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ABSTRACT

Recent studles have suggested that HDL may regulate the

tlssue cholesterol from the arterlal wall Furthermore, low
fblood levels of HDL have been 1dent1£1ed as a risk factor
for - coronaf? heart dlseases The role of the HDL

‘ subfraétigLs; HDLz.and HDLB remalns controver51al but it is

belleved that HDLZ assumes a protectlve role by transportlng
¥

-the cholesterol acqulred from the celLs to ‘the liver for
deg:adatlon.ahd ‘l;mlnatlon.'Phyelcal'ect1v1ty, among-other '
factors, is known, to-'beheficialiy influence :HDL and its

subfractions.

*
.

'Sixteeh“ydﬁng_ﬂwomen {19-30 ' years) 'participated in a
bicycle ergométer.tteining program, while nine women.acted
as control sujects .and . remained sedentary,' to study the.

‘effect' Of :exer¢ise on; HDL~c, HDLZ-c, HDL3-¢ .and total

cholesterol concentrations. . All subjects were untrained,

‘noﬁ—smORefe and non-users of oral contraeeptivesl ““The
'jtreining'gtogp exefeised thtee times a week for eight weeke,
35 minutes per Seésioh.(S ﬁihute work bout, 1 minute rest
.pe:iggf with heart retes cofreeponding to 75% of their VO2

max._g

' Neight,:height, Sum of four circumferencés, percentage of

body fat and VO2 max were determined prior to and at the’

. completion of the eight- week . study. Blood samples were

drawn after an overnight fast at week zero (pre),  four,

o ' - iii -
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"'51gn1f1cantly and V02 max 1ncreased significaﬁtly .in- the .

.

.'five ':sixkseve'n, .'e'igh't_and nin’e (‘po.st.) and a'n-alfze‘d for 'the..
cholesterol eeonteﬁt in the . 11p1d and llpoprotelns The
rresults 1nd1cated that the body welght the BMI (w/h2) and
'the eum Qf,clrcumferences dld npt change 1n elther grou§, 

while "with time; the: percentage 'of -body-‘fat‘-decreased

Y

icomblned group: No 1nterconver51on of the HDL subfzactlons
.fwasL_recorded ae a function of the -tralnlng proéram.;
~~_quthe;mbre‘end_contrafy-to what,the lite?ature’hes been
: sdggesting;;;théf;changes obeerved ‘in“-the_ HDL sUbf?actieﬁe
,lwere 'bfimaril{_ef?fﬁpetioﬁ.‘dﬂ.nbdifications  occuff;pg‘.in'
- HDL3, . a'nci not in HDL?.-- as. éxgécte'd " The changeé-dﬁervéd in

‘the llpld and llpoprotelns cannot be attrlbuted to tralnlngl.

edue “to an.: absence of 51gn1£1cant between groups (tralnlng

_andﬂcontrOl) differenees on any-varlable'measured.

N
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I
TEE PROBLEM

w

1.1 INTRODUCTION AND RATIONALE

. “Ischemic Heart Disease (IHD) is at present classified as
the. major cause of death in men and women ir Canada, not-
withstanding the fact that its incidence is declining (Sta-
tistics Canada, 1984). Therefore, it is not suprising that a
vast amount of research has been published in past decades
pertaining to the different vrisk factors associated with
the prevaleﬁce of IHD and related corénary heart diseases
(CHD)Y . Elevated blood pressure, obesity, smoking, dret,
inactivity and blood lipids héve been identified as possible
coﬁtributors. The latter one, blood lipids, and more specif-
ica{}g, the high density lipoprotein (HDL) component, has
been a most recent factor of interest in a number 6f stud-
iegf particularly since Miller and Méller's (1975) classic
paper. These authors were the first to propose that HDL may
regulate the tissue cholesterol pools and act in the
clearance of cholesterol from the arterial wall. Miller et
al. (1981) c;nfirmed epidemiological data, establishing a

positive correlation.between atherosclerosis and low densi-



ty lipoproteiﬁ (LDL) and a negative correlation with HDL-
‘cholesterol (HDL-c), in patients undergoing coronary angiog-
raphy. The results also confirmed that ,high 'angiograéhy
scores (greaéer number of stencses; greater narrowing of the
artery and greater length of the stenoses) were assoclated

with lgwef HDL-c¢ (mainly the HDL2 subfraction) concentra-

tiens.

The availaﬁle data has enabled researchers to better un-
derstand the role of HDL as a protective agent against the
development of atherosclerosis: HDL's metabolic function is
primarily one of transporting the chelestercl from the pe-
ripheral tissues to the liver for excretion or for further
synthesis into bi&e acids (Glomset, 1968). Gotto et al.
(1982) summarized concisely the different theoriés that have
been advanced to explain HDL's protective role: HDL may pre-
vent the uptake of LDL by the cells (LDL being the main car-
rier of the total_cholesterol mass); HDL may act as a Eca—
vehger to remove cholestercl from nonhepatic tissues,
including: the arterial walls; and HDL may accelerate the

clearance of triglyceride-rich lipoproteins.

The concentration of circulating HDL is influenced by
many factors: gender, age, smoking; adiposity, diet, oes=~
trogen use, heredity and'inactivity. Women have higher HDL-c
concentfations than men at any age, (Abbot et al., 1983; Al-

bers et al., 1978; Shepherd et al., 1978), and in great



part, this islaccounted for by the HDL2 ;uberCtion, while
HDL3 shows only a slight wvariation with genaer {Anderson
1978). Smokers have lowér mean HDL-~¢ than nﬁn-sﬁokers (Bfun-
zell, 1984: Cowan, 1983; Engef et al., 1977; Heyden et al.,
1979; Rabkin et él., 198i; Stubbe et al.,.1982). Furfher—
more, a dose response with the number of cigarettes smoked
per day has been reported (Wilsﬁh et al., 1983).. Cigarette
smoking affects the HDL3”subfractioﬁ.more than the HDL2 sub-
fraction (Haffner et al., 1985). Also, smokers exercising
three to four times a week, running two to Eour miles per
session, demonstrated lipia profiles similar to those of
sedentary;non-smokers (48 mg/dl for smokers, 47 mg/dl for
non—smokers) suggesting that smoking may negafe the benefi-
cial effect of physical activity (Stamford et al., 1984).
Alcohol censumption has been shown to positively affect HDL,
7but more s¢o the HDL3 sﬁbfractlon (Jacqueson et al., 1983;
Philipps et ;l., 1983), by increasing the synthesis of nas-
cent'HDL by the liver,jénd/or by interfering“with the degra-
dation of HDL micelles (Fraser et al., 1§83) and/or by its
influgnce on hepatic lipase (Hartung et al., 1983). The use

-

of contraceptives and its effect on lipid metabelism has re-
ceived much attention since its link to an increased risk of .
myocardial infarct. The research data provides conflicting
results due :5 various combinations of progesterone and oes-

trogen concentrations. Conclusively, oestrogen use favors

higher HDL cohcentrations (Cauley et al., 1982; Schaefer et



al., 1983; Wahl et al., 1983), be it either in an exogenous
or endogehous form, and may 1indeed réflect ﬁhe higherNHDL-c
concentrations found in women; progesterone dosage 1is npeg-
atively correlated with HDL-c concentrations (Bradley et

al., 1978}).

HDL-c concentrations have been shown to ingrease with
~aerobic’ physical activity with or without weight loss (Bruh-
zell, 1984; Hartung et al., 1983; Huguchi et al., 1984; Phi-
lipps et al., 1982; Williams et ai., 1383; Zimmerman et al.,
1984). = Most studies which have obserqu-aeroﬁic training
benefits, have also demonstrated favorag¥e lipid profiles
(lower total cholesterol (TC), lerr LDL-C, lower VLDL and
lowér triglycerides (TG) concentrationé), but ’ﬁore impor-
tantly, an increase in HDL-c concentrations for the active:
subjects versus sedentary controls (Berg et,él.} 1983; Cow-
an, 1i?3; Durstine et al., 1983; Enger et al., 1977; Farrell
et all, 1980; Hartung et al., 1984; Huguchi et al., 1984;
- Huttunen et al., 1979; Kiens et al;, 1984; Lehtonén et al.,
1978:;1979; Lopez et al.,.1974; Miller et al., 1979; Moore et
~al., 1983; Schriewer et -al., 1983; Sutherland et al., 1984;
Wood et al., 1976; -1983). A few studies, however, have
failed to show any change in total HBDL-c concentrations
{(Frey et al., 1982; 1983; Nye et al. 1980; Rainville et al.,
1984; Williams et al., 1583; Wyﬁné'ep éi.,'1980) and one
group reported a decrease in HDL-c concentrations (Myhre et

al., 198B1). These conflicting results may in fact be a



© ey

Y

function of experimental wvariables sudh as training mode,

« duration of training, blood sampling techhiques, welght

’ L

changes, caloric intake, hormqnai inﬁake and/or production
and genetic susceptibility. Recgntly the hgeq fof guantify-
ing thé changes bccurring in the two bredomrnant HDL frac-
tiqns,.HDLz and HDL3, has'emergéd, in view of the the dis-’
cobery that HDLZ may acéuaLly be ’thé antiatherogénic

fraction due to its central role in-detérmining plagmna lev-

" els of HDL-cholesterol (Sphepherd et él., 1980). A number of

studies have recently inGestigated the cholesterol content
of the HDL subfractions (Ande#son et al., 1978; Neel et al.,
1984; Nicoll et al., 1981; ‘Patsch et al., 1978; Ren et:al.,
1983:; échaefer'et al., 1979). Studies researching .the ef-

fects of aercbic training have shown that HDLZ is the least

.stable and is the fraction most influenced by training while

HPL3 remains more stable and unlikely. to be affected by
training (Krauss et all, 1977b; Kuusi. et al.PZIQBZX. How-
ever, most of the above*studﬁes iﬁvolved male subjects. Few
have investigated HDL subfractions in wbmen-(K¥éués et al.,
1977b; Lipson et al. ., 1959). There-is therefore, a déérth of

information with respect to the effects of physical'activity

on HDL-c¢ subfractions in women. & number of reasons have

‘contributed te this anomaly:. the widespread use of different

combinations of oral contraceptives has rendered data inter-

" pretation difficult; the fluctuations, in HDL-c concentra-

tions during the menstrual cycle.hdve'often been neglected



in ééalyses;‘tﬁe relatively high initial HDL-c levels found
‘ jn womehj‘Mofeoﬁef,:fhe;effeéts'of'an‘aef@bic training pro-
gfém'oh ﬁDﬁ2 éﬁd HDLj.in young women _wbuid provige-us with
a Eet;erﬂunderstanding‘of'the éequentiallpattefn of.alteqa-
'tionstaééﬁrriﬁg in the HDL subfractions.

1.2 - STATEMENT OF THE PROBLEM

The primarf objectivg.of tﬂ£5'étudy‘wés‘to 6bsérvé énf_'
change occuf;ing in“HDLfgholésteroI'céncentratiéns, and"inn
‘partiéular, in itsimain'sﬁbfractions, HDLZ and;HDL3; ipvged-_
entary womenh sdbjectgdzto an eiéht—ﬁeek aerobic bicycle er-
gométer traiﬁing pfoéfam. More specificaily, tﬁe stﬁdy'was
aesigned to determine if'éhree week&& éxéfcise sessions of
ghirty—five minutes ;éch; at ﬁeart ratés in the range.of 60%
to 70% of maximél oxygen consumption (de max) Qould alter
Fhe concentrations of HDLZ2-c¢ and HDLS—;} fé&oring the for-

"mation of HDL2.

A secondary objective of the study was to examine total
cholestercl concentrations in the same subjects, within the.
“same time £frame, to document changes occurring in choles-

+ [e] N ) ,
terol transport as a result of. an aeroblc training program.



—

1.3  EXPERIMENTAL HYPOTHESIS

o

On the basis of the‘informatioh prévided;in'thé introduc-
tion, the foliowihg Was.hyppthesized.;Youné women; submitted
'ﬁo an éerobic traininglpfogram woula demonstrate lower to-
tal cholestercl (TC) concéntrétioné and higher HﬁL—c concen-
tratioﬁs; furthefmore, coﬁcémitanﬁ changes would ﬁccur in
the HDL2 and QDLB subfractions, thus providing thextrained.
subjects with higher HDLZ—C/TC:ahd HDﬁ2-cfHDL—c ratios than

- L
those found. in the control subjects. ¢

1.4 DELIMITATIONS

The subjects were healthy.sédentary young women (brimarif
ly sfudents) who'were all voluntéers. furtgermpre, risk fac;
tors associated* with CHD such as lobgéity, Smokihg,_ high
blood pressure and diet, were not studied. The results of
the study_are therefore only applicable to the expefimental

population and te the described exercisiﬁg protocol.



1.5 LIMITATIONS . - ' ;

The lipids analyzed in the study were limited to HDL-¢,

HDLZ;C HDLBFC and tbtal cholesterol,éoncéntrations~‘One.ma;

Jor llmltatlon of this study was the method of llpld analy;

sis. The method of ch01ce 15 ultracentrlfugatlon . he method

)

‘used in thlS experlment was a ﬂounle prec1p1tat10n method as

——————

descrlbed by Gldez et al. (1982). Furthermore[ the control

“over changes in fhe:diet‘and_alcohol consumption (which may

affect lipids_ahd lipopfoteins)'was done solely by quéstion{

naire.

1.6 STATISTICAL ANALYSIS

£

An analysis of variance with repeated measures was used

" to establish if significant differences_éxisted between the
training and control groups for the'following variables: TC,
HDL~c¢, HDL2-¢, HDL3-c, HDL2-c/TC, HDL2-¢/HDL-c, body weight,

body mass index, sum of circumferences, percentage of boedy

fat and VO2 max. A 0.05 level of probability was employed

in all tests of,statiétical significance, and when signifi-

cant dlfferences were observed, Tukey s test was used to lo-

,cate these dlfferences

S



1.

5

DEFINITIONS'

The following terms are used.in this study:.

. Coronary Héart_Disease (CHD) :

Athefosclerosis,~ﬁhe-majorVcaﬁse gﬁ CHD-is-charécter-
'_ized histélogicaily.b?rthe éccumulation‘of lipidsﬁ pre-
‘doﬁ;naﬁﬁly cholesterélfdérived'froh_LDL,.iﬁ-the arteri-
_'El"‘wall 'togéther with ar3iqcal. connective tissue |
feactioh (smooth muscle cell p;o%%ﬁeration) (Miller eg
cal., 1975), forming bulky plagues that inhibit‘the flbw
bf blood untii'a‘?lot eventually forms; obstrﬁcting an
-_artefy and‘cauéing d heart attack-df a étroké (Brown et
al., 1984). |
EiEQQEQEginﬁz
The‘lipéproteihs are transport vehicles in £he cirgcu-
lation for endogenously.synthesizéd and exogenous, (di-
e£ary) lipidé needéd‘fdr.célluiar metabolism. They are
discrete wate;fsé}uble ‘ﬁacrOMOlecular complexes Qith
finite dimensidﬁs:and qémpﬁsition, all ﬁontaining cho-
lesterol‘(free and esterified), trigiycerides} phospho-
.lipidé and proteins '(apolipoproteiné). Four classes
“haveé been identified by ultracentrifugation according
to tﬁeir gra?itional déhsity, and;arelknown as chylomi-
crons (Cﬁ), véry iow density‘lipoprofeins (VLDL), low
, density l;pdproteinsA(LDL), and high density lipbpro-
teins (HDL) (Haskell, 1984). (See Table 1 for lipid

and protein contents of the human plasma lipoproteins).
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3. Chylomicrons (CM) (d<0.95 g/ml):
Chylomicrons,'the largest lipoprotéﬁns (containing 85%

triglycerides (TG)), are synthesized by the intestig@

to transport " dietary TG (which are hydrolyzed within'

/4 ‘
‘the plasma by the enzyme lipoprotein lipase (LPL)). and

cholestercl from the site of abscorption in the intesti-
nal epithelium to wvarious cells of the body (Mshley et
al., 1984).

4. Véry Low Density Lipoproteins (VLDL) (d=0.95-1.006 g/ml):

VLDL are the major transpert vehicles of endogenous TG
from the liver to various tissues, including those TG
newly synthesized and those derived from storage reser-

voirs (Haskell, 1984; Mahley et al., 1984).

5. Low DenSity/&ipoproteins (LDL) (d=1.019-1.063 g/ml):
7 _ S

LDL, constituting the largest lipoprotein mass, are re-

sponsible for the delivery of the majority of the cho-.

lesterol {50% to 66% of ‘total mass) ' to the various

- cells and tissues of the.body to be used as a struc-

tural_compoﬁent. The effective delivery of cholestercl
is possiﬁie by épedifié cell'surfacé receptors (LDL or
apo—B;E recébtors) which bind:and internalize the lipo-
proteing. The hydrolysis of the LDL within the lyéo—
somes produces free cholesterol which ié availableifor
membraﬁé biosynthesis or, in speéific cells, as a pre-

cursor for steroid hormones (Innerarity et al., 1984).

6. High Density Lipoproteins (HDL):

10



'HbL are- mainlj involved- in _ﬁhe feverse cholesterol
transport . pathway, transporting cholestercl 'from' the
peripherél tissues to the liver for excration or
synthesis into bile acids, via interaction‘hith the en-

zZyme lecithin:choleéteroB acyl transferase (LCAT) (Al-

bers et alr, 1976; Haskell, 1984). The HDL particle

has been separated. by rate zonal ultracentrifugation

i

into two main subfractions: HDL2 (density=1.063-%.125
gs/ml) and EDL3 (density=1.125-1.210 g/ml) (Shepherd -et
al., 1980). The subfractions are heterogenous (Barter

et al., 1984b; Neel et'al., 1984); HDL2 is lipid rich

and protein poor (43% protein, 28%fphospholipids;'23%:

cholesterol and 6% TG), while the opposite is true'6f
'HDL3-(58i brotein, 2%% phospholipids, 14%.eholesterol
and 5% TG) (Patsch et al., 1978; . Schaefer et al..
1979); HDL3 1s the more stable subgraction; while HDLZ

may be influenced by physical activity, sex, hormones,

menstrual cycle and pharmacological agents (Taskinen et

al., 1981). HDL2 is the subfraction mainly vesponsible
fo% the variation in the total HDL concentrations, and
contributes -to the inverse relationship associated with
the preValenbe of CHD (Anderéon-et al., 1978: Gotte et

al., 1982). Women have greater HDL2 concentrations than

-

their male Counterparts, and this holds true for all

age groups (Anderson et al., 1978; Haffner et al.,

1985; Ottosson et al., 1985; Ron et al., 1983; Shepherd

.
war

A
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et al., 1978; 1980). This may indeed be why women have
ﬁigher total HDL-c¢ concentrations than men, which ren-
N

ders them-'less susceptible to coronary diseases.

7. Apolipoproteins (Apo):

Apolipoproteins are constituents 'of the major lipopro-

feins_(see'Table 2 for distribution) and act as stabi-

lizers for the lipoprotein, constitute recognition

sites for cell receptors and act as cofactors for ‘en< -

zymes involved in the lipoprotein metabolism (Dﬁfaux et
al., 1982).

8. Lecithin:Cheolesterol Acyl Transferase (LCAT):

LCAT's pfimary enzymatic role is its inQolQement'in the

ifgverse cholesterol transport function, facilitating
the transfer of cho;esteroi from, the pefipheral cells
into the HDL particles (Dufaux et al., 1982).

9. Lipoprotein Lipase (LPL):

LPL is the key enzyme'fof thé catabolism of TG—rich li-
poproteins (VLDL ané‘CM), for circulatiﬁg TG cannot be
taken up. by tissues until they are hydrélyzed by LPL
(Haskell, 1984; Kinnunen et al., 1983; Lithell et al.,
1981)..The enzyme is located at the,endothelial surface
of vériﬁus extr epatic tissues, but its major effect
'is its activity 4t tbé level of the skeletal and adi-

pose tissues (Dufaux et al.,'1982;_Haskell, 1984) .

lg._Hepaﬁic Lipase (5&);

12
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HL is an enayme iocated exelusiveiy oﬁ the eaausoidal
surfaces of the llver s endothellal ce‘ls (Klnnunen ee
al.,~1983). HL has a hlgh phosphollpase act1v1ty and
can degrade the surface phOSphOllplds of HDL whlch is

followed by a release of cholesteryl esters to the llV-

4

er. From thelr'results;-KuusrAet_al.‘(lQSO)‘suggest

'thae:HL_is‘highiy Eelectiﬁedand hydrolyzee only the'

HDL2 subfraction.

HDL . 40 5 -

22 .28

-

‘Maximal Oxygén Consumption (Vbzhmax)é
S V02 max is a quantitatiye.statéheat of -an individual's
- capacity . for 'aerobic Lenergy“ tranefef{:-and, has been
‘identified as the :point when oxygen consumption ceases
Lo rise with'further.incpeasee-inddorklbad'(ﬁqArdle'et
al., 1981). .
r : _ - 'j
. . '. . . - 1
_ TABLE 1 L. |
‘ : : ; Lo : . - !
'LIPID AND PROTEIN CONTENTS OF PLAsmﬁ_LIPbPROTEINs |
o ] . - . N 1
S o ' o T , .
APPROXIMATE COMPOSITION (PERCENT) ' i
. Cholestexol’ i
Lipoprotein Protein TG Free wEsters“ Phosphollplds]
Chylomicron 2 85. 2 5 tw~ 7.
VLDL- 9 50 8 ‘15 18.
LDL ‘ 25 6 .9 36. .. . 20 |
5 !
!
|

Orten and Newhaus (1982), p. 284) . .

gl
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| TABLE 2

1 -

| PRINCIPAL APOPROTEINS OF PLASMA LIPOPROTEINS

I. s ’

| LIPOPROTEIN CLASS (MOL %)

l - P

|  Apoproteins CM VLDL.- IDL LDL HDL HDL2% HDL3%
L

| ~A-1I 3 - - - - 46 65 [ B2
|  A-TII 3 - - - 23 10 23

|  A-IV 2 .0 . - - T e +

| B-48 © 0.8 - - - - 3 (B-48,

| B-100 + 1 13 74 - B-100)

| c-1. 20 8 26 - .18 13 '8

| c-11 22 20 g - - -2 (C-1, C-11
| C-I11 49 60 41 17 3 C-IIT)

| D T4 - - - 5 2 4

| E : + 9 13 9 1 3 1-

|  Others - - - - - 4 5

' .

5

L

+ represents trace

(*Dufaux et al. (1982); Gotto (1983))

N e e M
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II

REVIEW OF LITERATURE b

The object of this chapter 1s to review the pertinent
litérature with aAspecial émphasis on HDL-c¢ and the HDL sub-
fractions. Also of maln concern fér this study, is the ef-
"fect of oestrogen on HDL-C,‘HDLZ—C and HDL3-c. The first
section proviaes a discussion of the regulatory role of ex-
ercise with respect to lipid metabolism; the origin,s the
role,.the pathway and the interaction with the various en-
zymes for gach'of the lipoproteins are elaborated. The fol-
lowing two sections deal with longitudinal and comparative
training studies, respectively. Both are further divided
into long-term and short-term training (longitudinal studies
cnly), studies involving women and studies pertaining to HDL
‘%ﬁbfractions. The last section summarizes the effect of

oestrogen on HDL and its subfractions.

2.1 LIPID METABOLISM AND ITS REGULATION WITH AEROBIC
. EXERCISE

Lipids in the body are in a dynamic state: they may be
oxidized for energy purposes, converted toc essential con-
/

stituents or stored in the form of TG as reserve fat (Orten



A

ét al., 1982). The majbr families pf lipids £ransportedviﬁ
. the bleod are cholesterol, cholesteryl ester, triglycerides,
phospholipids and fatty acids. They,eppear in thrgé forms:
chylomicrons (CM), lipids associatedﬁ%ith lipoproteins and
" unesterified fatty acids loosety bound to serum albumin
(Gotto, 1984). Since lipids are insgluble in an agueous me-
dium%\their transportation in blood is made possible by the
asgociation of more hydrophobic lipids to more hydrophilic
ones, such as phospholipids, and combining the mixture with
chelesterol and protein to fofm a gl;bu%ar hydrophilic lipb—
protein particle, characterised by a density of less than
1.21 g/ml (Orten et al., 1982). Reference values (plasma)
for the lipids and lipoproteins appear in Table 3 (Beehring-

er Mannheim, 1982, 1983; Gidez et al., 1982).

TASLE 3

REFERENCE VALUES FOR LIPIDS AND LIPOPROTEINS IN PLASMA

CONGENTRATIONS

—_—— e ————— e, ————

Lipids/Lipoproteins mg/dl mmol/1

TC _ , 140-260 3.6-6.7
TG 30-135 0.8-3.5
VLDL-¢c ‘ 0-40 0-1.0
LDL-c : 150-190 3.9-4.9
HDL~c , 40-70 1.0-1.8
HDLZ2-c : 10-30 0.3-0.9
HDL3-c ‘ 27-43 0.7-1.1

e oo e
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Lipoproteins are secreted-by the 1iver.and the intestine

_in'a‘nascent form. During’their circulation in the plasma,
they ﬁndergo_constant mbdification to é”product that allows
them ﬁo be recognized by cellular rgceptors in the wvarious
tissues and to be removed from the circulation. The intra-
yascular modification of the lipoprotein; ié a function'of

a) enzymatic activity (LCAT, LPL and HL3J, and b) of the

transfer of lipids and protein components between the parti--

cles themselves and with the cellular membranes (Patsch et

al., 1984).

As dietary fats (triglycérides and cholestercl) are ing-
ested, they appear as CM (the largest lipoproteins, contain-
ing 85% TG) in the thoracic duct duriag active 1ntestinal
absprbtién (Lakshmanag et al., 1983; Mahley et al., 1984)
and contain mainly TG resynthesized from diglycerides in the
wall of the gut. They are then transported through the
lymph and emptied into the systemic Eirculation at fhe level
of the jugular and subclavian vgins (Guyton, 1976), after
which the TG content is catabolized by the enzyme LPL at
extrahepéticltissue sités, libéfatinq glycerol and fatty ac-
ids. The fatty acids can then readily be used as an energy
source at the level of £he skeletal muscle or taken up by
the adipocytes and stored as TG for future use'(Lakshmanan
et al., 1983; Mahley et al., 19845. The CM remnaﬁts (TG de-

prived and cholesterol enriched) in the circulation are rap-

idly taken up (absent after a 12-hour fast) and further me-

~
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tabolized by the liver (Mahle§ et al., 1984), due to the
appropriate exposure of the apolipopr@tein E which serveé as
a ligand for high-affinity receptors'locéted on hepatocytes
(Patsch et al., 1984). The cholesterol and cholesteryl es-
ters of the CM reaching the liQer may be inéérporated into
lipoproteins and releasea back into the plasma, or converted
to bile acids and secreted.in the bile, 6r secreted in the

bile as neutral sterols (Haskell, 1984; Gottto, 1984).

Mcst of the endogenocus plasmatic TG are transported by
the VLDL; thé synthesis of VLDL particles, occurring mostly
in the liver and in a small guantity in the intestine, is
significantly influenced by the availability 6} carbo-
hydrates, excess calories and fatty acids. Their removal
from the circulation is similér to those of the CM; the TG
content is hydrolyzed to free fatty acids (FFA) at éﬁtrahé-
patic sités by LPL, geherating cholestercl enriched lipopro-
teins, including the intermediate density lipoprotein'(IDL),
the tranéient form which is further deéraded to LDL in the
bloodstre?mr followed by the subsequent hepéfic uptake of

the remnants (Dufaux et al., 198Z; Levy et al., 1980).

Cholestercl is 'produced by most mammalian cells, 1s an
essential structural component of all cell membranes, and is

used as-a precursor of bile acids, the steroid hormones and

-

of vitamin D; it is not dietarily essential since it is

readily svnthesized by the cell (Patsch et al., 1984). The

18



exogendbus cholesterol is derived from animal products such

b

as meats, liver, eggs,_milk lipids..., and difectly affects,
by feedback .inhibitibﬁ, the; amount _synthesizea by 'tissue
‘cells (Orten et‘al., 1982).-LDL‘a;e the'primary transporters
‘of cholesterol in‘the circulation, and are derived mostly
frqm VLDL in the plesma. ‘Howeeer, some:LDL formation may be
from direct secretion of intermediate densitf li@op:otein
(IDL) and LDL particles frem the. liver or from the ca£ebo—
lism e¢f CM. The effecﬁive delivery of cholesterecl to the
cell;;via LDL, is made‘pessible by speéific cell surface re-
ceptprs‘referfed to as.LDL or apo B,E, receptbrs which biﬁd
and intefnalize the iipoproteins (Inﬁerarity et al., 1984).
" Two pathwéys'are acceesible for cﬁolesteroiﬁdelivery: the
LDL receptor pathway serves a'physiologic fuhetione-and is
used when cells express a need for cholesterol by increasing
the availability of their surface receptors’ This Dathw£§ is
saturable and approximately 50% to 60% of the LDL are re-
moved from the plasma follow1ng this route Any excess LDL
ere removed from circulation through the nonreceptor (or
scavenger) pathway which 1is not saturable, thereby allewing
cells that possess the acetyl LDﬁ receptor (i.e. macrophag-
es, cells of the reticuloendothelial system (RES)) to accu-

mulate uncontrolled amounts of choleeteryl esters. Thus, ma-

crophages can incorporate modified LDL until they are

massively enriched in éholesteryl esters and turn into foam

cells, characteristic of early atherosclerotlc lesions. It

19



is possible that CM remnants'escaping‘the hgph%ic uptake may

f be ihc@rporaﬁed'hy RES cells, leadiﬁg also to- foam cell for-

] 1 ‘ X . .
mation (Batsch et al., 1984; Steinberg, 1978).
Most tissues are”unable:to'cataboiiie'pr excrete~the cho-

'flesterol from the body. The transport of cholesterol from

suCh tissues to sites of catabolism (livef, adrenal cortex,’
: gonads) and excretion (liver, skin, intestine) may be a.

functionrbf‘HDL. HDL acts as an acceptor, present infthe in=-"

terstitial fluid adjacent to the cell surfaces; HDL is capa-

ble of removing cholesterol from the’ extravascular cells
when not needed, by increasing iﬁs load. of cholesteroll(Niu

coll et al., 1981; Reichl et al), 1982). In contrast to the- .

CM, théhremnants and‘the'LDL; HD? does not contéin ﬁﬂe apo B
thchwse¥ye.as ligands (with;apo Ef for the varioué reqép;
tors .fop‘ adsorbtive' endocytosis ‘of the lipqpro£ein. fhis
sugg?sté‘fhét HDL have a compietgly‘different function in

rd

cholesterol tténsport, one- which has been_téfmed °'reverse

_cholesterol transport. Two pathways are ‘known to .exist for

the chélestefol'acquifed by HDt:‘a) the cholesterol can be

returned to the liver for excretion when no need is ex-

~——

pressed by the cells, br b) can by cholesteryl ester ex-.

. change to the apo B<containing lipoproteins be delivered to

cells in need (Patsch et al., '1984). The HDL particle has.

apoproteins which are located on or near its.surface. Fur-
thermeore, the polar head:of the' phospholipids seent to be

oriented near the -surface, while the more hydrophobic compo-

20



‘nents (TG,’choleétery esters). appear to comgtitute .the cen-.

tral core of the particle (Yachida et al., 1983). The high -

" density, of the'particle is a functiop of the high protein

content . (507 by weight) and the low llpld content (Levy et

él.,,1980).ﬁ The HDL partlcles orlglnate from the liver and

the'iotestinal eplthelxal cells. The mature HDL are products‘

of:pteoqtsor particles, ftom iG—riCh lipoprotein h?droly?
eié,’whioheheve been acted upon by the en;yme LCAT (Koga et
'af;1'i982),iﬁnurihg thelcatabolism‘of-the CM and VLDL by the
' enéyme;LPLfithere'is a reléase of:sortaoe ooﬁponents (unes-
terlfled cholesterol phosphollplds apo C. ) which enter

the HDL den51ty range and by assoc1atlon w1th HDL3 or w1th

HDL precursors seereted by the llvel andyor by the intes-

. . ' rd
tine, form HDLZ oartlclea; Turner et al.'s ({1979) results

provided some dlrect ev;dence that dlsc01dal presumably
nasceﬁt'HDL - are seoteted by the.splanchnlc bed. This latter
“1process is modulated by the enzyme LCAT and 15 activated.by
the'apo.ﬁ—l (Dufaux;et_al., 1982; Gotto, 1983; Tall et al.,

1978).

*The HDL precursors referred to above originate as disc--

'shéped particles, coneisting of phospholipids,and free cho-
leeterol micelles solubilized through the detergent action
of‘the'apoproteins (which are secteted from the liver). To
theSe,‘ee;confirmed by-Nestel et aI..(1981), material from

the CM and VLDL are. added within the plasma, and within the

interétitial space;'cholesterol is extracted from the cellu-

~
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lar membranes.  Hopkins et al.'s {1984) data with the exper—f

imental .drug Intralipid (phospholipid—TG emulsifier) in vi<
tro, prov1ded some evidence that the HDL are secreted ‘into
the plasma as nascent disk- like partlcles composed malnly

of proteins and phospholipids with virtually no‘choiesteryl

esters. Patsch et'al.f {(1978) were'the first to propose from

P

their in vitro experiment that the conversion of HDL3 {syn- -

thesizedlby the vascular endothelium at tne cellular site of
the LPL reaction) to HDL2:occutred through the assimiiation
of constituents freed from VLDL—TG; dnring a four-hour incu—
bation with LPL. .Schimitz et al. (1981)'cha11eﬁged the above

results; thelr data suggested that the conversion from HDL3

to HDLZ was solely achleved by LCAT. After a 24 hour 1ncuba{

tion w1tn LCAT, a near complete‘lnterconverslon of HDL3 to
HDLZ occurred. The incubation resulted in increased-levels
of 1ipids and.apoproteins (apo C, apo A-I1'and A-II) in HDL2Z,
which ‘was accompanied. by a concomitant decrease of these

components in the HDL3 subfraction They concluded that HDL3

served as a primary substrate 'in. the LCAT reaction and that'

the chelesteryl ester enrichment (from the previously free
cholesterol) then entered the core, L of the HDL particle, re-

sulting in the lower density particle with the ultimate con-

version. to HDL2. Glomset in 1968, was the first_tofhypoth?

esize that LCAT may be thé basis of HDL's assumed protective
‘role. ®Tdugh LCAT activity, the free cholesterol contained

in HDL is transformed to cholesteryl ester which allows ad-

22



ditional free chelesterol to be taken up'by HDL from specif-

L

ically located cells as those of the arterial wall.

Taskinen and eoworkers (1981) ¢confirmed the relationship

between-ﬁhe HDL subfractions- and the LPL activity' in the .

1

adlpose tlssue and skeletal muscle of 14 men ‘and 8 women,

prov1d1ng dlrect ev1dence for a metabollc precursor product

relatlonshlp betweéen the subfractlons; the HDLZ partlcles

are generated during the action of LPL on TG-rich lipopro-
teins, and the rate of this reaction is an important deter-

minant of HLD2. The non- relatlonshlp between HDL3 and LPL

demonstrates the presence of dlfferent metabollc pathways'

" for the subfractions. Kinnunen (1979) supports the notion

£y

that a high LPL activity favors high HDL2 levels. In addi-
tion, the author suggests that the protective rdle-ef HDL2Z
could indeed reflect the entiathercgenic property df_a high -

.LPL'activity.'Koga et al. . (1983)'investigated changes in

the HDL levels in patients with liver-diseaee (hepatitls)

s

. and-compered.these to healthy individuals to elucidate the.

role of the liver in the metakolism of the subfractions.

The "above authors observed an .inverse, relationship between

- HDL-¢ and VLDL, suggesting that HDL is produced from precur-

sor pa;ticlesr(TG-rich lipopreteins and nascent HDL). Fur-

- thermore, most changes arising in HDL-c occurred in HDLZ,

suggesting that HDL2 is produeed'during VLDL catabeclism. The

preferential decrease of HDL3 in patients with liver disease

suggests a hepatic origin of this class of lipoprotelns.l

23



Furthermore, the HDL2 subfraction is larger and contains

more cholesterol, carrying twice'as'mahy‘cholestérol‘mol-'

ecules per unit apoprotein and being more. efficient for the
reverse cholesterol transport; HDL2 is viewed as the end
product of the utilization of TG-rich tipoproteins (Patsch

et al., 1984).

2.1.1 ° The role of-LPL

ﬁPL is the rate-limiting Step‘in the hydrolysis process,
and 1s activated by the apéprotein CLfI, a surface component
of VLDL and CM, the natural substrates of LPL;_the‘apo—Crig
thep tranéfered back fo HDL3 fo gegenératE‘ﬁDLZ particies
{Kinnunen et ai., 1983; Lakshmaﬁan eﬁwéi., 1é83)i Nikkila ét
al. (1978) measured the LPL activity in the adipose tissue
and skeletal‘ muscie of -competitive rﬁnners and .compared
these results to those of less active subjects. The signifi-
cantly greater LPLA (LPL activity) in thé'skeletal muscle

and adipose tissue found in the long distance runners is

aimed at increasing the capacity of ﬁhe body to mobilize and-’

utilize fat as. a fuel..With‘prolonged.aéute exercise, the
muscle derives ité'energy mainly frbm circulating free'fafty
acids (FFA) and from its own TG stores;_ﬁhéreas plasma tri-

glycéride‘fatty acids-contfibﬁte little. Therefore, the TG

content of the muscle decreases and if an exercise session

1
1)
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is repeated at‘frequent intervals, as with endurance train-
: i ' ’ 1
ing, the muscle TG remain low. The exercise-~induced catabo-

.l

lism of TG and ' the improved VLDL flux, associated with an

increased exchange of surface lipids, may induce a compensa-

tory elevated HDL pocl in order to_guarantee optimal muscle

]

metabolism (Berg .et al., 1983). The body must then restore

tie TG rapidly and does so by increasing its LPLA, enablihg

the tissue to take up circulating TG (from CM and VLDL ') -

moré efficiently than in the untrained state. The increased
LPLA enhances the availability of fatty acids for the muscle

(Lithell et al., 1979). Nikkila suggested that the differ-

ent LPLA measured in the active and sedentary subjects may.

be a function of the tréining regime and/or the fiber compo-
sition. Most probably, as Nikkila's group suggests, the dif-

ference 1s accounted for by the training, because aerobic

training does not in man, as it does in the rat, predomi-

naﬁtly increase LPLA in the slow éwich fibers. Lithell et
ai. (1981) alsojstudied the possiblé reiationship between
fiber compositién‘and‘the L?LA of_the gastrocnemius in éev—
enteen 48 year old_males. Their results confirmedﬁthat ?be
above'relationship did not exist, but that LPLA depends‘dn
the number of.capillaries in the muscle (enhanced with aerc-
bic training) and- not on fibef composition; these findings
are not guprising, due to the fact that the enzyme LPL 1is

located on the endothelial c¢ells of the capillaries; Pelto-

nen et al.'s (1981) longitudinal training study (15 weeks of
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aerobic exercise in 29 males) demonstrated that the in-

creased LPLA occurred ' within a short period of time; after

one week, the mean recorded LPLA was. 45% greater than ité'

initial wvalue. These authors concluded that the observed

significant rise in HDL (1.20 ﬁﬁo/l vs 1.28 mmol/1, pso.01)
was a function of the increased LPLA. Taékineh et al. (1980)
measured the LPLA of the adipose tissue and of . the skeletai
muscle in 10 well tfained men, before and-after a 20 kilome;
tre race. When comparing the two Valuesf.ﬁPLA had increased
more than two times in the skeletal muscle (p<0.0l)- and by

. 20% in the adipose tissue (p<0.05}. They concluded that the

skeletal muscle reacts this way tb-placg'itself'ih a better

position for the uptake of circulating TG, which are either

used immediately or used',to ,repleﬁish the muscle. lipid:

stores. Nakamura et al. (1983) confirmed that LPLA is greét—

er in women's adipose tissue than in men's, so much so that

inactive women have greater LPLA than male long diStén§e
runners. From their findings, Sady et al. (1984) substanti-
‘ated that LPLA of the mﬁscle and of the adipose tissue of
endurance‘runneréhwere greater'than‘thoge of sedentary sub-

jects. o g

It is not known how LPLA in;reases.ﬁith tréining,fbut
Nikkila et al. (1978) proposed that the two factors m;y'be
‘linked to the reduced ihsuiin-secrgtion brought aboﬁtUWith
‘training, or. to ‘the enhanced‘intaké.and turnover of calo-

ries, or to an endothelial proliferation, as stated above.

26



2.1.2  The HDL Subfractions: HDLZ and HDL3 "

.

Evidence that:the HDL eubfraotions.are%heterogenous_hae

¢ ~

~

‘repeatedly beén,confirmed:(Barter'et al.fiigaéb; Levy et

al., 1980C; Neel et al. 1984;7Nestel éthL‘ ..1981; Nye et

ta

al.,'1981). Wlth the notlon that - the major proportlon of

- 4 1

"esterified cholesterol in the human plasma 1ls derived from

an 1nteractlon between’ LCAT and HDL (Durstlne et al. 4/1983

Barter et al (1984b) proposed anA experlment to determlne

"

if any difference existed between the subfractlonb two and

three when these'were-lncubated with LCAT. Lt followed that

1

both subfractions actually competed.for anyninteractionﬁwith

u

LCAT, and given a quantity of'LCAT,vcholesterol eatewifigad

-1 - .

tion was greater in HDL3j'Furthermore, at-physiéiogigal cen-

centrations of lipoproteins, HDLZ will function-.as a compet-
itive-inhibitor of the oholesterol esterif&catﬁon reaction

by displacing the enzyme LCAT from a more. effectlve "subs-

trate, HDL3, to a 1ess effectlve one,_HDLZ. Hopklns et al.
(1984) confirmed that HDL3 appears to be ‘the preferred subs«
trate for LCAT, in view of the decreased_cholesteryl ester

content of the llpoproteln w1th1n the HDL3 den31ty ranqe

>

Barter et al. (1984a) provmdeo some ev1dence that LCAT ex-
. . : i
ists and functions phy51ologlcallyJas'a component of an.enr

zyme apoprotein complex and may 1nteract with aifferent*

llpoprotelns (i.e. LDL and HDL3 but not HDLZ) Moreoyer, the- ..

'

contribution-to the formatron of esterified cholesterdliis"a

. .
- a

-
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functionlof concentration. The major propdrt;on of esteri-
fied cholesterol formed by LCAT in the human plaamaris in-
. corporated initially into'ﬁbp; a subseguert transfer .of this
.esterified cholesterol ‘out of HDﬁ:accénnts for most of the
esterified cholesterol found intGZBL and LDL (Barter.et al.,
198@&; Mahley et al., 1984). Furthermore, in‘vitro, Grow et
ral. (1978) observed. an exehange of apolipoproteins between

the subfractions. Schaefer et al.'s (1979) findings support

Grow's results.

2.1.3 The Role of HL

Hepatic¢ Lipase (HL) is known.to play a role in the cata-
bolism of HDL2; as its primary physiological function, KL

could:femoverfrom HDL2 thD post—prandially (7 hours after

1ngest10n of a meal) derlved phospholipids so that HDL2 can

contlnue to serve as .a phopsphollpld acceptor during renewed

L.

CM catabollsm (Patsch et al. 1984). Bamberger et al. (1983)

examined the prOposal tbat the delivery of HDL-c ;to the liv-

er is medlated by HLvu51ng human HDL and rat.cells (chosen

due to their lérge capac1ty for storage of chole sterol _as”

cholesteryl ester and’ hav1ng highly regukgted free choles—
terol pools). The 1ncubatlon of . HDL. with HL indicated a
greater uptake of HQL—E b§ the_rat hepatic cells, demon-

strated by the accumulation of free cholesterol (radiola-
R

—

28



7

beled) and the actual cellular.cholesﬁerol mass. Sutherland
et al. (1984) measurea HL activity and HDL-c concentrations
in 12 men participating in an 18 week running program. It
has often been postglated that an inve;se relationship ex-
ists between HL and HDL-c. Their data‘suggested that this
reiétionship egisped for pretraining wvalues (r=0.733,
p<0.05, n=8); with training, HDL increased significantly'bg
27% (p<0.05) and HL by 29% (p<0.05) aftér 18 weeks. Sﬁther—
land” et al.'s results are not in accord with the accepted
inverse relationship between plasﬁa HDL—e’levels and HL ac-
tivity. Therefore, they do not support the concept that re-
duced HL activity is mainly responsible for the elevated
levels of HDL-¢ with training. Kuusi et al.'s (1980) re-
sults support the hypothesis that HL is involved in the me-
tabolism of HDL2; the inactivation of HL by a specific rat
éntiserum is followed by an increase in HDL-c. A significant
negative correlation between HDL-c¢,? HDL2 and HL were found,
while no such_correlation exiéted with HDL3. HL, therefore,
serves in the removal ofs HDL parti&les, transfering the cho-
lesterol from the blood teo the 1liver and théreafter £o the

bile.

Most studies therefore suggest that the liver 1is the ma-
jbr site for HDL removal, but evidence exists that HDL can
be removed by =a Variety of cells. Cultured human fibroblasts

take up and metabolize HDL by adsorptive endocytosis but

binding to cells is not mediated through high affinity re-
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ceptors as for LDL. HDL -do bind to fibroblasts at sites
which appear to be highly specific, and separate from-LDL;
furthermore, the binding of HDL need not be followed by in-

\
ternalization and degradation of the particle but may rather

serve to facilitate the +transport of cholesterol between

L T

cells and lipoproteins (Nestel et al., 1981).

2.1.4 Aerobic Training and HDL

The effects of .an aerobic training on lipoprotein metabo-
lism have been elucidated. More cften, lower LDL-c concen-
trations and higher HDL-¢ concentrations have been reported

as a function of a training program. Haskgll (1984) summa-

¥

rizéd from previous findings the following theories. Lower

LDE,concentrations may.be a fgnction/:ﬁﬁ a) a decreased
synthesis b; the liver of VLDL;‘precursﬁrs cf LDL, or a nor-
mal Thepatic VLDL production_bﬁt an impaired conversion of
the-VLDL rgmnants into LDL pérticles; or, b) an increased
fractional uptake of LDL by peripheral cells especially 1if
LPL rece?tor activity 1is enﬁanced; or, c)'an increased he-
patic removal of LDL could occur. Moreover, no direct evi-
dence exists for any of the above theories. Patsch et al.
({19849 provided a schematic. model for the transport of lip-

ids by the plasma lipoproteins, as shown in figure 1.

hY
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Figure 1: Model for Lipid Transport by Plasma Lipcproteins



The-relativeiy higher HDL concentrations found in aerobi-
cally exercising subjects may be related to a gfeater LPLA
which increases the catabolism of TG-rich lipoprotein, pro-
moting the tranSfer of surface components and‘therefore, in-
creasing the HDL mass. Alsc responsible for these changes
are the lower HL activity and/or the greater LCAT activity
that have been observed. No definite /mechanism has been
identified. Lowered TG and VLDL levels(gxe repeatedly foun&
in the active =ubject; TC concentrations produce confliciing

results (Wood et al., 1979).

The following series of studies have measured lipoprotein
levelé, more specifically HDL-c, to substagtiate the evi-
dence that the antiathe;;genic lipoproteiﬁ HDL—C‘(HDLZ in
particular) may be altered favorably with aergbic train=-
ing. -Data from longitudinal training studies will be con-
sidered first, to be followed by the data derived‘from com=

parative training studies. ‘ ;

2.2 LONGITUDINAL AEROBIC TRAINING STUDIES

»

First choice resides with longitudinal training studies
when the goal is to identify the effects of =aerobic train-
ing on lipoprotein metabolism. The -training stﬁdies report-
ed here wvary in length, ranging from four weeks to elght

months. The training programs are diverse: cross-country
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skiing, jogging/running, calisthenics... In most studies,

little has been done to control weight aside from verbal in-
dications that no drastic change in the diet shoulé b% un-
dertaken during the, course of the study; dietary recalls
were used periodicallyxto assess Ef the subjects actéd ac-
cordingly. When significant changes in body weigh; occurréd
{which may affect‘lipoprotein levels, as stated in the in-
troduction), these fwere reported. Blood samples@ unless
_ otherwise stated; were taken after a 12 te 16 hour fast, as-

-certaining that the data reported were fasting wvalues. The

londitudinal studies have further been divided into short-

term programs, conéisting" of training fog less than 10

weeks, and into long%term;programs, for thcse exceeding the

10 week mark.

—_————— 2 2 -Sheft-éerm—Tp&}n}nq}Brograms

G

Huguchi et al. (1984) tréined five men (midly active) for
four weeks aged 28 to, 31 years, running on a treadmill for
5C minutes, fivé times a week, SO tﬁat energy exéenditure
equaled nine kcal per kilogram (kg) of body weight per ses-
sion. ‘No significant changes occurred in body welght, per-
centage (%) of body fat and VO2 max as determined by a bicy-

cle ergometer test (pre 48.1 ml/kg/min vs post 48.3
‘ml/kg/min), while HDL-c levels increased significantly by

22% after two weeks (54 milligrams per decilitres (mg/dl) vs
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66 mg/dl, p<0.01) and by 357 (54 mg/dl vs 73 mg/dl, p<0.05)

at ‘four weeks. They concluded, that increases in HDL-c can.;

occur without weight changes or increases in V02 max; this

latter factor may be a function of the short training time. .

Lopez et al. (1974) studied the effectslof 30 minute ses-
sions of aerobic exercise (joggng, biqycling and calisthen~

ics) with an average energy expenditure of seven mets, four

.times a week for seven weeks, in 13 medical students.'An in-

creése in total HDL was observed from 286 mg/100ml to 332

mg/lOOml,.as a function of the training regime.

F;gy ét.al. {1S83) exéfcised 12 youﬁg sedentary men on a
ibieycie efgometer for 30 minute boufs at 70% of max heart
‘rate (HR);reserQe, three times a week, for ten weeks. A sig-
,nificant_improvement in V02 max and a decline in TC levels
(171.5 vmg/dl vs 168 mg/dl, p<0.02) were noted. An initial
fall in HDL-c was measured at week five; overall, no sig-
nificant change occurred in EDL—C. Schriewer et al. (1983)
also trained. nine young menl(of which 2 dropped out) for ten
weeks, The training consisted of a 36 minute run (5 to 7 ki~
lometres (km)), threé times a week, with heart rates ranging
between 120 and 160 beats per minute (bpm). Blood samples
were taken weekly following a l2-hour fast. Overall, TC did
not change, whereas HDL=-c levels increased by 0.08 milli-

moles per litre (mmol/i) to 0.31 mmol,/]l above initial wval-

ues; no change in weight was observed.
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Short-term training progfams have produced conflict;ﬂg/’
results. Huguchi et'al, (1984) suggested that changes in

HDL-c océurred as early as the second week of ‘training (with -

no change in VO2 max), ‘while Frey et al. (1983) failed to

show any change in HDL-c after ‘ten weeks of training despite
S - o : »
an increase in V02 max. The differences observed in”the var-

. M s . .
ious studies may well. be a function'of.initiél levels,  in-

tensity and freguency of training, etc..., as summarized in

Table 4.



- TABLE 4

LONGITUDINAL TRAINING STUDIES (SHORT-TERM)Y”

—_———— - ———— F———_——— ,———_——_——_—— — —  ——_———

|
!
!
i
|
AUTHORS DETAILS ON EXERCISE PRCTCCOL KEY |
STUDY ) RESULTS|
/ / ;
. E ( |
Frey et al. n=12 young -bicycle ergometer, _TC decr l
{(1983) sedentary 70% max HR .reserve, sign. )|
men 3X/wk for 10 wks -HDL- c
decr. at|
C 5 wks; |
overall,l
no diff. |
J
-
Huguchi et n=5 men -running on tread. -HDL-~c |
al. (1984) age:28-31 50 min., S5X/wk, inc. ‘by |
' o yrs 4 wks, 9 kcal/kg/ 359
session |
y
|
Lopez et 41. n=13 medical -30 min. aerobic -HDL inc.:
{1974) students . exercise, 4X/wk, S.
7 wks, 7 Mets/sess.
‘ 3
\
Schriewer et n=9 men -30 min. run (5-7km) -HDL-c \
al. (1983). 2 dropped 3X/wk, HR=120-160 inc. |
* out bpm {
: |
|
1
2.2.2 Long-term Training Studies

Huttunen et al.'s (1979)
men aged 40 to 45 yéarsf

exercising groups, training

findings in a hundred sedentary

equally divided into a control and

three to four times a week for
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foﬁrl4nonths, demonstrated a -significant (p<0.01l) rise in
HDL~c concentrations (1.27 mmeol/l t; 1.41 mmol{l (n=44)).
Péltonén et alé (1981) had 29 seden;ary‘men, aged 31 to 49,
participating in wvarious aerobic activities fﬁr 15 weeks,
while nine men éf thé same agelfange_acted asrtﬁé contfol
group. ‘A 1&% increase (p<0.001) in physical perfcrmanée was
observed, with no change in body weight. TC levelé decreased
slightly .while HDL-c showed alrsiﬁnificant (p<0.01) rise
{1.20 mmol/l. wvs 1.28 mmol/l), occufring primarilylin the
first three weeks afternwhich'the concentrationé reached a
plateau fhroughout the remaining period. Poétheparin plasma
.and adipose tissue LPLA were higher in the trained, the for-
mer, as early as the first week. Also, a trend towards low-
ered HL activities in:the_eXercisé groUpIWEre observed after

three weeks, but only significant (p<0.05) after ten weeks.

Twelve men with an avefage age of 27 years,_pérticipated
in a 18 we§k self—regulated marathon running training pro-
gram; blood samples weré taken at week one, six and 1é. HDL-
c levels as.repqrted by Sutherland et al. (1984)A.were not
significantly diffefent from baseline values at week six,
but at Qéek 18, HDL—clconcentrations were 27% above initial

levels. Kiens et al.'s (1984) objective was to verify if

- -

further increases in HDL-c could be observed in already
trained .men, after an enhanced training period. Eight men,
aged 30 to 40 years, with V02 max values ranging from 47 ml/

kg/min to 67 ml/kg/min, followed a running program and fur-~
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ther ihéreased the frequency and diétancg of_their‘tréining
sessions. V02 max increased b& 11% (p<0.0l) after Y12 weeks
with no further change‘tﬂéfeafter; at £he ereék mark, HDL-
¢ levels were lowé;_jl.S?_mmol/i) buﬁ not significantly dif-
ferent than initial levels' (1.66 mmol/Ll); at week 24 (n=6),
a significant rise to a méan valge of 1,95 mmol/1l (p<0.05%)
was observed{' TC dém0pstrated a similar deciine at 6 weeks
“{5.22 mmol/Ll wvs 5.33 mmpl/l),-with=a fiﬁal méan concentra-
“gion of 5.10 mmol/l at 24 wéeks.lThé conclusion drawn from
the study’was thaf regardless of the initial HDL-c concen-
tration,'HDL—c levels can be i;fluenced with further traig—
ing even though V02 max levels off, and presumably no train-
ing effect per se 1is _taking place. ‘:Myhre et al. (1981)
workéd with cross—coun;ry skiers over an eight month period
during which the intensity and duration of training varied
accofding to the seasonal training schedule. Six male skiérs
with a mean V02 -max of 75.2 ml/kg/min were compafed to fiye
control subjedts, with a mean VO2 max of 39.6 ml/kg/min.
ITheir results indicated fhat increases in HDL-c (non-faéting
samples) were a function of physicél endurance training of a
loyer intensity (70-80% of V02 max vs 80495% of VOZ max) and

of longer duration (60 houfs/week vs 35 hours/week). With

fewer heours f training but of greéter intensity, HDL-c lev-

els were lower (1.7 mmol/l vs 2.1 mmol/l) but still signifi-
cantly higher than those of the sedentary individuals (1.5

mmol/1}).
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From the .literature, it is therefore suggested that
tréining programs lastinq'mdre than ﬁen weeks can favorably
increase the HDL-c concent;ations and may even decrease TC
levels (Huttunen et al., 1979). Table 5 provides a summary

of the long-term training studies.
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TABLE 5

LONGITUDINAL TRAINING STUDIES (LONG-TERM)

AUTHORS DETAILS ON EXERCISE PROTOCOL KEY
: STUDY , RESULTS
Huttunen et n=100 men ~aerobic program ~HDL-¢
al. (1979) (sedentary) 3-4X/wk, 4 months inc. S.
age:40-45 yrs ‘
Kiens et al. n=8 men -enhanced running. . -HDL-c
(1984) age:30-40 yrs {frequency & int.) decr.
: ‘ program for 24 wks at 6 wks
' ' (NS};
-HDL-c
inc. S.
2& wks;
-TC decr.
& wks;
-V02 max
A . inc.
Myhre et al. n=6 male ¥X- -X-country skiing -HDL-cC
{1981) country program, 8 months inc. a
skiers . function
n=5 control ' ~of low
o = int. &
fo. long
duration
Peltonen et n=29 sed. ~aerobic activities ~TC decr.
al. (1981)' men for. 15 weeks -HDL-¢ 5.
n=9 control inc.
men -LPLA S.
age:31-49 yrs inc.
RS L ‘
Sutherland n=12 men -18 wk self- - -HDL-c- .
et al. (1984)age:27 yrs requlated marathon inc. by
: running prograrn 27%. at

18 wks

1
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242.3 Training Studies Involving'Women'

a »
. i
Wynne et al. (1980) and Frey et al. (1982) studied two

groups of women to determine if a rigorous bicycle ergometer

- b

exercise program would elicit chdnges in HDL-c¢ concentra-

-
.

tions. The ten-week program consisted of three weekly ses-

sions of 30 minutes each, inducing 70% of the max HR re-

serve. In both studies, training consisted of five minute

work bouts interrupted by two minute rest periods; in Frey's

>

study, an additional six women participated in a4 continuous .

30 minute work session. Wynne's group consisted’of 19 women

(of which 13 Qere training), aged 19 to 30 years; all of the

'

subjects were on a specific'oral.contracepfﬁve (OC). (50 -ug

mestranol,” 1 mg norethisterone). Over the ten Wweek period,

V02 max increased from 29.21 ml/kg/min to 33.9 ml/kg/min

(p<b,001), with a éoncomitant‘decline inﬂthe percentage of

body fat (28.3% Qé 26.3%, p<0.01 ) ih the exagcising group;

no changeslwere observed in HDL-& {56 mg}dl{gpre) v? 57.mgy

dl (post})), TChand LDL-c levels while TG conceptrations de-

eféased by 15%. | .
. 2

In Freyfs,study, 12’young women'(noHOC) participated in

the tnterval trainiﬁg, while six participated in the contin-

‘uous training described’aboﬁe. Blood sa@ﬁles Qere'taken at
+week zéfo, two, five and ten.. OveralL,_QOZ,max,increased
©(28.5 ml/kg/min vs 33 ml/kg/min, p<0.0001), .percentage of

3

e
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body fat declined (28.5% vs 26%, p<0.0018), while total body
weight remained unchénged. TC increased (166.9 mé/dl Vs
179.1 mg/dl, p<0.05), while no change.was observed in HDL-c
when comparing week zero's mean value (61.6 mg/dl) to week
teﬁ's (mean of 62 mg/dl}; an initia}.gecline occurred at
week two (56.3 mg/dl), followed by & rise at week 5 (58.1
mg/dl). Further, the aboveméuthors Héve proposed'that blood
samples be taken at the.éame time within the menstrual cycle
+o avoid possiblie <cyclic changes  in certain lipids. Also,
the suggestion was made. that théhiraining periocd may né%
have been long encugh to elicit lipoprotein changes in view

of the high initial HDL values.

S/

Farrell et al. (1980) determined the segquential pattern
of changes in HDL-c and TC in seven,K sedentary men and nine

sedentary wome?u The training constituted of running at 70%

of V02 max for 30 minutes, three to four times a week for

eight weeks. The éroup improved its fitness level as indi- -

cated by the results of the V02 max test (9.9% above ini-

tial —values, p<0.05); improvemeﬁts wére noted as early as’

the fourth week of tfaining. £Ovérall, TC'inq;eased (l62.8
mg/dl vs. 174.5 mg/gl) with’a high at two’weeks ci%4 mg /A1)
HDL-c <concentrations were ;igniéicénti; higher at .;ight
weeKs versus the‘two week valuesonly {(57.4 mg/al vs 51.1 mg/
.dl ; 53.8 mg/dl at week zeroj. No explanation was coffered
for the decline observed at week two. They concluded that

alterations in lipoproteins suggest a lag time behind im-
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provements in <cardiovascular fitness, whereas the initial

four weeks may act as a stabilization period.

Twenty-two women (mean age of 28.4 years), running f£five
to six days a week and averaging 44.9 miles a week, partici-
pated-in a four to seven month study. Significant changes
occurred in total body weight (decrease}, percentage of body
fat (decrease), lean body welght (;ncrease) and HDL—; con-
éentrations (increase by 5 mg/dl, p<0.01); no éignificant
change in the TC to HDL-c ratio waé observed (Rotkis et al.,

1981) .

Lipson et al. (1978) trained five men and six women aged

19 to 22 years for six weeks by having them jog on a tread-
ﬁill at 50% to 75% of their V02 max, for 30 minutes a day;
diet was adjusted so that the body wéight was kept con-
stant. The authors failed to report the number of days per
week for which the subjects were training. A training effect
was documented by a rise in V02 max values (n=8, pre 44 ml/
kg/min to pos; 49 ml/kg/min, p=<0.001). TC conceﬁlrations de-
creased from 156 mg/dl to 137 mg/dl (p<0.05) and so did HDL-
¢ concentrations (47 mg/dl to 42 mg/dl); when the six women
only were considered, the decrease (50 mg/dl tc 41 mg/dl)
was’ significant. Further, HDL2, KDL3, LDL, VLDL and TG
shdwed noe significant change. The authors concluded +that

when diet and weight are controlled, no increase 1is seen 1in

HDL-c levels, which may even decrease with a concomitant de-
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crease in TC concentrations. Lipson's group is one of a few

that have quantified HDL subfractions in women.

Training studies involving women have produced a great

number of discrepancies with respect to HDPL and TC values
(Table 6). Wynne et al. (1980) and Frey et al. (1982) héve
found noe change in HDL-c, while Farrell et al. (1980} and
Rotkis et al. (1981} reported increases in HDL-c; Lipscon et
al. (1979) saw a decline in HDL-c levels with traiping. TC
increased in some studies (Frey's and Farrell's), did not
change in others (Wynne's and Rotkis') and declined in Lip-

son's study.

———
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TABLE 6 |
- |
TRAINING STUDIES INVOLVING WOMEN
' |
: g
AUTHORS DETAILS ON EXERCISE FROTOCOL KEY i
STUDY ) RESULTS |
. : J
. |
Farrell et n=7 sed. men -running at 70% V02 -TC inc. |
al. (1980) n=9 sed. max, 30 min., 3-4X/ S. |
: women wk, 8 wks -HDL-c
decr. at|
2 wWks; l
overall,
inc. S.- |
- _J
, |
Frey et al. n=1l2 women -10 wk bicycle erg., -V0O2 max |
(1982) interval T. 3X/wk, 30 min./sess. inc. S. |
1=6 women 70% max HR reserve -no diff.|
cont.i T. (cont.) in HDL-c]
o -interval:work 5 min.-TC inc !
no 0C - rest 2 min. S. |
1
i
Lipson et n=5% men, 6 ~jog on treadmill at -TC, HDL
al. (1979) women 50-75% V02 max, 30 decr:. S.
age:19-22 yrs min./day, & wks ~no diff.
HDLZ &
HDL3
Rotkis et n=22 women ~running 5-6X/wk, -TC unch.|
al. (1981)

age:28.4 yrs average 44.9 miles/ -HDL-c S.

5 mg/dl

Wynne et al.
{1980)

n=13 active -10 wks bicycle erg,)-V0O2 max

n=6 control 3¥/wk,” 30 min./sess.” inc. ‘

All on 70% max HR reserve -no diff.
specific OC in TC &

|

I

|

}

|

I

|

|

|
wk, 4-7 months - inc. by |
i

|

J

|

|

|

1

t
age:19-30 yrs HDL-c !
J
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2.2.4 HDL Subfractions in Training Studies

The following researchers have gone beyond the analysis

of HDL-c as a whole compcocnent. By analytical ultracentrifu-
i

~

gation, HDL has been further divided into *the HDL2 and HDL3
subfractions. The results become more suggestive if one ac-

cepts the premise that HDL2 is the protective "agent".

Nye et al. (19B81l) measured the cholesterol content in

HDL, HDL2 and HDL3 at different intervals (pre, 2,- 6 and 10
weeks) in subjects participating in a calisthenics program.
The 17 men, aged 30 to 45 years were asked to parﬁicipate in
two'weekly sessions of 30 to 45 minutes each, plus any other
activity they wished to take part in; only seven acted ac-
cordingly, while the ten c¢ther exercised less thah twice

weekly. Overall, TC levels decreased from 6.38 mmol/l to

6.08 mmo/); LDL concentrations were lower at two weeks (ver-

sus pre, p<0.001) and remained below baseline.values at ten
wéeks (p<0.005); VLDL did not change significantly. To£al
HDL-c concentrations had decreased significantly at two
weeks (1.55 mmol/l1 wvs 1.45 mﬁol/l, (approximatiohs only),
p<0.005), after which they increased slightly (nocn signifi—
cantly (NS)). HDLZ-c followed the same pattern as HDL-¢; a
decline at two weeks (0.5 mmol/l vs 0.35 mmol/l) was fol-
lowed by a rise at six weeks (0.55 mmol/l1 vs 0.35 mmol/l,

p<0.025). HDL3 demonstrated the exact opposite pattern; at
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two weeks, a significant rise was recorded (1.05 mmol/l vs

1.1 mmel/l, p<0.025), followed by a decline between weeks

two and six (1.1 mmo/l vs 0.95 mmol/l, p<0.025) and a fur- .

ther decline from week six to week ten (0.95 mmo/l vs 0.9
mmol/1l, p<0.0l1). Overall, when computing pre and post wval-

ues, HDLZ showed a rise of 0.19 mmol/l (p<0.001) while HDL3

fell significantly (p<0.001) by 0.20 mmol/l. These results

proﬁide further substantiation to the finding that changes

in HDL subfractions may occur even though no changes are ob-

served in total HDL~c levels. The authors proposed that a
selective redistribution of apo-C peptides occurred, favor-
ing the formation of HDLZ; as a c¢ensequence, a change in the

HDLZ2/HDL3 ratic was initiated.

Cowan (1983).investigated lipoprotein chanées in 40-men,
aged 29 to 56 years, engaged in a cardiac rehabilitation
program. The training consisted of three daily periods (20
to 40 minutes each) df joggiﬁg, ca:isthenics, swimming, ¢y-
cling and brisk walks, five days a week for three weeks,
with work intensities progressing-from 70% (week 1) to_jS%
(week 2) to B0% (week 3) of the max HR. Fasting blood éam—
ples were taken on days two and seventeen. The results
sﬁowed that HDL concentrations increased durind this ﬁeriod
by 0.87 mmol/l‘to 0.95 mmol/l and that HDLZ concentrations
increased by 0.14 mmol/1 to 0.19 mmol/l; no results we}e of-
fered fé_r HDL3. The level of probability. was said to be

highly significant but was not reported.
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Since weight loss is often associated with endurance
training, it became relevant for Williams et al. (1983) to
'Envestigate to what extent,théehﬁghef HDL-c and HDLZ2 and

lower HDL3 values consistently found in higher mileage run-

i o .
ners were a function of their body composition. Eighty-one

sédentary middle-aged men participated in the study; 48 of
them were assigned to a jogging-runﬁing.prog:am, three to
fiVe‘days a week[uw;th exercise heart rates ranging from 702
to B5% of maximal HR, five times a week fbr. a one year
period; 33.men‘actedras control subjects and led a Sedentary
lifestyle. Bqdy“density was evaluated by h?drostatic weilgh-
ing (S;ri'é equation)_and by the skiﬁfold method. After the
,ohe yéar period; the mean body weight and percentage of body
fat had decreased in the éxercising group (n=36) (-1.4 kg

and -1.3% respectively), while the.same components had in-

creased in the non-exefdisinq group (n=28) (1.1 kg and

2.8%); the changes were significant for both groups

(p<0.001). HDL-c concentrations did not increase signifi-
cantly more in the runners versus the control subjects (1.3
mg/iOOml vs 0.1 mg/100ml}; percentage£g§ body fat was found
to have a significant negative qorrelation (r=-0.44, p<0.01)
with HDL-c concentrations for the first six months, while
the relationship was weaker (r=0.21) forrthe‘remaiﬁiné peri-
od. HD;Z changes m;rrored those of the HDL—C correlation
(r=O.4S;.p<0.0l) even though>HDL2 con;titutes only one third

of the total HDL mass; HDL3 was shown to be independant of
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body composition and negatively correlated (r=-0.42, p20w01)
to the miles run over the one year period. The above results
suggested that a large proportion of the observed differenc-

es in HDL-c¢ and .HDL2 mass during the one year exercising

period were directly related to concurrent weight changes.

Further, evidence that LPLA was increased with fat loss and -

that LPLA was positively correlated with HDL-c and HDLZ sub-

i

stantiated the notion that weight loss associated with aero-
bic training favors ;ncreases in HDL~-c and HDLZ2-c. On the
other hand, controiled Qeiqht loss may not necessarily in-
crease HDL-c concentrations. Therefore, the physiological
processes accompanylng welght loss through exercise versus
dietarg weight loss alone may be very different. No explana-
tion Qas offeréd for the 17 subjects who did not compiete

-

the study. v
¥- Y

The ."same group of workers directed by Wood et al.
(1983), studied the lipoprotein profile of.81 men. (48 exer-
cising and 33 controlé), aged 30 to 55 years, to assess if a
dose-response existed with the distince run. Even though no

™

" statistical significance was found, lipoﬁrotein profiles

were more favorable for the active subjects fn=46); at the

same time, the exercising group was deemed fitter and lean-

er. Those men (n=24) who ran in excess of.eight miles per

week for a period of one year demonstrated increases of 4.4
mg/dl (p=0.045) in'their'piasma HDL-c levels and of 33 mg/dl

in - their total HDLZ mass (p=0.059). From these findings,
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an eight mile per_week running ﬁrogram of one year appeared
to be the threshold at which significant changes in HDL2 and

HDL3 levels were observed.

Most researchers that have subfractionned HDL have found
incfeased HDLZ values in active subjects, with a concomi—
tant‘rise in HDL-¢. Nye et al. (1981) ocbserved no change in
HDL-c and a decline in HDL3. Mos£ increases in HDL-c occur
primarily in HDLZ. Furthermore, it has been suggested that
HDLZ is a primary contributor of the observed inverse rela-
tionship between HDL and the prevalence of CHD (Anderson et

al., 1978). Table 7 provides a summary of the above studies.
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TABLE 7

TRAINING STUDIES AND HDL SUBFRACTIONS

|
|
|
1
|
|
I
I
|
4

HDLZ2

AUTHORS -DETAILS ON EXERCISE PROTOCOL KEY
STUDY RESULTS
. |
Cowan et al. n=40 men -cardiac rehab., 3X/ -HDL-c, |
{1983Y age:29-56 yrs day, 20-40 min./ HDL2 I
: : sess., S5X/wk, 3 wks inc¢c. S.
J
‘ |
Nye et al. n=17 men -aerobic program -n=7; TC |
(1981) age:30-45 yrs 30-45 min./sess., decr. NS|
ZX/wk, 10 wks -HDL-c S.
decr. at]
2 wks, &
- followed]|
by inc.;
-EDLZ
same as |
HDL-¢; |
~-HDL3 I
opp - !
t HDL2 i
e e )
. i
Williams et n=48 men -jog-run program -n=36 ex.|
al. (1983) exercise 5X/wk, 70-85% max -n=28.c. |
n=33 control”™ HR, 1 vear -HDL-c¢
middle-aged ' inc. NS |
A
. |
Wcod et al. n=48 active -one year running -thresh. |
{1983) n=33 control program 8 miles/|
age:30-55 yrs wk for |
S. inc. |
'HDL-c¢, |
|
1
]




2.3  COMPARATIVE TRAINING STUDIES (AEROBIC)

Comparative studies have often been used as an alterna-

tive for longitudinal studies. Even though they bring for-

ward valuable information concerning the effects of train- \

ing, they are nevertheless less conclusive than longitudinal
findings; the latter permit the inference that-tfaiﬁing did
o} ‘did not induce certain 1lipolytic changes. Coméarative
studiés on'the other hand, fail to ascer%ain to what extent
constitutional characteristics tweight, genetics,.diet...)
may render someone‘suitable to one Eorm'of exercise or an-
other, and hence potentialy inflﬁencé the results. Neverthe-

less, comparative studies. are used since they are less time

consuming. The following is an array of such studies; some

researchers have focused on HDL-c concentrations only, while
others have guantified the .subfractions in various popula-

tions, from electricians to runners.

“In 1976, WOod and coworkers dgtermined fasting lipopro-
tein levels in 41 men, runnihg more than 15 miles a week;
their results.wére compa;ed to those of control subjects.
Runners had significantly (p<0.05) lower TG (70 mg/dl vs 146
mé/d}+, TC (200 mg/dl vs 210 mg/dl), LDL-c (125 mg/di vs 139
mg/dl) and higher HDL;C (64 mg/dl vs 43 mg/dl) levels (con-
trol group: n=743 for TC and TG, n= 147 for HDL and LDL).
The differences between the two groups were'ohly partially

-~

accounted for by the degree of adiposity.
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Enger et al. {1977) compared 220 male cross-country ski-
‘ers (mean age of 41 years) to foﬁr qontrol groups: group‘l,
included 269 men aged 40 to 59 years, of which 247 were CHD-
free; group'z, ( a subgroup of 1), included 67 men who were
within 10% of their ideal body weight; the last two groups
were blood donors (non-fasting blood samples): group 3 was

composed of 87 men, aged 19 to 59 years, and group 4 includ-

ed 24 women aged 19 to 62 years net on any 0OC. The skilers

(non—fasting) were found to have 51gn1ﬁ}cantly (p<0 OOlL

higher HDL-c wvalues and HDL- c/TC ratlos than all of the male
control ‘groups; these same ac?ive men had values eguivalent
to thgse'of the female control -group. In the trained men,
.28% of. the TC'mass was found to be transported via HDL, 22%
-in the male contrql‘groups and 27% in the women control
group.

. -

Lehtonén{ et al. (1978) compared 12 lumberjacks (mean

wcrking time of‘13.9 years) to 15 electricians Who were not
regularly participating in any physical activity. TC levels
were ﬂigﬁest in.the lumberjacks (5.79 mmpl/l Vs 5!20 mmol/ L,
ﬁs), and so were _L-c concentrations'(l.QE mmol/l vs 1.42
mmol /1, p<0.0b1). Those lumberjgcks that were overweight

(n=3) had the lowest HDL-c wvalues. -

Nikkila et al. (1978) compared eight hale_sprinters and
12 male and six female long distance runners-to a contrel

" group of 16 women and ten men who.were considerably less ac-
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tive.- The sprinters. were averaging 20-35 kmfweek, the 1ong'

distance runners 100-130 km/week, while the control group

were not exceeding 15 km/week. Higher HDL-c levels were ev~

ident in the men (66 mg/dl) and women (74 mg/dl) long dis-

tance runners while the sprinters' HDL-C Gaiués'(SO mg,/dl)
were no<different than those of the control subjects (47 mé/
dl for the men and 61 mg/dl fof‘fhe,womeﬁ). LPLA in the adi-
pose tissue of the long di§tanée runners (gluteal region)
was 2.7 times greater (p<0.05) thén fhat of the conggols,
while LPLA of the ske€letal muscle (vastus Iéteral;sj was 1.7

times greater_(p<0,0l); sprinters’ LPLA was no different

than that of the controls. T

’ Lehtonen et al. (1979) compared 23 active males (25 km/

week) to 15 age-matched Controls;'they measured HDL-C, Apo

A-I and A-II levels. HDL-c and Apo A-1 were significantly -

" higher in the active subjects {1.77 mmel/l vs 1.42 mmol/l,

p<0.01; 2.16 g/l vs 1.65 g/, p<0.001, respectively).  Apo’

A-I1 was no different in the two groups; Further, the highi

est HDL-c levels were found in- those subjects logging more :

than 70 km/week. Also, the higher Apo A-I concentration.was
sald to reflect the LCAT mediated reaétiohffavoring the for-

mation of HDL-c¢ (HDL2 more specifically).

Masarei et al. (1982) also found a significant (p<0.01)

correlation between HDL-c gnd the Tresults of the ' W170 endir-.

~

ance fitness test in 43 males, senior administrators of .ma-

L)

jor companies. e e
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Comparative studies ekposed'above (see Table 8) have all

-.demonstrated hlgher HDL C. concentratlons for the more actlve.
eubjects. A few suggestlons have been offered as p0551ble’
foontributors for these 1ncreased -leve‘s leklla et :alf
(1978) suggested that the hlgher LPLA was respon51ble WOodf.
et al. (1976) belleved that the degree of ad1p051ty may have,

_contrlbuted to a certaln extent Lehtonen et al (1979} be-“

. e

11eved that hlgher Apo A~ I levels may have accentuated the~'

LCAT reaction and favore_dlHI')Lsfo_rmatlen‘.‘-_‘.-"~

(o
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| TABLE 8
|
| . -COMPARATIVE STUDIES
I .
| AUTHORS DETAILS ON EXERCISE PROTOCOL KEY
[ STUDY ' RESULTS
L
i I 1
i  Enger et n=220 male -X-country skiing -skiers: |
i al. (1977) skiers S. high.|
| n=356 men, 24 HDL-c, |
| women (no OC) HDL-c/ |
| control TC
[ age:19-62 yrs I
L 1
|
| Lehtonen et n=12 lumber- . -lumber.
[ al. {1978) jacks e hlgher
| - n=15 elect. TC .
! HDL -c
[ ,
| Lehtonen et ' n=23 active -running 25 km/wk -active:
! al. (1979) men inc. Apol
| n=15 sed.men A-1, HDL]
i Masarei et n=43 men -W170 endurénce -HDL-~-¢ S.|
! al. (1982) fitness test corr. tol
| . ; w170 !
L : i
i , : |
i Nikkila et n=8 sprint., -sprinters: 20 km/wk -HDL-c & |
| al. (1978) 12 1-d men -long-dist.:130 km/wk LPLA >
| & 1-d women-control: <15 km/wk in 1-d; |
| n=10 men, 16 -sprint. |
| «  Wwomen control same as |
| control |
L !

Wood et al.
(1976)

n=41 active
n=147 (EDL,
LDL); 743
(TC, TG)
controls
ALl men

-running *»15 miles/wk-runners:

S. lower
TC, TG,
LDL;
-HDL-c S.
higher

T

;
!
|
|
»
|
|
|
i
ad

I
:|
I
s
|
|
|
|
J
|



2.3.1 Comparative Studies and HDL Subfractions

Miller et al. (1979) verified the relationship between
HDL values and physical fitness in 11 young men participat-
ing in a spectrum of physical activitx, with the most ac-
tive ones being cross-gountry skiers. From the blood sam-
ples, the authors analyzed the HDL-c and the Apo A-I
coemponents, which they believed reflected the HDLZ and the
"HDL3 subfractions resﬁectively. The results proved“thét a
strong relationship existed between aerobic capacity (deter-
minéﬁ by a bicycle eréometer V02 max test) and HDL-c levels
{r=0.81, p<0.01), and a trend only with Apc A-1; the ratio
HDL-c¢/Apo A-I produced the strongest correlation with VO2
max (r=O‘88}ﬁb<0.001). The authors concluded that physical
fitness itself raised HDL-c wvia the HDLZ subfractien and as-
sumed when drawing these conclusions that HDL-c and Apo A-I

were appropriate indicators of HDL2Z and HDL3, respectively.

'Kuusi et al.'s (1982) study examined the relationship be-
tween physical fitness (determined by a bicycle ergometer
test) and BDLZ, HDL3, HL and LPL in 27 young men enroled in
the army[.ﬁith similar dieting and activity patterns. HDLZ-c
was found to correlate significantly (r=0.52, p<0.01) to
physical fitness; no correlation was found with HﬁLB-c,

13

while HL was negatively correlated to fitness (r=-0.57,

p<0.01). No relationship was found with TC, TG, VLDL-TG and
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LDL-c concentrations. HDL-¢ and HDL2-c but met HDL3-c, were

inversely related to HL activity. No relationship was foﬁnd

with LPLA. The authors suggested-that the increased HDLZ ob-
served with training may be a function of dual mechanisms:
1) an increased rate of formation during an accelerated hy-
drolysis of TG-rich lipoprotein by LPL, and 2) a diminished

removal by the liver via HL activity.

Laporte et al. (1983) measured HDL-c¢ levels in malés aged
18 to B0 years across a spectrum of physical activity. The
group of subjects included 56 spinal injuries, 11 disabled
with chronic pain, 197 normal ;ontrols ‘16 joggefs (2=-40
milés/week) and seven marathon runners (mofe than 30 miles

per week). HDL-c¢ values showed a gradient, relating to the

level of physical activity, from a mean of 27 mg/dl for the.

spinal cordlinjured subjects, to a mean of 61 mg /dl for the
marathon runners. In the disabled, the reduced level of ac-
tivity was primarily associated with HDLBf while physical
activity -above sedentariness was associated with increases

in both HDL2 and HDL3 levels.

As Table 9 indicates, comparative studies like longitudi~
nal training studies have repofted that HDL and HDLZ are re-
lated to the level of aerobic activity. Furthermore, HDL3
which showed no association with physical activity remained

practically unchanged.
N
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TABLE 9 |
: ‘ - |
COMPARATIVE STUDIES AND HDL SUBFRACTIONS : I
' ' :
AUTHORS DETAILS ON EXERCISE'PROTOCOL KEY {
- STUDY - RESULTS |
i} i
: A
Kuusi et al. n=27 young ~-HDL2 S.
(1982) men - > corr. w.|
' ’ physical|
fitness |
. -HDL and |
' HDLZ2 |
inv. |
corr. w.|
HL |
)
. : . |
Laporte et n=287 men -spectrum of. _ -HDL-c
al. -(1983) physical activity shows a |
{P.A.) gradient|-
B with P.A.
, : ‘ : |
Miller et n=11 young. -spectrum of P.A.; -strong |
al. (1981) men . most active: X- ’ rel.
country skiers "between |
V02 max |
& BDL-c |
2.3.2 mparative Studies Involving Women

Wood et al. (1977) studied lipid profiles in male and fe-

ale long distance runners and compared this group to an
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. significant weight loss; 41 men (35—59 years, average~of 37
miles/week) and 43 women (30~59 years, average of 31 miles/
week} were included in the study grodp, while 145 men and
101 women acted as controls. When comparIng the two groups,
runners were found to be significantly‘(p<0,05) different
than the control (n=743 males and 934 females fbrf TG and
TC). Table 10 summarizes the findings; all differenéés were

significant at the 0.05 lewvel.

TABLE 10

LIPID CONCENTRATIONS IN RUNNERS AND CONTROLS

 CONCENTRATIONS IN MG/DL

MEN WOMEN
Lipoproteins Runners Controls Runners Controls
TG 70 - 146 " 56 123
-TC 200 . 212 : 193 209
LDL-c¢ 125 139 113 124

HDL-¢ 64 43 75 56

e e e
-

7

-
A\
»

These results indicate that runners carry more choles-
terol in the HDL COmponent-and less in the LDL component:
Also, the higher concentrations of cholesterol found in HDL
for the runners did not necessarily indicate that'higher
plasma concentrations of the total HDL mgcromolfégles were
preéent, but was probably indicatiye. Furthermore, in a num-

ber of women and in a few male runners, HDL was the princi-

T
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pal carrier of cholesterol, such that the ratio of HDL-c to
LDL-c exceeded unity. This is rarely seen except in very
young children and in populations where atherosclerosis is

pratically'non existent.

Hartung et al. (1984) computed HDL-¢ values 1in pre-
(n=136) and.poét— (n=37) menopausal women, aged 24 to 58
yeafs, not using any OC, with a subject populatién being
comprised of long distance 'runners, qugeré and 1nactive
subjects. HDL-c¢ was invariably higher in the exercising
groups (independént of the menoﬁausal status), with  the
highest HDL-c values in the more active subjects (p<0.001}.
The HDL-c/TC ratio. yielded .a %ignificant‘ difference
(p<0.001) between_the'long df%tanée rﬁnﬁers and the inactive
women. Body fat was different between the groups and was re-
lated to the physic;l activity level. Ra;nville et al.
-(1984) confirmed that premenopégsai traine&}women {range:

25-75 miles/week) (n=10) had higher HDL-c (NSj, HDL-c¢/LDL-C

. ‘- . -
ratio (p<0.05) and HDL-c/TC ratio (p<0.05) than premenopau-

sal untrained women (n=10). Associated with the above,

?

Rainville and coworkers suggested that trained women are -

less prone to CHD than untrained women.

Diet is often said to influence HDL-c concenprations~_A?
s3tudy undertaken by Moore et al. (1983) verified the effect .
zﬁ\//of the exercise level and the diet on HDL-c in 49 Long dis-

tdince runners (mean of‘41.8 hm/week), 49 joggers (mean 6fz

s



- those of the control group); no significant 'difference was .

9.7 km/week) and 47 control subjetts (less than 1.6 km/
Qeek); none of these women were using oral .contraceptives.
The groups were different one from the other when weight

(p<0.02), percentage body fat (p<0.001l), TG boncéht;ations

(p<0.02), HDL-c concentrations (p<0.01) and the HDL-c/TC ra-

tio {p<0.00l) were compared. Also, HDL-¢ levels in women

running more than 49.9 km/week were the highest (13% above

found when comparing the diet composition of the groups, -ex-

cept that fiber consumption was greater in the more active

groups (p<0.01). The authors suggested a threshold of 19.6

km/week before any substantial fise (i.e. :BImg/dl) occurred
in HDL-¢ levels. The mechanism responsible for this increase

is still in guestion but may be due -to a reduced ' synthesis

or an enhanced catabolism of lipids-or‘apblipoproteins, an

~increased uptake of VLDL wvia LPLA or greater LCAT activity

,are probably among the few HDL subfraction studies including

153

and Apo A~] concentrations. Much remains to be confirmed.

5

Krauss et al.'s (1977b) findings are valuable_for'they

women. Six women runners, aged 34 to 46 years, not taking
any hormones, and seven male runners aged 42 to 58 vyears

were compared “tQ- control subjects. The results “from the

' -

blood samples demonstrated that the runners, menAand‘women,
had higher HDLZ wvalues (119 mg/dl, p<0.005 and 218 m',dl,
p<0.05; respectively) and HDL levels than their control

céunterparts for HDLZ (53 mg/dl and 122 mg/ dlf; HDL-¢ wval-
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ues were not reported. All the results were significant at
‘the 0.05 level. (Note <that HDL values reported here were
v for the total HDL subfractions and not solely for the cho-

e

>lesterol\content, as most of the above studies). HDL3 was
different gniy in the méle;: the runners had the highest
concenfrations (259 ﬁg/dl vs 227 mg/dl, p<0.05). Apoé A-I
and A-II Qere also‘measgfed; Apo A-I levels were higher 1in
the men (163 mg/dl vs 120 mg/dl, p<0.001) and in the women
(176 mgﬁdl vs 130 mg/dl,~p<0.001) runﬁérs; Apo A-II levels.
were-almostr identical in both groups. The cénclusion drawn
from these findings was that‘the higher ﬁDL values found in
the runners were almost’all totally ;eflected in the HDL2

subfraction‘and associated with a rise in Apo A-I but not

Apo A-TI. . | | - ;

. o \ . S
lThe‘litefatufe presented above déﬁonstrated that highly
active womeﬁ {r.e. long d;stance runner;T have highef HDL-c
lévels'(and.HDLZ) than their sedentarchounterparts. More-
over, a' threshold of 19.6 km/week has béen suggested by
Moore et al. (1983) to éroducé'substantiallchanges in HDL.
It is considérably higher than the proposed men's threshold

of 8 miles per.week (Wood et al., 1%832). Table 11 reviews:

the different studies.
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TABLE 11

‘ _ |
COMPARATIVE STUDIES INVOLVING WCOMEN - |
| | |
 AUTHORS DETAILS ON EXERCISE PROTCCOL KEY I
STUDY ‘ RESULTS |
J

Hartung et n=136 -long dist. runners -HDL-c >
al. (1984) premenc. ,joggers, inactive in most |
n=37 post. A active |
(active) |
1
. : |
Krauss et n=7 runners -runners: |
al. (1977b)  men; 6 women S. >
‘ runners : HDL?Z2 |
{no OC) : |
1
Moore et al. n=49 1-d -1-d: 41.8 km/wk -HDL-c |

(1983) n=49 joggers -joggers: 9.7 km/wk - 16 mg/dl|
- . n=47 controls -contrels:<1.6 km/wk > ‘in 1-d]
‘ ' vs !
controls|
i
Rainville et n=18 trained -25 miles/wk -S. > !
al. (1984) -n=10 untrained HDL-c, |
: premenopausal ; HDL-c/ |
TC in T.|
]
~ I
Wood et al. n=41 men, 43 -runners: minimum -runners: |
(1977) women:active 15 miles/wk < TG, TC|
n=145 men, 101 ' & LDL-c; |

women: sed. > HDL-c; |
age:30-59 vyrs all s. |
i
|
7 J

IR
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2.4 THE EFFECT OF OESTROGEN ON HDL REGULATION

v

The cholesterol content in HDL and HDLZ is greater in wo-

. ¢
men than in men (HDL-c: 1.32 mmol/l vs 1.14 mmol/l, p<0.01}
(Shepherd et al., 1980). The following groups of researchers
have built upon this observation to elucidate the link be-

tween oestrogen levels and HDL-c concentrations.

| Two groups of résgarchers studiéd women to determine. if
. lipoprotein concentration chénges occurred in the course of
the menstrual cyclé. Menaoza et al. (1979) measured LPLA and
lipoprqteins in 24 wemen, aéed 20 to 35 years, with menstru-
ai cycles ranging from 28 to 30 days and not takiné any ;;al
contraceptives; blood was taken aftér a 12 to 14 hour fast
on days seven and 21 of the cycle, to repreéent the follicu-
lar and luteal phéses . respectively. LPLA was. significantly
(p<0.001) higher (78 U/ml vs 50ﬁ9 U/ml) in the luteal phase;
this activity was significantly associated with lower TG
_concéntfations (96.7 mg/dl vs.86.7 mg/dl, p<0.05). Further-

-

more, TC, LDL and HDL (45.6 mg/dl vs 42.8 mg/dl) levels did

not differ significantly from one phase toc the other. Shep-,

herd et al.,(1980) confirmed from their findings in 12 women
{mean age of 30 vears) that hormonal changes during the men-
strual cycle appeared not to affect HDL-c and apo A-I lev-
els. Mo;eover, no cyclic differences were observed in the
HDOL subfractions. Therefore, the researche}s concluded that

no special care was necessary for blood sampling.
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Similarly,.Kim et al. (1979) studied 14 women witﬁ regu-
lar menstrual cycles of various lengths (21 to 37 daysL
having not received any medication for three ménths prior to
the beginning of the study. Estimations were made for the
- menstrual, follicular, ovulatory and luteal phases for each
of these women, who were then followed for three consecutive
cycles; blood samples were' taken every three to five days
and the results were assigned to one of the above phaseé af-
'ter which means were compiled. The‘women's results were then
.compared to ten age-matched men who were arbitrarily as-
sigﬁéd to a 28 day cycle and from whom blood was also ‘taken
every three to-five'days. The results cbﬁfifmed that women
havé significantly (p%b.01) lower TC concentraticons in the
.laté luteal phaﬁgu(IBB mg/dl) wvs the menstrual and early
foilicular phasé; (208 mg/dl); furthermore, the women}s low-
est luteal values were significantly (p<C.05} %owér than
those of the men during the whole cycle (210 mg/dl); LDL-c
. followed the same pattern. Overall, HDL-C. concéptratiohs
were higher'(p<0.05-9;01)‘lin the women than in the men (65
mg/dl vs 57 mg/dl); also, there was an observed trend in the
women for higher (but'ns) HDL-c concentrations in the lutéal
phase Vers;s the follicular phase (66 mg/dl s 64 .mg/dl).
From these results, the authors deduced'that‘oestrogen‘may
influence the cﬁglesterol removal process by in&reasing the

HDL mass.
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-Krauss et al. (1979) studied the fluctuations in the HDL
subfractions (HDL3, HDL2a and HDL2b), as influenced by en-
dogenous hormones 1n the normal menstrual cycle, in four?
subjects. HDL3 and HDLZ2a Leyels‘reﬁained the same throughout
the cycle, whereas HDLZb'ihcreésed at or just after ovula-
tion after which.it decliﬁed rapidly, suggesting that fac-
tors other tﬁan:oestrogen, such as the luteinizing hormcne,
are likely tolbe involved; blood samples were taken within
eight hours of a light fat—fre? breakfast and/or lunch. Na-
kamura et al. (1983) supported that ﬁDLé increased around
ovulation time in healthy premencpausal womén; it is be-
lieved that oest}ogén suppressed ﬁepatic TG liéase.éndlfa—
vored highef-HDLZ-c-levels, while androgenic steroids had

the opposite effect.

Demacher et al. (1982) observed that HDL-¢ values fell
during the contraceptive c¢ycle from 57 mg/100ml to 50

mg/lOOml“(p<0.05i (n=8) and rose again to starting wvalues

‘during the pill-free days; also, TC levels declined signifi-

cantly during the cycle.(maximimum of 0.40 mmol/l) as a re-
sult of the lower HDL-c. In non users (n=10), no significant
changes were seen in TC, TG, LDL-c and HDL~c concentrations

during one cycle. - - .

Wallace et al. (1977) studied the TG and TC concentra-
tions in 18,461 women, aged 15 teo 74 years. Women younger

than 49 vyears, and users of contraceptive pills, had
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slightly greater TC levels (5%), and greaté£ TG levels
(48%); no control was performed to assess the type of pill
used. Similarly,'Wahl et al. (1983) described .the effecés
of ten hormene preparations on lipoprotein concentrations;
375 wemen were using 0C, 284 women were on ogétrogen thera-

Py, while 1,086 women acted as the control group. The high-

est TG levels were found in these women usinq OC with high

oestrogen dosage; HDL-c¢ followed the séme pattern (73 mg/§l
vs 54 mg/dl for the non users, p<d.05). Oestrogen theraﬁ&
in 58 Rostmenopausal women invariably ipcreased (signifi—
cantly p<0.001) HDL (1.20 mmol/l to.l.31 mmoi/l)répd HDLZ

(0.63 mmol/Ll to 0.73 mmol/l), and decreased TC (6f67 mmol /1

to 6.30 mmol/l);  HDL3 remained unchanged (0.55. mmol/l to

0.58 mmol/l) (Ottosson et al., 1985).

Bradley et al.'(1978)‘concluded from their findings_in
4,978 women aged 21 to bB2.years (592 0OC users, 964 ﬁn ﬂor—
mone therapy), £hat HDL-was positively associated with oes-
" trogen dosage, while progesterone dosage was negatively as-
sociated. Albers et al. (1976)- demonstrated that women on
combined OC (n=éO) had HDL wvalues somewhat similar to those
on no medication (n=99), wikh a mean value of 56 mg/dl.
Those women (n=29) using an oestrogen pill had the highest
HDL-c values; (62 mg/di).: Albers et al. (1978) confirmed

these findings.
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Hennekens et él.,(1979) examined the relationship between
the use of OC in 190 women aged 21 to 39 years, and TG, TC
“and HDL-c concentrations. In users, TG levels were higher

E (95'mg/100m1 vs 73 mg/100ml, p=0.002), and so were TC levels

(198 mg/100ml wvs 189 mg/100ml); HDL-c levels were slightly

lower (47 mg/100ml wvs 50 mg/100ml). Wallace et al. (1979) -

- studied llpoproteln concentratlons in 424 OC users, 162 oes-
trogen users and 2, 020 non users jof” hoxmones aged 15 to 74

years; most OC users,141.94)-were‘between 20 and 24 years.

#

OC users had signifioantly'greatef'TC (by 2-16 mgsdl), TG

4

(by 30460‘mg/dl) LDL ¢, and VLDL < (by 2—8“mg/dl) values;
HDL-c¢ levels were not 51gn1f1cantly dlfferent in the groups,

'whereés oestrogen use in the older women (55 -59° year'ylln—

creased HDL- -c by 15 to 20 ‘(pfO OOOZ) Also ,those .women

K

'taklng QC w1th -an oestrogen concentratlon greater than 50 ug

had . 51gn1f1cant%v (paO 01) hlgher HDL c, HTC/ TG and ‘VLDL- c‘"

v

levels than other oC users (n 129) R b .. - ,"

~

" Other researchers have recognlzed the need. of stud&inq
the effect of OC on the HDL subfractlons krauss et al
(1977a) found non Slgnlflcant 1ncreases 1n TC and TG concen-

tretions in 18 combined OC usens,(zo to 39'years) compared

to 19 age-matcned controle'iwhile HDB—C levels were 5ignifi—

cantly greater (386.4 mg/dl vs 328 3 mg/dl béoﬂos), and
1

almost totally accounted for by HDL3 (275 mg/IOOml vs 223

mg/lOOml,‘ p<0,005); whlle HDL2 rremalned 51m11ar _in. both

groups (111.2 mg/ol vs 105.0 mg/dl 5estlogen use in women
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(aged 44 to 66 years)pappgéféd to be associated with higher

- \. N | . :
ley et.al. (11982) studied the effects of exogenous oestrogen
i | {

intake -in postmenopausal women. HDL-c levels were higher
. ‘.\ ‘ .

(76.3 mg/aL ¥s 65.1 mg/dl} and so were HDLZ-c levels (39.1
- : | . : |
\~mg/dl:VS 24.2 mg/dl), while HDL3-c levels were lower (87.4

mg/dl wvs 40.8 mg/dl} in the users (n=37y, versus the non

users (n=40) (p<0.05 for all differenc;;TF\\

~
[

Schaefer et al. (1983) administered svypnthetic oestrogen
(0.1 mg ethfnyl estradicl) to five young women for 28 days.

HDL-c concentration increased signif%pgntly by 43% (p<0.05)

3

S
from i1ts baseline value of 47 mgs/dl; HDLZ2a, HDL2b and HDL3

also 1increased significantly (p<0,01) by 150%, 27% and 26.9Y
ot I ) i
, respectively. A}sb,TTC;?TG|hnd;VLDLfQ.levels were signifi-

/

cantly higher (19.5%, 87% and 123.1%, p-<0,05), .while LDL-c

¥
) *
13.8% while no significant change was olfserved in LPLA.
% -

remained unchang®d. Eurthermore,-Hﬁ ?Zfivity decreased by

i~

use. has been associated with higher HDL-c wvalues (doseAré—

lag'f !hhan'those of non users as shown in Takle 12. It

o
would then seem that OC use would proviggi'gome benefit. How-

ever, concomitantwchanges have alsoc occurred in the other
li1pids ‘and lipoproteins (TC, TG znd LDL), promoting unfavo-
rablie profiles ang thererfore jncreasing the risk of CHD. &

limitegd number of studies have reported the potency of the

. R

j> HDL’ (E;b) levels, but not HDL3 (Krauss et al., 1979). Cau—‘

Trom the above stidies it can be observed that oestrogen
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- OC used by the subjects which renders the comparison of dif-

ferent studies difficult if not impossible due to the wide

range of OC on the market.

~

The present chapter has enumerated the discrepaHC§Fs ékF
isting in the literature."The majority of lengitudinal and
comparative have shown that HDL correlated highly with the
level of physical attivity} énd ﬁore importantly, that HDL2
reflected HDL-cC levels; HDI¥ levels did got'change with ae-
robic activity and may have decreased slightly. Oestrogen
use favored higher EDL-c levels, this being associated with

modificaticng in various lipoproteins and lipids.

It is difficult to provide a cause and gffect relation-
ship between HDL and aerobic activity and.HDL and oestrogen
levels. The variations that arised in the results were a
fdncplon of numerous factors which have been énumeréted eal -
lier. DMore rigorous control of such variables must there-
fore be exerted before any conclusive results can be report-

ed.
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| TABLE 12

I ’ —_—

| THE EFFECT OF OESTROGEN ON HDL REGULATION

|

| AUTHORS DETAILS ON STUDY KEY RESULTS

L 3\ '

I , P

| Albers et : n=80 women on combined OC -Combined OC

|. al. (1976) n=99 women on no 0C, ' users have HDL
| ‘ ‘ ‘ n=29 women on oestrogen similar to no

| ocC : OC; Oestrogen OC
| users: highest
I Hﬂ%@c. T

L

I :

| "Bradley et n=592 OC users -EDL-c ass. pos.
i al. (1978) n=964 on hormeone therapy with cestrogen
i , : n=3,422 contrels dosage; HDL-c -
| age:21-64 vyrs ass. with prog.
| ‘ ' dosage.

I

|  Cauley et n=37 oestrogen users -HDL-c, HDLZ2 S.

[ al. (1982) n=40 non users higher in users
!

postmenopausal

Démacher et
alt (1982)

n=8 0OC users
n=10 non users

R N

-users:HDL-c, TC
‘decr. S. during
contra. cycle;

diff. in HDL-c

I
i
. =non users: no |
|
|
|

. ky & TC in MC
Hennekeﬁs,et n=190 users. -users: > TG, TC
al. (1979) age:21-39 yrs

"Kim et al.
(1979)

no report on OC doéage,

o

[
!
& < HDL-c i
1

LY

n=14 women, no OC

n=10 age-matched men

MC:21-37 days

Blood samples:every 3-5

dys

A b
]

-TC decr. S. in |
luteal phase !
~HDL-¢ inc. NS !
in luteal phase |
|

! Krauss et
. al. {(1977a)

*

n=18 OC users -
n=19 controls
age:20-32 yrs

~HDL~c > in users
(mostly HDL3)

-HDLZ similar in
both groups o

S Y U S TS L S S —— |
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I
Krauss et , |
al. (1979) n=4 women | -HDL2, HDL3: no |
o . " diff. throughout|
MCINHDL2b inc. |
~at otvulation |
1
Mendoza et* n=24 women - -LPLA inc. in
al. (1979) age:20-35 yrs ' _ luteal phase
MC:28-30 days . ~-no diff. betw.
Blood sample on days 7 and phases re TC, . |
21 of MC : : LDL-¢ and HDL-c |
. o : - J
Nakamura et S ©° -HDL2 inc. at
“al. (1983) - o o ovulation time
~Ottosson et n=58 postmencpausal " . . ~HDL, HDL2 inc.
al. {1985) - women with oestrogen S: HDL3 unch.;

. therapy - -, . .~TC decr.
Schaefer et n=5 young women E ;HDLQC-incf 439
al. (1982) Administration,of'synthé— -HDLZ,. HDL3 inc.

. ~tic oestr. for 28 days -TC, TG inc.

k)

-~

Shepherd et n=12 women : " -no change: HDL-c
al. (1880) age:30 yrs : v HDLZ2, HDL3, Apo

-1 within MC

e e e m e e e

Wahl et al. n=658 OC users -HDL-¢ - in OC
(1983) n=1086 coritrols - . users with high !
. ' cestirogen dosage,

‘ |

Wallace et n=18, 461 women -0C users: inc.
al. (1977) =7 ' -TC, TG
S ‘ ; _“________w"__"__-__.__.@,?_j),<i
| _ o !
Wallace et n=2,606 OC users and oest.-HDL-CéNSfa}ff. i
al. (1979) users and non users betwedn
age:15-74 yrs groups
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METHODOLOGY

—

3.1  INTRODUCTION

The purpose of this‘stddy was twofold. The.initial ob-
jective was to determine if a bicycle ergometer -training’

program with three weekly seésions'ofISS minutesmeach; would = .

favorably decrease TC .concentrations and increase.HDL-c con-
centrations in the. exercising group.. Furphermorgf;aﬁd‘mo;é_ru'

impoftantlyh thé HDL subfréctions were to ibé anélyzed-,to '

'

verify if the ratio between HDL2 and HDL3 had beénhaltgred_

®» .

, s : ' - — s J :
in favor of greater HDLZ production,. and therefore, . reducing.
the concentration of HDL3-c. A controligroupy wasnused'to es—

tablish whether the changes observed in the lipLd,conceh—

-
~

trations were a conseqguence of the training programf



3.2 SUBJECT§ B ' ST
s . ‘ _ . L -‘:f.“.' , -

All subjects were untréined women (priﬁarily students), AR 1
aged 18 to 30 years and not taking ofal-bpntraceptivés;lthé S s N
.term untrained in thislcontext refers to the abstineﬁce of : -
participétién‘in any regular.traininq p;og:am;'sixteeg women
werel.assighed to the training group while ninerwoﬁen re- -
 mained sedehﬁafy, acting as confrol subjeétsﬁki.é. not tak;
_‘ing part in §ny regular physical activi£§f. Most subjécts i -
had'less'than,35%‘§f“body fat as determiﬁed by éoﬁt skinfold ;
‘mgasuféhénts,-and a BMI indggéoflless'than'zé. None Qf.‘the." o
. subje¢£s had,a_réﬁtiﬁq blpqd pressufe ek&éedipg'QS mmHé'for‘;

the diastolic and 140 mmHg for the'systolic. . o . - -

The subjects‘wére.ihformedjof theiobjectiveé of the-study-Lf
and. fully understpod the 1mplication$ involved befbu!’. . '
agréeing to pafticipate;'A'questibnnaire (#1;‘Appendix EA: o - !

‘was administered to all interested subjects. and utiliZed-as

a screeﬁiné teol. The QUeStionnairé‘pertaineﬁ méstiy-to:éefF X
-_sohal lifestylie habits with itgzs on_gengrdl'health,“diep;;,
sﬁoking; .aicohoil c#ﬁsuﬁptioh,i physicél.‘éc?i%ity pattern,
hormoﬁal intake. .. subjeéts wére asked not‘;oimodify‘their‘ Y
fpod aﬁd alcohol 'cohsumptions  nor"their exéréise Qi}térn

over the course of the study_(with‘thé exceBtion of the ex-
- : _ .

perimental protocol}. Drastic changes which may have oG-
v -

curred and possibly have affected the results were evaluated.



T

' by'a.second qpestionnaire (Appendix E), completea_.at‘the
end of the study. Once tﬁe questionnaire had beéen complét—
:edh each subject's peréonal‘informatidn was assessed to Qar-
rant éCCessibility to the study. The‘subjecfs had toAmeet
the following selecti;nrcriteria té be included: h
1) a wdman, aged between 18 and 30 years;
2) notlusing.any oral conﬁréceptive'or any medicaﬁion which
may alter blood lipids;
3) menétruating regularly;
45 have a "normal"nbloqd.preSSure (as stated abové);
5} not partiﬁipatihg in a regu;érfﬁraiﬁing‘program (i:e.
’3~4 times/week);' | A |
6) noﬁ-smdker; . | ‘ ’ . . ;»
7)jno£ pga;tising any-éxtreme ii%estyie&habité,(i.e. diet,
.alcbhol:..); | | |
é) agree to participate iﬁ the -assigned. control or
‘éxerciéiﬁg Qrodbrand fdlloy the testing and.expe%iméntal
_ bro£ocols.' | | | :

Admiséible,subjects were then asSigned'to the.cpntroi or

exercising groups. Furthermore, eath woman's menstrudl. cycle

. {MC) was assessed (by the. use of . the questionnaire)‘to de-

‘termine an approximation‘of the ovulation day, acqording'to
the average length of the MC (last 3. C of more).
o o _ Y _
SRR
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3.3 TESTING PROCEDURE

- The study consisted of three phases: ;he' preparafion

period (week 0O and preceeding'weeks), the training program

(weeks lsto 8), and the post-training period (week 9).

Phase 1 (Pre 4 Weeks):;-

One month prior to the beginning of the study, advertise-
ments were posted on university grounds. Interested subjecﬁs

were then asked to complete questionnaire 1 (Appendix E).

Pre 2 weeks: All- screened out participants (i.e. those
that did not meet the selection criteria described above)

_ o .-
were notified. All screened in subjectslu¢gre briefed indi-

vidually. The‘jnformation session consisted of exposing the

. éubjéct.t? the:purpose of t@% study andcfhe commit%ents in-~
velved (training seésions, blood sampling...). If the sub-
ject agrged to participafe, a consent form was signed (Ap—
péndix E) before any testihg‘was.undertaken. Furthermore,
-arfangements Qere. made-f;;'fa) a blood.samphing day, b} a

pre~testing session,'and c) weekly training times for the

subjeais assigned to the exercising group.

Pre 1 week: A blood sample was taken (see blood sqﬁ-

. pling section for more détai;s). The scheduled pre-testind

S

Vséssion. cdnsisted of determining the “following parameters
for all subjects.

1) BMI: weight in Kkilograms, height 1n centimetres

3
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2) 4 skinfold'measurement§ (subscapular,.suprafiliac, biceps

and triceﬁs) from- which the bﬁdy density was calculated

as specified by Durnin and Womersley's (1974) linear

regression equations. Furtheemore, the deﬁsity was used

to calculate the percentage of body fat acceording to

_Siri's equation : 495 divided by.densityh minus 450

(Katch et al., 1983). : .

3) 4 circumference measurements (Chest, waist, hip and
gluteal). e i

4) resting blood pressure;

S) V02 max on the bicycle ergometer (seé VG2 mak sectign).

Phase 2: | . o A

The training regime included three weekly sessiénSJ(Monu

days, Wednesdays and Fridays), leaving Tuesdays and Thurs-

\

days available for make up sessions. The exercise SessionS‘

‘lasted 35 minutes each, consisting of having 'the,subjéct
pedalling at 50 reveolutions per ' te (rpm), following the
rhythm of a ﬁetronome {set at 100 beats per minute). The
training consisted of five minute work bouts séparatgd by

one minute rest periods, repeated for six sets. The inten-

sity of work induced heart rates that corrééponded to 60% to -

70% of the maximal oxygen conéumption as determined by the

V02 max test (pre); 60- 65% of VO2 max was chosen as the

training intensity for week 1, while

0% of VOZ max was cho-

sen for the following weeks of T ining. The training con-

Lo

~—y
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-

. \.
sisted of a gfadual.increase in workload for the/saﬁéty of
‘

the subject and to ascertain maximal participat}éh on behalf
of the subjects. A warm up period'(achievediby pedalliné
with a‘low resistance) was allotted for a few minutes at thé
beginning of each session. The heart rates were monitored_
every five minutes to ascertain that the training intensity

was maintained. Each training session was terminated by a

progressive decrease in the workload.

Phase 3
. .

: P
On week 9, all subjects were reevaluated for the fol¥d§:j

iﬁg:

1):blood sample;
- 2) body weight,  skinfold a?drcircumference measureménts:

3) V02 max; ' -

1) guestionnaire 2 (Appendix E).

Takle 13lshow5 the. flow cﬁart'bf events with fespect t§.the

testing procedures. »

ey
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TABLE 13

SEQUENCE OF EVENTS FOR TESTING.

Prior to week O:
Recruitment of subjects via questlonnalre 1
(Appendix E).

Week O: ‘ .
Subjects assigned to exercising or
control groups.
Blood sample taken (pre).
V02 max test, height, welght blood pressure,
circumference and skinfold measurements.

Weeks 1 to 8:
.Blocod samples-(week 4, 5, 6, 7 and 8).
Training: 35 min./3 times a week/60- 70% of V02
max (exerc151ng group only}.

Week 9
Questionnaire 2 (Appendix E).
V02 max, weight, ‘skinfeld and circumference
measurements ' -
Blood sample (post).

- — e _————
. . .
[, S S S S |

3.4 DETERMINATION OF VO2 MAX

The following procedurge was: .followed to obtain a maximal

“qugen-CODSumtpion.value for all subje¢ts‘(Américan College

of Sports Medicine, 1983/84; Thoden e't al ., 1982). All bi-
cycles were callbrated before each test |
1. The metronome tempo was set at 100 51ngle beats per

minute so that the subject was pedalllng at'SO
. .. . ) : T . ‘ . ’
revolutions per minute (rpm).

4
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10.

The heiéﬁt of the saddle{ﬁas a&juéted tg‘suit the
subject. . | ’

With the subject'seafeé on the bicycle érgometer but
without touching thé.pedals,.thermark o? the ﬁendulum
was set at "O" on the scale- | | |

At the beginning-bfthe,teSt, the bfake;belt Qas:slack;
the desired workload was then set and timing started;
Two minute work staéeé were used, witHHan initiéi”wofk;
load of 1.0 kiloponq {kp): increﬁénté were of Ois:kp
per étage. |

The HR was recorded every minute by.auscultatioq.

Gas samples were collected throughout the entire tést.
Attainment of V@i\m@x was assured when a plateau (as
indicated by a change - 100 ml/min.) or'a slight drop 1n

oxygen consumption occurred as the workload was 1ncreased

.béyond the intensity that first resulted in a maximal

value. If any symptoms appeared, as described by the
hmerican Heart Association {1975}, the test was
terminated at once.

Fcllowing a 15 minute rest, the subject completed a ride
to exhaustion at the load egual to the last load
completed'in‘the progressive phaée. The gas collection
protocol rgﬂsgned thé same.

V02 max was reported in ml{min/kg as the highest
Value.attained'in either the progréssive‘or

exhaustive test.
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3.5 BLOOD SAMPLING,

The blood samples _were' drawn from an antecubital wvein
into Vacutainer'tubes containing 1.0-1.4 mg of dry EDTA.per
mi of "blood, between 7/30 and 9:30 a.m., after a 12 to 16
hour fast. The subjects_wereﬁasked if tﬁey.had cogplied witha
the request; if not, aﬁ‘plternate déy was scheduled. The
plasma‘waé gepératéd from the wholé blood afte; being cen- -

trifuged for ten minfites. Thereafter, the plasma was pipet- -

‘ted off and fppzén in giass tubes until analysis. In allf

seven blood samples‘were drawn  from each subject at weekly’

a
v

intervals: -
.
B

a) sample 1, consisting of the’pre-training Sample (week 0);
b) samples 2 to &, consisting of the training ox control

samples (weeks 4, 5, 6, 7 and 8) taken in the morning, N

after a training day;

¢c) sample 7, consisting d% the post sample (last training

sample taken on Monday or Tuesday of week 9). - o

. Krauss et al. (1979), Mendoza et al. (1979) and Shepherd
? _ -
et al. (1980) have determined that no significant differ-

ence exists between the foll;cular and luteal ph%ses of the

menstrual cycle with respect to HDL-c_ and TC concentrations. o

Kim et al's (1979) results suggested that TC levels were

significantly lower in the luteal. phase and thatiHDL-c¢ lev-

(.3

e

els were higher (but ns) in that same phase.éﬂlso, a signif-



*

icant rise observed on the’ day of cvulation (Kreuss et al.,

1979) warrants special care for blood sampling. Ovulation

.J‘
A .

is said to occur 12 to 16-oaye before the onset of the next

“‘period (Hafez, 1980; Shangold, 1984). Therefore, to avoid

m;sleadlng results, days 12 to 16 prior to phe expected com- k

mencement of the menstrual flow (averaged from the 3 previ-

w
.a

ous cycles) were‘avoided‘for blood withdrawal.

»
&

Each subject (contrel and exercising) was assigned a

fs

- blood_sampling da? (Monday to Friday). Tnereafter, that day

was respected unless predicted calculatlons coincided Wlth
the de51gnated "ovulation peried" ﬁdaye 12 to 16 prior to
onset of menstrual fiow). In any event, an alternate day was
arranged to reflect as accurately as p0551ble a week's in-

terval between the preceedlng and succeedlng blood samples

Each‘subjeCc was ‘also asked to report the day of onset of

4 -

the menst:uation.for each cycle to further control the pod-

'sible effect of ovulation”on HDL-C and TC concentrations.

»

Sample 7 was taken on the Monday or. Tuesday 1mmed1ately fol-

lowing the last week of‘tralnlng (before the post- teot) so

S /
that each subpjects' results were comparable with respect té\
' &

the delay afteyr the last training session.

[
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Kydrogen pefaxige féacted»ihlxhe

‘3.6  BLOOD ANALYSIS, =~ ' IR L

The blood sampling protocol was (identiﬁaL for the con-.

trol and fraining subjécts.'Faéﬁing plébma.ilZ to 16 hours)

was used for all determinations of TC,:HDL and HDL‘subfréé-‘

tions.

3.6.1 TC Analysis

¢

The TC concentrations were analyzed enzymatlcally, hsiné

the Cholesterecl C-system, CHOD-PAP method The first step}of

the procedure consisted in quantitatively splittihg all"the,

I ] -
7 . o .
cholesterol esters Dresent in the plasma into. free cholea-

.
>

=terol and fatty ac1ds by cholesterol esterase In the pres-

-

~ence of oxygen, free cholectelel was then oyldlzed by cho-

_.lesterol oxidase to Gholest—4ﬁenr3—one.’ Followlng, the

sence of peroxiaase with
- ’./'r ’ . I » > N ' .'
phencl and 4-aminophenazome te¢ form a pygquinone, imine dye.

-
'

The intensi{yfof the"coiour}formed was proportioﬁal'to'the_

cholesterol concentratlon and could be- measuxed photomﬁtll-

-

cally at SOO nm.(Sledel et al 1981) The Preciset Cho]ea—

1 £

terol Kit whlch contalns 51x standard TC concentratlons was

used to prepare ealibyation curves; the standard concentra-

poA . v . ' . _

tions are 50, 100, 150, 200, 300 and 400 mg/dl. Furthermore,

- ¢

_two standards were chosen . for all assays Rgrforﬁqd and were

-
- . -




~

t - * ?
’ Yy r’-
used to calculate the TC concentrations. Quality control was,

-

assessed by analyzing a pooled human plasma sahple for all
. ' U DN
assays (Appendix A for assay).

3

.+
r

3.6.2 An&lysis of HDL-c, HDLZ-c and HDL3-c Concentrations

t v ,r -

LY

i ¢

In the precipitation\ method described by Gidez et al.
C . [

’

(1982), the apo B containing lipoproteins (VLDL and 'LDL)
were removed by precigpitaion while,K HDL remained in the su-

pernatant and its cholesterol content was measured. The bre—
cipitation reagents wegé the polyqnion;c_hgparin and the di-
valent cation manqanése. The qechénisms of "the precipitation
reaction are not clear but it is believed that the %nterac—
tion betweén the‘negatively charged‘ﬁroups of Hheparin and
the protein moieties of the Liboproteiné is probably impér— )
tant. Divalent metal ions interacted with negativeLy c¢harged
groups of phospholipids which fﬁcilitated the forﬁatioq'of
insoluble ccmﬁlexes. The larger lipid rich proéeins, VLDL
and LDL, formed insoluble complexes more readily 'than did
the smaller protein-rich HDL. The insoluble complexes were
then sedimented by low speed centrifugation. The cholesterol
remaining in the supernatant solution represented HDL-c, and
measured as described for the TC analysis. Following the
precipitaion of apo B containing lipoproteins with heparin

and manganese, HDL2 was precipitated by the addition of dex-

tran sulfate (mol. wt. 15,000). An aliquot of the superna-
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- 1
-

tant HDL3-c (dextran'Sulfétejsdpernatant)‘was removed after
v . 1 : - - B M "

centrifugation and analyzed for its choieste;pl.coﬁtentfas.
described for TC énalysis. HDL2-¢ waéﬁoalcplétéd as'tﬁe.dif-_

ference between total HDL-c &nd HDL3=c! HDL2 determined- by

this method correlates well with resﬁlts(obtained,by'prepa;r
"ative ultracentfifugafddn (f=0ﬂ91,:n=295)vand—aﬂaTyticéi ul-
tracentrifugation (}50.§2£.n=l7y, és reporfed by Gidé;.etﬁ’

al. (1982). The Special Control Serum Kit, a lyophidized

control serum based on human serum was used for the control.

- ‘.

of accuracyf The control serum was used for all assays per-.

L

formed and used to calculate thngDL—c éon¢entratigns AAp:

i\

pendix B for Asséy). N

To assess the reproducibility:of the above. technigues)

ten aliguots of posled plasma werexanalyzéd for TG, HDL#C,L

HDLZ-c and HDL3~c on the same day. Thereafter, an hliqﬁot-of

this pooled plasmé was used for all‘assays.\The coefficients

of variation for. these samples (day tc -day énd_within‘ﬁay)

are reported in Appendix C. )

3.7 STATISTICAL ANALYSIS

’
. 7 N

An analysis of variance (ANOVA), with“repéé;ed'meaéures

\ . ! P

was used for the analysis of all variables measured in_the

exercising and control groups using the ‘Bio-Medical Daté'~
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Processing , BMDP)'StatisticalnpaCkage' The!data forvthe dee

¢ ol
L

pendent varlables TC -HDL‘ » HDL2 c HDL3 -c, HDL2 c/TC and
HDLZ-c/HDL-c 1ncluded-seven repeated measures (week zero
(pre), four -flve"sl#; seren "elght and nlne (post)y,'while

the analy51s of the'remalnlng dependent varlables 1ncluded

two (pre and post) repeated measures welght BMI; sum'of

four 01rcumferenCes= percentage.of body fat ‘and VOZ max

The 1ndependent varlable was. the tralnlng program The two—”

way analy51s of vartance produced three F ratlos with a cor-:'

responding level‘of probabllrtyu The. kgroups F ratld exi

pressed the _degrea “of - difference between the groups

{training andlcontrcl) total means, with- respect to the ef~7

fect of the treatment exerc1se or no exerc1sew(1.ef-the '

means of the weekly measures‘comblned). The "weeksh73.rai

Lio expressed_therdegree of'difference betweem.the'total

group's weekly means (i.e. the weekly mean for the tralnlng

and control. groups comblned was compared to other comblned

™

weekly means). The interaction (lweeks and "groups"

N

W G) - .

F ratio expressed the effect of hav1nq both main effects‘

~

combined, Slgnlflcant ¥ rat.loc were revealed when dlfferenc-.

es between the_means were ”greater'than~those due Lo ‘chance

~

alone.

« -
. !

if a significant interaction effect (W * G) was revealed

simple main effects were then calculated The - level of

- -

probability p<0.05 was accepted as;significance.hTukey's

technigue (pairwise comparisons) ‘was used %or»bdstlhoc‘anale‘

r
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" - . RESULTS.AND DISCUSSION

4.1 INTRODUCTION™ -~ . ". -, «. . . = .

- LN
-

The objecg;ve of the study wds. to Verlfy “the effect of anlhr_.'

eight-week/g;cycle ergometer tralnlng program on cholesterol

transport. _The' following . llplds ~11poprote1n§,.ahd ratlaxh-r
were studied:cftétal_?chblestercl;' HDL*c ; ~HDL2-c, éDﬁB-t,

- "
[ -

HDL2-c/TC ahd‘HDﬁZQc/HDch:'In‘addition “body combOSixionz
and maximal’ oxygen conéumptlon were meaoured : The follow1ng
chapter is leIdEd rnto two parts a presentatlon of the re-“

sults, followed by a dlscu5510n
o .

4.2  RESULTS B -
The results ha&e been.subdfvided-intd'ﬁWO sections. The

first sectloh Summarlzes the flndlngs on the follow1ng de-
pendent varaables: body welght bedy mass index . (BMI), sum
of circumfetendes. percentage of body fat and maxlmal oxygen
consumption (VO2"max)- all were analyzed by means of a. two~

-~

way ANOVA wlth two repeated measures, The yarlableswanalyzed
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in the "second section (two-way ANOVA with‘seveé repeated
measures) were those of total choiesterol;'HDL—éy HDLZ—e,
HDL3~c, HDL2-c/TC and HDLZ-C/HDLuc. Prior to the analysis
of the results,‘independent t—tests and tests of the homoge—
neity of variances were conducted on the pre measurements of
the dependent varlables For all variables, the t-tests dem-
onstrated that‘the'groups (training and control)‘wefefﬁbt //75
initially differi’e‘nt one from the other and that their v.'a'ri-(f'
ances were ho%ogenedus therefore fulfllllng the ba51c re:
guirements. of the analy515 of varlence (ANOVA) Stastlcel
- analysis of all the varlables proceeded as elaboLated
- chapter III<.A1L raw scores appear in ﬂppendlx D on the ba-~.‘:;;f
hsis of the qﬁeetionﬁaire (Appendlx E) responses 1t appeezed o
fhat eatlnc hablts and alcohol consumptlons wele not modl-.i:V‘
'f}ed durlnq:the.course'of_the stu@yh_fu:thepmore .none'ef
'Vithe subjecté.s@Oked of uséd ofel.cdhtyeeépﬁiﬁeafbiee contre;'e'

. ’group did not pefticipate in eny reéplet‘bfegfém‘of.physicai;. 
eétivity, while 'the trainiﬁg‘group'perficiﬁetea Solely;ih' -

the prescribed training program.

,4;2.1 Dependent Variables with Two Repeated Measures -

b

Body weight,  body mass index (BMI), sum of circumfer-
‘ences, percentage of body fat -and maximal oxygen consump-,6
tion measurements were measdred'prior to and at the'co@pleJ'j

tion of the study.
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Body Weight

The pre and~post body weight means'and standard devia-
tions (kilograms) for the tralnlng and control groups are

presented in table 1a.

: |
i . ‘¢
! TABLE 14 |
| : 5 ' . o ) T
| S AND STANDARD DEVIATIONS FOR BODY WEIGHT IN kg |
| S : . . - L
| S -
| GROUPS - | . . . . e
| WEEKS . , : .. . PRE . POST . | .
L o ) . : SRS |
| Training- © ° mean:.- - - . 81.8 L B2:0 -
i {n=16) - S.D.:. . 5.4 -0 9.0 |-
i _ S . . | . . A iy
| Control - méan: . - 59.3 - - '59.7. S
! (n=9) ©.S.D. . 100 0 -+ 10.2
‘ . * - SR ’ . ’ : - ) L [ . " A; i;
; Lo RN
* s » _
The results of the_twoJWa A (table 15) demonStréied"

that the two main'effeots groups and weeks and the iriterac-’

ca -

tion between the effects groups and weeky NG * W) were all

a

non 51gn1f1cant Therefore both groups wene sald to have .

similar body welghts throughout the study perlod , oo

.91

e



r 3 '
| _ o
| TABLE 15 i
e I | ' 1 \
N RESULTS OF THE ANOVA FOR BODY WEIGHT \ ~
| ;
o L |
| SOURCE . SUM OF * DEGREES  MEAN F~ | LEVEL OF |
i SQUARES FREEDOM  SQUARE RATIO PROBABILITY
| ‘ _ C : ‘ 1
.| Groups ~—52.69 1 - . 52.89 0.31 - 0.58 |
| Error 3857.91 23 167.74 o E
| within ‘ B -
\ Weeks 0.03- -1 -~ 0.03 0.03. c.87 B I
[ G * W 0.33 1 - .0.33 0.31 0.58 R
{* Error 24 .50 23 1.07 ' : S .
f between S C . : ‘ b .
= " B
| i |
. I
- Body Mass Indéx'(BMI).‘
In table:lG{che,mgans'énd'Standara déviétiéﬁslare given -
.. for the body mgéé index of'thégﬁféihihg‘aﬁd'tddtfdl groups’ ;f_'
‘measured at weelk “O.and 9. -t e e i* IR
b x . . -.\ ‘ﬂ ’ . : ]
c:-' . ‘\ . \-‘ - ..\ .




r= - - - : ’}
I T .
| . o TABLE 16 ;
i - MEANS AND STANDARD DEVIATIONS_FOR&BMI'IN kg/cmE |
I R . . o " ’ I
| S T N ~ |
|  GROUPS oL N |
{ WEEKS . _ ~ . PRE " POST J
L AN s h J
!
| - . , . " e |
| Training ' “mean:-.r . 23.1 - 2G3.1 .
| {n=16) . - S.D.: ™ 3.9 <9
| . ST ' , . S
| Control .+ -, mean: : 22.3 L 22.2r
i (n=9) o I8/D. s . 2.6 2.6 i
| R - -+
L = . . .. J
- ' ¥ : e

As shown ih\table 17, the two-way analysis df vérianée.

did not produce any -significant F ratids. “Once again, the+

- = '
.

training and control groups were said.to havée comparable pre

. i ] r‘o~ “h -
and post body mass indices.".
o ..
hd rd
. -
.
~ -
1
L1
- . . . \
: . -
. - -
K3
- i
N - Al
7
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TABLE 17 ‘
RESULTS OF THE ANOVA FOR THE BODY MASS INDEX

SQURCE SUM OF DEGREES "MEAN ° F LEVEL OF

: SQUARES,. FREEDOM SQUARE RATIO PROBABILITY
Groups 7.87 1 7.87  '0.32  0.58
Error 566.52 -~ 23 24.63. ’

within ' _ . ..
Weeks 0.05 L1 0.05. 0.36. 0.56
W * G - 0.01 1., .. 0.01 " o0.07 0.79
Error 3.50. 23 . - 0.15.

between . - _ : .

Sum of Ciwcu ferences

'
*

.
R

.

I

| -
1

t

|

:

I

|
il

!

|

!

!

|

l
g
.
2
|

J

The means and standard deviations-for;the:sum-qf-circum-

feérences for .the ‘two experiméhtal'groups-ane presented -in

table 18. W

A

RS

4
C

94
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I TABLE 18
I N
| MEANS AND STANDARD DEVIATIONS FOR THE SUM OF ,
| CIRCUMFERENCES IN cm .
F
i
| \.
|  GROUPS . o
| WEEKS _ P . PRE _ POST
L i . . .
| - - ) . .
| Training mean: _ © 292.2 293.8
| (n=16) S.D.: . - 22.4 . 26.4
I ' ’ { . B - . - s T
| Control - mean: = " 286.6 285.8
t (n=9) . S.D.: " 19.8 S 19.6 ¢
| g T, ! B
I ‘ ]
| ;
, : i . ) " .
Results of the ANOVA are presented in table - Bven e

though sllght chanqes in the sum of c1rcumferences are ob-‘

il

served in the mean measurements of each group, both maln ef-

fects and the 1nteractlon between them produced non 51gnlfl-z .

cant F ratios. - S e e e



' ] . .
S lsfl Training- = mean:> " " . ‘
N P o

|

-
|
|
|
|
|
!
}
- SQUARES
L
|
|
%
I
!
i
|

Ol : , '
i MEANS AND STANDARD DEVIATJONS FOR THE PERCENTAGE OF, ~
i

"TABLE 19

RESULTS'OE THE ANOVA FOR THE SUM OF CIRCUMFERENCES

Te

SOURCE ~ SUM OF MEAN .- F

. LEVEL OF
- SQUARE RATIO

PROBABILITY

DEGREES
 FREEDOM:

Groups 530. 530
Error 23626. . 1027, . )
within - . - . -° A P N

WO~
=

LN
o

Weeks S 2.8 1. 2.
16.0 1 16.
8

G * W '
577, .. 25,

Error

— oo
O

|
|
i
|
|
|
|
l
|
J
S
.48, .
|
|
I
|
5
L
-l
I
"

between . . , S o o S
) - B L : e . o . o
- 7 - " _ ‘ . ‘ . . . .
- - Y oy ) — —_—— e ———
¥ “ T . ' -
- - ™~ A o | ' - - -
‘Percentage 92 Bady. Fat - -~ ¢ . .

.:;_ The means and standard dev1atlons for the percentaqe of

[

body fat for both groubs are glven 1n table 20. 7 <
- . —.‘ 1 Sew Lt N -
. - o, E — \__ - _“ " g —e e
4‘ ; - Lo ) - r = e . . .
. -';;ff j - ,TABLE 20 - N T L

. W e .::_‘ -’_— BODY FAT o e LT - i ‘_ .
~ 4 GROUPS - ‘= T-T;}'ti’, g t‘ R R |
i WEEKS .=~ . - L PRE

(n=16) .7 - S.D.:

ge]
O
e s n .
o' B - . . .- ! '.q ; v . . T ; ]

= ; - . . . .. .
- ! ' " . x 1 & . . 4 “ .
B L3 . . . .
T es -7 Control | .miv meah * 30,4 % 2e.8
- ’ . A
. R (n=9) - .* S.D: w. 5.5 - - 4.8
- B o - . N -
~ - -‘! ) . I'.. . . ; N | - Lo~ . .
= . _ L7 . - N .
-0 n I AT 4 > - . |
. . - dar aty 4 . . "
EY “r - = - i . . ——
- -~ - - = 1 - N ..
(L L. - . . X . .
- . - a |
- . o« - v . - . N
> ety - - - .
- e X b 1 - ' b " [ - -
.. ™. ~ - -

96



The results of the ANOVA presented in table 21 revealed .

non significant F ratios for the main effect groups and thé

%2$eraction between the groups and weeks. However, the ef-

fect of the repeated measures (weeks) was found to be sig-

Il

nificant with a level of probability of 0.00l. The ,combined

group's (control and training) mean percentage of. body . fat

decreased significantly over the ten week period from 32%

(pre) to 30.2% (post), as ocbserved in table 20.

TABLE 21

l

|

i . .. N .
| RESULTS OF THE ANOVA FOR THE PERCENTAGE OF. BODY FAT
i .

|

|

SOURCE SUM OF DEGREES MEAN | F LEVEL. OF
SQUARES FREEDOM SQUARE ‘RATIO PROBABILITY

Groups 103.61 1. 163.61 1. .44 . 0.24
Error 1650.55 23 71.76 ‘
within . ,
Weeks 34.21 1 34,21 13.31% - 0.001
1 0.24 0.08% - 0.76
Error 59.10 23 2.57 .
between .

S N O U

\
j
|
|
|
I W *G 0.24
!
1
J
I

* significant at the respective level of probabjlity

Maximal Oxygen Consumption

V02 max means and standard deviations measured in the

1 -

training and control groups are shown in table 22.



‘f‘

- I ‘ " - 1
b e " TABLE 22 ‘ ‘
| - ' . |
e MEANS AND: STANDARD DEVIATIONS FOR MAXIMAL: OXYGEN |
| .o CONSUMPTIONS IN ml/mln/kg \ o
L | ¢ ‘ A - . !
-, J‘ - R ) - 1
| P e - . |
|  GROUPS . . . Coes . o
o WEEKS =~ _ N - . PRE- posT |
C L - . - ’ e d
. 1 ™ 'K R - , i ) __ . e .|
< | Training . mean: 7 - 27.5 . 32.7
g (n=16) , -~ 5.D.: "L, 5.2 6.1 1
- SRR . - - : |
i Contreol . L.+ mean: 2€8.9 31.4 <
\ (n=9) -~ _ s.D.: 3.2 3.7 i
- ‘ - B - - : |
! - v , l
t N L - J_, e —_ !
- J“ 'J - ;
- - L]

Presented in table 23‘are the results of  the ANOVA which

A

* -demonstrated that the groups effect and the 1nteract10n ef—

fect were not 51gn1flcant but that the effect Ef the re~:

i

peated measures’fWﬁﬁks) provided a 51gn1f1cant F ratio with

a level of probablllty of O 0001. From the combined group s

means, derlved.frpm the training and control groups (table

22), it can be observed tha; the mean maximal oXxygen con-
sumptions increased’ significantly with time irrespective of
4 ' . .
the treatment group {exercise or no eﬁefcise) from 28.2 ml/

min/kg to 32.1 mi/min/kg. Therefore, a facto? other than

1T

the exercise progrémfmust have contributed . to tHe higher

1 IS "

posﬁ V02 max‘values.
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|

; TABLE 23 1
{ ’ . 1
J RESULTS OF THE ANOVA FOR THE MAXIMAL OXYGEN ]
| CONSUMPTIONS |
I |
| |
| SOURCE  SUM OF -DEGREES  MEAN F LEVEL OF

| SQUARES " FREEDOM SQUARE RATICO PROBABILITY |
L d
| '

| Groups 0.05 1 0.05 0.0 0.97

| Error 975.0 23 42 .39

| within ' ‘

|  Weeks 172.21 1 172.21 22.89% 0.0001

| W * G 21.86 1 21.86 . 2.91 0.10

| Error 173.01 23 7.52

| between - ) -

|

* significant at the respective level of probability

v
v s

Frem the analysis of the above dependent wvariables, the

following can be cbserved: the exercise program did not
modify the mean body weight,3thé méan BMI nor the mean sum
of circumferences. Nevertheless,“thé cSmbined groub {(contxol
and training) manifested thewéamerﬁattern of change for the

percentage pf bedy fat and the maximal oxygen consumption:

the percentage of body fat decreased significantly while the
! : ;

V02 max increased significantly.

e
.

99
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4.2.2 Dependent Variables with SeVenIRepeated Measures

1)

The following dependent variables total cholesteraol, HDL-
¢, HDLZ~-c, HDL3-c¢ and the ratios of~HDL2-c tb Total cholgsf
terol and HDL2-c to HDL-c were analyzed by a twp-way.ANOVA

including seveﬂ‘repeated measures (pre, weeks 4, 5, 6, 7, 8,

and post). The following results were observed.

Total Cholestercl

- 3

TheAmeans and standard deviations for the total choles-

terol concentrations (mg/dl) are presented in table 24.

, TABLE 24 .

MEANS AND STANDARD DEVIATIONS FOR TOTAL CHOLESTEROL
CONCENTRATIONS IN mg/dl

‘GROUPS

WEEXS PRE 4 5 & 7 8 POST
¢ Training
: (n=16) ' o ; . .
! mean: 160.0 154.6 164.7 165.9 163.5 164.2 166.9
1 S.D.: 26.2 21.5 29.9 " 23.9 25.1 21.3 24,4
| Centrol ‘ ) i

(n=9)
} mean:- 176.4 176.2 175.2. 166.5 171.6 175.9 176.4
| S.D.: 19.0 25.0 27.3  30.0 27.2 23.9 25.3
[ ; .




-
[

/- ' p- ’ ' E - - . ' . \. g
Results of the two-way ANOVA-,on %the total cholesterol

concentrationS'are.pfesented below in table 25. Both main

-—

. I : ’ i . . [
effects, groups. and.weeks, were found to-be non significant.

The interaction between the main effects . produced a signifi-

o« .-

cant F ratie with a level,of.probabilitf of 0.03. When sim-

ple main effects:wgre,calculéteg, the following observations

were revealed. The differenée‘between groups was significant
- 8

at week four: i.e. the mean of the trainingvgroup'(154.6 mg/'

dl) differed éignifican?iy from Lthé‘ mean of the conttol
group (176:%_mg/di).at week four " with a confidence_inter-
val of 95%. Furthermore, §fgnificant differences * re found
in the training grogﬁ only, at the 0.05 iével of probabili-
ty. Tukey's post-hoc tech%ique {table 26) revealed that the

mean total cholesterSQ concentration at week four (154.6 mg/

dl) was significantly different than the concentration at

i

ta .
4m£k six (165,92 mg/dl) and the post concentration 116639';

mg/dl). No significant change was dbserved with respect to

the pre total cholesterol measurement.

101
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TABLE 25 |
|
RESULTS OF THE ANOVA FOR TOTAL CHOLESTEROL ~ |
: : CONCENTRATIONS ,
] N E
SOURCE SUM- OF DEGREES MEAN F LEVEL OF
SQUARES FREEDOM  SQUARE RATIO  PROBABILITY |
* - J
. o |
Groups ' 5074.33 1 5074.33 1.35 0.26
Error  86664.10 23 3768.00 . i
within ’ ' ’ ! . |
Weeks 700.20 6 116.70 1.12 0.35
G * W 1512.96 6 252.16 2.42* 0. 03-
Error  14388.79 138 104.27 -
between : |
|
|
1

significant at the respective

!

level

I's

RESULT%’OF TUREY 3 TECHNIQUE ON THE- TRAINING GROUP S

" TABLE 26

TOTAL CHOLESTEROL MEANS

!

PRE

\

a4 '+ 5

WEEKS ]
MEANS 160.0 154.6 164.7 1
PRE 160.0 ~--- -5.4 4.7
4 154.6 -<--  10.1
5 164.7 S
6 165:.9 o
7 163.5 ' -
g8 164.2 - . .
POST 166.9° -/ |

.
£5.9

.-é.é'
o 11.3%

1.2

.

163

significant .at the-

-

0.05 level -

5

. POST.
164 2 166.9].
4.2 6.9 |
.9.6 12.3%]
0.5 2.2
1.7 1.0
- 0.7 3.4
e 2.7

i

8.

1
|
L
[
r
|
!
|
] .
o
l
|
A
!
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High Density Lipoprotein-Cholestefol (EDL-c)

Presented -in table 27.are the“means and stahdafd devia_

- .

tions for the HDL-c ‘concentratlons measured at the. daffer—

ent 1ntervals,4for the tralnlng and. control groups -

r . : - -
| . R e e b
| TABLE 27 .- . Lo
| MEANS AND STANDARD DEVIAEIONS FOR HDL CHOLESTEROL .
i CONCENTRATIONS - IN mg/dl o R
I . ) A '
I . ‘ B . . , . ' ) - . : . 1‘.
|  GROUPS o . T - A
| WEEKS PRE A 5 N Y . 7 8 'POST |
L ) - L - iy
| § o _ . :
| Training o I o e |
| (n=16) . . - T S e
| mean: 56.8 - 617 60.9 £62.3 £1.4 ° 62.6- . 67.2 |
! S.D.: 10.8° 10.9 11.0- 10.3 _10.9 » 9.5, 11.2 ¢
| . . . : ' i i
| Control ) N o , L .
j (n=9) ' E T ) ’
mean: 6C.0" . B2:8 61.8 -59.6 60.2- 61.2 58.4
S.D.: 14.0 16.9 17.6 ‘ 14.4 ° 15.4 14.7 ““13.5

[

The result¥s of the ANOVA on the HDL-C.Qélués {tabkle 28)'
demonstrated thét both maiﬁ‘effEEts, groups and weeks, were
not sggnificant but that the‘intéracthn effect p;oducéd a
significant F ratio at a level of probability 5fdblooé.'Fﬁr;"
thermore, calculatibn§ of the éimp;eﬁ|m;;n, éffecfs_ @eHQn;'
strated tha? significant_ différénces -existed 'witﬁin'lthe

training group's mgan,'qt the 0.05 level of probability. Tu- .



'key s technlque applied to the tralnlng group' s means (ta—

ble 29) revealed ‘the following 51gn1f1cant dlfferences the

pre HDL-c mean (56.8 mg/dl) was. 51qn1f1cantly dlfferent from

104 ..

" . the means at week six (62.3 mg/dl)- at'week elght (64 6 mg/‘-.

'dl) and the post {67.2 mg/dl) mean - The means at week four .

-flve and seven dlffered 51gn1f1cantly from the post mean

'_Therefore, as.of the sixth week of tralnlng (w1th the ex~lf

ception of week 7) ‘ Slgnlflcant 1ncreases 1n HDL c. concen~'j
‘ : .

tratlons were observed when - these means - were COmpared to the-'T

v

pre mean of 56y8 mg/dl. , a ‘_" ¥'~ V..:-“l..‘-:“:f;'f

E L oo mABLE 28 T

! RESULTS OF THE ANOVA FOR BOL~- CHQLESTEROL

; CONCENTRATIONS '

o \ _ . - -

1 !

| B ' ' . R A ' A
SOURCE SUM OF. DEGREES MEAN - - F .. LEVEL  OF i

| SQUARES - FREEDOM ° SQUARE "RATIO PROBABILITY‘i”

- SRR B S, _J

Groups - 98.94°

| -1 . 98.94 0.1l .0.75
| Error  21500.94 - 237 934.82 - o
" within - . = _ .~ oL S -
L Weeks 324.19. 6 . - 54.03 2.1z ©.06
Wt G . 537.19 © 6 - . 89753 | 3.51% .. 0.003
Error 3524.89 138 - 25.54 - - : >
between o : -

-+ '* significant.at the respective ieve}'




TABLE- 29 T o

- .

- RESULTS OF TUKEY S TECHNIQUE ON THE TRAINING GROUP 's..
L HDL- CHOLESTEROL MEANS o

A . g

___MEANS .56.8" 61.7-:.60.9 .- 62.3 .61.4..64.6  67.2 .

+
[y

IR RO

RE 56.8 --== - 4.9 " -'4'1

61.

z

R

. * S *
' . ‘4 te .-4
et S e P v S S S BN
. : . v s g N - 3

P

4

5 60.
& B2.
7

8

P

~

TR W~

61.
64.

OV WW D
-

] .

N OV WO~
TN W WD

.

1
o

.
|

|

|

f

i

| _

|  WEEKS “PRE - ,'-& 85 0 e et 'g - POST
|L

\

|

!

|

|

|

|

I

r

- o A ‘_'l - B , -

‘\\_"‘ -.':.

* significant'ét3thejO.OS‘LevelVI}.~“"_fm‘." .Z5"‘

L

High Density Lipoprotein 2-Cholestersl (HDL2:zc)

The means and standard dev1at10ns for the HDLZ -c .concen~ -
tratlons of . the tralnlng and control groups are’ glven in ta—_”

pleso. Lo Tl T



ot

*

]

]

{ '
SR
| TABLE 30 L
| ‘ ' b
| MEANS AND STANDARD DEVIATIONS- FOR HDLZ - CHOLESTEROL ]
| | CONCENTRATIONS IN mg/dl |-
P _ |
i L. N
S : o B
| GROUPS . Co T
1 WEEKS PRE ", -4 .5 . -6 - .7 .. -8 . POST .
L o . . .. . . K ) . . s J.
! : , S
| - Training |
| (n=16), e e T
] mean: 26.4 . 28.1 27.5 , 28.1° 28:0.- 26.8 - 30.7 |
| S.D.: 7.7 7.9 .91, 9.2- 7.6  “8.1.7 9.4}
|~ Control . < S R PR i
l (n=9) o SR T . :
| mean: - 31:2-. -30.1 ° 28.7  26.4 26,0, 2§.9°° 23.28
' S.D.: 15.2 - 14.9° 'l4.6 14.8 “11.4 . 14:9 7 9.7

i
1
1
I
'
—

-t . - i .
[ :

The results of the ANOVA (table 31) on the QLOUPS HDL2 -c

-
- -

mean concentratlons mlrrored those of the .HDL- c concentra—

~
- .

‘tions. Both maih’ effects’ prov1ded F ratios that‘were-net

1signif1cant,‘whlle the E ratao for the-lnteréctien between”

s N

the factors groups and weeks’waspfound tONbe significani at

+he 0.009 level of probablllty Because ‘a 51qn1f1cant-1nter—|

action effect was detected, almple main effects Were calcu-‘

- -

lated. With a confldence‘lnterval of 05%; the efﬂeqt of;the

',repeated measures,broducéﬂ a significant-E5ratib\for the

.~

centrol group's HDL2-c mear. - Tukey.'s post-hoc.analysis (ta-

-

ble 32) on these means revealed’ that tHe pre ﬁeaﬁ,(3112 mgy/-

' dl) was significantly different (p=0.05) "frem the post mean

¢ - .7 A

.
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. R ’ T
(23.4 mg/dl), due to a gradual .decrease in HDL2-¢ concentra- -
tions throughout.the courge of the study. o y v
L & . L4 . .‘, . » :
’ - ¢ ~ -

1 ! -

— e T

* o mm————— — — — — — P — ————— e —— — — — ——

R TABLE 31

4

.

Y

’ B '

SOURCE

. SUM' OF . DEGREES

~

MEAN ,~

Al 'l -r. , . - *
RESULTS OF THE ANOVA FOR HDL2-CHOLESTEROL ~ ... -
' CONCENTRATIONS

-

e

" <

- .
. 1
P ]

.
N

_ ".F . . LEVEL OF.
SQUARES FREEDOM * SQUARE RATIO _, PROBABILITY

o
[

Groups N 1T,
Error 13656:14, . 23
within . :

Weeks 118.27 + 6
W * G " 503.21 -8

Error  .3854.76 ' 138

between

<. 746
593.75
. 1971

..83.87
» 27.93 "

- ‘ .. - s ~
= ' ‘ - . - L = -
A
¥ - e . i

significant .at-the respective level * - -
- T 5
- A - - - -.

o A
L] AY
+
.
p ‘ .
. \



-

significant‘atnthe}O.GS level "

Pl
s

(HDL3-¢)

) ™ - N ..‘ 4 R N
High Density_Ligqprotein K—Choiesterol

i . ' -
]

The means and standard dev1atlons for ‘the HDL3 -C con<ens

r

tratlons for the two groups are reported in table 33

"
bl

'

| \ S TABLE 32 .
| .
| RESULTS OF TUKEY' S TECHNIQUE ON THE CONTROL GROUP'S -
| HDL2-CHOLESTEROL MEANS .. ,
| - '
! - \ ' E - .
|- WEEKS - PRE ., = 4 . B. 6 - 7 8 POST
| MEANS. 31.2 30.1 2B.7 26.4 .26.0 66'9 23.4
L L . : O
| . . , ; )
.} PRE 31.2 ---- 1.1 2.5 4.8 5.2 4.3 7.8%
“ |4 30.1 - - - 1.4 3.7 4.1 3.2 6.7
b 5 28.7 ) T 2.3 2.7 1.8 5.3
|.. & 26.4 S e "0.4.- 0.5 3.0
|7 26.0 , o 0:9 2.6
-8 26.9° s ' ’ ~—-=. 3.5.
|~ POST 23.4 . ° ” Coeeet
| . ~ . N { .
= : .
[ L .\

il
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r = - - 1 '
| - . .

| . ' TABLE 33 o

| i

| MEANS AND STANDARD .DEVIATIONS FOR HDLS-CHOLESTEROL |

| o CONCENTRATIONS IN mg/dl : |

‘ - . ! . ’l
| S
! : . |

|  GROUPS - ‘ . - . !

| WEEKS PRE =~ 4 5. 6" 7 8 POST |

L . ‘ — ' : —

l ' . ' h. ‘ i_'
|  Training . v : : . S . _ ]

| (n=16) . o L L L

|- mean: 30.5  .33.5 33:3 ' 34:3- 33.4- 37.7 36.4 7

| s.D.: 4.8 ° 6.7 3.3 4.3 5. - 7.0 4.2 | -
| e e - R S
| Control e .- g |

| (n=9) . - S R

! mean: .z28.8 327 , 33.1 33.1 34.3 34.3 34.9 |
| S.D.: 7.9 . 7.5 6.5 . 4.9 5.7 7.4-, 515 |- .
| ' . 1
- - 4

Presented iﬁ table - 34 are fhe 'results of_ thei tﬁojwdy-
ANOVA on the ﬁDL3-choleeterolfboncentratiqnsr\The’weeks'eff‘

fect provided a eiqnificént F ratio with‘a-level of probu

s

abiiity of 0.06001, whlle ‘the 1nteractaon and groupe effects.

-~

were both fougd to be non sxgnlﬁlcant Follow1ng the ANOVA

i

Tukey's technggue was used to determlne at what week the

v

combined gloup S meano'(mean derrved from the tralnlng and_.
control groups) dlffered The results revealed that the pre‘

combined group mean {29.9 mg/dl) was’ 31gn1f1cantly dlfferent

J.v’

{p=0.05) than all succeedlng comblned group means (table -

35). This 1nd1cated that - both groups exhlblted 51mllar pat

tern of change throdghout the weeks T : ., v

‘ . B
4 .- - '



-~ ~ - w r - Yo . N :'Z"__‘ L . L
..._'- . J-:,‘— T " o _: ) " :. ‘- _,: L .“ - :’ y . -~ . “I a. ; .
. . ;‘ “. . "';; . \". :' :-‘-\ . "" J . ' ~ - LAY N 4, .\“ .\ " vt .
- . ) *.—_uﬁ ': Q':\.' - __‘ v ' 4 ' * ..-‘: e ) h - .
SR - 0T > . - L Toa Sl L o ' » g
e L e f':\ ; 'TABLE 3w T el L
S :‘_‘. . RESULTS OF T.HE ANOVA ~FOR. HDL3 GHOLESTEROL LT L
T e L . S CQNCLNTRATIONS R RIS S
ool -t ; <. " ST =L "r
. '\JJ-‘. o~ j _l:. - _'. - L ten | " ' N - . K l.
© - .« | SOURCE ' SUM, OE -DEGREES. = MEAN ' F - LEVEL oF - R
w ~ o SQUARES FR_EEDOM' SQUARE' “RATIO PROBABILI‘TY [
. - L W oo - - . v N - )
NS |l  Groups 52 06 Tl . 52706 [70.39 - ., 0.54 . >~ .
e |  Error '-3093 9:3 '. _,~.23 N ~134.52 - ¢ - ‘oLt B
- | within -. R T oo N
o - | Weeks 604 oé , 6+ ' 100.68 " §.44%. - .0.0001 |-
B T 160, 62, ~ e »T0.10+ 0 065 - 0.692%.-~ 17
> % . -7 Error 2"1~56 36 .138 - 15.83_ L. - e T
e s between | ...l L. N L . R
:' . - ‘..| - K N . . - - . . . . - - é;.‘
R ‘h, . -_ .4 . .-V L. - - . . ‘J . . ‘- - \I._
L - ] TP W) PRI
T one. Lo* - significant -at the LeSpectlvé level '\ - L.
iy T "., . (R . . vt : : - e -.‘ J - ' \ - . ". . . “:
. - o [ J ‘--‘ - , “_ - ‘. "' o i N 3 . T . : . l-
erw T C oL, - 7T TRBLE:3S D e " N
-‘ > i Y- _r‘._ : . b 3 R . - -~ N [-
=~ B RESULTS OF TUKEY S TE(;HNLIQUE ON THE COMBINED GROUPS 1.
A SRS - HDL3 CHOLESTEROL MEANS L .f“'
S .o . J
«- ~7 7.1 WEEKS PRE" £3 L8 L B, - 7, .8 BOST
S MEANS* 26-7-" 3321  33.2°, 3337 . °33.9 + ,36.0 35.7 |
. i L - U S A L S B i TR
i > * A .o .ot Lo -
L+~ . L PRE 29.7--725  -3.4% - 3:5% « 4.0*° 4.2% £.3% 6,0%"
S . R T 331 -, -==5° 0.1 ."06.6 . 0.8° Z.9-. 2.6
A A E 33.2.., a7 ===~ 0.5 0.7 2’8 2.5 1|
R A - 33.7 T - I L mele 0.2 2.3 2.0 |
v o T |‘= 7 33.9_ - . - .‘ - i 2.17.1.8 e
RS R 36.0Q.- . - b ' ©oamE-- 0.3
N |- POST 35.7.° " " , ———2
- I T - . . g, l' Y
O - B significant at’ tl:xe 0.05 1euwel ~ , - KB Lt . .
PR "'-\ N = : A e , 3 - ‘..‘J e ! -
\ oy v . h

[T
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High Density Lipoprotein 2-Tholesterol to Total Cholesterol

Ratio

» . . . Lo .

Presented in table 36 are the means“and—ﬁﬁénda;d devia-
tions for the HDLZ-c¢ to total cholestercl ratio, -as measured

in the training and control groups.

TABLE 36

MEANS AND STANDARD DEVIATIONS FOR THE RATIO OF
HDLZ-CHOLESTEROL TO TOTAL CHOLESTEROL CONCENTRATIONS

GROUPS , ; :
WEEKS PRE 4’ 5 6 7 8 POST

|
Training . !
(n=16) ) ‘ !
mean: 0.166 0.182 0.166 0.170 0.172 0.166 0.184 |
S.D.: 0.05 0.05 0.04 0.05 0.04 0.05 0.06 |

Control " -
(n=9) ‘ )
mean: 0.177 '0.172 {.162 0,261 0.152 0.154 0.133
S.D.: 0.07 0.08 0.07 0.07 . C.06 0.08 0.06

[T T T TR AT AT S s e e e e e e e e —— — — . —— ——

The ratio of HDL2-cholestercl to total cholestgrdl were

analyzed by a two-way ANOVA (table 37); the resglté-ﬁéﬁbn—

i

strated that the two main efﬁects and the interacfion b@—

tween the two of them produced non significant F ratigs.
i "~ g '
- -

i
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art

P - & P -
. |
gRa ‘; L -; ’e ! -
. B " kS
& -
| '_l .
o TABLE 37 B
w -”4 Wt
| RESULTS OF THE ANOVA« FOR THE RATIO OF HDL2-CHOLESTEROL
| TO TOTAL CHOLESTEROL CONCENTRATIONS
|
| SOURCE’ SUM OF DEGREES MEAN . F- LEVEL OF
| SQUARES LEREEDOM  SQUARE ,RATIO PROBABILITY
[ % ) v -
. | Groups 0.007 1 “.0.007 C.41 0.53
| Error 0.399 23 0.0L7
| within .
| Weeks ,0.006 . & 0.001, " 1.00 0.43
. w*G -»70.012" . 6 _ . 0:002 2.10 0.06
7" Error 0.136- . 138 . 0.o01 p
S between -~ =L 0 7 ‘
| 4 L : v ’
| Wt ” T
L — s - . e
L : -

I 3 \vi” . r’ . . . )
High Density Lipop1'0tein’Z-~Cholestergl toc High Density Lipo-
o .-

ot

protein Cholestercol Ratio

Presented in table 38 are the means and standard dev

’

la-

tions for the ratio of HEDL2-c to HDL-¢, as observed.in the-’
two experimental groups.
R N
wt i
>
A .
L} -

A

e
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Training ' ) )
(n=16) — ' o
mean: 0.456 0.451 0.443 0.441 0.448 0.411 0.447
$.D.: 0.07 . 0.08 ©0.07 0.09 0.07 '0.09 . 0.09

g

e — S —_—

v

Control.
(nzg) . . . L . . N
mean: 0.501 - 0.462 0.446 -0.431 0.416 0.421° 0.387
S.D.: 0.14 0.12 0.11 ~ 0.08 O.Qg 0.13, .0.09

| S

-
-

From the results-of the twérwéy.ANOVA presented in fable

39, the following is .observed. The grohps'effeét and the

i \
s

interaction effect were both non significént while the weeks

N

affect was significant with a level of probability of 0.01.

Qompuyations of the simple mdin effects detected the follow-

ing difgerences between the ‘means. Tukey's technique re-

vealed that the pre mean ratio‘of 0.479 Qas significantly

different from the mean ratio at week 8 (0.41%) and from the

post mean ratio (0.417) (table 40).

N

' TABLE 38 I
-4 | ~

MEANS AND STANDARD DEVIATIQNS FOR THE HDL2- CHOLESTEROL.

TO' HDL-CHOLESTEROL RATIO‘ . co

~ . \

\

{

GROUPS . : ' . . I
WEEKS PRE 4" 5 6 7 . 8 - - POST il

. > )

+
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v

SOURCE SUM~ OF

TABLE 39

RESULTS OF THE ANOVA FOR THE HDL2-CHOLESTEROL TO
- , HDL-CHOLESTEROL. RATIO

F LEVEL OF

DEGREES ‘MEAN
SQUARES FREEDOM  SQUARE ™ RATIO ~ PROBABILITY

Groups 0.001 1 0.001 0.03 0.

. Error ¢.810 23 0.035
within

’ Weeks "0.069 & 0.012 3.02%* 0.

W * G 0.040 6 0.007 1.73, 0.
‘ Error 0.525 138 0.004
- between

r
|
|
|
|
|
|
|
|
|
!
|
|
|
i
|
|
|
\
|

o

>

* significant at the respecitive level

A

4
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{ ]
| TABLE 40 ]
J R

| RESULTS OF TUKEY'S TECHNIQUE ON THE COMBINED GROUPS |

| HDL2-CHOLESTEROL TO HDL-CHOLESTEROL RATIO MEANS |

l |
| | -

I _ |

|  WEEKS ERE 4 5 6 7 8 POST |
\ MEANS 0.479 0.457 0.445 0.436 0.432 0.416 '0.417|.

" 4
. . I B

PRE 0.479---- 0,022 0.034 0.043 0.047 0.063% 0.062*|

4 0.457 = me--- C.012 0.013 0.020 0.041 0.048 |

5 0.445 L meme- 0.009 0.008 0.029 0.028 |

6 0.436 ----- 0.004 '0.020 0.010 |

7 0.432 o emeee 0.020 0.010 |

8 .422 - 0.001 |

PCST 0.387 e |

< |

r

d

4.2.3 Summary

Table 41 provides a summary table of the statistical
analysis of results on the variables studied.
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U Y

1N _ : ‘ ' M -1l
" TABLE- &1 . - Rl
' SUMMARY TABLE; STATISTICAL ANALYSIS |
RN - P T
S - o R
ANOVA: SIMPLE . TUKEY'S,
, . b : . MAIN EFFECTS TECENIQUE |
VARIABLE Groups Weeks: W*G Groups: Weeks Sign. Dif.|
N H _ . §
BODY - } e
WEIGHT NS ° NS NS | - - -
BMI NS " NS NS . - - -
SUM OF o o _
CIRC. "NS .. NS NS - - -
o BODY . N . .
FAT NS . D.001 NS - - —
Vo2 MAX g% - 0.0001 NS - - -
TOTAL o " L
CHOL,. NS NS- 0.03 wk 4 T. T: 4 vs 6
' . ‘ & vs 9
HDL-C NS NS 0.003 .- 7. T: O vs 6
' -7 0 vs 8
0 vs 9
‘4 ys 9
5 vs 9
7 vs S
HDL2-C S NS  ..NS - 0.009 - c. C: 0 vs'9!
) ) o : ' i
HDL3-C °  NS°., 0.0001 NS . - - 0 vs. 4!
"0 vs .5
0 vs B!
’ 0 vs 7!
0 vs B8
Q0 v5<9
HDLZz-C/ \ _
TC NS NS ©NS - - -
HDL2-C/ L ‘ :
HDL-C NS+ 0.01. NS - - 0 vs B
e ) 0O vs 9
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- Note: gignificance levels are.reported; - : T
week 0 = pre - . .
week 9 = post - '

4.3  DISCUSSION- o L

\
Ll : . .

The effects of an eight week bicy@le ergometer aerobic:

training program were studied in sixteen youhg women. A non
exercising group of nine women was used as' a control group

to establish the effect of exercise on.cholesterol trans-

port. Prior to the amalysis of the data, both- expefimental

i

groups (training and control) were found to be'Aequalf'Qré'

means and variances .for all variables measured were not-sig- .

nificantly different between the two groups.

'

~

The training program .did.‘not ﬁroduce‘ aﬁy. signifipant

changes 1in body composition. -Body weight, body -mass index

and the sum of ‘circumferences remained unchanged. . However,

1t was not expecteétthat‘a programnof‘this‘intensity.would

alter boedy compostion. Nevertheless,-the'pgrcéntage:of body

+ -

fat decreased significantly in the combined group from a

combined pre mean (32:1%) to a combined pbst mean (30.2%).

A decline in the percentage of body fat could have resulted

-

from a) experimental measurement errors; b) an increase in

fat free mass with no change in total body weight: or c¢).a

combination of the above- two factqrs. With the absence of.

/

117



a 51gn1f1cant 1nteractlon effect and groups effect as'ob—

served in table 21, ‘the 51gn1f1cant change observed with

time has- little sigqlflcance and‘cogld not have‘beenfa'func—

tion of the training program.

Significant increases: in V02~-hax were observed‘ in- the

’

combined group: The mean increase reported for the-'train-.

ing group was of a greater_ordex (27 E ml/mln/kg to 32.7 ml/

min/kg) than that of the contrel ‘group S mean increase

(2é.9 ml/min/kg to 31.4 ml/min/kg). _Increasee of the:same"

v

. magnitude have previousiy been reported by Wynne '?ﬁ al.
(1980)(29.2 to 33.9 ml/min/kg)iand Frey et al. (1982) (28.5'*
“to 33 ml/miﬁ/kg). Both groups conducted.bicycle ergometer

training programs in young women, three times a.week,'SO‘

minutes per session at >707 of‘maximal heart rate- reserve,

for ten weeks. Contrary to most studles maximal oxygen coh—A

sumptlons should not increase in Y group Sald to remain "in-

f
.actlve (control:gropp). keeplng in perspectlye-the oopdlaL

 tion being tested and the conditions of the'maxihal bicycle

test, the folloﬁiag‘explanatior is'preeented. None.of the
subjects (with the exception of.one'or-two)-had eﬁer pefet
-formed a teet to‘exﬂaostion;'Alsoj having to'wear-a mouth-
 plece througﬁout the' test was'rery oifficﬁrt for;sohe:aﬁd}

.may have contributed in certain instances to test termlna—.-

-

tion. Furthermore, no Verbal encouragement was glven and ‘as

soon as the subject 1nd1cated her end point the test. was

terminated within 15 seconds even though the subjects often‘



appeared only somewhat exhausted Taking the above factors

A\

into con51derat10n an exhaustive’ end p01nt was often not,//

reached. More.so, 1t is belIeved that the reeults‘of a symp—

tom limited exerc1se test’. conducted 1n a populatlpn such as -

utilized in thls study are very much subjectlve and may not

be 1nd1cat1ve of a: true VOZ max. Furthermoreq‘w1th"the ver-

.

\

ification of the'lndivldual~results, It:was observed that

1 . '

only 13 subjects attainedha true'VOfsmax (as descrlbed ln

chapter III) for the pre~test (8 ftom the exerc151ng group,.

+

5 from the control' group) ~and only 11. subjects f01 the post- .

.

test (6 and 5 respectlvely) : Due to. the fact that lthef“

4 * ' N

groups_were not 51gn1f1cantly dlfferent from each other and

.

that both groups exh1b1ted parallel changes wlth-tlme- the,

N . . o et

changes observed 1n. VOZ ‘max- were. not a’ functlon of the

© + . - ’
v

training program ahd no contluszVe tralnlng effect can be
reported. C e T e L‘ - T
L - ’ e

The main objectibefoﬁ‘theﬂpresent study waS‘to quantify

;/~\ R

"weekly" concentratidns of total cholesterol' HDb cholester—'

ol, HDL2- cholesterol and HDL3 cholesterol in order to verlfy

the effect of exerClse on cholesterol transport Frey et al.

T

{1982) and Wynne et‘al.‘(l980) are the rew authors who have,

studied exercise 1nduced llpld modlflcatlons 1n-women. As

v
] . .

described above, ° ‘both groups conducted blcycle ,ergometer-

training programs for ten weeks' Wynne = qroup took pre and'
post measurements, while Frey's study con51sted of blood_

samples at week'zero)Vtwof flVe and ten Bdth groups of au-. .

ar

o

N



.Farrell et aL. (1980) (rUnnlng program)- and Erey et al.

'(1982) (bicycle‘p;ogram)u In the present Study, significént

‘WEre observed only'as a function of é’decreased total cho--

'tion of 165.9 mg/dl and the_ppst valde'of:i6619 mg/dl..\The

thors measured” totdl cholesterol, HDL-¢, LDL-¢ and trigly-
. R . . . . e .

cerides. Therefotre,' no 'elaborate pictiuré exists ‘on "weekly™
i At ” < \ - ..— 0 -

v .

.: measurements of .HDPL and HDL suBfract;oné. N ;ﬁ

r - A
. .o
"
v N ", - - N -
N . . d L . . -

JIncreases .in total. cholestéfol ‘concéntratioﬁs as “ob-

< -
- . ’ e
P . N , 1

served in the exerc151ng group have also 'been rep01ted by

Ll

. . . . * .

-

‘

b -

differences ;in,'méan concentratlons of. total .cholesterol
: . : ' - N - ; ~ " : !

A -

lesterocl concentratlon at week four 0154 & mq/dl)'which thén .

.
1

became 51gn1f1cantly dlfferent from weeks six's concentra—-'

1

'
[ : -

observed increase in total cholesterol concentfations‘in-the

‘ . . - . :

.'ﬁra;ning greoup may ‘have been a fungtion of ‘the observed ' in-

1

Ccrease in HDL~C, butgone:may onlynspeculate,bécguse.qthef
i Y *

. - . B . '

. cﬁolesterol_ transporters (i.e. VLDL, LDL) 'havé not been.

v

fméasured. Nothing can be concluded’ on a tralnlng cffect pel

se with respect to. total cholesterocl concentratlons It has

) . e e

repeatedly been reported that total cholestgrol ‘concentra~ 7 .

tions decreased or- remained unchanged-as a function of exer-

‘clse. Lipson et al. ’(197@)-(tuhning progfam for six weeks)

‘and Peltonen et,al. {1981) (aerobic éctivities for 15 weeks)

reported decreases 1n total Cholesterol concentratlons Fur-
thermore, " HDL-c decreased- in Lipson' s-studngroup and_ﬁn-

creased in Peltonen' group. In Rotkis et al.'s (1981} -study
(four to seven month- tunning~ progfam),;'totai- cholesteroi



1

concentrations remained unchanged while HDE—c-poncentraﬁioné

N . . . . .

increased signif;cdntly. Wynne's (1980) reeulis'dEmohstrated-f

.

no change in _toral"choleSﬁeroli and_.HDL—cf concentrations, '

within a ten 7week:”bicycle' ergometer- ﬁreiniﬂg proqram

~

Therefore much’ remauns to be establlshed on the effects of
- r ' .
. ' \
exercise on total cholesterol concentratlons ) “ -

- N . -
- i

v

In view of nen conclusiuecvoz max fesults if'cenhot be

1 N i

concluded that the changes observed in- HDL and 1ts sub®rac-

tions are due ' to..the tralnlng prOgram Therefore the in-’

'
L

creased levels: of HDL-Q (tralninq group) are’ presumably a

functlon of Varlous factors known to influence HDL c .and to

' - L

which exerc1se*may.have‘played an accessOry role. With re-

spect to HDL subfractions, .the results obtained in' .the

present study are contrary té what the literature has sug- .-

gested. Nye et_alz's (1981),resuite qre’a_prime example.of

v

the changes expected to_occur with~traiuing; This group_of

i}

researchers demonstréted an increase iﬁ HDL-c concenfrations

_— .
~

({as a function of a callsthenlcs program), Wthh was mir—

rored by an 1ncrease ‘in HDL° -c cOncentratlons whlle HDL3- -c

concentrations decreased.‘Cowan s-(1983) results'supported

the above. In the preeent study, the changes Ln HDLz ¢ were

observed in the control group only, with"a’ 51gn1f1can; de{

- . l}
'

€line between'the>pre and'the post;meansz'ThiS decline in -

- .

HDL2-c was counterbalanced by ‘an increase'-in HDL3fc.' No

.

change was expected 1n the Control group 5 values Thoee Pb‘el

. ~

served are p0551bly a functlon of‘a) decreased enzymatic ac~



r

-

b

N » - . . l . . \

ﬁivity; b} experimental efrors-‘ol decreasea formafion'of:
B ) ' ‘ _\ - '
HDL2 particles,’ or d) a- comblnatlon ‘af these factors With

Ll

\ 4 .

- . <

respect to HDL3 -G concentratlons both groups reacted in the

' same manner; the, increases’ w1ch time were’ perallel and be—J
. - . . ’ ey K .

' tause the grbuﬁs Qerefnof,diffefeht from each othef the

N

.tralrlng program may not have contrlbuted “to thl§ change

In the control group, the ;ncrease in HDL3-c¢ was accompanled

B K -~

by a decrease 1n HDL2 —c, whlle in the Eralnang group the in-

'-r - _‘.-.

crease 'in HDL3-c was not accompanled by- a- significant change

~ L -

in HDLZ2-c. Contrary to what t the'liferEturefhas;equeSted,

~ * ' .
L Y Lo -~

the changes observed in this“study are primarily a -fupction
N A 4

o "

of modifications occurring in the HDL3 subfractioh and hot

-~
- 1

"in the EDLZ subfraction. It i% not known what contributed -

-

S in modifyiné HDL ‘and its subfracq}on§  in the studies‘re—

. . - 5 S
ﬁerred to above. Nye et al. (1981) proposed that the changes

.

N +

‘ ]
Jowere a runctlon ef a selective redistribution of dpo-C pep-

5. - b E ]

tldes while 'Williams et “al. (1983 suggested ‘that the

.

changes werne é'fupction'of fat loss (1nduced by exerCISe)

> A
-

"From the results oBtaifed in this study, it Qannotnbe“con—
- . Yon » - Re A “

1 ¢+
4

cluded that a conversion of the HDL. subfractions occurred,
. ' v " .o - \
. ~ A . . y
favoring HDL2 fermation and decreasing thg formation of the

HDL3 pafticles,. as has Deen *suggested'_by Patsch et  al.

. < s ‘ R
(1978), Schmitz et al. (1981), Taskirien et "al. (1981),

(1983), and Wood et al. (1983). Also, even though the

1

‘groups were statistically similay, individual concentrations

of lipoproteins demonstrated a wide range of values.fTheee

L)



~ .
I *

individual variations may have been due to the degree of
adiposity, diet, metabolism and most likely to genetics.:

Furthermore, initial and weekly differences observeéd méyk

have been a function of hormonal variations arising through-

out the menstrual cycle. Even though careful estimation of

. r
"

ovulatic® was practised, much remains questionable on the

effect of female hormones on lipoproteins and lipids'. metab-

»

~eplism. Also, because the changes expected in HDL and the‘r

)

subfractions are relatively small, the higher the initial

~

values are, less changes are to be expected. -

Triglyceride's, total cholesterol, HDL and LDL qpﬁcent:a}

tions have been used as possible predictprs?of‘CHDT Miblep”

A '

‘l

et al.'s major finding in 1981 was thé associationzbetween:g.

the severlty of CAD and the cholesterol comtent - found

HDL2, and more so because HDL2 has a greater ratio of cho—

lesterol to protein content than does.HDL3. Haffper et-al‘
/ ' - - :

{1985) determined thét-aﬁhe:pseléroeie-(es measured by.'cqi—’;.

onary angiography) was assoclated with'éi decline in'HDLE.

rather than the‘HDLB subfractlon Dufaux et al (1982) sug-

;

gested that HDLZ2 . was ‘a stronger negatlve rlsk factorlthan"

HDL3. Koga et al.'s (1983) findings suggested that most

changes 1in HDL'Occur'witHim the HDL2Z subfraction., There-

fore, the use of rdtioe‘becomes important-if one'beliéveé'
that HDL2-c is the protective subffaction (i.e.. the one re-
sponsible for transporting the cholesteasl to the liverj,

Furthermore, the:BDL2-¢/IC ‘and HDL2-c/HDL-c ratios provide:

'

-



g N - . - ' [ [ Wt

e 79-:; " ‘-,“ P s :’ . PR * I3 . * PR ' v .
- La - * LT PR - L3R - S - ¥ *
oo e T BRI LR Co. ST e .. 124
. n :‘.' .. .: - N ‘., ‘ B * u N - e v LB ' LI
- r o ~ A
A 1nd1cat10ns on, the efflca.ency. of t.hls tranSport mechanlsm -

) & . . T - >
. RN LT . oLt “ ', N

A Y . P
Mg T L. - )

~ B "
- - . 1 . - K

. -
* _‘-_‘ P - . A

e ]

AR t " The observed- HDLZ/ZI‘C ratl c:hanges throughout, the Weeks
T we. . ‘were not sighlfrcant but the overall 1ncre.ase observed 1n - ,

o ---the tralnlng q‘r’oup and the de-crease observad \1n the cqntrol v -

L

‘__‘.;; L’_ '\-., grcup should. -leave the tr,alrnng grOup,. in a mo-re“ lfav;ra:b'le i
S p051t10n i:'i‘é..“m at the end Df the tralnlng program mo'ré --.of R
", - - . B . . . '
:,f‘b = the total chqlesterdl mass_was belng transported by the - M
- '-!:,'.: ; HDL2 subfractllon \most- pnobebly a functlon c:f \the feclprocal -
S HDL2-c trends seeqn in the~ control’ ‘and t.-raining gr‘oups-; Wl-th-. o
- i w . . N '-.1 N
" ’;*“’.._ ‘ Lrespect to the HDL2—C/HD1_. c, ratld*both grpups exh:b;te;i 51m- .
- . . »
. vy ‘_‘ . 'J,,_lar changes (decrease); iy but as.. a f_ur‘lction_ d.f dlfferen‘t e
NI - - A - a,
- ‘—_‘ ."'";f_'_w varlables In tﬁe traln,lncr group, 't‘he* decreased- r‘at-ib w'r:g_s a: ' '
* ~rﬁ\_ - functlon of a slgnllfnl};ant rlS‘e in HDI‘_\ g; wl‘:ile_‘.ir"f _‘the ;on;; )
2}‘ " ; _\‘ ;:trol group Ehe decreese‘d-- ret}o ua—e‘,_‘:a i::‘im'ctié{ ofj'a ‘r:;e‘c,l ne "’ a A
;::"‘_‘_“ :1 Jinm HDL2-c lev,el;". o Ini-ziEl“_liy _:;»:(p,rer mees:urements) » both .
‘, 'q,:*\ ‘— groups' BDLZ2- c,;HDL c ratlos ﬁwere ex tre;ne‘l}: -h.:.qh {o. 45‘6 "for ‘ i
RS DU N - o) N ,
: * _‘: "the tralnlng’ group adtld 0. 501 forx the cfonf:ro’l, group) w«m_ch,
A:' ‘:" m conferred on these subject's a .low. msk qf c;eveigplncg}‘ co‘ro-: ‘;L v
;:1 - .."f: , ;larv heart dls.eases en the basis of theSe t:.qo flooprote:;ne T
“‘; :'\w- ‘t;—:and more soO, l"e._se c’l.ié'lncex of _ol?ser'giql‘g\.,ﬁsbigei_f‘ican't‘__mod"i‘fhica- '
O e btions, : " N - ‘i'“ s g% SR | " L \
" " e e ..‘ . Tt - ) N ." k...y' ‘l ) .
:‘_ - ~ Inltlally, t’he jCotal group had h.lqh HD’L & v "ués (mean Of
v - s - ‘ st : - Lt
. 58.4 mgydl) and HDL2 G values .(mean of 28 8. mg/dl), and law
" * --' L
ﬁ-‘tc- . . H‘I')L3—c values- (29.7 mg/dl‘;' fur\thermore, the‘ group was
o DA [T o ., » *
P, - :.deemed moderatel_y heavy (me‘an welght of 60 9_ }{g) w:Lth a
. L. e ) e
4 " higher than average percentag‘e of body fat 132 1 ‘,’{,). compareél* .
el o -t L
S ,“ . R ‘ - . L. ' |
/e M T ‘ ’ . ) .
. LAl - v Ko » - N
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to women of ﬁhe same age group; the group was also unfit
(mean VOZ max of 28.2 ml/min/ké). Furthérmore, no signifi-
cant weeks effeéyé were observed prior to week six of.the
study (when coﬁpérgd.té the-pre mean values); most signifi-

cant»changes:were:solély_a function of differences between

L
+

-~

the pre and post means.-

.. - . .

Most studies have, in conjunction with determining lipid

and lipoprotein concentrations, measured various enzymes

such as LPL and HL,- and ‘gpoproteiné (A-I, A-II) to further
explain the changes observed in cholesterol transport and

-

establish the possible mechanisms (hnvolved. This was not.

feasible within the limitations of this study.

[N
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. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

2 - ot

5.1 SUMMARY

This study was designed to gquantify the changes occurring
in HDL~c, HDL2-¢, HDL3-c and ﬁotal cholesterol concentra-
tions in women following a bicycle ergometer training pro-
gram. The subjects in the study were young women-between 18
and 30 years (primarily students) who were non smokers and
sedentary. Sixteen women were exercised three time§ a week,
35 minutes per seswion (five minute work bodts, cne minute
rest pegiods) with heart rates corresponding te 75% of V02
max, for eight ‘weeks. HNine women part}cipated as controls.
Weight, height, sum of circumferencés, percentage of body
gat and V02 max were determined prior "tc and at the comple-
tion of the eight-week study. Blood samples were drawn after
an overnight fast at week zero (pre), four, five, s=ix, sev-

enrr, eight and nine (post) for analysis. The day of ovulation

-

was determined for each, woman so that it could be avoided
~for blood withdrawal due to its possible influence on blood
variables. The results indicated that the body weight , the

BEMI and sum of circumferences did not change in either

- 126 -
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group, while the percentage of body fat decreased signifi-
cantly in the combined group; V02 max increased - signifi-

cantly in the combined group with time. ‘No interconversion

[

of the HDL subfraétions was recorded as a result of the

training program. Furthermore, the changes observed in HDL-c
. -

!

levels were primarily a function of Changes taking place in

the HDL3 subfraction. The changes observed cannot be attrib-

4 - SR
uted to a trainihg effect due to the absence of significant

between groups differences on any varliables, including V02

- -
1 L

max.

5.2 CONCLUSIONS . ’ -

.

Within the scope of this 'study, the following conclusions

\

may be drawn:

1. The exercise stimulus may not have been sufficient to
preoduce significant traininé effects per se, since V02 max
was not significantly improved r;lative to control subjects
(as measured by V02 max values). Therefore, no conclusive
remarks can be drawn on the effect of the training program.

By the same token, body compostion did not change as a func-

tion of the exercise program.-

2. The training group manifested significant increases in

HDL-c across time though at no pocint were these values sig-~



nificantly different from those of the control group. Fur-
.thermore, most changes observed in HDL were a functicn of
changes in HDL3 rather than the expected changes in the HDLZ

.

subfraction. 'It cannot be concluded that an interconversion
of the HDL subfractions occurred in the %training group or as
an effect 60f the %raiﬁing. When the training group was exam-
ined in itself, the earliest signifigant modifications in

any of the HDL wvalues (compared to pre-training) were ob-

served at week six.

3. In this stﬂdy there were no siqnificaﬁt effects or trends
that could ke attributed to the training program, since no
significant between groups e&ffects were obtained. The non

significant changes observed in the training group alone did

follow "beneficial" trends (i.e. increases in HDL-c, HDL2-c,

EDL3-¢ and 'HBLZ-C/HbL—c) but unfortunately, the control
group also showed considerable and sometimes significant,
though unexplainable changes. These latter, combined with
sizeable, though not significant, pre-test differences be-
tween groups, appear to have e%fectively annuled the‘signif~

icance of the training group trends that appeared in the

data.

7N :
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5.3 RECOMMENDATIONS

. 1Y

The present'structure of the study has permitted the
gquantification of changes occurring in cholesterol trans-
port. However, after the completion of such an experiment, a
few changes are recommended if such a study is to be 'con-

ducted again.

Firstly, it is recommended that the intensity and fre-
guency of the exefcise Program be increased to 75-80% of VO2
max and to four sessioﬁs per week, respectively. Also, 702
max determiﬁation §Epuld be conducted (as described %n chap-
ter IiI), two days in a row.uThereafter, the highest wvalue
would be used as the true V02 max. With respect to V02 max
detgrmination in a populatiop such as the one studied, thg
elaboration of a VOZ max test is questionable in view that
very few subjects are able to attain a true end point. In
such a situation, very little if anything can be concluded

with respect to a training effect.

1

Secondly, it 1is believed that the control 5f ovulation
day be monitored by daily body temperature charts, which
would eliminate fluctuating values observed in certain sub-
jects. This in itself entails a minimum of three months for
baseline wvalues. Alsof a fast of 14 hours would be pré~
ferred to one of 12 hours for all blcood samples. Finally,

with respect to cholesterol determination, the gold standard

129"
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method "ultracentrifugation" should definitely vyield more
accurate results.
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Reagents - Concentrations

- -

‘-

Tris buffer S .‘-' T '160 mmol/l:Ph 7.7
Magnesium aspartate ) \_. 50 mmb;/l‘  -
4-aminophenazone : - -1 mﬁol/l . '"p
Sodium cholate | .‘ 10 mmélkl,"- V -
Phenol - g mmol/l

3, 4-dichlorophenol ) 4 mmolst '
Hydroxyoplyethoxy-n~éikanes_ . ! F 0.3—%'f s
Cholesterol esterase ‘ : o t0.,4 UZﬁl ‘ ‘
Cholesterol oxidase ' ’ O.Zé U/ml s' _ o
Peroxidase o ‘ . 0.2 u/mL.”

Preparation of Solution:

\ ' ‘ L
Content of one bottle 1is dissclved in;lOOrmilimiters oq

‘ - ' . ~ ' . .
rédistilled water. Reagent solution is ready to use after”

]

ten minutes.

Procedure: ) .

.

1. Tubes are labelled.

4

"~ To 2 ml of the reagent salution:.is added 20 ul of EDTA'

——

o

?

plama. For each assay, two standard toncentrations are

used and.treated as plasmic samples.

3. The sample is mixed thdroughly with the vortex and left .

v

x

standing for ten minutes. = _ o _— S

4. The sample 1s transferred to a.glass cuvette. -

5\



. ‘ N 3 © ' 14s

_, * f ' iy ‘
5. The spectrophotbometer is set at 500 nm and.the

absorbance of the sample is read against a reagent ‘blank

(2 ml of reagent solution).” . h : o T
6. The e%gation used for the calcufagion'of the total . I
; e ' - . *
cholesterol concentration is:

n . . - . I
* 4 . Y . -

Concentration of-theé standard divided by the absorbance
of the .staridard, which is then multiplied by the

absorbance of the sample = mg/dl,of,chélestérol.
* Two standards are used; thé‘meénfof the two |
(concentration divided by the absorbqnée) is usedfaé-the.'

multiplying factor for‘'all samples in the aéséyl
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Reagents and Preparation of Solutions: - . .

1. Heparin 5000 units/ml: N .o . -,

4

10000 USP units/ml of heparin are diluted in 1:1 ratio of
gsaline (0.9 % NaCl).

2. 2 M MnCl2 4H20 MW: 197.9 Dalton: _

[8
;

39.58 grams of MnCl2 4H20 are dissolved in distilled

P

water; flask is filled up to 100 ml.

3. EDTA solution 8 mmol/l MW: 372.24 Dalton:

2.977 grams are dissolved with distilled watef‘up td.l

liter. .

4. Boeliringer Cholesterol Reagent (Cat. # 237574):_
Content of one bottle is dissolvéd with 100 ml.of EDTA -
solution. . .- e .

5. Dextransulphate MW: 15000 Dalton: "

1.43 g/dl of Dextransulphate are dissolved in 0.15 M NéCil.f :

Note: Solution 1, 2 and '3 can be prépared in advance;
solutions 4 and 5 should be-p;eparéd for_eaéhlassay."

~

- " . . o - . r

Procedure:

1. Tubes are labelled. - ‘_ : S R
2. To 2 ml of EDTA biasma is.added;' o :. L .
a) BO‘u¥ of £he-hépéfih solu£ipﬁ; |
" b) 100 ul of the MnClZ solution: - -«
samples are mixed Q;th vortex after\eéph_additioni
3. Samples.are lef£ to stand on ice- for 30 miﬁﬁtes.and tﬁén‘

'



148
centrifuged at 3000 r.p.m. for 30 miputes at 4 degreeés

.Celéius.

4. Aliquots of the clear heparin—Mn2+‘supernatant are

v

" withdrawn immediztely for HDL2 precipitation and analysis

qf total HDL-cholesterol. )

5. To 1 ml of the heparin-MnZ+ supernatant is added C.1 ml

of the Dextransulphatelsolution- after m1x1ng

a - v !

thoroughly with tne ,vortex, the samples are left to stand
-f

at room temperature for 20 mlnutes then centrlfuged at

at 3000 r.p.m. for 30 minutes at 4 degrees Celc1us

* v i

"£: An aliquot of the cleax $upernatant is removed b
immediately for HDL3- cholesterol detelmlnatlon
7..Cholesterol determination for HDL-and HDLB:‘ \

_To 2 ml of cholesterol reagent 14 adeed O ol ml ‘of-. the

-

U

supernatant: Samples are miged thoroughly and left .to

stand for 10 mlnutes at room temperature. The absorbance
is read at Bbo‘nh in-a‘glaés cuvette against blank~(émi

of reagent selutien) withAn éne hour.- _ . o R
g. Cholesterol.cpnéentratibns efjthe eamplee arefcaleulated

r

as follow: . : ‘ P L : f“

.

A standard.(Special Control Serum-for HDL-C)'isJused_ﬁpr‘

¥
kS

\ v

‘all assays. ,

. Standard Concentratior for Speeial,Control Serum = -

divided by its absorbance = multiplying factor S
\ - j . . .

'NOTE:  HDL2-c¢ = HDL3-c - BDL-&.

LO-

. With each run, a blank with é'ﬁl,of'salinelinstead -

of serum is prepared ahd treated'as-a saﬁpre.
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Total Cholesterol: -
within day

day to day

BEDL-Cholesterocl:
within day

day to day-

HDL2-Cholesterol:
within.day

day to.day

HDPL3~Cholesterol:
within day
day to déy

A

186.

168,

65.

B3

27,

" 26.

mg,/dl

.mg}df

mg/di

mg/dl

mg,/d1

ﬁg/dl

y

mg,/dl

mg/di\

(5.8) C.v
(18.3) c.v
(4.1) c

(2.0) c.v!:

(3.1) <.

AN

Note: ( ) denotes standard deviations.' .
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GROUFS

WEEKS

~

Training 1

Control

2

3

[#2]

11

12

13

14
15

16

(03]

WE IGHT
(kg)
Pre Post
70.8 67.2
64.5 64.2
58.0 57.3
58.6 58.4
76.5 77.5
66.9 68.8
57.8+ 58.3
54.0 53.5
56.2 55.5
54.9 56.2
56.0 57.8
69.2 71.2
64.4 65.0
50.5 48.3
54.3 53.4

a

78.0 79.9
55.8 55.0
64.3 65.8
73.2 73.5
72.5 73.4
49.0 49.0
64.6 62.5

BMI

(kg/cm2)

Pre

32.
24.
20.
20.
31.
25.

20.

21.
21.
19.
24,
23.
19.
21.

25.

23.
23,

23.

19.

24.

Post

30.4
24.4
20.4
20.4
31.6
25.9
21.1
18.8
21.6
22.2
19.1
25.2
23.0
18.4
20.7

25.9

22.7
23.7
23.9
25.5
19.6

23.7

suM CIRC.

(cm)

‘Pre Poét
330.6 - 328!
294.3 295.
283.2 280.
288.0 280.
338.9 344.
297.4 303.
273.7 280.
270.1 261.
275.4 281.
275.7 278.
278.8 277.
316.5 325.
294.5 316.
266.7 258.
274.2 266.
316.8 322.
281.8 278.
300.1 303.
301.5 296.
308.3 313.
264.4, 265.
300.5 294.

153



. 154
7 59,2 57.5 20.3 19.6 290.2 283.9

8 57.7 657.0 23.7 23.5 285.1 287.7

0

43.2 43.8 17.5 17.7 247.2 24%9.1 |

GROUPS % BODY FAT Vo2 MAX
o (m /min,/ )
WEEKS Pre Post .. Pré Post
-
Training 1 42.5 1.5 | 19.9 29.7
2 41.1 36.7 24.9 29.2 -
3 21.4 20.5 29.9 37.4
4 35.3 27.8 . 25.3 28.8 .
S 42.5 42.5 - 17.8 z2.8.
& 36.7 38.2 36.5 38.8
7 24.6 22.3 31.9 45.0
. g 31.0 29.2 29.9 32.6
. 9 33.9 33.9 33.0 35.3
10 32.9 34.3 26.5 30.0
11 33.9 33.¢ 27.7 30.8
12 36.7 36.7 25.5 28.2
13 35.3 30.1 23°0 26.3
14 26.9 24.6 26.7 38.8
15 26.0 21.9 35.9 41.5
€ 16 35.3 32.0 24.6 28.7 ’
Control 1 33.8 32.9 . 31.6 36.5

2 31.0 31.5 ' 31.4 30C.3

"3 33.1 30.1 27.7 29.0

&



o~

33.8

30.4

35.3

30.5

28.3

17.0

32.

29.

32.

26.

26.

17.

TOTAL CHOLESTEROL (MG/DL)
GROUPS
WEEKS PRE 4
Training 1 148.7 141.
2 126.8 128.
3 179.9 172,
4 131.8 153,
5 169.9 172.
6 147.2 142.
7 158.1 1B0.
8 142.9 133
9 188.2 194.
10 225.3 195,
11 179.9 159.
12 155.7 142.
13 136.9 157,
— \
14 178.8 130.
15 160.5

161.

153.
154.
123.
213.
225.
198.¢
144
176.
157.

184.

30.2

32.6

25.1

24.0

26.5

31.4

158.

165,

155.

206,

R

29.
27.
27.
31.
4.

36.

185,

142.
131.
183 .
157.
166.
139.
181.
146.
209.
207.
156.
144.
172.

162 .

8

136.
132.
185.
157.
160.
152.
1é1;
155 .
200.
207.
182 .
152,
©175.
164.

. 158B.

. POST

1145.6

138.1
169.6

155.4

162.3

147.2
171.1

143 .0

210.4

225.5
168.9
163.8
179. 2
173.6

178.6

155



16

Control 1

128.

179.

177.

1&e9.

154.
188.
177.

297.

127,

"194.

1e7.

185.

138.5

182.

167.

163.

148.

181.

188.

226.

187.

131,

137.8

166.

147.

160.

135.

177.

177.

189.

221,

C122.

1

126.

i81.
" 172!
167.
139.
185.
163.
i87.
219.

126.

ESTEROL (MG/DL)

HIGH DENSITY EIPOPR@TEIN;CH

GROUPS

"WEEKS

"Training 1
Z

3

10

11

58.
40,
50.
69.
58.
60.
63.
33.

64.

76.1

64.

60.
44,
57.
76.
58.
60.

69.

40.

72.

78.

65.

68 .

. 80.

73.

8]
,

Ny

69 .
44,
63.

7E.

54.
56.
a9,
62.
67

62,

[4V]

~J

-1

44,
67.
67.
76.
59.
59.
38.
64 .
72.

61.

141.

178.

194.

172.

153,

191.

200."

130.

7.
48,
61,

78.

67.

59.
68.

42.

76.

73,

3]

€%

137.

188.

177.

165.

141.

192.

171.

1 207.

207.

138.

- POST.

67.
52.

61.

71.

60

72.

40.

£66.9

82.

74.

156
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12 49.8  49. 46.7 53.7  46.
13 48.3 70.7 71.9 79.7 69.9
14 55.1 59.7 52.7 56.3 60.2.
15 62.8 66.8. 62.7 73.8 69.0
16 5i.8 53.8 50.9 54.7 53.9
Control 1 73.6 76.9 76.8 70.1 70.4
2 70.5 71.3 69.0 73.1 £9.5
3 61.5 69.0 58.9 61.6 62.9
4 64.3 48.0 51.8 52.5 57.8
5 43.6 44.3 45.2 44.6 49.9
6 42.7 54.0 55.8 50.0 ., 46.7
7 81.8 95.0 99.9 87.1 91.9
8 45.0 45.5 46.3  48.6  43.3
9 56.1 61.0 52.5 48.4 49.7
HIGH DENSITY DIPOPROTEINZ—CHOLESTEROL_(MQ/DLj
GROUPS
WEEKS PRE . 4 5 6 7
Training 1 30.4 19.8 23.6 36.0 .31.1
> 14.4 19.2  18.7 15.6  12.
3 21.6 © 24.0 31.7 25.8 33.0
& 39.1 'aa.2. 38.1 . 44.1 -34.1
5 24.0 30.6 23.7 34.7 39.5-
& 25.8  26.0 26.4 17.6 28:4
7 30.4. 25.8 18.4 28.4-

) 325?

62.0 68.5 -
69.1  75.1
61.1 62.4
67.0 '8I.1
5¢.3  59:1
68.0 78.4
67.7 68;2

63.4 59.4

59.Q 54.7

43.0  39.2

47.

0 45.2

92 .4 72.2

60.

49

3 44.9

.8 63.1

POST

.S 33.1

.0 27.a

41.0  46.2
30.2  34.9
231 23.7
29.7 if?g;f“

157



10 33.7% 30.3 6.6 27.5 27.3 15,
11 32!2 30.5 35.8 33.7 30.8 28.
12. 21.3 .-19'2 13,0 16.9 17.2  24.
13 17.8 40.6 35.7 44.5 34.5  34.
14 25.6  30.5 20.9. 24.7  27.4 27.

15 358 32.2 27.3 30.7 32.5 . 28.

16 27.9 29,

[a}

Control 1 '3Y.6 40.97 35.3 35.0 27.5 25.

3 28.8 25.6 27.9 22.0 25.8 20.
4 35.6 21.4 23.5 20.9 25.3, 237
5 15.2 " 14.7 18.0 .14.8 23.2  12.
6 10,8 ' 1e.e '12.1 18,8 11.7 15,

7 6@.9 62.7. '61.4 52.8 50.4 63,

HIGE DEMSITY LIPOPROTEIN3~CHOLESTEROL (MG/DL)

GROUPS

WEEKS PRE 4 s 6 7 8

Training 1 28.5 40.7 32.6 33.8 41.4 33.
2 26.4 25.3 31.5 28.5 32.1 ~ 33.

3 29.0 33.7 34.0 37.4. 34.1 34a.

21.5  23.3 23.5  23.

11.
30.
35.
32.
32,
‘ 38.
50.
a2,

26.

36,
‘28,
17!
23,
12.
12.
35.
14.

31.

POST

34,
40.

34.

2

158



10

11

12

13

14

15

16

Control 1

D

30.
34.
34
33.
22.
34.
42.
32.
28.
30.
29.
27.

23 -

42 .
36.
32.
28.
28.
22.

14.

25.

wn

o

32,
28.
34.

43,
26.
39.
48.
35.

30.
30.
29.

34.

36,
43,
43,
26.
29.
35.
32.

24.

93]

35.
36.
32
28.4
26.
36.
34.
38.
33.
36.
31.
35.4

29.

1

-9

4

34,
33.
36.
38.
28.
' 28.
39.
31.
36.
35.-
31,
43,

" 31,

" 33.
37.
31.
31.
23.
3I.
45,

30.

35.
32.
36.
30.
42,
35.
~37.

32.
26.
35.
41.
29.

27.

37.

k2

38.
31.
34,
61.
45,
37.
35,
33.
38.

35.

42,

42.
35.
31.

31.
/

28.

23.

NS

A0

5

0]

y

29.

0]

5

7

33,
36.
36.
as.
28.
36.

46,

_41.

36.

36.

32.

38.

S 32.

42:
39.
42..
31.
27.
32,
36.
30.

32.

HIGH DENSITY LIPOPROTEIN2-CEQLESTEROL TO TOTAL CHOLESTERCL

RATIO

GROUPS



. WEEKS

_Cbntrol

 Training 1

10

11

12

13

15

15

PRE

.20

12

.30

~14

.18
.19

.08

.16

.15 -

18

.22

22

.18
.19
.17
L 23
08
.11
.32
.10

.21

. 0.14

0.29

0.-18
0.18
"0.16
'O:il

0.17

“0.20

G.23

0.21

0.17

0.14
0.16 *
o.oa,:
© 0.10

‘0.31

0.17

0.25
0.16

0.17 -

0.21

.11

0.15

1 0.21.
- 0.18

0.09

0.15

0.16

0.17

0.1&

0.10

0.06"

0.27

.23
a3
13
.27

.20
111
J11

.14

13
22
11
.27
.17
17

.17

.14
.15
.08
11
.28
L09.

.17

.22
.09

.18

.24
.20
.16
.10
.16
.13
.20
12
.20
.17
.17
.19\
15
.20
.15
.18
;12 s
.07
.27
.06

.17

.28
.11
.15
26
.19,
.15 -
.18
.07
.16
0.08
.15
.16
.19
17
.18

17

5. 15
12
12
.15
06
.10
33,
16

.20

" POST

0.16

- 0.30

0.22

0.16

0.20

0.08

0.14

0.16

0.19

0.20

0.22~

0.17

0.24

0.19

0.19

0.16
0.10

0.16

0.06

0.07

0.17

le”
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HIGH DENSITY LIPQPROTEINZ-~-CHOLESTEROL TO HIGH‘DENSITY

. M '

LIPOPROTEIN-CHOLESTEkOL,

GROUPS

WEEKS PRE - 4 5 & 7. - 8 ' POST

Training 1 0.52 ° 0.33 0.42 0.52 0.43 0.53  0.49
2 0.35° 0.43 0.37 0.35 0.27 0.31 0.23

3 0.43 0.42 0.48 0.41 :0.49 0.4%4 0,A5

6 0.43 0.43 045 0.32 0.48 0.39 0.39

7 0.48 ©0.37 0.53 0.33. 0 48 - 0.44 0.47"

10 0.42 0.3  0.58 0.41 0.38 6.20: 0.43
11 0.50 0.46 0149 0.52  0.50 c0.33 o0:aa
12 0.43 Q.Sé 0.28 0.31, o.37  0.39. 0.47
13 0.37 0.57  0:50 0.56 0:49 6:49 . 0.52°
14 0.46  0.51 ~ -0.40 0.44 0.46 ‘0.45 0:48
15 0.57 © 0.48° 0.44 0.42 0.47 0.43 0.53 -

16 0.54 . 0.54 0.4z 0.43 ,0.44 = 0.40 0.45

Control 1 0.43° 0.53 0.46 0.50 0.39 0.38 0.46

2 0.48 0.39 ° 0.52  0.44 0.49 - 0.34 . 0.41

-~ . -
) 3 0.47 0.37- 0.47 0.36 _ 0.21 0.32 0.29
4 0.55 0.45 -0.45, 0,40 - 0.44 0.40 0.42
- 5 0.35°' 0.33. 0.40 ©0.33 .0.46 0.28 -0.31
\-\‘ . ’ . N .



0.22 0.38

0.

P
yo- ? -
~ 1
, r
]
.
L]
. 1
- . P 1
.
L ! . ;
- ‘
f 4
i -
4
- -
- .
N
A
. I
i "
A
N -
,
.
A
- [
Y - ' |
'
A B
-
.-'
- -
M B
- a -
’ +
€ N \
'
4
* '9
o .
L]
-
“ ! 4
.y ~ .
. —

PR



. &'4\
. |
hd 7
e
'

163



A

Lo ; : 164

Questiqnnéire 1

i ] R -
General Information: _' ' T
, l. Do you smoke?
__ yes -
né | \

If yes, how many cigarettes pér;day?
2. Do you consume any alcohol?
. ' |

yes

L.
- - . v

. mo - = S

f '

If yes, what 1s your average coqsuﬁptiqn per day or.
per week (plefse specify)? . . :

3. Are you presently following a diet (i.e. weight feducing,

vegetarian, lacto-ovo (dairy products but no ﬁéa;)? !

' . . - ' ' 1
yes - ) ‘ - : ‘

no

If yes, please specify the type of diet. '
. ! ' - e f *
4. Are you presently taking -any medication (including oral-

contraceptives)?

ves R ,

—_ no K . ’ ' 3

If ves, please specify the.tybe of medication, length and .
frequency of -intake.” . Coe . Ce
If no, havé you ever used any oral cohtraceptives?:

- v

Specify whén,‘

- Menstrual Pattern:

e el Y

5. Do you men$'t’i"d‘:ai‘t‘»‘:'""regn*i-a-:-l-y?«-------’,.,.......'.‘..........'.,..-.‘.,....‘.:..‘,



165
yes

no

6. Can you recall the dates of onset of your last 3 cycles
(1.e. first day of bleeding)?
1f yes, please indicate the actual dates.
1f no, can you provide an approximation of the length
of your menstrual cycle.

7. Do you or have you ever experienced episodes of:

amenorrhea {(no menstruation for at lest 3

4

consecutive cycles) N
oligomenorrhea (skipped one cycle}) ‘i : .
other related menstrual disorders

If yes for any of the above, please‘eiaborate.

» PR

Physicali Activity: - . : . N

8. Are you presently participating in a regular training
program (:,.e. 3-4rtimes/week, 30 minutes/session)?

yes

no

If yes, specify the type 'of activity, number of days

-~

-

per week, duration of sessions.

If no, when was thé last time (if ever) you partigipated -

[} .
’

in such a program?

9. Do you practise any type of physical activity?

yes

no

. If yes, give details on the type,:irequency and duration

.

i P

of the activity.
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“ . S .
General Health: . N . .
-~ r M
.. iO Have you ever beed told by ‘your doctor that you have
Ny ‘- v .
- A .t * ' - %
. . *. + ,rcardiac problems’,‘w : e ’ Co . -
* > oo M f . . N .
x P ! ‘, , - " i, .
.7 J11.Eave you ever experlenced any chest pa1n° . :
- H ": - . ' s L
- :ﬂu- ".12..Do you ever feel dlzzy or fa1nt° ‘ "'_.
P 13 Have you ever been told by yaur doctor that you have
g : . - . ' '
: 3Q'"‘ ~any bone or JOlnt problems (1 e. .arthrltlsjwhlch may
AT T L . <, L ) 1 N oY
s ,'f.;”fg‘luqba aggravated by exerczse’ JUCH .-r
Lo Lo Car .- . -, - r . N
T e 14 Do you know of any phy51cal reason not mentlonned abOVe
. . -. " .which forpigsquu~ro~partipipate Jn‘a thsical;training
sl s s o program? oo L T T e . - Coo
ur + * At . E |-= v B - i N A T . .
R . S ) . .
.+ S+ 1I5./When was youlr: last medical examination? :
’ v | P S ’ ' . ooroh
¢ . k-.r"'v - ' R
3 - " “ ’ - - . . »
f '.J- , "\ . - [d =
o ¢ R " )
r » ¥ . +
P . M - . » LI
- ) .1: P . ). .ot .
- . \\
1 ~ r - * -
¥ ~ . AT LN . “_. - 2‘ ,. !
- b .‘ i ’ v T
k" v I ‘ ' - A
“ - - > l’ . - -
- ' - T . R Pt . -
. b - - -
- ~ E‘ ' = - v
_‘_ . - i
- . 2! »
+ ~ : e, 7 . . -
o ¥ ~ . ' .
. ! - . . e : ,
- * . . ” f - -
. . - o e 1
- - h - .- . :
. : - - ' . H . . -
Py L - S i . - . ‘ '



Questionnaire 2

SINCE ENTERING THE STUDY:

..

1. Have you started to smocke?
———- yes
-~-- no

2. Do you consume any alcohol?

no o
If yes, specify your average consumption per day or
per week.

3. Has your daily food intake changed (i.e. types of foods

and guantities)?_
e

. yes .
_ no :
: b
1% ves, please elaborate.
y p 3
fi

4. Have vyou, throughout the course of the study, been
following a diet (i.e. deliberately reducing or
1ncfeasing'your food intake)?

Lhyec

T ”

a2
no ) L \-;‘"'-\a.
- ko A

ixm

5. Are vou taking any oral contraceptives, or other

medication?e

167
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(which may have been caused by the training program)

(i.e. length of menstrual cycle, number of days of

bleeding,'cramps...)?

_____yes

no

I1f yes, please elaborate.

Have you undertaken any type of regular training program
apart from your participation in the study?

_____yes

no

—
Hy

L<
©
7]

Ll

lzase give details.
£



Consent Form °

-
—

I, | . understand by signing this

consent form, that I willlbe subject to the following exer-~ .

cise‘XQd\sxperimental protocols.

1 understaﬁd_tpat-my'weight{ height, four skinfold. and
four circumference measurementé.will be taken at twe Q@xer~
véls throughoué the study, and that I wi;l perférm two maxi-
mal oxygen consumption ;e;ts on ajbicyqle ergoﬁeter. The
tests consist of pedailing to VexhaustionJ at a set épeed
during which the workloéds.will be increased at predeter-
mined intervals. Following this tést (after a .15 minute
rest), I will womplete a ride to exhaustion at the last
workload completed in the pfogressive phase. This is to és—

certain that a V02 max value is obtained. Heart rates will

be mcnitored throughout.

3

. . k
I understand that_sgven blood samples will be drawn by a

qualified technician- .

I understand that I may be assigned to the control or ex-
ercising group. If assigned to the control group, I will not
take part in the exercise program.' If assigned to the exer-

cising group, I will be training on a bicycle ergometer 3
' i
times a week, 35 minutes per session ror eight weeks, with

heart rates ranging from 60% to 70% of V02 max.

169"
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-

-I understand that just as with other types of exercise

»

and fitness tests, there are potential risks such as liébt;
headedness, fainting, chest discomfort,’ fatigue... In agree-
ing to participate in such an experiment, I waive any :legal

recourse against the members of the Department of Kinanthro-

LN -

pology (staff and/or students), from any and all claims re-

sulting from personal inju}ies sustained or death resulting

from the exercise or experimental -protocols. This waiver

»

shall be binding upon my heirs and my personal representa-

tives. .-

Signature:

Date:





