
as in our experiment,and iron deficiency anemic highlanders.

At the beginning of progressive exercise test where the
intensity of exercise is low, such an exercising energy is
generated by aerobic metabolism (108-3159>  As the exercise
intensity increases and reach a point between 40 % and 60 %

(15@)

VO _max where the 0 required by the

z

metabolically active muscles exceed the O, supply, the

o o (1085 ) .
onset of anaerobic metabolism occurs . This onset

corresponds to the AT described by Wasserman et al. cree>,
In the present experiment, we also used these two criteria,
1) a non-linear increase in V_ and VCO, plus an abrupt
increase in respiratory exchange ratio (R) 2) an increase
in fraction of O, 1in the expired air (F_O,) without a
corresponding decrease in F_CO_,, for determining AT and
found the VO, at AT at normoxia in our subjects ranged
from 47 to 72 % of VO_max for the non-endurance athletes

and 58 to 84 % of VO, max in endurance-trained athletes

(Appendix III). These results were in agreement with a

. (47 .114.15Q)
number of previous reports .

Similar to VO_max, the VO, at AT was significantly
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decreased at hypoxia in both groups of subjects. However,
unlike VO_max, the VO, at AT of the anemic athletes was
not affected by their low Hb concentration since there was
no significant differance in the VO_ at AT of the anemic
and that of the non-anemic athletes (Table 5). At the
ventilatory AT many corresponding physiological parameters,

0 pulse, V and WL were lower at

such as Sa0,, .

£
hypoxia than at normoxia 1in both subject groups with no
significant difference between groups was oObserved.
Interestingly, under hypoxic condition, the exercising HR at
AT was lower in the anemia than the control.

Since the AT 1is defined as the level of exercise VO,
above which aerobic energy production is supplemented by

ci106)

anaerobic metabolisms , acute alteration in O, delivery

108)

would alter +the AT . The evidence of this has been
presented. For example, Vogel et al. ¢*7%2 found that the
blood 1lactate concentration was higher at all work rates
when COHb levels were raised to 19% by breathing a carbon-
monoxide mixture. The lactate at AT was also reduced by this

(188) . .
used acute isovolumic

intervention. Woodson et al.
anemia to alter O, delivery. This intervention raised the
arterial lactate concentration at submaximal work rates and
lower the AT. By using a ventilatory measure, the lower AT
at hypoxia from the normoxic AT was also observed in the
present study (Table 5). The possible mechanisms responsible
for this are mention below.

In our present experiment, acute alteration in O,

delivery by breathing 14.5% O, in N should lead to a

e
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marked decrease in Ca0O, since significant reduction in SaO,
was found,and hence may lead to suppression of O, transport.
Although it has been reported that during submaximal
exercise at hypoxia, cardiac output was increased while CaO,

(1.4a48.153)
decreased

Such physiological compensation in
response to hypoxia 1is to keep the normal rate of O,
delivery to body tissues by increasing blood flow in the
face of decreased Ca0O_,. However it is not known whether
such the cardiac response also occurred in our subjects in
this study.

It has also been reported that (a-v)0, difference was
reduced at hypoxisa ¢*-48> 50 it was reasonable to assume
that 0, extraction by the metabolic active muscles was
reduced during submaximal hypoxic exercise. This might be a
possible cause of the lowering in AT.

The VO, at AT expressed in term of ml/kg/min was found
to be decreased during hypoxic exposure. However, when the
AT was reported in term of percent VO_max, such the
reduction in VO_ at AT under hypoxic condition disappeared.
This is not surprising since VO_max and the absolute VO,
at AT were both suppressed by acute hypoxia and since VO,
at AT was found to have a high correlation with VO _max at
both normoxia and hypoxia so under hypoxic condition where
vo_max was reduced, the onset of AT in term of VO, would
also reduced in the same proportion of VO, max reduction.

Nevertheless, when the reduction in vo, at AT due to

hypoxia was compared between control and anemia, similar

reduction was observed (Table 5) indicating that lower HDb



95

concentration,cause by sports anemia,did not affect oxygen
uptake at the point up to AT when exercise was performed at
an altitude of 10,000 ft.

Comparison of V. during incremental exercise at
differerent altitude could be performed at either a given
relative intensity of the work such as at AT or at the same
% VO_max, Or an absolute work load. During submaximal

exercise at. highaltitudesor hypoxia, at any given absolute

work load, V_ was reported to be higher than at sea level

or normoxic condition €*-387>  1n this study WL at AT of

both subject groups at hypoxia were lower than those at
normoxia while V_ at AT was remained unchanged (Table 5).
Acute hypoxic exposure did not suppress the VO, at AT
(when it expressed as a percentage of VO_max) since there
was no significant difference between normoxic and hypoxic
values of this parameter,and this may result in the
similarityinvV_ at both conditions.This result corresponded

(187>
who performed

well with the report of Reeves et al.
the experiment about ventilatory regulation during exercise
at 10,200 ft in athletes, and found that if the exercise
intensity (in term of %VO_max) was equal between sea level
and high altitude, the altitude variable of V_ might be
eliminated;that is exercise at the same percentage of VO max,
the equal value of V_ would be observed between different
altitudes. The reason why the lower Hb concentration caused
by sports anemia can magnify the reduction in VO_max at

hypoxia but not VO, at AT (Table 4 and 5) was not exactly

known. However, these results should suggest that during
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submaximal exercise at the 1level of AT wunder hypoxic
condition, physiological functions determining VO, was not
deteriorated by sports anemia, but during severe exercise,
the process of oxygen consumption should be disturbed. It is
well known that VO, is determined by the rate of arterial
blood 0, transport and the O, extraction from the blood
by +tissues. Therefore, it could be suggested that such the
effect of anemia on VO_ at high exercise intensity under
hypoxia was resulted from an earlier limitation of either
one or both the +two major physiologlcal processes which
governing the vo,.

The hypoxia-induced decrease in VO, at AT found in
both the anemic and the control athletes (Table 5) should be
due to a reduction in Ca0, since, at hypoxia, a lowering
in Sa0, at the AT was observed. AS a result, the greater
reduction in Ca0, at AT should occur in the anemic
subjects because of their low Hb concentration. In addition
our results showed a marked lower HR at AT in anemic
subjects while their 0, pulse did not differ from their
control. If the O, pulse mainly reflacted cardiac stroke
volume , O, transport at AT (0, transport = HR x SV x Ca0,)
should be lower in the anemia than the control. Despite
the 1lower in O, transport, the VO, at AT of the anemia
remained unchanged from the control, suggesting the higher
tissue extraction of O, at the AT in the anemic group
since VO, is the function of 0, transport and O, extraction.

During maximal exercise at hypoxia, the anemic athletes

showed low HRmax with no change in O, pulse when compared to
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the control. This may indicate that the maximum O, transport
during exhaustive exercise under hypoxic condition in the
anemic subjects was lower than their non-anemic counterparts
and this may account for the decrease in VO,max of the
anemic group, if such a lowering in HRmax could reduced Qmax
in theseathletes. The possible greater fall in maximum O,
transport in the anemic athletes at hypoxia than the control
could be contributed by a greater decrease in either cardiac
output or Ca0, or both. Clearly, the <¢a0, mnmust be
reduced as a result of a combination of the 1low Hb
concentration in these anemic subjects plus the greater
reduction in their Sa0, during maximal exercise. However,
jt is unknown what the exact mechanisms produced such the
more reduction i; Sa0, in the anemic athletes. The
possibility that the anemic group possessed lower alviolar
oxygen tension (P,0,) than the control during maximal
exercise at hypoxia should be neglected since both subject
groups showed similar V_max. Another possible factor
could be a greater reduction in lung diffusing capacity in
the anemic subjects during very high intensity of exercise.
However, this facter is such a speculation from
extrapolation of the results obtained from non-anemic
subjects reported previously. In non-anemic athletes during
maximal exercise where the VO, is high wunder hypoxic
condition, the diffusing capacity has been reported to be
more critical than during submaximal exercise where the
(18S)

value of VO, was lower . This effect of lowering

diffusing capacity led to a decrease in arterial oxygen
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tension (Pa0_,) and hence Sa0,. An elevation in 2,3-DPG
and its result in a rightward shift of 0.-Hb dissociation
curve, that known to augment alveolar diffusion limitation
%2> yas also a possible factor in reducing the Sa0,
since such the increase in 2,3-DPG has been reported to
occur in sports anemic athletes ‘"®'’. On the other hand,
such an anemic state did not wmagnify the reduction in
absolute Vo, at AT under hypoxic condition possibly
because of no diffusion limitation existed. So the lower 0,
affinity of Hb may cause a minor or no effect on this
alteration in hypoxic VO, at AT.

Either each or combination of the possible factors
mentioned above which might be resulted from anemia should
exist in the anemic athletes in this study leading to a
marked decrease in their VO_max at hypoxia.

Besides the possible cotribution of the more reduction
in arterial O, transport, the greater decrease in VO_max of
anemic athletes at hypoxia may occur in association with
alteration in tissue-0, extraction at the point of maximal

exercise. However, no supporting evidence for this can be

shown.



CHAPTER VII

CONCLUSION

The lower HL concentration in the anemic athletes in
this study indicated sports anemia which were
characterized by blood morphology i(normal MCHC and MCV)
and the trasient state of +the 1low-[CHb] 1in these
athletes (the latter characteristics were observed but
data were not shown).

During resting at normoxic condition,the anemic and non-
anemic athletes showed no significant differances in
all the <cardiac and respiratory parameters that were
measured.

Besides the differance in Hb cocentration , both the
normoxic VO_max and the normoxic VO, at AT as well
as their related parameters were similar between the
anemic and the non-anemic groups.

During resting under hypoxic condition,hyperventilation
and tachycardia occurred for compensation of the
reduced Sa0,_ and hence Ca0O_,. These changes 1in
minute ventilation and heart rate were similar between
the two subject groups.

Aerobic capacity,determined by VO_max and VO, at AT,
was decreased at hypoxia in proportion to its normoxic
levels;the higher in normoxic value the greater
decrement in aerobic capacity at hypoxisa.

The reduction in the aerobic capacity was attributed to
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the decreased Sa0,; the larger decrement of Sa0,
the greater reduction in aerobic capacity.

The 1low Hb cocentration in the athletes could magnify
ﬂVOzmax but not AVO2 at AT during acute hypoxic
exposure.

The similarity in AVO, at AT between the anemic and the
non-anemic athletes despite +the lower in both the HR
and the arterial 0, content in the former group may
indicate a higher tissue-0O, extraction of the anemic
subjects.

The exact mechanisms responsible for the more marked
reduction in VO_max at hypoxia in the anemia than the
control were wunknown. However, possible contributing
factors for this might be those which caused lowering
in arterial O trasport. These might include the low

2.

CHb],and the reduction in Ca0, and HRmax.
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APPENDIX I

Calculation of inspired gas composition in equivalence
to an altitude of 10,000 ft.

The density of air,thus the Dbarometric
pressure (P_),decreases progressively as one ascends above
sea level. Although dry ambient air at sea level and
altitude contains 20.9 % oxygen, the PO, or density of
oxygen molecules is lowered in direct proportion to the fall
in barometric pressure upon ascending to higher
elevations as in the following :

PO, = P_ x %0

e

100
Since the ambient air contains 20.9 % O_,therefore
P, = Plnx Wy _____F N 8§ __ ___ 1
At an altitude of 10,000 ft, the barometric
pressure 1is 510 mmHg and dry ambient air still contains
20.9 % O0_,. So, the PO, at this altitude is :

PO 510 x 0.209

2

106.6 mmHg
A gas mixture containing a certain fraction of

0, which generates its partial tension of 106.6 mmHg at

ambient pressure of 760 mmHg could be prepared. The percent

of 0, in the mixture can be calculated as follows :

% 0, = PO_ x 100

2

P

B

106.59 x 100 = 14.0 %

760
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APPENDIX II

Blood Lactate Determination
(YST model 23L Lactate Analyzer)
Principles of Operation

The tip of the lactate probe is covered by a three-
layer membrane which serves to protect the electrodes and
to define a diffusion path to them. The outer layer is a
polycarbonate material with a nominal pore size of 0.03
micrometers, which is large enough to readily pass oxygen,
hydrogen peroxide, water, and salt, but small enough to
restrict the diffusion of enzymes.The inner layer is a
cellulose acetate material with a much smaller pore size
which excludes ascorbic acid and most other potentially
interfering substances from the electrodes while still
allowing hydrogen peroxide, oxygen, water, salt, etc. to
pass through. Between these membranes is a layer of
glutaraldehyde-crosslinked L-Lactate oxidase.

When the L-Lactate in an injected sample diffuses
through the outer membrane reaction I (below) occurs : the
catalytic action of L-Lactate oxidase and flavin adenine
dinucleotide (FAD) on oxygen and L-Lactate produces
hydrogen peroxide and pyruvate.

L-Lactate + 0, FAD y H,0_, + Pyruvate (I
r4

L-Lactale oxidase
The hydrogen peroxide produced in reaction (I)
diffuses through the inner layer of cellulose acetate and

comes into contact with the platinum anode which is held at
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a potential of + 0.70 volt with respect to the silver
reference cathode. Raaction II now takes place at the
platinum anode, vyielding a current which is linearly
proportional to the concentration of lactate in the sample.

+

Hydrogen peroxide tH_ O, v 2H 4+ 0, + 2e7 (I

The circuit is completed by the silver reference
cathode, reaction (1II)

2 AgCl + 2e .2 Ag + 2 Cl (ITT1)

7

At  constant chloride concentration, the potential
of this reaction is practically independent of current.
The concentration of blood lactate are related to

the amount of generated electron.

Reference

Manual from YSI model 23L Lactate Analyzer : General

information.
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Individual value of physical and hematological characteristics

of 11 subjects.

CONTROL ANEMIA

Parameter 1 2 3 4 5 6 1 2 2 4 5

AN MN PS JD PT BP BH AU PJ S5 PI
Age(yr) 22.0 28.5 24.0 21.4 21.0 21.0 23.5 22.0 28.7 20.4 29.0
Weight (kg) 77.2 53.7 74.0 48.7 54.0 61.5 68.6 73.0 59.3 5B.0 54.7
Height(cm) 179 166 181 168 164.5 172 181.0 183.5 186.0 163.5 162.5
% Fat 12.6 12.9 10.5 12.8 12.2 13.1 12.9 14.7 12.2 13.1 12.8
FFM (kg) 67.5 46.8 66.2 40.7 47.4 53.4 59.8 62.3 52.1 50.4 47.7
RHR (bpm) 56.0 58.0 57.0 57.0 53.0 63.0 62.0 58.0 52.0 58.0 53.0
Hb (g%) 14.9 14.9 14.7 14.6 14.6 14.0 12.1 12.9 13.2 13.5 12.6
Het (%) 40.6 45.0 40.6 43.0 43.0 41.2 35.8 36.0 39.3 40.0 37.0
RBC(XlOB) 4.68 5.08 4.54 4.89 4.74 4.68 4.36 5.75 5.31 5.07 5.52
MCV (fD) 86.8 88.6 BY.5 87.9 90.7 88.1 B2.1 62.6 74.1 TB.9 B7.0
MCH (pg) 31.8 29.3 32.5 29.9 30.8 30.0 27.7 22.4 25.0 26.6 22.8
MCHC(g/dl) 36.6 33.1 36.3 33.9 33.9 34.0 33.7 35.8 33.7 33.8 34.1




Normoxic data of 11

subjects at rest on bicycle ergometer,.
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CONTROL ANEMIA
Parameter AN MN PS JD PT BP BH Al PJ SS PI
HR {(bpm> 56 58 70 68 75 65 65 63 54 68 58
Vo tml/kg/min, 5.4 5.5 3.6 5.8 5.6 6.3 S I 3.8 12.0 4.8 5.9
VE(l/min) 8.3 8.0 6.3 B.B6 9.2 10.86 6.7 8.0 6.& 7.7 12.9
O.pulse(ml/beat)7.4 5.1 3.8 3.B 4.0 §.0 4.1 4.2 13.1 4.1 5.8
R(VCOZ/VOE) 6.8 0.9 0.7 0.7 0.9 0.7 0.8 0.9 0.6 0.7 0.9
Sa0, (%) 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0
[Lactl(mmol/1) 1.0 1.0 1.0 1.4 1.0 1.4 1.1 0.9 0.8 1.3 -
Hypoxic data of 11 subjects at rest on bicycle ergometer.
CONTROL ANEMIA
Parameter AN MN ps  TID  PT  BP BH AU P >y Pz
HR (bpm 72.0 76.0 71.0 78.0 75.0 69.0 84.0 65.0 61.0 62.0 62.0
VO, (ml/kg/min) 5.5 6.1 3.7 5.8 5.8 6.8 5.5 4.2 5.4 4.1 5.1
Vsﬁllmin) 8.7 8.2 7.3 9.8 10.0 12.5 10.1 8.5 14.4 9.1 13.7
Ozpulse(mllbeat)S.S 4.3 3.9 3.5 4.2 6.0 4.5 4.7 5.3 3.8 4.5
R(VCOE/VOE) 0.7 0.9 1.0 0.8 0.8 0.8 0.9 0.5 1.0 0.8 0.9
SaC, (%) 92.0 93.0 90.0 91.0 89.0 93.0 90.0 92.0 93.0 90.0 90.0
(Lactl(mmol/1) 1.2 0.9 1.1 1.4 1.2 1.5 1.0 1.1 0.9 1.4 -
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Maximal exercise data of 11 subjects in normoxia.

CONTROL ANEMIA
Farameter AN MN PS JD PT BP BH AU PJ SS PI
HR__ (bpm’ 188 171 169 192 174 169 169 169 170 179 169

HR at VO _pmax(bpm) 188 156 169 178 174 157 189 153 170 179 169

5.7 49.4 64.0

(4]
w
N

3
>
[ep]
~
-3

VO max(ml/kg/min) 52.1 59.3 44.2 58.1 60.7 62.5

O,pulse(ml/beat) 21.4 1B.6 19.2 14.1 18.8 22.7 21.6 20.0 26.4 18.0 20.7

WL twatts) 260 280 240 240 260 260 240 240 300 240 280
vV max(1/min) 72.9 66.6 B3.1 72.3 67.0 79.2  79.2 74.7 77.7 71.3 B5.4
530, (%) 98.0 93.0 95.0 98.0 96.0 96.0 98.0 98.0 96.0 96.0 96.0
R at Vo_max 1.02 1.10 1.12 1.17 1.07 1.07 1.13 1.13 1.07 1.09 1.01

| gl

Lactate(mmol/1) 8.6 8.0 7. 9.2 7.6 7.6 7.8 8.8 9.5 B.9 -




Maximal exercise data of 11 subjects in hypoxia.

CONTROL ANEMIA
Parameter AN MN PS JD PT BP BE AU PJ SS PI
HR___(bpm) 187 160 167 188 171 165 168 160 160 168 187

HR at VO max(bpm)187 160 161 184 171 165 162 152 152 168 181
VO, max(ml/kg/min)46.2 53.2 39.7 52.1 51.9 52.5 41.9 38.9 46.1 41.9 53.8

O,pulse(ml/beat) 19.7 18.7 18.3 15.9 14.7 19.6 17.7 18.7 18.0 14.5 18.3

WL __ (watts) 240 240 200 220 240 240 220 220 240 220 240

V.max(1l/min) 71.3 71.5 83.6 69.5 66.2 72.2 81.7 66.2 74.4 59.6 87.2
Sa0, (%) 87.0 88.0 86.0 85.0 BD.D B3.0 77.0 B81.0 76.0 79.0 77.0
R at Vo, .. 1.16 1.13 1.22 1.20 1.17 1.29 1.42 1.23 1.09 1.11 1.01

Lactate(mmol/1) 8.2 7.7 6.8 7.9 7.1 7.4 7.3 8.1 8.3 8.1 -
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Anaerobic threshold data of 11 subjects at normoxia and hypoxia.

control anemia
Parameter AN MN PS JD PT BP BH AU PJ SS PI
NORMOXIA
HR (bpm) 138 107 112 165 144 148 125 106 131 122 139
VOEtml/kglmin) 24.5 32.4 23.4 48.8 46.3 45.3 28.2 26.9 43.8 27.9 48.4
VO, (%V0_ max) 47.0 54.6 52.9 83.9 76.3 72.5 52.85 58.0 57.9 56.5 75.6
Oapulse(ml/beat) 13.7 16.3 15.5 13.8 17.4 18.8 15.5 18.5 19.8 13.3 18.0
520, (%) 98 99 99 99 98 97 95 98 98 99 89
Wlwatts) 120 100 80 160 160 200 100 120 180 100 180
VE(llmin) 24.1 30.9 30.6 37.1 44.4 50.3 34.0 40.5 37.1 25.8 44.2
HYPOXIA

HR (bpm) 122 111 121 157 144 134 120 108 114 106 114
VOe(llmin) 17.5 31.2 19.3 30.0 33.3 32.3 21.4 23.1 27.7 20.3 28.4
VO, (#V0 _max) 37.9 58.6 48.6 57.6 64.2 61.5 51.1 53.4 60.0 48.4 52.8
Onpulse(mllbeat) 11.1 15.1 11.8 8.9 12.5 14.8 12.2 15.5 14.4 11.1 13.6
Sa0, (%) 86 90 81 90 83 83 87 87 88 86 86
WL(watts) 80 100 60 100 120 160 80 100 100 80 100
VE(llmin) 18.0 27.5 26.0 26.7 41.5 37.5 30.9 36.2 36.7 25.1 29.3
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