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ABSTRACT

The pufpose of the study was ta defermine the effect gf‘
chronic endurance exercise on high density 1}p6protein cholesterol
(HDL-ch91esté}o1)'énq the HDL-cholesterol : total cholesterol ratio.
Changes in total cholesterol, LDL-cho]e%tero1, triglycerides’aﬁd cer-
tain physiological and exeréise performance variables were measured.-'
as wef{\ . .

The-22 subjects who partié?pated in t;e study were men, ages
25 to 59; who had a history of -high cholesterol but had'norma1 trigly- .
ceride levels and glucose tolerance, and were of average body weight.
The 5ubjects‘§ere divided into two groups, an experimental and a con-
trol group. 'The'éﬁperimenta] ngup was composed of 12 subjects. They
paft%cipated in a 12 week fitness program which was held for one hour,

three times a week. The subjects were asked to'jog at a heart rate

-which was equivalent to 60%-of their maximum heart rate, which was de-

rived from a calculation using their g}sting héart rate (RHR)ﬂ§pd max;
imum heart rate (MHR) (i.e.60% MHR = .6 (MHR - RHR) - RHR) The sub-
Jects ran an avérage of 1.1.Km (.7 mi?ésf‘?; 9.6 minutes at the begin-
ning of the study ana 4,0 Km (2.5 mi]es)in';3.4 minutes at the end of

the study. %he,controT E?Uup was made up‘of 10 subjects. These sub-

" jects were asked to maintain their normal Tevel of physical activity

during the study period. All ?ﬁbjects were -also asked to maintain their
nbrma1.d1etary regime. Pre- and post-training dietary records of the
éxperimenta1 group were obtained tQ determine if any changes had ac-

tually occurred.
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. Significant changes in HDL-cholesterol, the HDL-cholesterol:
total cholesterol ratio, total cholesterol and triglycerides, as well

as changes in several physiological and exercise performance variables

" . were determined for the experimental group by comparing theﬁr'pre- and

\post-trainiﬁg values to those of the control group. The‘gigfigtica1
analysis utilized was an Analysis of Covariance. o

The results indicated that-HBL-cholesterol did not change
sigqificant!y with the trgining program, hbr‘did plasma triglycerides.

Total cholesterol and LDL-cholesterol both decreased 24 mg%. The HDL-

cho1estero]:t6ta1 ch61esterol ratio increased from :242 to .276. None

of the physio1ogica1 variables observed (resting héaft rate, pefcen-
tage body fat, systolic blood pressure and diastolic b1odd‘pféssure)

" changed significant1y; A1l of the exercise pe}formanpe variables mea-
sured increased. These variables included maximum oxygen‘uptéke'exu -
pressed in 1/min and %1/kg/min, maximum carbon dioxide ﬁroduction and
maximum ox}gen pulse. Maximum oxygen uptake iﬁcreased from 2:8 to 3.1
1/min and 36.0 ml/kg/min to 39.5 m1/kg/mfn. There were no significant
changes 1ﬁ the dietary intake of the experimental group and few changes
in smoking habits, medication and dietary adherence in both groups.

The findings were discussed in relation to the exercise-rela-
ted mechanisms that may have resulted in the chan@es that were obser-

-ved iﬁ the blood lipids over the study period. The changes in total
cholesterol and the HDL-cho1éstero&/tot&1 cholesteral ratio were dis-
cussed with reference to the subjects' coronary hear?ﬂﬁisease\(CHD)
risk profjﬂe, and Tt was suggested that the increase in the HDL-chol-

esterol:total cholesterol ratio was the most significant finding of

*
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the study in relation to reducing the CHD riéﬁ since ;he increase

1n-§he_ratio'1ndicated that exercise had resuited in a trend towards -

a "normalization" of the subjects' plasma 1ipoprotein profiles. -

-

-
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CHAPTER I
* THE PROBLEM .

.

Introduction and Rationale

The prevention of Coronary Heart Disease (CHD) tﬁ}dugh a
reduction in the development of_atherosclerosis is a major medical’
goal, particularly in thé Nestefn countries. Several risk factors
have been relétec to a -higher incidence of CHC. Recently, High—Dénsity
Lipoprotein (QDL), a carrier of plasma cholesterol, has been identified -
as as anti-risk factor (Miiler & MiI]er,‘1975). The presence of a
higher level of HDL {or HOL-cholesterol) has been repeatedly 1inked
with a Tower ipcidence of CHb, while total'p1asma cholesterol and the
major plasma cho1ester01-cérriér, Low-Density Lipoprotein (LDL), have
been associated with a higher incidence of CHD (Kannel et al, 1979).
HDL is thought to exert a protective effect in the development of
atherosclerotic lesions, although the mechanism is not well understood
(Levy, 1978). It .has been postulated that HDL may exercise its effect
in two manners, both resulting in a reduction in the abailability ‘f
cholesterol to the cells of the arterial wall. HOL is the natural \
substrate and activator of the enzyme Lecithin Cholesterol Acyl Trans-
ferase (LCAT), which esterifies free cholesterol (Eisenberg % Levy,
1975). It has been suggested that this HDL-LCAT interaction provides

a mechanism whereby free cholesterol can be taken up from the inter-
cellular space or cell membrane in the periphery, and transported as

esterified cholesterol to the liver, where it 1is degraded to bile



acids, and eventually excreted (Glomset, 1968). 1In vitro studies have

ﬂshown that loss of cholesterol to the medium is enhanced in the presence

of HDL (Stein et al, 1976A). The second theory is related to the
interaction of HDL with LDL, the "atherogenic” lipoprotein (Sma11,.1977).

HOL does not bind as readily to human skin fiproblasts or to.rat and

‘porcine smooth muscle cells as does LDL, and HDL is internalized even

‘more poorly (Stein & Stein, 1976; Steinberg et al, 1976). It -has been
found that HDL also inhibits the uptake of LDL by por;ine arterial smooth
muscle cells and human endofheliaI cells in culture (Carew et al, 1976;
Stein & Stein, 1976; Stéinberg et al, 1976). Considering these observa-
tions, HOL may exert its effect by competing with LDL for receptor sites
on the ce11 memnraneﬁvdsgreasjng the amount of LDL that is bound and
consequently internalized (Miller et al, 1977B).

Interest has also arisen in factors that influence HOL plasma
concéntrations. As well as finding pigher HOL 1evels‘in premenopausal
women (Castelli et é1, 1977A),lean people (Gordon et al, 197?A), and non-
smokers (Garrison et al, 1978), HDL has been found to be higher ana LDL

Tower infjg;;-distance runers (Wood et al, 1976) and cross-country skiers
al,

(Enger e

1977). Although few comprehensive training studies have

been completed. to date, HDL has been reported to increase with aerobic
training ( Ratliff et al, 1978).

Physiéa] activity has been linkea with a2 lower incidence of
CHD, although the causative factors have not been clearly elucidated
(WiThelmsen, 19763 Gotto, 1979). An increase in HDL may contribute to
this protective effect of exercise. It may aTgo explain, in part,
the variable effect or the 1itt1e'change that exercise exerts on

plasma cholesterol (Naito, 197g). If HDL (and HDL-cholesterol) is

-~
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increased:with a éﬁecific'type of exercise prpgram; while LDL is de-
crg?sed,.plaég;.cholestero1 may remain unchanééd or.decrease very
s1ightly, while thé cholesterol-carrier prbfi1é has been altered fo a
more desirable one(l¥pez-Siet al,1974).This profile would be more de-
sirable since a greater percentage of the total chd]esteroT would be
carried by HOL after.training. The percentage of total ;hoTestero1.
carried by HOL {expressed as the HDL-cholesterol : total cholesterol
ratio) may actually be more impdrtant than the absolute amount of
p1asma HDL-cholesterol in relation to the pastulated role of HDL in
the prevention of atherosclerosis, since it better reflects the rela-. —
tionship of KDL with respect to the plasma chofesteroI levels. |

. -
1 .

Statement of the Problem

This study will attembt to determine whether a regular con-
+ro]led aerobic training program comprised of jogging ag soi MHB, ac-
'companied by ca1e§thenics, will significantly affect the plasma HDL-
cholesterol concentration of the HDL-cholesterol : total cholesterol

ratio of the trained group as compared to the control group.

7

|
Sub-problems

1. To evaluate the effect of the exercise program on total tri-

glycerides, cholesterol and LDL-cholesterol.

v 2 To examine the effet of the training program on several phy- KH‘#,/i:)
siological variablgs including resting heart rate, percentage

body fat, systolic|blood pressure and diastolic blood pressure.

3. To determine the effagct of the training program on several




: . - 1
exercise performance variables, including maximim oxygen up-"-

. take {1/min and m][Kg/min); maximum carbon dioxide production

and maximum oxygen pulse.

4. To examine: A) the correlations befweeﬁ HDL-cholesterol and
total cholesterol, total triglycerides, maxi-
mum oxygén uptake (1/min and m1/Kg/min) and

‘ percentage bo&y fat; .
i::z and B) the correlations between thg HDL-cHo1esterof :
-totaT cholesterol ratic with total triglyce-
rides, maximum oxygen uptake (1/min and ml/Kg/
min) and percentage body fat.
- The correlations were calculated for the pre-training values,

for the post-training values and for the changes in the -

values over the study period.



el
.

Delimitations ' ‘ . T

The subﬁects were selected in a non-random way from a
restricted, normal popuiation since they were volunteers derived
from the patient pppu1étion of Dr. John Biro and were selected l
acco%diﬁg to tﬁe criteria 1aiﬁ down in the methodology (Chdpter'III).
Therefdre, the resp{ts of the study apply to non-obese ﬁa1es, a§e§
25-60, who had a Kistory of high cholesterol and whese cholesterol

tD:ho demonstrated

may have been elevated at the time of the study bu

normal levels of plasma triglycerides and normal glucose tolerance.
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Limitations of the Study ‘ o . -

1.

+ ———

An increase in HDL-cholesterol does not necgssari]y indicate |
an increase in the number of HDL micelles. It could be due

to an increased ability‘of the individuai HDL micelle to carry
cholesterol becatise of an increased amount o; apoprotein per
micelle. Or,lit‘may reflect a change in the ;ho1esteroi bin-

ding ability of the lipoprotein micelle.

The composition of the diet-and caloric intake wére not strictly
controlled. All subjeéts were asked- to establish a set dietary.
pattern and maintain it throughout the program. They were also re-
quired to compliete a questionnaire befbre and after the program,
concerning their dietary adherence, and to complete a seven-day
diet report, pre- and post-training. These precautions do not
rule out the possiﬁi]ity that a subtle change in the diet of

one group could cause a change in HOL-cholesterol or the other

Tipid parameters measured.

Since the factors controlling human HDL metabolism are largely
unknown at the present, suggested meéhanisms behind the bio-
chemical effect of exercise on HDL-cholesterol are pureTy

theoretican

The effect of exercise on LDL-cholesterol cannot be clearly
assessed, since LDL was estimated on the assumption that VLDL-

cholesterol was approximately equal to the total triglycerides ,
) 5
which may not be the case for all individuals. Since the reia-




tion of HDL with CHD gqé?ars to be independent of LDL, this
‘fact does not detract from the’%mportance or validity of the
m;tudy. -
)
There was a displacement of timéxbetween the fitness-testing
and procurement of blood samples of the exercise group and
that qf the coﬁffo1 group. - Consequently, the presence of any
- seasonal variation may ;Bf-bé ;omp]ete1y reflected by the

data.

Ultracentrifugation is the most accepted and repeatable tech—'
nique for HDL-cholesterol analysis. It is used as the refer-
* ence method from which two or three other techniques have been
developed. The technique used in this study had a .82 corre-

lation with ultracentrifugation (Lopez-Virella et al, 19778).

°
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Definition of Terminoloqy

1.

6.

Coronary Heart Disease (CHD)}: A term designating cardiac disease

resulting in an insufficient coronary blood flow, which is
commonly {99% of the cases) due to atherosclerotic narrowing

- of the coronary arteries.

Plasma Cholesterol: A sterol carried in the blood, IaréeTy by /’J

Plasma Lipoproteins: Plasma 1ipids conjugated with carrier pro-
teins which allow for the transport of these 1ipids, namely -

cholesterol, triglycerides and phospholipids, in the blood.

4

i

LDL and HDL. Normal values for plasma cholesterol range up
to 250 mg% (100-250 mg%). Plasma cholesterol occurs in the

. !
free and esterified form in a ratio of 1:3.

Plasma Trialycerides: Fasting triacylglycerols that normally range

in plasma concentration from 0-150 mg% (70-150 mg%). VLDL is
the major carrier of endogenous triglycerides, while the chylo-

microns are the major carriers of exogenous triglycerides.

High Density Lipoproteins (HDL): Lipoproteins isolated by ultra-

centrifugation in the density range of 1.063-1.21 gm/ml. They
represent the alpha (o) lipoproteins on electrophoresis. They
are comprised of 50% protein, 20% cholesterol, 8% triglycerides,
22% phospholipids. They contain the apoproteins A-I, A-II, C-I,
Cc-I11, C-III, D and E.

Low Density Lipoproteins (LDL): Lipoproteins isolated in the range

of d. 1.006-1.063 gn/ml. They constitute the beta (8) Tipopro-



[ 2
te1ns. They are comprised of 20% prote1n, 46% cho]estero],
1% tr1g1ycer1des 22% phospho11p1ds Thew' contain 1arge1y

apoprote1n B. , ~ -

7. Véry Low Densﬁty Lipoproteins (VLDL): These lipoproteins of den-

tain 9% prote1n 22% cholesterol, 50% triglycerides, 18% phos-

'.ph01ip1ds. Their apogfote1n constituents are apoprote1n B,

c-I, C-IT and C-III, and E.

8. Chylomicrons: Lipoproteins of density ¢0.94 gm/ml which are not

present in fasting plasma. They contain 2% protein, 8% choles-
terol, 83% tr1g1ycer1des 7” phospholipids. They are mdde up
of apoproteins B and C-I, C- II and C-I1I, and poss1b1y smaltl

amounts of A and E. ; -

Q. Lecithin Cholesterol Acyltransferase: An enzyme that catalyzes the

transfer of a polyunsaturated fatty acid molecule from the 2-
position of lecithin (phosphat1dychol1ne) to free cholesterol,
resulting in the production of- 1yso]ec1th1n and ester1f1ed cho-
lesterol. HDL is the natural activator of this enzyme, due to
the presence of apoprotein A-I. The cholesterol, once ester1-
fied, is thought to move to the core of the HDL micelle and

lysolecithin is carried off by albawitr.

10. Maximun Oxygen Uptake (Mﬁhé): That 1eve1 of oxygen uptake after

which an increase in work-load does not elicit a further
increase in oxygen uptake. It is measured in absolute terms

of litres per minute, and in relative terms of m1/Kg/min.

sity .95-1.006 gm/m1 are the pre-beta lipoproteins. They con-

e
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11. Maximum_tarth;Dioxide Production (Mﬁcoz): That level of

carbon djoxide productioh achieved when oxygen uptake is

at its maximum. It is expressed in titres per minute.

12. Maximum Oxygen Pulse: The oxygen uptake attainedfper heart

beat at thé point when oxygen uptake is maximal. It is

expressed in.millilitres per beat. An increase in this

Bt

o .
variable is considered to generally reflect an increase

in stroke volume as well as an increase in the ability

of the working muscles to take up oxygen-ffom th blood.

s —

13. Percentage Body Fat: The percent of body coﬂppsi i

o

composed of both essential and non-eésentiél boay fats.
It is calculated from the subject's skin-fold
measurements, according to the fOT]OWTFQ equation:
Body Density =1.08847 - .007123 (MIDAXILLA (mm. ) -
.004834 (CHEST \mm., ) - .005513 (TRICEP (mm.; )

and then body density is converted to percentage

body fat (Pascale et al, 1956).

14. Friedwald's Equation: An ésfimation of LDL-choIesteroT where

VLDL-cholesterol is estimated as.being equal to the total-

fasting triglyceride concentration di;ided by five. Thi
calculation does not give an accurate value for VL
Cho]esteroT, per se, but does closely ref]ecf-the LDL:_f
s, cholesterol égncentration if total trig1y§er%des do not

exceed 400 mg%. The equation is as follows:

LDL-cholesterol = Total Cholesterol - Total Triglycerides
5
- HDL-cholesterol (Friedwald et al, 1972)-

Il
e e et oy
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" The calculation of-LpL-choTestero1,using this estimation
method,was found to ha‘p a~;98 correlation with the ﬁDL—cho1esi|ro]

concentration obtained_by the dltracentrifugation method - (Friedewald

> ' : '

et al, 1972).

n
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CHAPTER II
f/,_\\\ . REVIEW OF THE LITERATURE

Atherosc]eros1s and Plasma ChoTestero1

AtheroscIerdsis has become a major source of concern to the
fields of medical sc1ence and public health (Gordon & Thorn, 1975),
since it is the ledding cause of myocardial and cerebra] thromboses
and infarcts. Such conditions develop since atherosc1eros1s progres-
sively reduces the arterial diameter via the formation of mineral and

lipid Taden plaques in the arterial wall (Kottke & Subbiah, 1978).

The atheﬁosclerqtic process is difficult to study since it
progresses asymptomatically from early childhood and continues at varying
rates throughout 1ife. Moreover, the expernmentaT models, using an1Ma]s,
cannot be directly compared with the human form, due to d1ff;\aQEes 1n

1ipid metabolism and formation of the plaques (Kottke & Subbiah, 1978).

The primary cause of the atherosclerotic lesions is unknown,  °
but the process appears to involve the initiation of smooth muscle and
fibrous connective tissue proliferation in the intima of the artery, with
subsequent deposition of 1ipid in the cells and in the necrotic extra-
cellular area Beioﬁ (Adams, 1973). The initiating factors may he related
to some form of stress or injury imposed on the endothelium of the artery
(Ross & Glomset, 1976) but the further formation of the plaque involves
the progressive deposition.of the 1ipid, that of cholesterol esters in
particular {Zilversmit, 1968). This cholesterol 1is thought to be derived

more from the plasma than from local synthesis (Field et al, 1960).



The incidence of Coronary Heart D1sease (CHD)}, due to ather- ~
osclerosis, has been related to the presence of certa1n risk factors,
the major ones being high plasma cholesterol, hypertension and cigarette
smoking. Other currently accepted risk féctors include obesity; high
plasma trfg1ycerides, family history, hyperélycemia'(diabetes mellitus),
persona11ty type A, sedentary lifestyle, s t;ess and softness of drinking
‘water (Report, 1972). Recently, HOL has been delegated the role of an anti ~risk
factor (Miller & Miller, 1975). Risk factors have been correlated w1th
the incidence of CHD, but their precise role in the etioTogy of athero-
sclerosis remains to be determined. Risk factors may be primary or sec-
_ ondary contr1butors to the development of the p1aques On the other .
hand, some factors may simply mirror the presence of other factors, while
the other factors may S; more directly related to the development of
atherosclerosis. Statistically, a single risk factor increases one's
chance of developing CHD by a certain percentage, but the presence of a

second or third factor increases one's chances geometrically (Report,

1972). This is esbecial]y important for the major risk factors.

Plasma cholesterol has received much attention in the past in
relation to CHD. Such interest lies in the fact that atherosc1erot1c
Tesions do contain an accumulation of cholestero1 and its esters. High
cholesterol diets have also been known-to result in the deverpment of
cholesterol-rich lesions in the arteries of several animal species (Kottke &
Subbiah, 1978). However, the cholesterol metabo]ésm of these animals
differed from that of humans (cholesterol absorption in particular, and the
Tipoprotein carrier profile as well), and the lesions lacked the-fibrous
connective tissue proliferation characteristic of the human form {Kottke & Sub-

biah,1978). Moreover, susceptibility to atherosclerosis also varies a
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great deal from species to species, as outTiﬁed in Table I. It was not
until 1970 that plaques which did resemble the human form were actually
reversed in primates after feeding them a low-cholesterol, low-saturated

fat diet (Report, 1972). ~

EpidemioTogica] studies show CHD incidence to increase in a
stepw1se manner with increasing cho1estero1 Jevels (Borhani, 1977).over
the full range of values, although the most sensitive levels are above
200 mg% (Report, 1972). Quite recently, 2 review by Kannel et 21({1979)
the role of b1asma cholesterol in the ﬁrediction of atherosclerotic

heart disease, has reinforced the strong relationship between CHD risk

"and plasma cholesterol, but suggests that it is only applicable for in-

dividuals up to the age of fifty. These conclusions were based on data

from several prospé&tive studies using large population samples, in-

"¢cluding those of the Framingham cohort. \Demonstrating, as Kannel et a1{1979)

did, that a'person has an increased risk of an early heart attack due

to the presence d? an elevated plasma cholesterol, is not the equivalent
of proving that the risk will be diminished if the elevation in plasma
cholesterol is corrected. Therefore, the actual role of choTester61 in
the_deve1opmgnt of atherosclerosis remains controversial, since inter-
vention studies, for the most p;rt, have not confirmed the epidemiolo-
giéal and prospective findings (Rifkind, 1977). The studies that did
find a positive relationship between a reduction in plasma cholesterol
and a reduction in the incidence of CHD were poorly controlled for other
risk factors and/or attrition was high, according to Rifkind (1977),
Borhani (1977) and Gotto (1979). The lack of consistency in demonstra-
ting a 16Wer1ng of CHD incidence with a reduction in plasma cholesterol

may be due to the degree of damage that has already occurred in the
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TABLE I

15.

RELATfON OF PLASMA CHOLESTEROL AND LOL-CHOLESTEROL TO THE
DEVELOPMENT OF ATHEROSCLEROTIC LESIONS IN DIFFERENT SPECIES

TABLE 1
- Cholesterol
in og/100 ml Atherosclerotic
(Approximate) £ LDL Cholesterol Lesicns
Human:
sCorgnary Disease 250+ S0 } Spontansous
In health 180 70
Bankey 120 With saturgted fat
’ feeding
Radahit - 40 With cholesterol
feeding only
Deg 140 3 With cholesterol
. {eeding + thyroid
depression
Rax 50 1g Rarely produced

(01iver,1978)



- 1978). It could also be due to the-presence of other risk factors
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arteries of the participants at the beginning of the study (Kannel et al,

—

that are not removed with a lowering of plasma cholesterol and which

continue to stimulate the progression of atherosclerosis. While either

~ of these hypotheses is possible, the first one may apply more speci-

fically to the secondary intervention studies (Gotto;'19795.

In the case of primary intervention studies, researchers have favoured
the latter theory, that other risk factors must be involved (Gotﬁo,
1979). This latter explanation would be even more reasonable if the
factor was one that was related to choTéstero1 metébo1ism, but not di-
rectly a§sociated with plasma choTestero1 Tevels, and thus not affected
by the protocol of the intervention studies. The plasma Tipoproteins
that carry cholesteral in the blood have consequently received much

attentian in recent years. ’ ) -

Atherosclerosis and Plasma Lipoproteins
. ) e L

The major cholesterol-carrying lipoproteins of fasting plasma
are LDL, HDL and VLDL, which normally carry 65% (55%-75%), 25% (15%-35%)

and 10% (8%-12%), respectively, of the total plasma cholesterol.

The role of VLDL in cholesterol deposition and uptake is con-

troversial but is not considered to be as jmportant as that of LDL and HDL(Eisen-

bergBlevy, 1975; Kannel et al, 1979). VLDL-cholesterol has been shown

to have a strong relationship with CHD incidence very infrequently (Nestel &
Poyser , 1978). QLDL carries the major portion of endogenous b1asma
triglyceride, and its primaéy effect appears to be on triglyceride

rather than cholesterol metabolism. Elevated VLDL-cholesterol can occur
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with hyperdho]estéroTemia, but, when elevated, VLD;;cho1este;oT ﬁsual]y
correlates with_the g1e§ation in total cholesterol(Carlson & Ericsson,1975);

-Theréﬂis experimental evidence that the relationship of ather-
osclerosis to‘hyﬁercho1estero1emia is due, in part, to the infiltratipn
of LDL into the arterial wall, wjth.a resultant choleste}ol deposition
(Walton & Williamson,1968). LDL and its cholesterol content became the
popular 1iboprotein for a number of ;ears, because it could be related
te—the lipid infiltration theory of Virchoy {1856}, and because LDL-
cholesterol was found to be a better predictor of CHD incidence than
total cholesterol in some studigs (Gofman et al,1966). But‘LDL-cholesterol
is also @irect1y related to the level of total plasma cho1este}ol, siﬁce

it carries approximately two-thirds of the total amount (Eisenberg & Levy,

. 1975). It would then have been affected in the cholesterol-lowering studies,

as was the case for VLDL, since it would decrease as the total cholesterol fell.
On the other hand, HDL-cholesterol appears to be independent in

jts relationship to total plasma cholesterol, and has been found .to be

jnversely related to CHD (Kannel et al,1979). Thus if fulfills the

requirements of a factor that is related to CHD ihcidence and to cholestefo1'

metabolism, but varies independently of the §1asma cholesterol level. In

choTesterol-lowering studies, possibly HDL 'levels failed to normalize,

even though total cholesterol fell, which would maintain an abnormal

and conseguently undesirable lipoprotein profile.

High Density Lipoprotein and Coronary Heart Disease ‘

(Epidemiological Studies:
In the early 1950's, several researchers suggested that an inverse

relationship existed betweén HDL (or a1pha-1ipogrotein) and the incidence of
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CHD (Gofman et al,1950; Barr et al,1951; Nikkila, 1953; Jenks et al 1956)
1t was found that even in CHD pat1ents with normal serum cholesterol and

triglycerides, HOL- cholesterol was lower than normal (N1kk11a 1953).

Gofman et a1 (19686) observed this relationship, but gave HDL-
eholesterol little importance as a risk (or anti-risk) factor as

gcompared Qith LDL-cholesterol or total cholesterol.

Brunner and coauthors (1966), in their study of normal and
CHD individuals in an Israeli kibbutz, demonstrated that in this populat1on
the alpha- 11poprote1n -cholesterol, expressed as a percentage of the tota1
cholesterol, was a more reliable parameter_than total cholesterol in the
prediction of "CHD. Tﬁe total cholesterol of this group was lower, on the
average, than that of most Western populations. ‘Alpha-1ipoprotein-
cholesterol levels that repﬁesented less than 20% of the total ghoiestero1

were associated with CHD irrespective of the -total cholesterol values.

In 1968, Glomset also observed this inverse relationship
between plasma HDL and the occurrence of CHD, and postulated a possible
role for HDL in slowing the progression of atheroscierosis, by providing

a mechanism for reverse or "centripetal” cholesterol transport.

Despite such observations, HDL received 1ittle attention as
an "anti-risk" factor, for a number of years, since any carrier of
cholesterol was considered to be involved in the deposition of cholesterol
in the atherosclerotic plaques. The relationship of HDL with CHD and
cholesterol metabolism remained elusive until 1975, with the review of
Miller and Miller. They determined the relation of body cholesterol
pools to the mean plasma levels of cholesterol, triglycerides, VLDL-,

LDL- and HDL- cholesterol in eight middle-aged hypercholesterolemic

¥



patients. A two-pool model wés ussd where pool A equilibrates rapidly
with plasma cholesteroll(p1asma cholesterol comprising 10% of the total
body cholesterol) and pool B'equilibrazéslslowly. Cho]gstero] in the
arterial wall is that of pool B. The cholesterol pool size was found
to be unrelated to'p1asma chBTEStEro1, triglycerides, VLDL-cholesterol
or LDL-cholesterol concentrations. However, pool A and B both.demonstrated
a strong negative correlation with plasma HDL;cho}estero1. fhey noted
that HDL is often reduced in several condit{ons associated with CHD risk,
such as hypercholeﬁterolemia, hypertriglyceridemia, male sex, bbegity,
diabéfés mellitus and physical imactivity. They suggested, as did Glomset
(1968), that HDL may.be necessary for fhe normal clearance .of cholesterol
from tissues, including the arterial wall and atheromatous Tesions.
The're1a£ionsﬁip of HDL with CHD has frequently been investigated
since thié reView of Miller & Mi11é} (1975)._ HDL has continued to 1
demonstrate an inver#e association with the incidence of CHD (Castelli et
al, 1975; Nikkila, 1976; Rhoads et al, 1976; Casté]li et al, 1977B), and
wfth-the incidence of a myocafdiai infarction albne (Carléon‘& Ericsson,
1975;_A1bers et al,.1976; Berg et al, 1976A&B;Rhoads et al, 1976; Brunner
et al, 1979; Noma, 1979). The relationship applied when HDL was expressed
as HDL-cholesterol (Carlson & Ericsson, 1975; Castelli et al, 1975; Albers
et al, 1976; Castelli et al, 19778; Brunner et al, 1979; Noma et al, 1979},
alpha-lipoprotein-cholesterol (Nikkila, 1976; Rhoads et al, 1976), or as
Apoprotein A-I, the major apoprotein constituent of HOL (Albers et al,
1976; Berg et al, 1976A&B). When e;pressed as HDL-cholesterol, subjects
with levels of 30 mg% demonstrated twice the incidence of CHD when compared
to those whose HDL-cholesterol was 60 mgh (CastélTi et al, 1975).
In a later study, Castelli ahd coauthars (19778} noted

that subjects whose HDL-cholesterol levels were less than 25 mgs

19
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had tw1ce the 1nc1dence of CHD than those w1th jntermediate (35-65 mgp)
or h1gher 1evels {>75 mg%). In th1s study, HDL-cholesterol was cdns1stent1y
Tower in thg CHD cases than in the healthy control, but the average
"difference was small (3-4 mg%).* When HDL-cholesterol was measured~in.
a CHD group made up solely of survivors of 2 myocardial infarcfidh (MI);
the mean level was 27 mg% (Albers et al, 19765. When alpha-lipoprofein was
measured, it was 38.5 mg% in CHD shbjects, as compared.tol52.6 mé%'in the healthy
controls_(Nikki1a,1976i. Rhoads and co~authors (1976) found these same alpha-
lipoprotein-cholesterol levels to be 42 mg%.énd 46 mg%, respectively,

in their study of the incidence of CHD in Hawaiian Jépanese men.

* Tt should be noted that, due to the observation of such small differences
between CHD cases and non-cases in some studies, the use of the HDL-cholesterol
level as a diagnostic tool may not-be pertinent to a routine ciinica]

-assegsment, but may find its use in more specific but nevertheless common
situations (Kannel et al, 1979). For example, the measurement of HDL-cholesterol
may be very useful in subjects over the age of 50, when total cholesterol

1bses its effectiveness in the prediction of the future incidence of CHD {Kannel
et al, 1979). After this age, HDL-cholesterol becomes the more potent
predictor. Another example of its specific utilization may be in the
prescription-of the therapy administered to individuals who have moderately
elevated total plasma cholesterol (Kannel et al, 1979). If HOL-cholesterol
is high, the severity of the therapy prescribed for that indﬁvidua] would not
be as great as it would be for the individual who ‘demonstrated a very low
Tevel of HDL-cholesterol. Furthermore, it may be the percentage of total
cholesterol carried by HDL that is the more important clinical index of CHD

risk rather than the absolute serum level of HDL-cholesterol.
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dbservatibns of the Apoprotein A-I (Apo K-1) Tevels in MI survivors
showed that, as well as befhg reduced in the;e subjects, Apo A-I carried _

less cholesterol per mole.of protein than it did. in the HEa]thy\controls

{Albers et al, 1975).

Coronary angiographic studies have substantiated the previoué '
findings of an inverse association of HOL and CHD incidence (Berg et al,

1976C; Jenkins et al, 1978; Pearson et al, 1979). A consistent and significant

~ trend of decreasing HDL—cho]estero1.with the number of diseased coronary

arteries was observed by Pearson et al (1979). Jenkins and coauthors
(1978) found tha; HDL-cholesterol demonstrated a strong inverse association
with the'Coronary Artery Score which was based on the number and
severity of the Tesions in eight BFEximal'segment of the coronary'circ01ation.
Berg et al {1976C} examined Apo A-I levels and found that they were
significantly Tower in subjects who had angiographically demoﬁstrable ’
changes, when compared to subjects whose anéiographic results were
negative. -

The conflict that pervaded the investigations into the relation- .

ship of HOL with CHD was due to the contention of some researchers that

HDL was not an independent factor, but merely reflected the levels of

'other blood 1ipids such as LDOL-cholesterol, total cholesterol or total

. triglycerides (Carlson & Ericsson, 1975; Nikkila,1976).

~
~

The independence of HDL from LDL-cholesterol and from total
cholesterol soon became apparent when expressed as HDL-cholesterol (Castelli
ot a1, 1975; Albers et al, 1976; Castelli et al, 1977A88), alpha- AN
lipoprotein-cholesterol (Rhoads et al,1976) or as Apo A-1 (Berg et al,
1976B). Not only were the plasma concentrations of HDL shofn to be

independent of those of LDL-cholesterol and of total cholesterol, but HDL



was also shown to'be independent of these bTood_]ip%ds in its contribu-

tion to the prediction of CHD incidence (Rhoads et al, 1976; Castelli 7777

et al, 1977B; Jenkins et al, 1978). When expressed as alpha-1ipopro- ’////~v/ .

“tein-cholesterol, Rhoads an& co-authors (1976) found, by.muTt{variate
analysis, that i? made a highiy significant cqntribution to the predic-
tion of CHD cases over andlabové that of total cholesterol, and contin-
ded to do so even after taking into account the contribdtions of age,
cigarettes smoked per day, sum of sk%nfo]ds and systolic blood pressure.
Castelli et al (1977B) observed that the inverse.association of HDL-cho-
Testerol with CHD was more'uniformfy present in the six study'popuTa—
tions than was the positive relationship of LDL-cholesterol, total cho-
1estero1 and tr1g1ycer1des with CHD. In this study, LDL-cholesterol
and HDL-cholesterol were found to be 1ndependent of each other in their

ontribution to CHD prediction In Jenkins and co-authors' study (1978)
of angiographic findings, HDL- cho;gstero1 was more stronaly corre1ated
with the Coronary Artery Score than were LDL-cholesterol and total cho-
lestero], as determined by multivariate ahaTyéis. Moreover, a further
demonstration of the independence of HDL-cholesterol from these two
blood 1ipids is found in two studies of MI survivors whose total cho-
lesterol Tevels were actually similar to the healthy controls and in
the normal range, while HDL maintained its inverse relationship with
CHD incideﬁce.(Brunner et al, 1979; Noma et al, 1979). Brunner and
colleagues (1979) noted that the percentage of total cholesterol car-
ried by HDL was also inversely related to the incidence of an MI.
from these observations of normal cholesterol and reduced HDL-choles-
terol in MI survivors, Brunner et al (1979) hypothesized that a re-

distribation of cholesterol from HDL to LDL and VLDL may be one of
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‘the first steps in the development of anatherogenic Jipoprotein pattern

which is later fo]]owed-ﬁy-an increase im total cholesterol. This later
'increase.iﬁwiota1';hOTesteroI js carried maih1y by LDL. | |
The case-for the independence of HDL from totaT‘trig]ycerides :

was not reso1ved quite so eas11y, since plasma triglycerides were fre-
, Quently demonstrated to be 1nverse1y related to HOL levels {Carlson &
\ﬁﬂ’gson 1975; Nikkila, 1976; Castelli et al, 1977A) and tr1g1ycer1des
had also been found 10 be d1rect1y correTated with the incidence of CHD
in some cases (Report, 1972; Castelli et al, 1977B ; Qenk1ns_gt al, 1978). .
But, despite the fact that HDL had been negatively correlated with tri-
g1ycer1des, 1ts independence from triglycerides in relation to CHD in-
c1dence was demonstrated in three studies (Albers et al, 1976 Rhoads et
al, 1976; Cast§11i et al, 1977B). Albers and co-authors (1976) fouhd
‘that the MI sufvivor§-in-their study who had normal pTasﬁa triglycerides

~ continued to demonstrate_reduced levels of HDL-cholesterol. In the sub-
jects“of'ﬁhoads et 51 (1976), the triglycerides of thelCHD patients were
similar to_those of‘éhe control group, forcing him to conclude that plas-
ma trig]yceri&e iéve]s could not account for the observed differences in
anha-1iéoprotein-éhoTesteroT between the two groups. Castelli and col-
leagues - study (197i3) was the most comprehensive of all of these, due

. -to the large popu1atioqs utilized. It was also the most conclusive. Al-
'though they f@énd a moderately negative correlation between p1$$ma tri-

. .glycerides and HDL-choTEstero1 (-.éS to -.44), it was discovered that in
these popu1at%ons fhe relationship.of triglycerides with CHD was depeh-
_dent on HDL-cholesterol Tevels, rather than the reverse, since at any _
t?fg1yceride 1eve1 HDL cho1ester01 coritinued to contribute to the pre-

d1ct1on of CHD but this was not the case for the oppos1te s1tuat1on
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Theréfore,~fﬁom'the'studies reviewed, HDL, expressed as—HDL-cho-

1estero1, anha-11poprote1n cho1estero1 or Apo-A-I appears to be inverse-
1y related to the incidence of CHD, MI alone, or to "demonstrated angio-
graphic changes, and the relationship is independent of LDL-cholesterol,

: total-choTeﬁterol and triglyceride levels. However, thére are several
weaknesses inherent in the experimental designs that make a éonclusivé
statement concerning the relationship of HDL to CHD impossible. In the
 studies of CHD incidence, HDL could be lower due to changes in diet, me-
‘dication or level of phys1ca1 act1v1ty that occurred after the presenta-
tion of the symptoms rather than be a predisposing character15t1c of CHD.

" Such factors were not mentioned. The angiographic studies would also war-
rant this criticism, since subjects who underwent coronary angiography had
.undoubted1} exhibited severe symptbms of CHD and were likely receiving
treatment ‘for it. Angiographic studies are more accurate than the CHD in-
cidence studies which ére based on clinical symptoms. since the angiogra-
phic studies cahﬁdirect1y determine the presence and degree of coronary

" artery disease. Both types of studies failed to mention, in many cases,
the smoking habits, alcohol intake or percentage body fat of the subjeﬁts,
as well as the type of diet, level of physiéa1 activity or medication, as
previously mentioned. Any of these factors could affect HDL levels (see

section entitled Factors Affecting HDL Levels). Therefore, the Tower HOL

observed in all these studies could as easily be interpreted as being a
consequence of the deve1ppmeht of atherosclerosis, as it could be jdenti-
£ied as a factor that contributes to the development of .this vascular

- —_
disease.



_CHD but who deveTpp 1t.at a later date. Four such ptospective stud1es

.the d<1.063 T1poprote1ns contributed s1gn1f1cant1yto the- afeﬂﬂttion of

Prospect1ve Stud1es- o ) - ' - tA;' j j'i ' _';
Hh11e 1t is poss1b1e to- corre]ate HDL 1eve15 with CHD 1nc1dence, o

a conclusive statement’ regara1ng such a re]at1onsh1p woqu requ1re an ins~

vestigation 1nto the HDL 1eve15 of 1nd1v1dua1s who are 1n1t1a1}y free of

have been completed to date. The1r f1nd1ngs genera11y support the

f1nd1ngs of the ep1dem1o1og1ca1 studies that. HDL wa51nverse1y related

.to CHD incidence (Meda11e et a1 1973; Rosenuan et al, 1975 Gordon et al,

1977A; Miller et al, 1977A). An out11ne of these studwes can be‘jgynd
in Table II. o S L Lo )
M111er and c011eagues study (1977A) had several weaknesses .

The subaects were fo110wed for a re1at1ve1y short perwod of tmme. On1y .

R

- eleven subjects who were 1n1t1a11y_free of CHD deve]oped it over theJ

study period. Finally, the samp1es were.ana1yzea for HDL;cholestero1'“ .
after be1ng frozen for two years Such a ]ong storage period'can defin-
itely decrease. the accuracy of the resu?ts {Reckless et al, 1977). ‘ Des-
pite these shortcom1ngs, the results of Miller et al are st111 notewor-;.'
they since they Found that HDL-cho?esteroT was 35% Tower in CHDucases .
than in the controls, who were matched for.age and’physical activity,
buc total cholestero] and triglycerides were no d1fferent. The lipopro- - - :
tein- cho1ester01 of 'd¢1.063 was higher 1n the .CHD cases . and representszi

mainly the cho1esterol carried by LDoL, but a1so that of VLDL to a cer-

tain extent. The subjects ranged in age from 20 49. The mean 1n1t1a}

HDL-cholesterol of the CHD cases was 25 8 mgn as compared to 40.6 mg%
'-1n the subJects who remained asymptomat1c Us1ng d1scr1m1nant function

‘analysis, it was found that only HDL- cho]estero] and the cholesterol of

future MI -incidence. The re1at1onsh1p of both these 11poprote1n fract1ons
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with CHD was found to be an-independent one, but 'HDL-~chdTesterol made a

] three.fo]d greater contr1but1on to the d1scr1m1nat1on of subJects who

el

. were TTkely to deve]op CHD 1n the fo110w1ng ‘two year per1od than did the-
“choTESteroT of d«l. 063 This woqu 1nd1cate that the percentage of total

. cho1estero1 carrTed by HDL may be a very 1mportant indicator of the fu-.

ture deveTopment of CHD, since it ref]ects both HOL cholesterol levels

_/.Jaﬁd~a]so those of the d<1.063 Tipoproteins.

P

}he results of Gordon and co-authors (1977A) were very similar
to:thnse of Miller and coTTeagﬁes (1977A), in that HDL-cholesterol was
the- major potent risk factor due to the inverse assoc1at1on it demonstra-
ted with the future deve]opment of CHD. This assoc1at1on cont1nned even
after o;her biood lipids (LDL—choTesteroT ang trig1yceﬁide§) and risk.fac-

tors (systolic blood pressure, left ventricular hypertrophy, relative

weaghtrand diabetes) were taken into consideration. ‘Once again, LDL-cho-

1estero] ‘was positively re?ated to CHD but the assoc1at1on was not as

| strong as that_of HOL and CHD. The subjects of Gordon et a1 (]977A) were,

o]der than those of Mi]Ter et al. (1977A) and more in.the range of the
subjects: in the other’ two studies. The findinéa of Gordon and coﬂ]eagueé“'
would aéain indicate tnat it is»the.bereentage of total cho1esterol carried
by HDL-that may be the important indicator of the future CHD risk.

- - Medalie et al (1973) found that total cholesterol had the stron-

" gest association with future MI inﬁidence,'unlike Miller et'a] (19774)

and Gorden et al (1977A) but they a1so found alpha-lipoprotein-choles-

terol to be significant1y and 1nverse1y re1ated to. future-MI 1nc1dence,

) and the assoc1at1on was devoid of a- cut- off po1nt in that it was effec-
tive over a continuum-of values. The same was true when HDL cholestero]

~ was expressed as a percentage of the total cholesterol, which reflects
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the findingsﬁof M1}1er ~'et a1‘(1977A)_end-Gordon et al (1977A). Beta-
n]ipoprotein-choieéterol (ret1ect{ng.LbL-cho]estero1) weeronce,again pos=
-itive1y related to the foture incidence of a MI. No,mention.was'made_
-of tr1glycer1de Tevels. The re1attonsnip of a]ph$—1ipoprotein:choieé-

ptero1 (referred to as HDL- cho?esteroT in this case) ‘to the future inci-

dence of a MI in the subjects. of Meda11e et al (1973) was further in-

vestigated by Goldbourt and Medalie (1979)3 For a more comprehen51ve }

‘evaluation of the resu1ts they d1v1ded the subJects 1nto varwous age

groups. Nhen this was done, HDL cholesterol was sjgnificantly reTated

- to MI incidence.in subaects of age 50 and older, but it was not re1ated5'

in subjects of ages-40-49. After control1ing for age,rtota1 cholesterol,

‘smoking habits, re]atjye-weight and diabetes, and.having divided the sub-

jects into three age groups, initial HDL-cholesterol levels demonstrated

a. s1gn1f1cant negat1ve relat1onsh1p to the future occurrence of a MI 1n

subjects of ages 45-54 and 55 and o1der -but were not assoc1ated WTLh MI

"1nc1dence in ‘subjects of ages 40—44

Although Roserman and co11eagues' study (1975) was the longest

. and therefore perhaps the most informative of all four prospective stu~

_ d1es, they did not measure HDL per se but- on]y Tooked. at the beta:al-

pha-Tipoprotein ratio {which is approx1mate1y equ1va1ent to the LDL:HDL .
ratio). They also fat]ed to determine. the independence of the ratio

from other possible contributory factors related to CHD incidence. They
did find the ratio to be positively related to the future incidence ofl
CHD, but this was also true for total cholesterol and trigTyceride§t“'An‘”"
elevation of the beta:alpha~Tipoprotein ratio could indicate that there
was an elevation of beta- 11poprote1n, a reduction of alpha- 11poprote1n -

or both, since LDL and HDL are v1rtua|1y 1ndependent of one another



‘(Caste111 et a1, 1977A)." This ratio can be cdnSidered somewhat'

's1m11ar to (but the reverse of) the HDL- cho]estero]/totaT choles-
terol ratio, s1nce LDL cholesteroT and tota1 cho1estero1 are S0
_ c1ose1y corce]ated (Castelli et aTl, 1977A) B o _" -~
The findings of these prospect1ve stud1e5’1ead to severa1 con-
clusions. (1) HDL choiestero1 can be the most potent r1sk factor tn
- some cases, in 1ts negat1ve relat1onsh1p with the future 1nc1dence of

'CHD (Gordon et ai 1977A Miller et al, 1977&) wh11e total cholestero]

E .and tr1glycer1des may not always be d1rect1y related’ to the future CHD

-"occurrence (Gordon ot al, 1977A Miller et a1 IS??A) LDL cholesterol

.. {Gordon. et al, T977A). er the choIestero1 of d<1.063 can a]so be re]ated.

" to CHD incidence (pos1t1ve1y) but HDL-cholesteroT s more strong1y re-.

.1ated and 1s 1ndependent of LDL choTestero1 in its ability to pred1ct
'future CHD occurrence (Gordon et al, 1977A; M1TIer et al, 1977A) These
f1nd1nqs confTrm the observat1ons of the ep1dem1o1og1ca1 stud1es of the.

Independence of the’ ro]e of HOL, in the pred1ctton of future CHD, from LoL,
. total cho1estero1 and tr1glycer1des 2)'HDL»choTesterof 1evelsAmay'not
be pred1ct1ve of CHD deve1opment in sdeects younger than 44 (at least

in subJects between the-ages of 40 and 44) (Go]dbourt & Meda11e 1979)
although the subJects of M111er et al, (1977A) were of ages 20 49 *and -
,HDL—cho1esteroT was found to be a h1gh1y s1gn1f1cant risk factor |
'(negat1ve) An’ these subjects. ~ (3) The percentage of total choles-
terol carr1ed by HDL may be a very 1mportant 1nd1cator of the chances of
a future\CHD 1nc1dent s1nce it reflects not only HDL- cho]esteroT Tevels .
but also total cholesterol levels and, 1nd1rect]y, the LDL- choTestero]

_ 1eve1s Its importance lies in the fact that 1n the. prev1ous stud1es

. both HDL cho1ester01 and LDL- cho]estero1 were s1gn1f1cant1y re1ated to.



: the future 1nc1dence ‘of CHD, even when total cholestero1 was not a.

symptomatic.

factor (Gordon et al, 1977A, Miller et al, 1977A) Poss1b1y the HDL-

cholesterol / LDL-cholesterol ratio would be an even stronger indi-
cator. These comments and coﬁcTusioné on the finq{ngs of fhe prospgc-
tive studies must be modérated'b} the Following doﬁsidefa@iohs.' As in " °
the epidemiological studies, the -prospective stud{es failéd to-account

for initial d1fferences in physical act1v1ty (excent f0r that of M111er.

et'al, ]977A) diet or medicatwon. all of which could a1so affect HDL—

© cholesterol levels. The longest prospect1ve study was of an eight and

one-half year-duration, which may not be an extens1ve:gnough period. to
carry out a proper prospective study of factors.ré1ated to the'devel—
opment of CHD s1nce the atherosc1erot1c process is one that progresses '
over decades and may take a prolonged period of t1me before 1t becomes

-

Inherited HOL Variations and their Relation to CHD

-

Conditions with Tow HDL:

Familial hyperchq1estéro1emia_resu1ts in elevated levels of
LDL-cholesterol aﬁd hypertriglyceridemia is éharacterized by e1e§a-
tions of VLDL,'but both conditions often demonstrate a fedutgdllevei
of HDL and a higher than normal incidence of CHD (Carison. & Bothfnger, -

\

1972; Frederickson & Levy, 1972). The percentage of total cholestero]

" carried by HDL is also significantly reduced: in hypercholesterolemics

(Brunner et al, 1979; Lehtonen & Viihari, 1978A), since the percentage
which it carries decreases as total cholesterol increases (Brunner'et

al, 1979).



~

In indivfdua1s of ages 19-25 whose parentS‘had a history of

MI or angina, HDL-cholésterol was ToWer than in the normal subjects -

(Shaw, 1979). A reduction in HDL-cholesterol was also seen in.the .
oFfspring of participants who developed CHD in the Framingham -study.
(Feinleib et a1 . 1976). |

Cond1t1ons with high HDL

Ind1v1dua1s with hyper- a1pha 11poprote1nem1a or with hypo-
beta-1ipoproteinemia, characterized by high Teve\§ of HDL- choTeste-
rol or low 1evels of LDL-cholesterol, respect1ve1y, have been found

-to have a higher than normal life expectancy. Males and fema1es
with hyperQanha-lipoprbteinemia hdd Tife expectancies 5 and 7 years

longer than normal, and 9 and 12 years Tongér for male and female

hypoﬁbeta-1ipoproteinemi;s (Glueck et al, 1975A; Glueck et al, 19758B).

; Morbidity and mortality rates were three times greater in the norma1

control k1ndred than in the k1ndred mth either cond'1t1on. On obser-

ving the 11poprote1n profiles of 22 octogenarian kindred who were
kandomTy selected from the popu1at1on Glueck et al (1977) ‘observed
a much higher than normal incidence of hyper—a1pha- and hypo-beta-
_11poprote1nem1a than wou]d normally be seen in the population (14
out of-22) In the k1ndred of these 14 octogenarians, 1ife expec-
tancy was 10 years Jonger and mortality from a myocardial infarc-

tion was reduced in the f1rst degree re1at1ves



A

Hiéh Density Lipoprotein - étructure, Charaéteristiqgj Metabolism

and Function

Structure and Characteristics: _
. The structure and“éharacteriétics-of the p1asmalq:;;prote1ns,

" including HDL, are oﬁt1ihed'in Table TIII. High denséty.1ipopf6teins are
defined as those lipoproteins with densities between 1.063 and 1.21 gm/m1
on_uTtracentrifugation_and'.a'lpha1 mobi]ify on'eTectrophores{s. The
average concentration df.HDL fﬁ the ptasma is 263 mg% for males and 320
mg% for females (Eisenberg & Levy, 1975). HOL ié composed of 50%-1ipid

T and 502 proteiﬁ'on the average, but its two subﬁTégses HDL, (d =1.063
- 1.125) and HDL3 (d=1.125 - 1.210) éctua11y'haVe pfotein:]ipid ratios
of 40:65 and 55:45, respectively. _ ) |
Aproprotein A-1 (Apo A-I) and Apoprotein A-II (Apo A-II) are
the two major protein constituents\ of HOL and account for more thén a0%
of the total brotéin content (Eisenbefg & Lévy, 1975). Apo-1 and Apo
.A-TI afe presént in a ratio of.3:1, but tﬁé ratio varies with the
< sqbfrﬁffions bging higher jn.HDLz.thén in'HDL3 (Albers et ai, 1978). B
In.the other Tipoprotein c]asses;_Apo_A—I and Apo-8=I1 are minor proteip
' constipuents except-for the.case ofjchyTomic}ons where Apo A-I, in thé .
1ymph, can be a_majdr protéin also (Schaefer et al, 1978); Apoprotefﬁ Cfi, |
€-IT and C-III aré minor proteins comprising 2%, 2% and 6%, respectively,
of the total HDL protein (Eisenberg & Levy, 1975). The Apo C's, a]thqugh
present in relatively small amounts, account for one-half of the‘tota1 Apo C
pool of fasting-human plasma. The other half of the Apo C pool is located

largely in VLDL, but also in chylomicrons to a certain extent. For VLDL

and chylomicrons, Apo C is a major protein constituent. Apeprotein D
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_ (Apo-D), also knowﬁ_as;theithih- line pepfide or Apb,ATPII, and Apopro-
-tein E_(Apo E). which'is'algo called yhe.a}gininéLkich péptide,-are‘pré-
sent in minute amounts in b]ana HDL. Tﬁis contrasts_yitﬁ nascent HDL,
ﬁwhiéh has recently been secfeted from the'fiver {rat), where Apb E %s a
major protein comprising 50% of the to£a1 HDL proﬁein-masﬁ“(Scﬁaefer et
al,1978). In nascent rat HﬁL; the Apo E Apo .A fatjbjfs 5 :1 asfcqm- .
pared to the ratio in p1asma HDL which is in the range of 1. : 5 (Havé1
et -aT. 1978). . Apo E is a1soa-ﬁjnor"p;oteﬁh p?lp1asma'YLDL.' Aﬁopro;_
~tein B, a major protein of the cthqmicrqns, VLDL and especially LDL,-is |
absent in HOL (E%seﬁberg & Levy,.1QfS; Eisenberg, 1978; Eisenberg et g]{ 1978).
Of the total lipoprotein mass, 20% is cholesterol {(esterified B
free cholesterol in.a ratio of 3:1), WéZﬁ ié phospholipid and 8% is_tri—
g]yper%de_(Eisenberg & Levy, 1975). The-ave}age range of plasma HDL;cho4
lesterol in adults is 30-60 mg% (Castelli ét al, 1977A)..
StructuraT1y, plasma HDL is -a spherical globule, approximate1y'-
100-110 R in a-diémeté}, with cholesterol esters and triglycerides forming -
an inner ;orei(Scanu, 1978). This liquid core'is'thought to haye a fad-
ius of approximately 20 g (Scanu, 1978) and is surrounded by in'outer
shell of apoproteins, phosphotipids and free cholesterol (Morissett et al,1975 &
1977). The free cholesterol and phospholipids fotm a monolayer, with |
'thefr close1y‘backed_hjdfophobic ends on the.suffaCE-of the inner core (Scanu,
1978). Thus, the bhosphoTipids are oriented with their hydrocarbon A
Vchains.close to the core and their.head groups at the p]asha-1ipopf0tein
.interfacé. fhe organization of the apoproteins at the interface is.fess
clear (Scanu, 1978); fhe majqr forces in the protein-1ipid-iﬁteractioﬁ

A

appear to be hydrophobic  {Levy et al}.TQ?E]. Cholesterol esters are

AN
£

r
o
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.cons1dered to be responsible for the sphettca1 structure of mature HDL,.
'as these esters do not easi1y form stable. b11ayers (E1senberg & Levy,

- 1975). Nascent HDL, containing predomfnant1y free cholestero1 rather
'than ester1f1ed cho1estero1, is d1sc shaped. .It is on]y after this HDL

. d1sc is subjected to the action of certa1n plasma. enzymes, specifically
Lecithin- Choiestero1 Acyl Transferase LCAT) that its spherical shape
takes form {Hamilton et al, 1976) due to the consequent formation of ~
.ester1f1edrcholesteroi which moves to the centre of the- d1sc bilayer.

The absolute and reTat1ve concentrat1ons of all 11poprote1ns
:fvary with the species, probab]y reflect1ng maJor dnfferences in the 11:-
poprotein metabolism. As an examp1e, in dogs and rats, HBL is hwgh

VLDL is low and LDL is very low (E1senberg & Levy, 1975). These ani-

. mals are also quite resistant to atheroSé1erosis (0liver, 1978):‘ In,ﬁu¥
hane and guinea pigs, LQ} is in tﬁe‘greatest eoncentration,*then HOL,
'fo1]owed by VLDL (Eisenberg & Levy, 1975). 'Notab1y; humans and guinea
pigs-are guite susceptible tu;atherosc1erosis. Due te.these diffefences‘
in Yipoprotein profiles, caution must be used when extrabo1ating results

. obtained from animal studies to the human situation.

Synthesxs and Catabaissm

Detailed knowledge of 11poprote1n metabolism, espec1a11y that
of HDL metabolism, has only begun to appear in the 11terature since 1975
when HOL began to gafn importance as‘en anti-atherogenic 1ipoprotein.'1n;
formation regarding the specifics of HDL synthesis, metabolism and degra-
dation in man is eti11 rather disjointed; but certain characteristics of -
it have been detetmined from observations made on_anima] models. .For a

detailed comparison of the general synthetic and catabolic routes of the
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major plasma 1fpoprotein;, as well as their probable roles, refer to

Table IV.

1:')S_ynthes‘i‘s.
' A short review of general lipoprotein synthesis may facili-

tate the comprehension of the synthetic, metabqfic and degradation -
pathways that have been suggested for HDL. |

fhe major sites of synthesis of-the various”Tipoproteins are
'the liver, small intestine and plasma.

Chy]omicréﬁs, which primarily carry e*ogenous triglycerides
but also transport dietary cholesterol, are synthesized ih the small in-
testine (Gangtl &‘Ockngr, 1975). In the intestinal lymph chylomicrons
have an app}eciéble amount bf Apo A-I,but after circulating for a short
time in the plasma they contain 1ittle Apo A-i (TaIT & SmaI]R 1978). Most
of this Apo A-1 is eventually found in the HOL density range (Tall & Small,
]9}8). In thé plasma, through the action of the enzyme Lipoprotein Li- |
pase (LPL) on chylomicron frig]ycerides, chy1omicrons are slowly degra-
ded. Aé the degradation proceeds, triglycerides, phospholipids, unes- |
terified cholesterol and certain proteingl(Apo Q and Apo A, in particu~
Tar) aré'removed (Eisenbérgq<T978;£isenberg et a{j3978;Ta11 & Smai}, 1978).
This degradation‘prbduct, termed a remnant particle, is:thougﬁt to be
almost completely removed from the plasma by the liver where its cho-
-iestero1 esters are hydrolyzed and Apo B is removed (Faergeman, 1977).

A

Chylomicron remnants aré the major lipoprotein regulators of hepatic
. _ ¢ ,

cholesterol synthesis in the rat when cdmpared to LDL and HDL {Ander-

son et.al, 1979). LDL and HDL did regulate the synthesis; but the
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2~ LIPOPROTEIN. SYNTHESIS AND METABOLISM ,
' " Table 2 Lipoprotein svatheais and metabolizm o - e :
Lipoprotein Lovanon Process Major components
Chylomiron  Intesuine 2ssembiy,seere hon apoA, upnB.ﬂnhmphuhpld. vhales- )
: terol, cholesieryl ester, tnglye-
ende -
Lymph transfer apoC, apoE? -
Plasma . transfer apoC, cholesterol - :
Endothelial  hydrotysis® uiglyceride, phomholipid
cell . - -
’ transfer fatry acid, cholesterol, phospho- )
- lipid, apoC, 2poA. apoE®
YLDL Liver assembly, secretion " apoB. apoC » Cholesierol. phospho-
lipid, tnglyceride, cholesteryl
ester - T
) Plama transfer apeC?, apoE®, cholesteryl cater
Endothetial  hydrolysis* Lriglyccrid%iopholipid
an - '
. trantfer faty acid, cholesterol, phospho-
. lipid, apoC, apoE®
LDL Plagma . formation . from YLDL and chylomicrons’
04 exchange .. ‘cholesterol, phospholipid CT
Peripheral uptake, degradation.  cholesterol, cholesteryl ester
tisrues, regulation '
tiver® ”
HDL Liver assembly, secretion apoA. apoE, phospholipid,
cholesterol
Plasma formagon® from chylomicrons®
. acyltransfer® phosphatidylcholine, cholesterol
transfer cholesieryl ester. apoC, apoE®
exchange apoC, cholesterol, phospholipid
Liver, pe- uptake, degradaton cholesterol, cholesteryl cster
ripheral T '
tissues®
| 2 inferred but not determined.
YLipoprotein lipase (triacylg | hydrolyasa, spoC-11 sctivated). -
s €Lecithin cholesterol acyltrgnslerase. .
N .
; (Smith et
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cholestero1 carr1ed 1n chy]onncrons was f1fty times more: effect1ve, due
4 - ’ A . oo

to its h1gher rate of transport 1nto .the Tiver.
' hiDL,can be synthes1zed in the snail 1ntest1ne but 1ts magor "
s1te of synthes1s 1s considered to be the Tiver (Rohe1m et a1, ]966)""“
VLDL carr1es endogenous tr191ycer1des derived -from hepat1c.synthes1s
P1asma free fatty ac1ds are the maJor contr1butors to endogenous
tr1g]ycer1de formatTOn But the tr1g]ycer1des of VLDL can’ a]so arwse )
from de novo hepatwc synthes1s ut111z1ng hepat1c fat stores, or-from fatty -

acids orwg1nat1ng from the tr1gqycer1des of VLDL and chyTom1crons (Barter &

Nestel, 1672).° Intest1n31 VLDL der1ves 1ts fatty ac1ds from b11e and -

~

gastrowntest1na] mucosa1 shedd1ng (HaveT et aT, 1970) VLDL 11ke-chy1om1crons,
15 deoraded in the p]asma via the act10n of the endothe11a1 enzyme LPL. AS-:
tr1g1ycer1des are degraded and removed there is a concom1tant loss of free
cholesterol, phospho11p1ds and apoprote1ns (Apoproteln C, in_particular)

{Eisenberg et al, 1978) VLBL is converted by th1s process to an intermediate

. density ]1poprote1n (IDL) wh1ch retains the fu11 compTement of the VLDL Apo B.

and the maJor portTon of VLDL Apo E (Schaefer et al 1978) This intermediate

dens1ty 11poprote1n (IDL) s either metaboltzed by the 11ver, as were the

.-

' remnant part1c1es of chy]om1crons, or fdrther degraded to th (Schaefer et

]978) A11 Apo B in LDL has been shown to be der1ved feom VLDL (E1senberg1

-

et aT 1978)/’“whereas Apo B rema1ns dur1ng the degradat1on of. VLDL to LDL

on]y anute(ggounts of Apo E- and Apo C are detectab1e in the LDL end product

Pl

(Schaefer et a], ]978I LDL is’ cons1dered to be catabolized pr1nc1pa11y in

. the’ peerhery by cellular uptake—and degradat1on (Sn1derman et al,"1974;

- - ca b
- :

Ste1n et al, 1977)
| HDL may ar1se “From: severa1 synthetic routes or may be derived from

a comb1nat1on of these pathways Nascent HDL has been observed to
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be secreted from the 11ver in rats (Ham1Tton et aT 1976) but th1s fonn .
515 rare1y seen in humans except in 1nd1v1dua1s who are. def1c1ent 1n the o
enzyme LCAT (Forte et a1 1971) Nascent HDL 1s d1sco1da1 1n shape s1nce
cholesterol esters are absent when it 1s secreted N1thout cho1ester01
esters present, & centra1 ‘core: does not occur and as a result, nascent 7
HDL takes the form of a 1amel1ar b11ayer composed of" phospho13p1ds and B '
_free cholesterol w1th 1ts apoprotexns random]y s1tuated on the‘surface
(Ham11ton et al, 1976) The apoprote1ns of nascent HDL are the same as ;k
'those of p1asma HDL but nascent HOL has a much hwgher Apo E Apo A-T0
“ratio then that of p1asma HDL (Have] 1978) On enter1ng 1nto the p1a5ma,if
' the surface free cho1estero] 1s esterf1ed by “the act1on of LCAT w1th '\_ .
- the concom1tant partlaT hydP01ySTS of phosphat1dy1chol1ne (Havei, 1978)
The cho?esteryl esters formed cannot occupy an 1nterfac1a1 p051t1on, :

land move into the centre of the d1sc form1ng a pseudo-m1ce1]u1ar

' .uparticle w1th a cho]estery1 ester core. rThe'1ysophosphat1dych011ne

formed Teaves HDL due to its high aff1n1ty for p]asma a]bumwn (Have1 1§78).
But 1f nascent HDL is the precursor of the pTasma HDL the act1on of LCAT N
’T cannot be the on1y mechan1sm 1nvo]ved in’ the transformation, since Apo A ;
is much h1gher than Apo E in p1asma HDL (Have1 1978) The average

part1c1e of nascent HDL contains approx1mate1y 5 moiecu1es of Apo E

and 1 of Apo A-1; whereas plasma HDL conta1ns 1ess than 1 mo1ecu1e of

Apo E and 5 molecules of Apo A'I‘(HaveT 19781 Therefore Apo. i.qust

be lost in- the plasma and Apo A must be added at a s1te other than the
Tiver or.from another source (E1senberg, 1978 E1senberg et. al 1973) APO A-T
is a maJor apoproteun of rat 1ymph chyTom1crnns ‘and 1s conta1ned to a m1nor ‘
extent in VLDL (Kostner & Ho]asek 1972) part1cu1ar1y 1n VLDL der1ved from |

the intestine (G1ukman & Green 1977) Due to the presence of Apo A I
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in these 11poprote1ns, it hRas been suggested that format1on of mature HDL
requtres the transfer of Apo A-I from the tr1g]ycer1de r1ch 11poprote1ns .o
and poss1b1y part1a1 remova] of Apo E (E1senberg et aT 1978 Have] 1978)

Th1s 1s substant1ated by the ftndhng'that dur1ng T1po1ys1s of chy]om1cron -i

) tr1glycer1des, Apo~A and Apo C as we1] as. phospho11p1ds are rapad1y -

transferred to pTasma HDL (Ta11 & Sma11 -1978) The case for the transfer Tl

-

ofApo A-I from VLDL 15 not qu1te as clear s1nce VLDL contadns Jlittle Apo A,

. but transfer of Apo C. dur1no VLDL degradat1on is we11 documented (Have1 ) o

et al, 1973) and :n v1tro 11po1ys1s of VLDL trJg1ycerrde 1eads to the transfer

»

. of phDSphol1p1d to HBL (Chaaek &'E1senberg, 19785 T K ‘. T

Eisenberg et aT (1978) carry the hypothes1s of HDL transformat1on
v1a the add1t1on of tr1g1ycer1de—r1ch 11poprote1n components ong step - .

Tfurther. They have observed that as VLDL 1s metabo]1zed the product part1c1e

(post T1po1ys1s VLDL) retalns a11 the Apo B of the precursor VLDL part1c1es,

: but that 11polys1s resuTts in.a 1055ﬂof\both the core components (cho1estery]

esters and tr1g]ycer1de) and surface const1tuentsCApo C, etc ). The surplus

' surface constltuents (phospho11p1d Apo C and free choTesterol), after ‘

‘,
- contr1but1on of chyTom1cron and VLDL surface components to HDL formatton

_ from the surface of HDkf“tﬂL ar, VLDL fragments to the core of HDL *

11po1ysws were found in the p1asma in the HDL range E1senberg and assoc1ates

*

-

(]978 ) suggest that these surpTus surface fragments that d1ssoc1ate from . .-

VLDL dur1ng 11po1ys1s assoc1ate or fuse w1th HDL They conc1ude that the’

= -

may account for ‘the or1g1n of some most or. even all of the c1rcu1at109 HDL

They also notethat LCAT may p1ay a key role in the transfer of chblestero]

) Ta]T and Sma]T (1978) a1so agree with- E1senberg ang doauthors (1978);

v
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hypothesis on'the nossib1e synthetic routes of HDL. They have outiined

‘a poss:b]e mechan1sm for the transfer of the surp]us surface components

of chyTom1crons to HDL dur1ng 11p01ysis ‘of the chylomicron tr1g1ycer1des

(Etgure 1). VLDL may fo11ow a similar route. Tall and SmaIT further

'suggest that HDL may become unstable due to a loss 'of 1ts Apo A I(poss1b1y

to the plasma phospho]1p1ds) from the surface Due to th1s 1nstab111ty,
HDL may - fuse w1th other Tipoprotein part1c1es wh1oh woqu resu]t in the
depos1t1on of the HDL cholesteryl ester core into the’ part1c1es 'If the '

recwpxent part1c1e was a chy]om1cron, this mechan1sm wou1d prov1de a

-

route for. the transportation of ester1f1ed cho1estero1 back-to the 11ver \

" . in the form of a remnant particle. SInce chyTom1cron remnants have been

reported .as being 11poprote1ns which are most effect1ve in.the control of

hepat1c cho1esterol synthes1s (Anderson et al, 1979), such. 1nterre]at1on-¢

_sh1ps of chy1om1crons w1th HDL could be very 1mportant in the control of

.overaTT choTestero] metab011sm Presently, any such interrelated contro]

mechanisms are v1rtua11y unknown.“'
Tall and Small (1978) N1kk11a et al (1978A) and kak11a (1978 ,

all suggest that an increase in the concentration of HDL may be due to an

"increase in the act1v1ty of the enzyme LPL. An 1ncrease 1n LPL activity

wou1d increase the rate of peripheral catabo11sm of VLDL and -chyTomicrons.
If, in humans HOL is actually derived either partially or comp1ete]y from

the degradat1on of these tr1g1ycer1de-r1ch 11poprote1ns, this 1ncrease in

" their catabolic rate would result in an increase in the synthet1c rate of.

'p1asma HDL.

Another poss1b1e source of HOL may be the. 1ntest1ne since it has .
been suggested that Apo A-I-—phoph011p1d part1c]es that have been found to u
arise from this site may fuse with Apot:——ApoE-—unester1f1ed choTestero]-
fragments of VLDL and chylomicrons to”form a new HbL molecule (Tall'g}Lange,s

}

1978).
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Figure 1. Possible Mechanism for the Transfer of Surface Compoments fram Chylomicrans to HDL'F;action during Lipolysis.
- ’ o : of Chylomicron. . ’ .

Lipeprotein lipase situated in the capillary endothelium hydrolyzaes chylomicron triglycerice (lower left). The surtace of the

... chylomicron contains phospholipids, free cholesteral, soluble A and C apoproteins (shown as hatchad bodies) and 2po B pro-

tein (labeled B). In 1, as triglyceride is removed, during lipolysis, tha core shrinks, and the redundant surfaca constituents’
torm lipid bilayer folds projecting from the chylemicran. In 2, a disklike particle could be formed directly from the apoprotein .
and phospholipids of the surface of the chyiomicron. In 3, however, most of the excess material probably comes oft as un-
stabie bilayered sheets, In 4, these sheets seal to form vesicles — a mara stable form of the dilayer. In 5, the circulating spher-
ical high-density lipoprotein may interact with any of these bilayered lameilar structures {redundant folds, sheets or vesicles),
dooating A- apoprotein.In §. any of these bilayered fragments (sheats, vesicies or disks) are good substrates for the LCAT
reaction if some A apoprotein is present. Thus, the pool of high-density lipeprotein heips to convert tha bilayer fragments to
new spherical high-density lipoprotein, in 7, however, the apo A-I-depleted spherical HDL has lost a large fraction of.its sur-
face and is thus unstable. Such particles could potentially fuse with various other lipoproteins disgarging their cholestarol
ester core into such particles. In 8, if fusion occurred with the chylomicron, cholesterol esters, originally present in the circu-
: lating HOL. could be transported back to the liver in the remnant. T :

-

~ T
-

Figure 1 . - Tall & Small (1978)

»
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. d- Therefore, severa1 routes for HDL synthesis in ‘humans may ex1st
Nascent HDL may be formed 1n the Jiver and be transformed to mature HOL
in” the plasma by the add1t1on of Apo A and C cho1estero1 and phospho-
j1p1d, and remova1 of‘Apo_E .on the other hand, HDL may be part1a11y :
~oor comp]etely synthesjaed from the products of the tr1glycer1de—r1ch
‘11poprote1n Tipolysis. Fina11y,‘HDL may be formed b§ the fusion of'an
Apo A-I-— phospho11p1d part1c1e w1th fragments from tr1g1ycer1de -rich -
_lepoprotern 11po1ys1s Notably, all-these pathways requiré the invol- :
: vement of LPL at some stage wh1ch 1n1t1ates tr1g1ycer1de hydro]ys1s and
‘the subsequent removaT of the excess surface components from the tr1g]y-
) cerfde r1ch 11poprote1ns Furthermore, LCAT may be necessary n HDL .
formatwon as weT], since’ 1t appears to be needed for. the ester1f1cat1on
of free choTestero] of,nascent HDL. It may a1so-be requ1red in the pro— ;_
cess of the remova] of free cholesterol from the other 11poprote1ns and
the transfer of this choTestero] once esterified, from the surface into
the HOL core. In a11 cases a transfer to HDL of Apo A, Apo C, :
-phospho11p1d and cho]estero1 is also involved. It shouild be noted-that
._s1nce 1nd1v1duaTs w1th abeta 11poprote1nem1a (lacking the Apo B conta1n--
1ng 11poprote1ns}.1.e., chy1om1crons, VLDL and LDL) st111_possess the -
pseudo-nice11u1ar HbL'partie1es in their plasma, it is possible for the
apoprotein COmponents 9f.HDL,f° be secreted independentjy of theftriglx;
ceride-rtch lipoproteins if necessary (Scanu et al 1974) None of the
pathways out11ned may be the actual.one for HOL synthes1s in humans} or
HOL may be der1ved by a combination of the pathways The synthetlc
| routes ‘may aTso d1ffer for the two subfractions of HDL (HDL and HDL3)

~since there is some.evwdence that HDL2 could be the end product of the im-
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teraction of the‘surp1uo surface components of the trigTyceride-rjch
11poprote1ns and HDL3, resu1t1ng in the format1on of IDL and HDL2 (Pat-
8 sch et al, 1979) On the other hand d1sco1da1 HDLZ, but not HDLS, has
been found to be secreted from the Tiver into the sphlachnic bed, in
man, indicating that HDLZ may originate-from the liver whw]e HDL3 may
_be formed in the-p1asma (Turner et al, 1979). Since the two HDL subfractions
_ have basically the same components (Put HDL2 has a higher Tipid co pro-  _ //,_;
. tein‘ratio and a higher Apo A-I to.Apo A-II,ratio), free exchangenof , : [\~ |
their components can occur and has been.observed'(Shepherd, 1978). But
.d1rect 1nterconvers1on of the two subfract1ons has not been found (Shep-
herd, 1978), so the occurrence of a product precursor reTat1onsh1p re--'

. mains to be- estab11shed.
?T)Cataholism"
HOL circulates with a half-life of’approximate]y 5.8-days
_before being catabolized (Blum et a1 1977). ‘fn a study of the turn-’
~over rate of human HDL, Furman and co-authors (1964) observed HDL half-
1ife to be 1east in 1nd1v1duaTs with the 1owest plasma HOL 1eve1 sug--
gest1ng that a diminished HDL pool size is related to an. increased tur-x
nover rate. In a more recent study of human HDL metabolism, subJects
demonscrated a reduced HDL half-1ife when fed a high carbohydrate iso-~-
ca]oric diet (B1um et al, 1977) Plasma HDL was reduced 20% {n those'
1nd1v1dua1s, due to an 1ncreased catabo11c rate but an unchanged rate :
of synthesis.
The HDL degradation site has been determined in several an1-

mal studies (Roheim et a1,1971, . Rachm11ewitz et al, }972 E1senberg

- et a1,1973). The Tiver participates most actively in HDL catabolism.
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Labelled HDL was observed by rad1oautography to be 1oca11zed in rat
‘hepatocyt1c organelles, espec1a11y in the secondary 1ysosomes (E1sen-
berg et al, 1973). A s1gn1f1cant amount of HDL may also be removed by
other organs such as the kidney and the small intestine (which seems to
be of particular imoortance in rats) (Roheim et al, 1971; Eisenherg et

al, 1973). Pertphera1 catabolism of HDL is poss1b1e since HDL has been
found to be taken up to a certaan extent by smooth muscle cells and sk1n k
f1brob1asts, but the uptake was of a non- spec1f1c type (M111er, 19778)

In humans, Apo A- I and Apo A-II are degraded s1mu1taneous1y and this oc-
curs in both a p1asma and non- p1asma compartment (Blum et al, 1977)

The mechan1sms involved in the clearance of HDL lipids from
the circuﬁation are unknown. It is thought that choTester01 carried Sy‘
‘HDL can be removed in the 1iver for excretion as bile acids or b111ary
cho]esterol without the concurrent degradat1on of the rema1n1ng HDL '

’ .*partjc1es (Schwartz et al, 1978). This would a113w HDL to return to the
'cirouTation and take up more cholesterol, providing a'”reverse‘cho1es_ |
terol transport mechanism" {Miller & Miller , 1975) along the lines of
Glomset's proposa1 (1968). Another possible mechan1sm for HDL lipid re--
mova1 by the liver may be.that suggested by Tall and Sma11 (1978) where
unstab]e HOL partxc]es fuse with chylomicron remnants and disgorge the1r
cholesteryl ester core into the remnant. The remnants would then carry’
this‘cho1estero1 to the Tiver for removal. The periphera1_remova1 of HDL
1ipids is even 1ess clear. Unlike LDL,.which is readily bound and inter-
nalized by extraﬁ%patic tissue with subseqnent Toss of its cholesterol
to the cell and degradatton of its protein moiety, HDL is not as easily
or as specifically internalized or degraded in swine aortic smooth‘mus-

cle cells (Carew et al, 1976), rat smooth muscie cells (Stein et al,
a
S~
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1976A) or in human skin f1brob1asts (Stéin et-al, 19768) This difference -
between LDL and HDL degradatwon in the periphery is even more marked 1n1
human cells (Ste1n et a], 1976A; M111ep et al, 1977C). Peripheral removal
of HDL'1ipids may also arise frpm eichange with or loss o% Tipids to other

circulating:lipoproteins (Eisenberg\& Levy, 1975; Tall & Small, 1978).

- High Density Lipoprotein Activity:

As described in the previous section, HDL in the circulation

- can undergo constant change. Along with the generation of cholesteryl

esters wi;ﬁin the HDL particle, exchange of. free and esterified cholesterol,

phospholipid and certain apoproteins occurs among the lipoproteins and

‘between lipoproteins and tissue cells.

The-exact role of HDL in‘1ipid and lipoprotein metabolism
is unclear but it may be reflected by the activity of its constituent proteins.

Apo A-I abpears,to:be_more related to function and Apo A-II

plays more of a structural role. These respective roles are based on the

oﬁservations that Apo A-T ds 1oose1y bound'and easily separated'from HOL,
while Apo A-II is more tightly-associated and is more efficient in bwnd1ng
phospho11p1d (Assman & Brewer, 1974). The ratio of Apo A-1 : Apo A-II may
therefore be important .in determ1n1ng the capacity of HDL to bind lipids
since the interact{on of Apo A-I.with Tipids is much less avid than that of
Apo A-II-(Eisenberg & Levy, 1975). However, this does not explain why there
is-a higher 1ipid : protein ratio in HDLé which has a higher Apo‘A—I : Apo

Y
A-1I ratio than does HDL3. Apo A-I is the apoprotein that is most frequently
investigated, possibly because-it is in the highest concentration (60% of HDL

lipoprotein aé compared to 30% for Apo A-II) but also because of‘the role it plays
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in cho1estero1‘esterification. Apo A-I 1is an activator of LCAT, an enzyme

-of major importahce in the esterification of cholesterol in the plasma,

which catalyzes the transfer of a fatty acid froﬁ”phosphatidychoTine to

_unesterified cholesterol (Fielding et al, 1972). Because of 1ts_high

Apo A-I content, HDL is a natural activator of this enzyme as well, and
HOL and LCAT are thought to circulate in close association with one another.
HOL can transfer, nonenzymatically, this esterified cholesterol to the

Tower density Tipoprotefﬁs. But the cholesteryl ester cpntent-of newly secreted

YLDL and chylomicrons can easily account for the cholesterol content of all

remaining Apo B - containing metabolites (Eisenbérg & Levy, 1975). From

. these observat1ons, it has been suggested that the LCAT-HDL system may

be more respons1b1e for the removal of excess unester1f1ed cho]estero]
andg phosphat1dycho]1ne from the system, rather than for the transfer of
esterified cholesterol to other 1ﬁpoproteins (Eisenberg & Levy; 1975)
These -findings wou]d support the hypothes1s that HDL p]ays a key role
in the removal of excess cho1estero1 from the per1phery and in the
transport of it to the 11ver (Glomset, 1968).

' The C apoproteins appear to be more re1ated to tr1g1ycer1de o

- metabolism. Apo C-II (w1th phospholipids) is the specific plasma protein

cofactor required for the'activation of adipose tissue Lipoprotein Lipase
(LPL) (l:arOSa et al, 1971). Apo C-I may a'lso activate the enzyme, while
Apo C-III may be inhibitory (Ganeson et al, 1971; Brown & Bag;Insky, 1972)..
The role of the Apo C proteins-of HDL is unclear, - but, since a two-way
transfer of these apoproteins between VLDL and\HBb>occurs very easily, it
has been postulated that HDL serves as a reservoir for Apo C between tides

of high plasma triglyceride Tevels (Eisenberg et al, 1972).°



Apoprote1n D has been 1solated from HDL (S&gaefer et al,
1978) Apo D s swm11ar to another Apo ﬂ,~ca11ed Apo A-III, wh1ch .
has been reported to act1vate LCAT also (Schaefer et al, 1978). The
role of Apo D is present]y unknown : LA '
. Apo E appears to shutt1e between HDL and VLDL in a manner
similar to Apo C. Nascent HDL may transfer Apo E to VLDL, which may
be transferred back to HOL during the cho1esterol esterification pro-
cess that occurs as IDL is transfbrmed to LDL The exact role of Apo
E is unknown but 1t may be to increase the b1nd1ng aff1n1ty of HDL to
LoL receptors and improve HDL's ab111ty to compete with LDL for binding
sites(Mah1ey&Innerarity;19771ﬂorma1 human plasma HDL contains ‘only a
small amount of Apo E (HaVe1 1978' Schaefer et al, 1578)
i HDL act1v1ty, as determ1ned by the funct1on of its apoproteins,
plays a role -in choTestero1 and- triglyceride metabolism. HDL may simply
act as‘a'carrier moleeuTe for the transfer of cholesterol from tissue to
'tassue or, as_the proponents of the role of HDL as an anti-risk factor
suggest, HDL may provide a transport mechanism for the removal of cho-

iesterol from the periphery to the 1iver with the subsequent excretion

of its cholesterol content in the bile.

_ High Density Lipoprotein Activity in Relation to Atherosclerosis:

.Dne to the presence of large deposits of plasma cholesterol
in atheroscierotic lesions, the role of HDL in cholesterol metabolism
ts of great 1nterest.

Emphasisin the past has been placed on factors affecting cho-

lesterol uptake in the arteries, which would further the progression
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of atherosclerosis. Total cho]estero1 and LDL héve receiVed much atten-

tion since cholestero1 has been found to filter 1nto the atherosc1erot1c inti- »

ma in proportion to its p]asma concentrat1on. (Zilversmit, 1968) - LDOL
pef1ects the total ‘plasma cholestero1 Tevel since it usually carries |
65 - 70 % of the total amount (Eisenberg & Levy, 1975).

Little. attent1on had been paid to the processes affect1ng the ’
removal of cholesterol from cells, until the proposals of Glomset (1968)
and Miller and Miller (1975). .This functi;n in cho]esteroj metabolism
js vital since cholesteE017cannot be metabolized in périphéra1 cells
(except in the formation oflsteroid hormones ) and must bé removed from
the cells and transported to the liver, which is the sole site of cho-
~lesterol degradation and excretion. | |

Glomset (1968) proposed that HDL; through its interaction ijh
LCAT,. provides @ mechanisﬁ ﬁhereby unesteﬁified cholesterol is taken up
from peripheral tissues and transported as cholesteryl esters to the 11-
ver. The steps woqu 1nv01ve 1) HDL uptake of free cho1estero]1from
the per1phera1 cell membrane, after 2 loss of phosph011p1d to aTbum1n
2} loss of esterified choTesterol to the liver (and.uptake of phospho-
1ipid), 3) esterification of the new]y‘aéquired cho]estefo] in the cir-
culation by LCAT, and transfer of it to the core of the HDL particle,
4) replacement by new free cholesterol from the periphery.oh the.outer.
shell of HDL, 5) loss of the recent1y ester1f1ed choTestero1 to the Ti-
Qer, etc..... (F1gure'2). Glomset's view of the role of HOL in centr1p-
etal cholesterol transport has since become a popular exp1qnat10n for.

the role of HDOL in cholesterol metabolism.

-
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Fic. 2. Postulated mechanism Jor the wansport of cholesterol
from membranes of péripheral.cells o the lver. Lecithin:chol-
aterol acyltransi reacts with circulating lipoproteins to form
cholasteryl esters Som unesterified choiesterol and lecithin, The
lipoproteims subsequently pick up unesterified cholesterol from cell
membranes, circulate through the liver, and release esterified
cholesterol.  C, unesterified cholestercl; CE, cholestery! eter; PL,
phospholzp:d.

Eigure 2
. : . Glomset (1968)

While further studies have- contwnued to add to the growing
know1edge of the possible mechanisms whereby HDOL may play a role in
the prevention of atherosclerosis, certain studies should be noted for

their unique contribution to such an explanation.
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H111er and M111er (1975) reported an~inverse re]at1onsh1p of

the “body choTesteroJ‘poo1 and GHD thh HDL choTestero1 1eve15, and no-l '
“ted that the deve1opment of atheroscTeros1s may be acce1erated by a

;decreased c]earance of cho1estero1 from the arterial wall, secondary

-~

-:to a reduct1on in p1asma HDL concentratwons

. The_roTe of HDL as a “s1nk“ for excessive- cho1estero1 was ;'

hsuggested byaan investigation of the serum cholesterol- b1nd1ng reserve_f

7 of hea]thy subJects as compared to cardwac pat1ents (Hsai et. aT 1975) :

_:The serum T1poprote1ns of card1ac patients bound less cho]esteroT than

"the norma1 contro1s - when 1ncubated in vitro w1th a cho]esteroT prep— '

-5:arat1on. For both groups, the serum cho1esteroT b1nd1ng reserve was

. Tocated In-the 11poprote1ns of the VLDL ‘and HDL dens1ty ranges, and -

) bound 51 and 29%. respect1ve1y, of the tota1 cho]estero] bound LDL

bt

{jappeared to be sat rated, s1nce it fa11ed to take up any of the excess

: cho1ester01 but LDL was mQt stab1e under these exper1menta1 cond1t1ons

-

50 thTS result 1s 1nconc1u51ve The authors postulated that VLDL‘and '

A HDL may act. as a buffer-for excess cho1estero1 Card1ac pat1ents wou]d I

* then have a reduced ab111ty to expand their serum cho1estero] b1nd4ng

? reserve when presented w1th an 1ncrease_1n the" cho]estero1 Toad wh1ch _

‘wou1d result-in a depos1t1on of the excess p?asma cho1estero1 1n the ;"

arter1a1 wall. ': Vdgﬂ"'__:" S u-”s;i o N
o reference-to the more direct rolefothUt {n centrioetaT?choé

1estero1 transport, HDL~was,found to- be the pr1nC1pa1 plasma acceptor

of ad1pocyte choTestero1 “during we1ght reduct1on 1n two obese subjects

(Nestel & Miiler, 1978). The subjects were infused with radiclabelled

[
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cho]estero1 seven weeks pr1or to the commencement of a-seven day cal-

-,a,_w.

-oric restr1ction per1od -Thé des1gn was based on prev1ous find1ngs
‘that,seven weeks after such an;anfusnon. the specific act1v1ty of adi-"
pocyte cho1esterol exceeds that of p1asma cho1estero1 by 50” - 100“
It was also based on. the knowledge that the cho]estero1 content of ad-
jpocytes decreases w1th decrea51ng cell 51ze and tr1g1ycer1de content
The specific act1v1ty of p1asme choTestero1 Was measured dur1ng the
seven day diet period.. As the subJects 1ost we1ght, a rise 1n the spe- o
cific activity of plasma choTestero1 was on1y’seen in the HDL fract1on
. while it rema1ned unchanged or decreased in the de¢l. 063 T1poprote1ns
(ViDL & LOL). An absence of an 1ncrease in p1asma HDL—choTesterol was 1n—
terpreted to mean that the rate of HDL cho1esteroT “gdisposal had increa-
sed. Based on the assumpt1ons of”the‘exper1menta1_des1gn? this study
provides the most dfrect eVidente for-therroie of HOL as a chofestero]
acceptor in the reverse transport of t1ssue tho1ester01 (1 e. 1n the ~
remova] of cho1estero1 from the per1phery) The 11m1tat1on of this -in-
terpretation 11es in the p0551b111ty that HOL: may be remov1ng cho1este— )
ro1 but depos1t1ng-1t in another per1phera1 Jocation rather than- traos- ﬁ
-: port1ng it to the Tiver for excret1on The resu1ts wou1d be more con--‘
) c1u51ve if a concomTtant increase in the spec1f1c activity of . biliary
'cho1estero1 and b11e acxds would have been measured as well...
' Perta1n1ng once aga1n to the ro]e of HDL 1n the ‘peripheral
. remova1 of- choIestero1 the utilization.of ]abeJTedfree.choTesteroT
from HDL and LDL for the product1on of.b111ary cholestero] was compared
71n a case.stndy;of a b}1e-f1stu1a‘pat1ent (Schwartz et al, 1978 Hallo-
:ran et al, 1978) The experimenta1 des1gn was such that the, 1iver had

: time to select1ve1y extract the spec1f1ca11y 1abe11ed free cho1esterol
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"among the 11poprote1ns It a1so a11owed for the co11ect1on of b11e

B R R

of HDL and LDL pr1or to the complete exchange of the free tho]estero]

\

that cou]d be der1ved on1y from hepat1c synthesas rather than from

rec1rcu1at1on Free cho]estero] from HDL was 1ncorporated 1nto b111ary

A

cho]estero1 much more rap1d1y than that of LDL, 1nd1cat1ng a se]ecttve :

ut111zat1on of free chodestero1 from HOL in the cho1estero1 degradat1on
pathway The reason they measured free choTesteroI uptake was because
they had prev1ously found that 70% of the cho]estero] used iR the _
format1on of b11e ac1ds and b111ary choTestero] was der1ved from the. p]asma
cholesterol and 60% was from free cho]estero] wh11e on]y 10 was from_‘ |
esterified cho]estero1 Consequent1y, thewr v1ew of the ro1e of HDL .
d1ffers from that of G]omset (1968); in® that they propose that HDL acts ‘\ . [
as a shuttTe in the transport of free cho1estero], rather than ester1f1ed

cho1estero1 from the per1phery to the 11ver s1nce free cho1estero1

_appears to be the favoured precursor of-the b111ary excret1on products' :

TheySUbStant1atethe1r proposal by not1ng that HDL se]ect1ve1y b1nds

'free cho]estero1 wh11e LDL does not have th1s property

To add further question to lme spec1f1cs of G]omset S hypothes1s ;'

(1968), on the ro1e of LCAT in the egress1on of cho]estero] from t1ssues '

and its removal by the_Tnver, Jt has been de nstratEE\that the presence of

LCAT in the medium is not necessary fc he remova] of choTestero1 by HOL from.
human. sk1n f1brob1asts and rat aortic smooth musc]e ceT1s (Ste1n et a] ]978A
Stein et a1 19788) ChoTestero1 gﬁter1f1cat1on, therefore, 1s not necessary for

the removal of cho1estero1 from ce]]s The authors suggest that LCAT may p]ay _j

a key role in cho]esterol transport between the 11poprote1ns in the c1rcu1at1on

rather than 1n the transfer of cholesteroT from t1ssues to. the T1poprote1ns since
as much cho]estero] was removed from ce11s in the absence’ as 1n the’ presence of .

the enzyme Poss1b1y, LCAT serves to keep ~ the surface of HOL 1ow in free o
cholestero] wh1ch wou1d facilitate the transfer of free cholestero] from =
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© . thé cell membrane, to the surface,of: the HDL micelle.

' .11) CeTT Incubatlon Studtes-

A]though ce11 1ncubat1on stud1es are by no. means representat1ve of

7;§.the 1n v1vo 51tuat10n they can’ provtde 1nformatton that‘cannot be obtatned

i 'from the tntact an1ma1 wh1ch may reflect how the varwous 11poprote1ns coutd

:other in th1s regard The ce11 1ncubat1on studtes noted be]ow 1nd1cate that

t) A

‘-,'affect ce11u1ar cho]esteno1 content as we11 as how they 1nteract w1th each .ﬂ.f -

HDL cou1d exert an ant1atherogen1c effect via a. vartety of poss1b1e mechantsms

_-The maaor'lty of the cell 1ncubat1on studtes have focused etther onhﬂi’way .

h1n wh1ch HDL. coqu 1) prevent cho1esterol depos1t1on, ar 2) a1d in -

Acho1estero1 removal from t,er'1pher'a‘l ce11s

LN

Plasma HDL cho1egter01 1eve1s have been observed to be 1nverse1y

;proport1ona1 to the human arter1a1 ttssue cho1ester01 content (r—,- 30) wh11e _-

LDL-cho1estero] levels were d1rect1y proportional to the choiestero] content

{r = -.55) (BondJers et a1 1976) Such correlations for serum cho1estero1
_tr1g1ycer1de and VLDL were alT 1ow to moderate (r— .43, 28 and 47) and

were not s1gn1f1cant These measurements were carr1ed out on the mesenter1c o

-arter1es of obese subJects who -showed no 51gns of CHD. Therefore, the htgh

' negattve corre]at1on of HDL .cholesterol with the arter1a1 cho1estero1 content :

suggests that a. decrease 1n HDL cho1estero1 may precede the development of -

vascu]ar dtsease Th1s study does not 1nd1cate whether HDL exerted its effect

: by preventtng cholestero] uptake or: acttng in qts remova1

Cho]estero1 removal from cells has" been found to be fac111tated
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'1n the presence of HDL . Human' skin fibrob1asts and:rat aortic'smoOth muScTe

ce]ls, 1ncubated w1th HDL as the sole 11poprote1n source, demonstrated a

- igreater ]oss of cholesterol to the med1um than when LDL or whole plasma was

. ut111zed (Ste1n et a1 19768) HDL has also been found to promote a

cho]estero1 efflux from ce]ls in severa1 other stud1es (G]omset, 19703 Steinet al
.'1975 & 1926A) Not onTy has HDL been found-to facilitate the efflux, but it

also appears to be ob11gatory in, order to aCh{SXf a net removal of cholesterol
from healthy human 1nt1ma1 arter1a1 t1ssue (BondJers & Baorkerud 1975)

This 1ater observat1on of . the ob11gatory role of HDL in’ net cellular |

. -
-cholesterol remova1 is interesting but quest1onab1e, due to observat1ons

-
~

of the ce]lu]ar cho1ester01 content in subJects with Tang1er s disease.
Tang1er s disease is character1zed by a Tack of(norma1]HDL These patlents
- are not cons1dered to exhibit a h1gher than normal 1nc1denceJof CHOD, and
excess1ve cholesterol deposition is usually only observed in the ret1cu1o—
endothe11al system (Ferrans & Freder1ckson, 1975), which makes one question
if HOL doe{taffect arter1a1 cho1estero1 remova1 © It may also be that, ¢
in these 1nd1v1ouais, there is an ‘alternate cholesterol "clear1ng“ mechanism
that becomes active with this type of disease: Another exp1anat10n may be-
that s1nce LDL-cholesterol is aIso very low in these 1nd1v1dua15, the
HDL-cholesterol : LDL-cho1esterol ratio would probab?y still be high enough
for adequate Es;1phera1 choIestero1 remova1 to occur. _

| Fo11omsng the hypothesis that HDL 1nf1uences ce11u1ar cholesterol
remova1, the destination of this cholesterol becomes of 1nterest. HDL
could deposit the cholesterol in other peripheral cells or, as suggested

by Glomset (1968), transport it to the Tiver for excretion. The

Tatter route would be the final step if HDL was truly involved.in
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Mreverse cholesterol transport". Liver cells, brimari1y non-hepatqtytes,f

" have been shown to catabolize HDL ig vitre and do so to a muéh‘greéter

extent than for LDL (Van Berkel et al, 1977). This observation may

indicétg that, unlike LDL which is primarily catabolized in the periphery,

. the majority of.HDL catabo1ism'may.take p1ace'in the liver re§U1ting in

.the dep051t1on of its cho]ester01 content at this site and poss1b1y, the

further remova1 of the choTestero1 1nto the bile.

The suggestion that the major site of HDL catabo]ism'may‘be non-
peripheraT is'further substantiated by the finding that HDL is interiorizéd
very poorly in human skin fibroplasts, as compared to LDL (Miller ef al, 1977B).
The difference in uptake Eétween HDL and LOL 15 due to the presence of
LDL-specific receptors in the cell membrane. These reéeptors allow for the
rapid binding and interi;}ization, via endocytosis, of LDL with the subsequent'
degradation of its protein moiety and release of cholesterol to the cell
(Brown et al, 1975; Goldstein & Brown, 1977; Small, 1977) (Figure 3). KDL -
uptakg, on the other hand, is rather non-specific sfnce it occurs by way |
of gross f{uid éhdocytosis. and doés not appear to favour a specifi¢ receptor
(Miller et al,1977B). B |

HﬁL may preﬁent‘cholestero] accumulatioh.via a second rqute,
by preventing the upt;ke of cholesterol from the plasma. Cholesterol
uptake was found to decrease in por;iné coronary artgries QhEn HDL was -
addéd to the plasma medium {Sarma et al, 1978): This aoes not proyide

information regarding the net uptake of qho]estero1; but it does reflect

a difference in the permeabjlity of the arteries to the various

v
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Figure 3. Celiular Uptake, Metabolism and Removal of Cho-
lestarol. 5.7,9,10.34.38 .

Low-density lipoprotein (LDL) is composed of a core of cho-

lesterol ester (CE) and triglyceride? and a shell of phospho-
lipid (PL), frea choiesterol (C) and protain (F). Oncs LDL binds
to a receptor (R) on the cell surface, the receptor-LDL com-
plex migrates to become an endocytotic vesicla and fuses

" with 2 lysnsoma (LYSO). In the acid interior of the lysosome,

P is hydrolyzed to amino acids (AA) and CE to fatty acids (FA)

and C. The C must then transiocate {o the outer sida of the ly-
sosome 30 that it can be transported to other parts ot the cell.

As excess C emerges from the iysosome, it first inhidits syn- - :

thesis of new C from hydroxy- merhylglu:ara:e (HMG) ana
then stimulatzss fsrmaticn of O, cadsisting mainly of cho-

* lesteryl cleate (CO), by the acyl coeniyme A : cholesterol

acyitransferass (ACAT) system In addition: the excess C in~
hibits synthes:s of new receptors and perhaps blocks cyto-

plasmic hydrowysis of néwiy 10ffved CT. The Droken line indi-

cates that this pathway has not been- fully established.

The acceptors for C, disk-shaped nascant high-density lipo-

protein (HOL) and Intact sphericai plasma HOL, pick up C and
possibly PL from the outer leaf of the plasma membrane. As
¢ enters nascent or intact HDL, lecithin-choiastero! acyi-

- transfarase (LCAT) converts surface C 16 CE, which leaves
" the surface to form the core of HOL. The removal of CE from

the surface permits the particle to pick up more C.

Figure 3

<7

(Small

, 1977)

Py
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1ipobroteins in the medium. ﬁhen human skin fibroblasts and tat smooth
muscle cells were incubated with a phys1olog1ca1 concentrat1on of. HDL HDL
- nffduced tittle or no increase in the cel'lu]ar cho1estero] conteht, whereas
with LDL the cho1ester01 content 1ncreased cons1derab1y (M111er et al, .
1877C). HDL may decrease cholesterol” uptake not only by its inability to
be effic1ent1y qund and interiorized by the cells but also by inhibiting -
the dptake'of LDL. HOL has been found to decrease LDL uptake in human ‘
endothelial cells (Stein & Stein, 1976), human fibroblasts and rat smooth
muscle cells (Stein et al, 1976A; Steinberg et al, 1976}. It has been
suggestell that HDL may prevent LDL uptake by inhibiting the b1nd1ng of LD to.
the receptor sites on the‘ce]],membrane. This inhibition of LDL binding
has been observed in several studies {Carew et al, 1976;-§tein & Stein,
1976; Mi]]er et al, 197X)using human skin fibrobfests, rat aortic smooth\
| huscTe cells and vascular eéndothelium. Oue to this inhibition of LDL or
via some afternative mechanieﬁ, HbL may inhibit: the.interiorizatioe of .
the tDL particle as a tesult. This would prevent the excessive deposition
.of LDL-cholesterol in the cell. | | o
HDL could also affect atherosclerosis by Preventing the fofmetion
of the P]aque.structure. The interactiongpf LDL with'glycosaminog1ycans
) haslbeen re1ated to tﬁé development of the.atherosclerotic plaque _;/
(Roes & Glomset, 1976) When LDL was ineubated with aortic
egcosam1noglycans,r1n vitro, the resuItant compiex formation decreased
as the concentration of HDL was 1ncreased in the medium (Bihari-Varga, 1978)
Addition of HDL to. the serum medium inhib{ted-the'tofmat1on of these
inso]ub1e complexes in proportion to the amoﬁnt of HDL eddee. Furthermore,

HDL may.é]so affect non-ee11u1af cholesterol 3eccumu1etidn‘:_



E1n atherosc]erot1c plaques - s1nce 1ncubat10n of HDL with cho]esterol

. crystals was shown to ead to the eventual destruct1on of the crystal
{structure via the formation of liposome buds on the surface of the cryék B
-staT(Abdu11a & Adams, 1978; Adams & Abdulla, 1978). This brgakdtwn

“of the'chofestero1 crystal was not observed during intubation with LDL

or VLDL.

Therefore, HDL may be effective in the prevent1on of cellular

'.and‘extrace11u1ar cholesterol deposition. It may do so by p]ay1ng a

significant role in the centripetal tranéport of cholesterol from the

per1phery to the 11ver for excretion. It may also act by inhibiting

the ce]]uTar uptake of LDL The degree that, either mechanism is util-

“ized in v1vo is presently unknown, but studies of humans have at 1east

indicated that HOL can be 1nvo1ved 1n the reverse cholesterol transport

pathway, partIcu]ar1y during we1ght Ioss
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Factors Affecting High Density Lipoprotein Concentrations

Miller.& Miller (1975) noted that HOL or HDL-cholesterol
Tevels ate generally lower than normaiein'conditiens associated with
a high incidence of CHD, and are higher in conditions cheracterized
by a 1on inctdende of CHD. These relationships are outlined below.

\ _ X
: - o

Conditions of Low HDL-Cholesterol and High CHD Incidence:

HDL-cholesterol is sometimes lower in subjects with hyper-
choTestero]em1a (M111er & M111er, 1975) and hypertr1g1ycer1dem1a*(M11-
ler & M11Ier, 1975). With regard to total p]asma cholesterol, HOL-
cho1esterol shows 1ittie relationship (Caste111 et al, 1975; Albers et
al, 1976; Berg et al, 1976A;‘Nikki1e; 1976;.Rhoads et aly 197€K;:Cas- _
tel1i et 51; 197785 Gordon et al, 1977A ). This may be due toltne

fact that as;tqtai cholestero]l increases, the'pereentage of total cho;

—Testeroi carried by HOL decreases but appears to do so in an inconsis-

tent manner (Goldburt. & Medalie, 1979). In the case of total plasma

,:triglyderidee, HDL demonstrates‘a consistent but 10w‘negative-conre1a--
‘tion (-.35 and -.30) (Albers et al,-1976; .Rnoads.et-a], 1976; Cas-

‘ te111 ‘et.al, 1977A.EEB‘ Gondon.et al 1977#; Berenson et al, 1979; Hier-

mann’ et al, 1979} D1abetes Mellitus has been associated with a low

';HDLfcho1estero1'1eve1 in some 1nd1v1dua1s_(Lqpez~V1re11a & Colwell,

: -'."‘1976'- Gordon et &, 19778; ;Lopéz—v{rena-:et a1,1977A). Diabetics,
tlwho demonstrated Tow .Jevels of HDL- cholesterol, 1ncreased the1r levels
'w1th 1nsu11n treatment but such an effect was not observed with other oral

hypog]ycemtc drugs (Stanton, 1978) HDL cho1estero1 increased when blood sugar _

e



Ve

ieye1s wére lowered in some matuf{ty onéet.diabetics but the resgonse was
_ not consistent in.a11‘subjects and appeared to be very individuaiized _ -
(Michae] et al, 1979). HDL-cho]estéro1 is lower iﬁ children of CHD parents
(Feinleib et al, 1976) or in children of CHD mothers specifically (Mjds et
© al1,-1977)." Obese subjects have lower HDL-cholesterol (Kilson & Lees, 1972),
HDL has an inverse refaiionship with relative body weight (Wood et al, |
1976; Gordon et al, 1977A & B; Mjds et a1,.1977; Van.Gent gg_\a], 1978), body
mass index (Hulley et al, 1979) or with the sum of several skinfolds

(Rhoags et al, 1976). Patients in chronic'hemodia1ysis also demonstrate
reduced HDL-cholesterol which is not related to raised triglyceride Tevels

(Rapoport et al, 1978).

Conditions of High HDL-Cholesterol and Low CHD Incidence:

HDLQChOTesterol_is‘higher in premenopausal women (Castelli et
al; 1977A; Mjds et al, 1977; Van Gent et al, 1978; Rifkind et al, 1979)

due to an increase in HPL, -cholesterol (Cheung & Albers, 1977). Males

have higher levels of HDL-ch&féstero1 than females ﬁp-to the age of

fourteen where a switch over occurs (Rifkind et aL/ 1979). - After this

. ¢
. ge" 14 age §0. :
age, HDL-cholesterol begins to fall for men 55 mg% 46 ﬁgﬁj but
, . e 14 age &0 - .
continues to rise fTor women (agss g 64 mg%) ( Berenson et al, 1979;

Rifkind et al, 1979). This difference between male and female cholesterol
Tevels in the adult is thought to be due to a hormonal influence. This
conclusion is based oﬁ;the_findings that estrogen therapy can increase
HDL-cholesterol bdt progesterone tﬁerapy decreases it (Bradley et al,

1978). The difference in response is due to an increase in the HDLé

subfraction with estrogen administrafioﬂ'and 2 decrease fn HDL2 with

progesterone administration (Krauss et al, 1979). Women on oral contra-



Y et s s e : : C .

62
ceﬁiives have also beenlrgported to Have redﬁced levels of HDL-cholesterol
(Bradley et a1 1978; Van Gent et al, ;19?8), but the response is related
to the formu1at1on of the contracept1ve adm1n1stered and is related to

,&*De opposing effects that estrogens and progestins appear to have on -
HDL-cholestero1 ﬁBrad1ey et al, 1978). HDL- cho1estero1 is h1gher in
non-smokers than §m0kefs (Engér et al, 1977, Bradley et al,1978; Garrison
et al, 1978; Van Gent et al, 1978; Hulley et al, 1979)7and the relationship
is independent of alcohol intake (Garrison et al, 1978; Hulley et al, 1979)
and body mass index or subscapular skinfo]d'thfckness (Garrigon et al,
'1978; Hulley et al,1979). In the study of Enger et al (1977), this
relationship with smoking‘was only observed in physically active men. .-
Two studies did not find such a relationship among smokers (Gordon éf al,
1977A; Mjgs et al, 1977), but the lack of difference between the groups

may be due to the contribution of other factors such as a h1gh a1coh01
intake in smokers, that would mask the relationship. HDL-cholesterol has
been found to be higher in physically active individuals (Wood et al, 1976;
Martin et al, 1977; Wood et al, 1977; Lehtonen &.Viihari, 1978A). ‘Finally,

~ HDL-cholesterol is higher in'subjects with a moderate to high alcohol

_ intake (Castelli et al, 1977C; Bradley et al, 1978; Hulley et al, 1979).

Other Cbnditions Affect{ng HOL Levels:

There.are several other known factors that can influence HDL-
cholesterol Tevels. The ones of interest are those utilized in the
treatmeﬁt of subjects who are at a high CHD risk since risk-reduction

therapy may not be worthwhile if its administration concurrently causes

\
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a reduction jn HDL-;ho1estero1 or in the percentaﬁe 6f total cholesterol

;hati.tcar‘r'ies7 | i

- Lipid,lowering drugs, such as cholestyramine resih {(Wallentin et
al, 1978) and clofibrate (Engeret al, 1978) do not seem to change HDL-

cholesterol levels. Njacih actual]y-increases HDL (and HDL-cholesterol)

by decreasing its intravascular catabolic rate and increasjpé the Apo A-I:

A-II ratio (Blum et al, 1977; Shepherd, 1978). . The increase in HDL was
principally seen in the HDL,, subfraction (Blum et al, 1977).
_ Diets also affect HDL-cholesterol levels. In diets that were
fat—cotzggljed with a higﬁ po1yuﬁsaturated to saturated fat ratio (131
or 4:1), HDL-cholesterol was reported to increase (Hjermahn‘et aly 1979;
Wallentin et al, 1979), not to change (Hulley et al, 1979) or to decrease
(Shepherd, 1978). 1In all cases total cholesterol fell. The differing.
responses may be due to the féct that all other studies utilized
hypercholesterolemic subjeéts, while Shepherd studied subjects whose
cho1e§tero1 levels were. in the normal range. With calorie réstrfction
| diets, HDL-cholesterol increased in most cases (Wilson & Lees, 1972;
.Hu11ey et al; 1979; Wallentin et‘a], 1978). On the other hand, Taskinen
and Nikkila (1979) reported a decrease in HDL-cholesterol during the
'_éalorie-restriction period. The decrease was accompanied by a decrease
~in agiﬁose tissue LPL. Taskinen and Nikkila (1979) explained the
. qigcrépéﬁcy of their results from those of the other studies as being due
'to the fé;t that they measured‘HDL-cholestefoi during the low caiorie
péFiod fafher than after it. %hey suggest that during negative calorie
balance, die to Tow Jevels of LPL, HﬁL-cho]estero] is reduced. On

resuming an isocaloric diet, LPL may rebound to higher than normal

levels resulting in a consequent elevation of HDL-cholesteroi.



A h%ﬁh carbdhydrate,die@\reduced HDL by increasing itg‘rite
of catabdiism without changing its:rate of syﬁtheéis-(81um'et al, 1977)1
| " Cholesterol feedIng 1ncreases LDL sign1f1cant1y, while it
1ncreases HDL on1y very s11ght1y (Connor , 1977) or does not ‘change HDL-
cho]estero] (Mahley et al, 1978) in humans. While cho]estero1'feed1ng
did not ipc:;asg total cholesterol in all subjects in the study of
Mahley and co-authors (1978), it didﬁinc%easé the binding affinfty of
HDL for LDL recepfors In dogs, cho1estero1 feeding resu1ts in an
increase in LDL and IDL, a reduction in normal HDL and the formation
of a new HOL sub-fraction called HDL, (Mah1ey,et‘a1, 1978). HOL . falls .
in the LDL flotation range bﬁf hascxﬁ;bi1fty. It Eontains much mére
" Apo E than usual and it binds avidly to LDL receptors (Mahley et al,
1978). | | |

Therefore, when determining the effect of a giQen féctor on
HOL levels, one hust ensﬁre that other contributing factors such as
those 11sted in this section can be accounted for and their effect.

LY

isolated from those of the treatment factors under study N
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They concTuded that a h1gher energy output on the’ JOb (as measured -

o Coronary Heart D1sease and Chron1c Physica] Act1V1ty

Most stud1es that related CHD 1nc1dence to 1eveT of 1nact1v1ty

“have Been” retrospecttve stud1es that compared the 1eve1 of occupatqona1

'7phys1caT act1v1ty with CHD 1nc1dence (Morr1s, 1960 Froe11cker & Oberman,

1972) The des1gn of these stud1es 1s weak since 1t does not cons1der
the- poss1b1l1ty that healthier 1nd1v1dua1s selected the more actnve -

JObS rather than the act1v1ty in the job being respons1b1e for the1r

Jower incidence of CHD. Desp1te th1s drawback severaT such stud1es

- . -

deserve mention. Coronary arter1es of men whose occupat1on requ1red

regu]ar phys1ca1 act1v1ty demonstrated less atherosc]erot1c-1nvo]vement

-j‘as compared to- those of 1ess act1ve men "(Rissanen, 1976) He suggests .

that coronary atherosc1eros1s 1n phys1ca11y act1ve men fails to reach

_the thresho]d leve] of severity : requ1red for the c11n1ca1 manifestation
of its presEEE; as often as 1t does 1n-sedentary men. Phy51ca11y active ;'

‘men, on the bas\s - of occupat1on were. a1so under represented in. two’

‘at1on stud1es of men who had died from 1schem1c heart

-

~dise se ‘(Rissanen, 1976). . -

n 1ong1tud1na1 studies, which shoqu avoid’ the poss1b111ty .

of a biaéed_seTection that~cou1d have accounted for the d1fferences :

in the'comparative studiés, 2 out 3 foufd an inverse association o

between CHD and Tevel of physxcal act1v1ty Paffenberger and - co]1eagues-

(1977) fo]lowed a group of San Franc1sco Iongshoremen for 22,years

“by oxygen consumpt1on) was assoc1ated w1th a reduct1on by one- th1rd

- =

of the 1nc1dence of a fatal heart attack after account1ng for the o .

~ - -
. W, . -



'l that ar1se from phys1ca1 act1v1ty in reTat1on to the prevent1on

Lt . . <. PR, . . . e . S
. . -y < B - - . -

= contr1but1ons of. b]ood pressure, -smoking. and pTasma chd1estero1 Wil-

H!shunsr et al - (1976) found that lou phys1ca1 act1v1ty dur1ng

- leisyre t1me rather. than work was a r1sk factor in an 8 year follow-

: up study of a group of Swed1sh men. But th1s reTat1onsh1p was

lost when other r1sk factors were 1nc1uded 1n 2 mu1t1varTEfE'"
ana1y51s -In a- 10 year f011ow up study 1n F1n1and (Punsar &
Karvqnen,~1976) no re1at1on_was observed between CHD incidence

_end degree of occuuationa1 physiea1 activity Reeent1y, in a

.rev1ew of factors that can predtct "CHD 1nc1dence us1ng the
'_Fram1ngham populat10n as part of the samp1e physical 1nact1v1ty

, was 1nc1uded as one of the three maJor treatable CHD risk factors,

the others be1ng smoktng and plasma cholestero] (Gotto, . 1979)

Therefore,phys1ca1 activity has been negatively

'~corre1ated with'the'incidence of CHD-in-some cases. The benefits.

N

. :Qof CHD are usua1]y considered to be. der1ved from an 1mproved card1o-.

) fvascuiar system and an increased oxygen uptake in the muscle,

"'5.43.a11ow1ng more phys1ca1 work to be accomp115hed at a lower heart

'} rate But CHD r1sk factors may a1so be benef1c1a11y affected by
”;7exerc1se as we]] e1ther d1rect1y (by decrea51ng p]asma trthyce— o
ﬂ-ﬁlrjde,1eve1s)-(Lopez—S, et al. 1976) or. 1nd1rect1y (by weight 1055

-2 or cessation of .smoking). .

—
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P1asma Cho]estero1 and Chronic Phys1ca1 Act1v1ty-.v§ S faf.,éié*'

A

the tra1n1ng stud1Es are rather 1ncons1stent in

‘ Tisted ‘in Table V. ‘ '*_ I ",f“'.-1 N

ﬁ%ese children but their activity program was aTso&accompanded by

The effect of chron1c phys1ca1 act1V1ty 0n P1asma “;r;'51€;>1'

/ﬂ‘-_"'-"-_‘_-\._

cho1esteroT hasf?equentﬂy heen examlned - Only the tra1n1ng

' stud1es w111 be reviewed here because they g1ve a more d1rect

1nd1cat1on of the chron1c effects of exerc1se than the compa--

rative stud1es wh1ch can onTy re1ate cho1estero1 1evels to the

\

' degree of act1v1ty reported A ‘more comprehens1ve coverage of f b

i the re1at1on of” tota1 cho1estero1 to. phys1ca1 actJv1ty can be

found in the rev1ew art1c1e of Naito (1976). TQE resu]ts of
hat some, studies =~ -

reported a decrease wh11e other studies found\7f51gn1f1cant

change. Tho conditions and resu1ts of the varwous stud1es are

A number of stud1es have reported a‘redy.

cholesterol foi]ow1ng the adm1n15 on of a tra1ning'proéram -
and in a11 cases the type of act1v1ty was of an endurance nature

(Go]dnng, 1961; Roche11e 1961; Naughton & Balke, 1964 Campbe11

-1965 ; Campbe11 1966 A]tekruse & HTTmore 1973 Llopez=S et al.
' 1974; Leon. et al. 1977: Rou et al, 1978; u1dha1m et al. 1973)

R

The extent of the decrease appears to be related to the 1n1t1a1

Teve] of plasma cho]estero1 in that the subJects w1th the h1ghest
. 1n1t1a1 cho1estero1 ]evel exh1b3ted the_greatest reduction. In |

-spbjects whose choﬂ@ateroi 1evels were.high‘to begin with, cho1es¥

tero] fell 25% (from 342 mg% to 253° mg%) (Golding, 196]) and 20% - -
(from 260 mg% to 210 mg%) (Naughton & Balke, 1964). A rediction = -

..

of 23% (from 217 mg% to-167 mg%) was ajso observed_wn;a group of ..~

~

g
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a calorie restricted diet that was Tow 1in cho1estero1-and'high in-

poayunSaturated as compared'to saturated fat coﬁtent (widhaim,et aﬁ,

1978). These dietary factors could,.at least part1o]1y, account

for the fa11 in\cho]estero] observed. Indwidua1s whose cho1estero]l

" levels were in the normal range (150-250.mg%) demonstrated more

yarying responses but the trend -seemed to persist*for.a greater
reduction,to occur in subjects who had a htgher initial Tevel.

Some studies showed a decrease of 10-11% from 224 mg% to 201 mgh _~

(Altekruse & Wilmore, 1973), from 203 mg% to 181 mg%(ﬁoohe]1e, 1961)

and from 177 mg% to 157.5 mg% (Campbell, 1965). A 12% decrease from

213 mg% to 195 mgm was also observed in the obese subjects in Campbe11 S
study in 1966. Interestingly, as compared to the obese subjects, p1asma

. cho]estero1 did not change significantly in the muscular or Tean-subaects

whose initial cho1estero] Tevels were Tower than those of the obese

" subjects and fell in the norma1 to "Tow-norma1" range (188 mg% and 180
mg%, respectively (see Table V). The concept of a greater reduct1on of

tota1 cho1estero1-in subjects demonstrating a h1gher initial 1eye1 may

be reercted in‘the results of Roundy and co11eagues"study (1978)

of type'IIA and IV hyper1ipoproteinemics and of normal subjects. -The

ihﬁtial'and final values ot‘tota1 cholesterol were not recorded and

only the extent of the decrease that occurred was Tisted which was

expressed in mgm Type 1IA hyperTipoproteinemics, who would

presumably have had the highest initial plasma cholesterol of all

three groups, demonstrated the greatest reduct1on in cho1ester01

It decreased 86. 1 mg% as compared t0\62 6 mg% for the Type IV

.,

P



hype?‘hpoprotememcs and 46.8 mg¥% for the nonna] subJects ‘in
'tl-n;study the reductwns in chglestero1 Tevels were qu1te Targe
evén Jdn the normal subjects. "An exp]anatwn of such a finding
'Is‘ difficuTt since the initia]h'leve1s were not listed and infor-
mation regarding ueight loss or dietary man'ipu1at1'on was absent.
The 1ntens*rty and type of exerci may be another factor
'1nvolved in determmng the extent of the,ugductwn of plasma
cholesterol. Go1d1ng (1961) noted that 1nd1v1dua1s who exercised
the hardest and 1ncreased their ﬁtness Teve? ’;13 mdst had the
greatest decrease in p'!asma cho'iestero'! but :he based this on the
results of on'[y four subJects NevertheTess his observation was
-aTso ref'tected in Campbe'ﬂ E study (1965) where subJects who
tramed b_y cros{—country sknng reduced the'tr choTestero'i 'Ih,
those tramed by p'laymg tenms reduced it 4"' and the remaining
subJects who e1ther gcﬂfed 11fted. weights or part1c1pated in o
tumbhng gymnast1cs or wresthng did not: demonstrate a mgmﬁcant
change whatsoever. Initial p1asma cho1estero'l did not d1ffer much
' between the diﬂf'fe_rent exercise groups and fell in the 1ow-ndrma'l
rangé. . - _ . .
‘ Plasma cholestero1 d1d not change s1gmf1cant'ly in
severa‘l studTes (Brumbach, 1961 Johnson & wong, 1961 Ho'l]oszy et
al, 1964; F1tzg;'a1d ‘et al, 1965 Erke'iens et aly 1978 Gﬂham &
‘Burke 1978; Ratliff et al, 1978; Webster-et al,. 1978). . For many
" of the studies, possible exp'lanatmns for the lack df change do

. exist. In two studies' the  exercise intensity utilized was not

" considered to _be\a't.aﬂ vigorous (Brufnbach, 1961' F1tzgera1d et al, 1965).

a

ba
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~In another study the exerc1se was not of the endurance type (Johnson .

& Wong, ?561)- Cholesterotl d1d decrease 3. 5’ frdm 170 mgp to 164 mg% '
(Rat]iff et al, 1978) and 6% from 139 mg% to 130. mgp (61111am & Burke,
1978) but ne1ther of these decreases were found to be. 51gn1f1cant

In both stud1es the initial cho]estero1 1eve1 was ’a1s0 qu1te 1ow wh1ch
may be a factor but the endurance component was' adequate. In the study
of Ratliff and co-authors {1978), the resu1ts were s1m11ar to, those of
Leon et al (1977) and Lopez-S et al (1974) yet the change 1n p1asma
cholesterol was reported by Ratliff et al as being non- 31gn1f1cant

A control group, whose cho1ester01 changed from 181 mg% to 178‘mgm, ‘was
used by Ratliff and colleagues while a contro1 grcuu was absent -from the
studies of Leon et al and Lopez-S et al. "This could expTain:the |
discrepancies to a certain extent. The‘three remaining studies that
found no change‘in cholesterol with chronic activity were similar in
their exercise. intensities and endurance components _to. the studies that
did find a decrease, so this could not account for the different resuits’
(Holloszy et al, 1964;‘Erke1ensvet al, 1978; Webster et al (1978). Plasma

) ‘
cholesterol levels were in the“high-normal)CHo1ioszy et al, 1964)'or normal

- (Erkelens et al, 1978)_range in two of the three studies, which could not
-éxplain the lack of .response ei®her. The results of Webster et al camnot

: be_commented on, since they fa?led to record initial and final cholesterol

TeueTS._ Their -intensity may have been Tow as compared to the other
studies which.may'exp1ain'the lack of change,but the spectfics of the
exercise intensity are not clear. -

a One:of the major reasons for the inconsistency noted

in ‘the studies of the cholesterol response to chronic ph}sica1

- activity may be due to differences in the activity programs

T

—

s camian -
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uadminisferéd which did-var} in terms of intensity, frequency,

duration and type of activity utilized. The inconsistent response .

~

may also be due to differing initial cholesterol levels, total

caloric intake, type of diet, degree of weight loss and genetic

predisposition. Most studies did not record dietary information,

weight changes or improvement in fitness level and many lacked a

contro1‘group'as well. Consequently, it was difficult to adequately

. compare or explain the differing results. On review of the studies:

that did find a negatiVe re]ationship between plasma cho1estero1 and

: N
'chron1c phys1ca1 activity, it appears that cho1estero1 may be reduced

to a greater extent in subgects who demonstrated a higher initial

cho]estero1 1eve1 and/or in subaects who part1c1pated in a vigorous,

rendurance—type, tra1n1ng program Other factors such as wewght

loss or d1et, as - exp1a1ned prev1ous]y, are also presumably involved
but, when recorded they did not appear to be as con51stent1y
related to the decrease in plasma oholestero1 as was phys1ca1

activity.

——

et

C?
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H1gh Density L1poprote1n and Chron1c Phys1ca1 Activity

. Due_ to the re1at1ve1y recent 1nterest in HDL: as an
anti-risk.factor the,re]atlonsh1p'between-HDL-Teve1s and physica1-"
act1v1ty has not yet been extens1ve?y 1nvest1gated 'Infbrﬁatien
s part1cu1ar]y 1ack1ng on the amount type and 1ntens1ty of
phys1ca1 act1v1ty requ1red to exert an effect on HDL Desp1te
the 1ack of deta11ed 1nformat1on a number of stud1es have -examjned
‘th1s‘re]at10nsh1p e1theF*by compar1ng ‘the phys1ca1‘act1v1ty'1evels |
nith HDL concentrafions or by obserVing'the response of HDL 1eye1$

" to a training program.

Comparetive Studies:

lSevera]wstudies nave examined the relationship between
;an,fndividueI's Tevel of physical activity and HDL (Carlson &
Mossfeldt, i964;_8rnnner et al, 1966; Hoffman et al, 1967; Wood et
al, 19763 Enger et ;1,-1977;'Krauss et.a1, 1977; Martin et al, {977A;
 Mjgs et al, 1977 ; Wood et al, 1977; Lehtonen & Viihari, 19784 & B;
Nikkile'et al, 1978A; Williams et al, 19795., The conditions and
results of.these'studies‘are 1isted in Table VIA..
_ HD; Tevels Qere ;1early higher in-active subjects for
the great najar{ty of the studies {Carlson & Mossfeldt, 1964; prfman.
et al, 1967; Nodd et aﬁ, 1976;‘Enger ef a1,1977;kreuss et al, 1977;Martin et al,1977:
Wood et al, 1977; Lehtonen & Viihari, 1978A; Lentonen & Viihari, 197883Nikkila |
et a1; 1978A; MiTier t al, 1979; Williams et al, 1979). This was particularly obvious

when hignly.trained enqurance'athletes were compared to sedentary persons

=
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(Car]son & Mossfeldt 1964; Nood et.al 1976; Enger et a] 1977;
Krauss et a]. 1977; Mart1n et a], 1977; Wood et a1 19775 l.ehtonen
& Viihari, 1978A N1kk11a et a] 1978A; Miller e; 2l,1979). . The

LS

r. . .
HDL-cholesterol Tevels in these athletes, who trained by- Tong.

"~ distance runn1ng or cross-country sk11ng, were frequently h1gher

than 60 mgk for males (Carlson & Mossfeldt, 1964; Wood et a1,1976;
Enger et al, 1977; Lehtonen & Viihari, 1978A; Nikkila et al, 1978R)
‘and greater than 70 mg% for females (Wood et a] 1977; Nikkila et .
al, 1978A). Both these HDL- cholesterol Tevels are well above the
mean levels found in the North Amer1can population which fall
approxihate]y in the ranée)@f 3b—60 mg% (mean=45%) for males anﬁ
40-73 ‘mg% (mean=57 mg%) for females (Castelli et al._1977A). On
the other hand, male world class sﬁrintéfs-did not have HDL5tho1es-l
terol Tevels that were significantly different from thdse of the
éontro1.sybjécts (Nikkila et a], 1978A). The tréining program of
| the'spfihters, which invo]ved'main1j exercises of short.duration such
as weight 1ifting but h1§o incTluded some.runnihg, had a much lighter
endurance Eﬁmpéhenf than did the tréinjng.p}ograms of the ath]etes
in most of, the other studies reviewed (Carlson & Mossfeldt, -1964;
Mood et al, 1976; Enger et al, 1977; Krauss et al, 1977; Martin
et al, 1977; Wood et a] 1977)orthan that of the training programs of
}be—ﬁong distance runners in the sdme study of Nikkila et al (1978A):
g/ This Lau]d 1nd1cate that the type and 1ntens1ty of the exercise is
very 1mportant in re]at1ng HDL-cholesterol to the level of physical
activity and that the e]evatTOn observed in the endurance ath]etes

is not simply a result of an increased caloric utilization or an
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increased rate of energy turnover, but may be due to such general factors-
as changes in the,hornona1 axis with éndurance‘training or to such specific
factors as the preferentiaT utilisation of fats, an increase in cholesterol

excretion in bile, etc. " Enger et al (1977) alluded to‘the fact that .the HOL

response “is dependant on the training program when they noted a trend

' ~towards a ‘higher HDL-cholesterol 1eve1 1n the fastest and presumably the

best trained sk1ers, although the trend did not reach stat15t1ca1 51gn1f1cance

- This was ‘also indicated in the study of Lehtonen and Viihari '(1978R) who observed
that the HDL-cholesterol in young men who ran or skied less than 25 km per
week (Contro1s Group C} was not s1gn1f1cant1y different from that of the

-sedentary men over the age of 30 (ControTs, Group B}. This observat1on is
aTso notable 1n reference to the amount of endurance training requ1red to
effect a s1gn1f1cant increase in HDL-cho]estero1.‘ More<1mportant1y,
Lehtonen & Viihari further noted that HOL- choTesteroT was correiated with )
the number of miles run per week and that, a]though there was a tendency
for all runners to have a higher HDL-cho]éstero1 level on the average, -
the concentrations were.c1ear1y higher than normal when the numoer of

N

k11ometers run per week exceeded 70 (42 miles).

-

Other studies have observed HDL cho1ester01 in subjects

selected from the genera] population rather than ut1]1z1ng athletes

" and related these Jevels to the subJect S degree of phys1ca1

act1v1ty either on the job or during the1r leisure time (Brunner et
al, 1966; Mjgs et al, 1977; Lehtonen & Viihari, 197885 Miller et
a1,v1979; Williams et al, 1979). HDL-cholesterol was very high _



- {75 mb%j in men whose occupation demanded\a"nighi1eve1_offphyéiCaT

—act1v1ty (Lehtonen & V11har1, 19788) " In mén whose leisure tﬁme

. i act1v1ty was cTasswf1ed accord1ng to the1r response to a quest1on—

- .

_ 1979) I/é two studies that failed to find a pos1t1ve re]at1onsh1p
: by a quest10nna1re Brunner et al (1966) classified their subJects

" those who were seated more- than 80% of the time). Mjgs et al, (19778}

_ (19788) or H1111ams et al (1979) -Mads.et-a1 (19778) ectua11y have stated. S

‘f.f naire,” HDL-cholesterol was s1gn1f1cant1y h1gher in those c]ass1f1ed

as very act1ve (57 8.mg%) as compared to those cTass1f1ed as 1nac- -

o t1ve (53*7 mga) but the d1fferences were not large (N1111ams et al,

between HDL and phys1ca1 activity aTso determined the’ activity 1eve1

- :
..\\ Y

accord1ng to degree of act1v1ty on- the job (sedentary subjects were

~

fflooked at leisure- t1me act1v1ty and classified the1r subjects as act1ve

Jf they exercised Tore than 4 hours per week, These studies are : '  -

s1m11ar to those of Lehtonen & V11har1 (19788) and Williams et al (1979)

_ 1n that ali four stad1es ut111zed ‘the genera] popu1at1on and categorized

'_the 1nd1v1duals by occupat1ona1 act1v1ty or reca]] of leisure time . _ 7

~act1v1ty The stud1es are d1ss1m11ar in that the categorization proce-
dures of Brunner et a] (1966) -arid Migs (19778) may be subJect to 1nd1v1- .' T

dua] 1nterpretat1on to a greater extent than those of Lehtonen & V11bar1

that the1r classification was amnguous and sa1d that it may have fa11ed

to discriminate adequateTy between the active and 1nact1ve 1nd1v1dua15

- =
To more accurate1y determ1ne an 1nd1v1dua1 s level of

- endurance fitness, rather than depend on exerc1se h1story, measurement

of aerob1c capac1ty is necessary. Men of varying degrees of. phys1ca1

‘ act1v1ty, from sedentary subJects to cross- country skiers, "were

‘exam1ned fqr’Beth HDL choTestero] leveis as well as for aerobic

__/d-. S
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£5HDL ) was even more pos1t1ve1y correlated with MVU

.; of the HDL

-1s elevated rather than DL3

'-jr.capac1ty by M111erf et a1 (1979} Aerdh%c capacﬁty'was exeressed'

™

',iggas max1mum'oxygen uptake IMVUZ) in m]/kg/min. HDL-chOIesterol and

-_MVO2 were fouﬂd to be s1gn1f1cant1y and positively reTated (r- 81)
"::‘_-..HDL-cho'lest’ero'l ranged from 44-91 mg% and HVD Jrom 24-85 m‘l/kgﬁmn
'ﬂ:{The ratio of HDL-eho]esteroT Apo—AI which they cons1der to be.

':.representat1ve of the rat:o of the two subfract1ons of HDL (HDL2

5 values (r=. 88)

kY

:: 1.M111er and-co authors suggested that phys1ca1 act1v1ty raises -

p]asma HDL by~1ncreas1ng the synthes1s or decreas1ng the-catabo11sm _

2 subfract10n . s

The HDL2 subc]ass was measured d1rect1y 1n a_study of ~ '

fema1e’and ma]e runners (Krauss et al, 1977). ﬁDchhotesterol HDL3

:- Apo-AI and Apo—II were measured as weTT HD;-choTesterol was signi- -

!

- fﬁcant]y h1gher in both the male anpd fema?e runners,and it was’ the RS

HDL2 subfract1on that was great1y e]evated rather than HDL3 Apo-AI

IWeVe1s were a]so h1gher in the runners wh1]e Apo- AII concentrat1ons
‘_Were near]y 1dent1ca1 to those of the contro]s ~-This confirms M111er'-

: and col]eagues sqgg@st;;n (1979) that 1t 15 the HOL, subc1ass that

2

.

PRI Not on1y‘has HDL—chd1estero] been.pos1tnve1y correlated
. w1th phys1ca1 activity but this is a1so true of the HOL- cho1ester01

total cholesterol ratio (Enger et al, 1977 Lehtonen& V11har1

1978A Nikkila et a] 1978A,w1111ams et al 1979) Ih1s rat1o

. 1nd1cates that in act1ve peop]e, a greater percentage of their

"fp1asma cholesterol 1s carr1ed by HDL than 1n sedentary subaects The

i ﬁ

I rat1o ranged from .28 - 37 “in ma1e endurance—tra1ned athletes '
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(Carlson & Mossfelt, 1964, Wood et a1, 1976; Enger et al, 1977,.
Martin et al, 1977; Lehtonen & Vithari, 1978A; Nikkila et giﬂ -1978A).
In female Tong distance runners, the fat1o,was even higher 23&.
ranged from-i32—.39 (Wood et al, 1977; Nikkila et al, 1978A)--Notab1y,
even sedentary females have a hicher ratio than sédentary males as ?
it ranged from .26—.34 in the studiesrevfewedQ(Enger et al, 1977;
Wood ét al, 19775 Nikkila et al, 1978A). Enger found that there was
no significant differénce in HOL-chglesterol or in the ratio between
his competitive cross-country skiers (males) and sedentary female
controis (Group IV). In fact, 'wood et al (1976) concluded that
long distance running resu1ted in a 11poprote1n profile in their
mIddTe aged male runners that was desirable with respect td’gyD
_prevention Since it resembled the Tipoprotein profile of a young,

healthy female. In active males, selected from the general popu- . .

Ay

lation, the ratio was not as high as that seen in the male endu-
rance-trained athletes but it was still gjgnificant1y higher than
that of the inactive controls (.24 and .21, respectively) (Williams
et al, 1979). '

Training Studies: ’

The results of the various training studies are of
greater interest than those of the comparative studies since an
actdal chan&e in HDL can be»demonstrated in tﬁe training stqdieg,
‘whrich avoids the possibility that an ejevated level of HDL is mere]}
a characteristic of individuals who tend to be active rather than be

a result of the activity.

HDL increased significantly with endurance training

programs of varying 1engths {6~-20 weeks) frequenc1es (3-5 times per week)



©

and intessittes in the.majority of the studies (Altekruse & Wilmore,
1973; Lopez-S et al, 1974; Leon et a], 1977; Erkelens et al, 1978;
Gilliam & Burke, 1978; Ratliff et al, 1978; Roundy et ai, 1978).. It

failed to change significantly in the remainder of the studies which

were 3-17 weeks long, held 2-7 times per week and varied in intensity

(Léwis et -al, 1976; Webster et als 1978; Widhalm et al, 1978). The:
conditions and results of these studies are listed in Table VIB.

When HDL was expressed asLa percentage of the total lipo-

protein content, it was found to increase 18.6% from 36.5% to 55.5%

(Altekruse & Wilmore, 1973).When expressed as a]pha¥1ipoprotein,

it increased 16% from 286 mg% to 332 mg% (Lopez-S et al, 1974) or it
increased 71 mg% in type IIA hyperlipoprote%nemfcs, 49 mg% in type IV

hyperlipoproteinemics and 51 .mg% in normal suhﬁgg;; (Roundy et ail,

1978}. The-results of-the‘studx;oﬁ:&oundy et :al are-notable since total choles-

terol decreased algood deal in all subjects,while alpha-lipoprotein
increased. Thé\alpha—1ipoprotein increase in this study could be
re1ﬁted to the decreasQ,in-plasma—%rﬁﬁT?Eerides in ﬁhe type IIA and
IV subjects but could not explaim the increase seen in the normal
subjects since their triglycerides did not change. Even the increase
sn-fype IIA and IV subjects could not be Eomp]ete1y due to the _
triglyceride change,since in the type IIA subjects total cHo1este;o1
decteased the most and a1pha-1ipoprote7h.increased the mo;t but tri-
glycerides fell to a lesser extent than in the type IV subjects (who
did not demonstrate as great ﬁn increase in alpha-iipoprotein as that
of the type IIA subjeéts).

HDL-cholesterol was measured in the majority of the studies

Rl ST 1]
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(Lewis et a1,1976;.Léon ét al,1977; Erkélens et aﬁ,1978; Gilliam & _
Burke, 1978; Ratliff et al,1978; Nebsfer et a1-1978; Widhalm et aly,
1978). H6L=cho1estef01 increased.signifi;éntly in most of the

studies and this increase ranged frém 17-21% from 42 mg% to 50 mg%
(Rat1iff et al, 1978) from 32 mg% to 37 mg% (Leon et 31;1977)-fr0m

30 mg% to 36.4 mg% (Gilliam & Burke, 1978) and from 35 mg% to 41 mg% -

_ (Erkeiené et al,1978). Ratliff et al (1?78) and Leon et al (1977) used
tﬂy;du1f sedentary males, Gilliam & Burke {1978) utilized cBderen and
Erkelens et al {1978) studied MI survivors. The initial HDL-cholesterol

Tevels in all these studies were in the low-normal range: HDL-choles-

tero] did-hot increase significantly in Lewis & colleagues® study (1976)

of obese women (pre-training=49.8 mg%, post-training=54.5 mg%), but
the HDL-cholesterol: LDL-cholesterol ratio rose significantly from .38
to .43. In a study of obese children ﬁ]qced on a low cholesterol,
low saturated fat, calorie-restricted diet, HDL-cholesterol did not
change significantly either (pre-training=69 mg%, post;trainingz 61.5
mg% ) (wféha1m et al,1978). Webster and co-authors (1978) also did
not find a change.in HDL-cholesterol. -“Only the post-training level
of 48.7 mg% was listed. webstef et aT noted that there was a
trend.for an increase in HDL-cholesterol seen in the first three °
weeks and suggested that a training thfesho1d may exist for the
exercise-induced change in HDL-cholesterol.

" The HDL-cholesterol: total chol terq] ratio appeared to

increase inmadl studies when it could Re galculated from the data

given (Lopez-S et al,1974; Lewis et al,1976; Leon et al,1977;

e sy

e
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Erkelens et‘a},]Q?é; Gii1jam & Burke, 1978; Rat1iff et a1,1$78;

. -
Roundy et al,1978; Widhalm et aT,1978) but only. two studies|actually

reported the ratio and determined its significance (Gilliam & Burke,

f1978;_Roundy et a1,1978). It is impoftant to note that in @ost !

~studies total cholesterol fell and/or HDL-cholesterol increased to

varying degrees, resulting in an 1ncreasé;in the ratio_(A1tekruse

& Wilmore, 1973; Lopez-S,1974; Rat1iff et al,1978; Roundy et S],]Q?STiota1'

cholesterol change was hot significant]; Lewis et al, 1976 [HOL-

~ cholesterol change was not significaht]; Leon et al,1877; Erkelens et al,
.]978; Gilliam & Burke, 1978 [Eota] cholesterol change was not sigmificant]),

- An increase in the ratio with exercise would be considered to be.bene-

ficial in respect to CHD risk since HOL would carry a greater per-
‘centagelof the total cholesterol while LOL and VLDL would carry

less. Rguhdy and tq—authors (1978),who ‘looked at the changes in
lipoproteins in type IIA and IV hyherlipoproteinemips, noted that
endurance training appeared té normalize the serum lipoprotein

profile causing a'favourapié shift from the light pre-beta and beta-
Tipoprotein densitieg to the heavier a1pha-]i§oprotein deﬁsities. Such
a shift in the profile was also seen by Altekruse and Wilmore (1973) |
Lopez-S et al (1974),Lewis et al(1976), Leon et al (1977),

Rat1iff et al (1978). Webster and colleagues (1978), on the other
hah&, did not observe a change in the profile. The change in the
cﬁo]estero]-carry{ng 1ipoprotein pattern indjcates that some changé
has occurfed in the Tlipoprotein metabolism which causes an increase

in HDL synthesis or in LDL catabolism or a decrease in HDL catabolism
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or in LDL,synthes%s. Lopez-S et al (1974) suggested that phi%

switchover in the cholesterol-carrying lipoprotein brofiTe could

. also explain the71ack of d demonstrable change in.total choles-

terol with exercise, in some’ cases, since HDL-cholesterol anﬁ tOL-
ché]estero] change in opposite directions.

Thérefore; the majofity of the comparative and training
studies have observed a positive re]atiohship between HDL and
endurance exercise.

| In the comparatiQe'spudiés, HOL and the percentage of
choiesterol cérr%ed by HOL we}e eTeQateq in.the‘endprance—trained
athletes.” In some cases the runners hadﬁa,highér alcohol intake
(Nood et al, i976;.wood et af, 1977), a 1owér percentage body fat
(Wood et al,1976; Martin et a1,1977; Wood et 41,1977)or
smoked less than the control subjectS(ﬂood et al, 1976; Enger et al,
1977; Wood et al, 1977; Lehtonen & Viihari, 1978A; Nikkila et al,

19788}, which could. account for some of the difference in HDL Tevels T

(see section on Factors Affecting HDL.Levels, p.60) But these factors

could not account for all the differences in HDL levels since KDL

and the HDL-cholesterol: total cholesterol ratio were still elevated

in studies where the alcohol intake was the same for both groups

(Martin et al, 1977; Lehtonen & Viihari, 1977A), relative body weight

was the same (Nikkila et al, 1978A).all subjects were non-smokers

L)

(Miller et d], 1979) and where dietary intake was very similar for the
athletes and contr61 subjects (Wood et al, 1976; Wood et al, 1977;
Lehtonen & Vithari, 1978A; Nikkila et al, 1978A;Wood et al (1976}.
Martin et al (1977) and Lehtonen & Viihari (1978a)noted that the HOL-

cholesterol differences couTd not be direct}y accounted for by
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| ‘différences {n aﬁjposit¥; Nikkila and colleagues; study - (1978A) of -
long-distance rﬁnnefs was the most comprehensive one in that the ex- ’
perimental and control subjects were ma&ched for age and relative

body weighﬁ, their diets were‘siﬁi1ar and the only émokers were 2 qf

the 10 males in the control group. In studies uti]iz{ng the general

population, the differeﬁbes in HDL between the active and inactive

subjects were not as great, but a positive relationship between HDL ~ .

and Tevel of activity at work (Lehtonen & Viihari, 19788) or during
leidare time (Miller et al, 19795 Williams et al, 1979) was still
observed in some studies. Other studies failed to find a significant
relationship (Brunner et al, 1966; Mjgs et al, 1977A}.

The training.studies are of greater interest than the
comparativé ones since thgy'can be used to suggest a primary cause
and effect relationship Eétween physical activity and HDL. The
majority of t%e training stuqies reported a significant inérease in '
HDL-cholesterol and/or in the ratio of HDL-cholesterol to total cho-
.Jesterol or to LDL-qho1esteroTIEA1tekfuse & Wilmore, 1973; Lopez-$
et al, 1974; Lewis et al, 1976; Leon et al, 1977; Erkelens et al,
1978; Gilliam & Burke, 1979; Ratliff et al, 1978; Roundy et al, 1978)..

Either an increase in tﬁ%?abso1ute Tevel of HDL-cholesterol or in’

the rétios would be considered beneficial in reference to CHD risk

(see section on HOL Activity in Relation to Atherosclerosis, p.48).
One training study reported an insibnificant decrease in HDL-
cﬁo]estero] (Widhaim et ai, 1978) and one study found ﬁo change
(Webster et al, 1978). Rrecise interpretation of many of the

results of the training studies is difficult since several

- e it il
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factors are lacking in the experimental design. The  |
relationship df'the';hanée in plasma triglycerides with the change

in HDL was. not determfned in gny of the étudies:- Since triglycerides
have been found to be negatively related to HDL- cho]esterol, an increase
uanLfcholestero1 cou1d be a result of a decrease in triglycerides rather
than be a direct result of the training. Tr1egcer1des did decrease’
éignificant]y in some studies {Lopez-$ et al; 1974; Leon et al, 1977;
Round;'et al, 1978: Type IIA and IV hyperlipoproteinemics}. But
triglycerides did not change s1gn1f1cant1y in other studies while
HDL-cholesterol st111 increased ( A1tekruse & w11more, 1973; Erkelens

et al, 1978; Rat]jff et.a1, 1978; Roundy et al, 1978: normal subjects)
iﬁdicating that the HOL-cholesterol increase accompanying endurance
exercise is not completely due to a decrease in trigTycerideS. Another
weakness in mény of the studies is 2 lack of a control group {Altekruse

& Wilmore, 1973; Lewis et al, 1976 Lopez-S et al, 1974; Leon et al, 1977;
Erkelens et al, 1978; Gilliam & Burke, 1978; Roundy et al, 1978; Widhalim
et al, 1978), so the possibility still exists in these studies that the

changes in 1ipids and Tipoproteins reported could be merely due to a

seasonal fluctuation. Several studies failed to mention any dietary changes

(Altekruse & Wilmore 1973; Erkelens et al, 1978; Ratliff et al, 1978;
Roundy et ai, 1978).' Thé outline of the training program was poorly
described or impossible to decipher in many.of the studies (Altekruse &
Wilmore, 1973; Erkelens et al, 1978; Gilliam & Burke, 1978; Ratliff et al,
1978; Webster et a{ 1978; Widhalm et al, 1978; Roundy et al, 1978). A

number of studies did\not record weight loss or change in percentage

body fat (Erkelens et aJ, 1978; Gilliam & Burke, 1978; Roundy et al, 1978).
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When such changes were reported, the extent, to which this change

contributed to\the'change-in HDL-cholesterol was not established

" (Altekruse & Wilmore, 1973; Lewis et al, 1976; Leon et al, 19773
,Rat11ff et al, 1978; Widhalm et al, 1978). Only Webster & coauthors

(1978) mentioned that any changes observed were 1ndependent of weight
loss but HDL-cholestero1 did not change in the1r study. None of the
studies recorded changes in smoking habits or in alcohol intake.
Since HDL-cholesterol has been found to be positi§e1y related to
alcohol consumpt10n and we1ght 1o5s (in some cases) and negatively

related to c1garette smoking (see sect1on on Factors Affecting HDL

Levels), any change in these factors cou1d result in a change in

HDL-cholesterol which would be independent of the effect of physical
activity or at least be an indirect result.  Finally, only three.studies
(Lewis et al, 1976' Leon et al, 1978; Ratiiff et al, 1978) assessed if

the endurance tra1n1ng program resulted in.an actual change in the

subject's level of endurance fitness, wh1ch is necessary if one wishes

to relate an increase in HDL-cholesterol to an increase in endurance
capacity, since participation in an.endurance training program does
not necessarily ensure that an 1ndividua1's functional capacity

will increase. The tfaining studies also varied a great deal in .
duration and intensity and in the type of dietary regime utilized,
which may signifiéant]y afféct the oufcome. The most complete

training study to date, that avoided most of the afore-mentioned

shoftcomings in experimental design, was that of Ratliff & colleagues

© (1978). In this study, HDL-cholesterol increased significantly by

8 mg%, on the average, after-ZO weeks of an individually prescribed
training program.. The weakness in this study is that the specifics --

of the exercise prescription procedure wege/é;t included and the

RICERREL P
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independeﬁt contribution of the decrease in ﬁercentage“body fat to the ,

increase 1n-HDL-choTestero1 was not established. :

Thus, at present, it is impossible to delineate from the training
studies an exercise intensity and frequenc& that would serve-as threshold
level after which one can observe a significant inc}ease in HDL-cholesteral
or in the perceﬁtage oflcholesterol carried by HDL. In the comparative
studies, the only clue that exists pertaining to the amount of exercise
required to efevate HDL-cholesterol is fouﬁd in Lehtonen and Viihari's
study (1978A). They observed that HDL-cholesterol was no higher in young
men who ran less than 25 km per week (Group B) than in the older sedentary
men (Group A). Most importantly, they noted that the HDL-cholesterol was
cTéar1y higher than normal in runners or skiers when the number of
kilometers run or skied per.week exceeded 70 km. These ¢bservations,
though informative, still fail to indicate an actual threshold in training
intensity and duration after which a significant increase in HDL can be
observed. Furthermore, some of tﬁe training studies in which subjects
ran Tess than 25 km per week .nevertheless observed an increase in HDL
(ATtekruse & Wilmore, 1973; Lopez-S et al, 1974; Erkelens et al, 1978; .
Gilliam & Burke, 1978; Roundy et al, 1978). The training study of Lopez-S
et al, 1974) should be given particular attention since HDL increased the
greatest amount of all the training studies. Although HDL was measured
only in the Tipoprotein form, the amount of cholesterol it carried could
be calculated since values for total cholesterol, LDL-cholesterol and
triglycerides were given. HDL-cholesterol appeared to increase 17 mgk.
Thé description of the program indicated that the subjects participated in
a very intensive exercise session but further details are rather sparse.
Therefore, the question concerning the specifics of the exercise prescription

required to elevate HDL-cholesterol remains unanswered at present.



CHAPTER III £

. ' METHODOLOGY

Introduction

Tﬁe,purpose of the study was to determine the effert of
aercbic exercise on HDL-cholesterol in men. To establish that a ’
change {n HDL—cﬁo1estero] in the experimental groue‘would be related
to the training progrem rather than‘to a seasonal variation, as has
been found for plasma cho]estefoﬂ and triglycerides (Warnick & Albers,
1976), a control group was Tollowed concurrently. ATl subjects
underwent a Titness test before and after the training-program, but

the control subjects did not pakticipate in the exercise class.

Subjects

Subjects were males, age 25-59 (mean age of 40.5; experimental
group =41.25; controi group :45.5). They-hed normal levels of trigiyce-
rides £ 150 mg% and had a history of high cholesterol that remained high
or was‘contrelied at the time of intake. Subjects did not exceed their
recommended weight by more than 20%. They had no hTStOFy or c11n1ca1

indication of CHD, uncontrolled hypertension (d1asto11c > 95 mm Hg and

systolic » 140 mm Hg), orthoped1? problems or abnormal glucose tolerance.

This profile was selected since HDL- cholesterol is related to sex. It
is not related to age in adult men. It has a Tow negative correlation
with plasma triglycerides, while it is not directly related to plasma’

chokesterdl. HDL-cholesterol can be slightly negatively

S P -L-.W
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correlated with body fat and the cho1estero1—b1nd}ng capac1ty of HDL |
differs in diabetics. ' These 1nd1v1duals were considered to be at some
risk of CHD due to‘their age, sex and history of high cholesterol.

All subjects were requested to establish a regular dietary pat-
tern, one month preceding the program, and to maintain it throughout
the twelve-week period. They were: adv1sed not to change their cho]es—
terol or carbohydrate intake 1n'part1cu1ar, since a change in the die-
tary cholesterol content(an affect the serum cholesterol levels (Got- .

to, 1979) and 2 high carbohydrate diet has been found to lower HDL<choles-

téfo1-(81um et al, 1977). Both groups Qere requested not to change

their habitual leve] o; physical avtivity during -the progrém. Informa-
tjon pertaining to dietary adherence, smoking habits, me?ications pres-
cribed and physical activity levels of both groups was obtained by a |
questionnaire.(Appendix A) ét-%hefbe;iﬂﬂfﬁﬁ and end of the twelve-week

period, in order to determine if these parameters had changed signifi-

PR
-~

cantly aver the cogrse\of the study. If physical activity levels inc-

reaéed significantly in any of the subjects in the control group, thesé
subjects were excluded from the study. A change in the average daily
dietary content was glso e!glyaxed—by-eomﬁaping-a_seven—day record (Ap-
pendix g) of their dietary intake at the beginning of the program with
oné submitted at the end of the program. Their daily pre- and post-
training intake of cho1és;er01; carbohydrates, total fat, unsaturated
and saturated fat, protein, a1cqho1 and total calories, and the ratio
of unsaturated to saturéted fat, were included in this evaluation.

On intake, there were .sixteen subjects in the experimental

group and fifteen in the control group. Several subjects from each

‘group were lost after .their initial fitness test, or during the

p
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remainder of the siudy period. Ih the experiﬁiﬁta1'group, fwo subject§
dropped out of the c]ass ‘one did not attend more. than 60% of the classes
(while the other participants attended at“ieast 80% of the cTasses) and
one subject's ability to train was prevented due to the presence of. chro-
nic obstructive Tung d{sease. In fhe control group, one.subjectjcou1d
not be inciuded dué to the occurrence of frequent premature ventr1cu1ar
contractions during his initial fitness test. and a second subJect could
not complete the test due to the presence of periphera] vascular disease.
During -the study period, two subjects in the control group trained a suf-
ficient amount so as to be deemed unacceptable to the group. Finally,
one subject in the control group-refe;ed to undergo the final fitness test.
This left twelve subjects in the experimental group and ten in the dontrol
group.

. The data from the control Qroup was obtained, on the average, one

month after that of the experimental group.

Testing Procedures.'

3

Subjects received resting ECG's and complete physicals before
being accepted into either the experimental or the control group. A
full explanation of the study was given and the subjects' informed

consent ;5?‘u§;ained for the testing and exercise program.

Anthropometric Measuremgnts:
Height, weight, tricep, mid-axilla and chest skin-folds were
measured on the subjects, before and after the twelve-week period, in

order to estimate their percent body fat and desirable weight. Percentage
body fat was determ1ned using the prediction equation of Pascale et al(1956)
" as outlined on page 10.
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Fitﬁéss'Testing-Procédures;' L o - . S

.For the p}e- anphpost-train%ng test, the subjects undenwenébi
an ECG monitored, Qo]itional ma;imum oxygen'uptqke (Mﬁoz)\ freadﬁill N
test, accofding to,fhe_protoco] of the Department of Kinanthropology,. _;;_ ‘
University of Ogtgigﬂfibbéndix C). The results were used in detérﬁi- v .
ning their cardiovascwjar fitness level and training heart rate when
required. Resting hear rate,'and reclining and siﬁtfﬁg blood pres—,.
sure were heasured before the test. '_

- After a 3-minute warm-up at 3.5 miles per hour at 2% ele-
vation, and a 2—mihute‘resf_period, the subjectsrugi? required to walk
on a motor-driven treadmill (Quinton 24;72). while the speed or eleva-

tion was increased at the end'of each 2-minute interval. Heart rate,

ST Tevel. and ST slope were measured eath_minute, and diastolic and

s
-

~.systolic blood pressure were determined every second minute. Expired

.
gas was collected at several stages during\the test. and during the

Tast stage in particular.
On termination ofithe test, the subjects coﬁ%;ﬁged to ya1k
for 1 minutg at 2.5 mph and 0% elevation. They were then'segted for a
S5-minute recovery period. Heart rates, ST level and ST slope, dias- S
tolic énd systolic blood pressure were monitored throughout the re-
covery period. . . '
If the subjects did not voluntarily end the test, it was
terminated according,to.thé'guideliﬁggfbf fhé American College of
Sports Medicine (1975). Thelmajqr criteria utilized for cessation

of the test'were:

1. The presence of successive or multifocal prema-
ture ventricular contractions (PVC's), the ocqur-
rence of 2 PYC's within a 6-second interval, or

™ a PYC falling on a T wave.-

AR
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‘ 'Njf  égiA rapld cont1nuous fall in the ST2 segment below -2mn§or

i an ST2 segment read1ng of" -2 Smin. v
_3.”A horizontal or- downs1opnng ST2-51ope, with an STé segment W

- depression of -1 mm or more. _ : . C

\ - T .'x
4. A rise in the dlast011c blood pressure over 100 mm Hg, or.

a rise of more ‘than 20 mm Hg. .

i 5. A'sudden or continuous fall in the Syetoiic blood pressure.

6. Symptoms of significantexertional intolerance such as diz-
‘Ziness, angina, unusual fatigque, c1aud1cat1on ‘or- pain.

7. Signs of intolerance, such as staggering, mental confusion,

cyanosis, pallor, dyspnea or nausea.

The heart rate was recorded on a Qu1nton 60§ Exe:cise Cardio-
tachometer. The ECG was monitored‘on'd'auinton ECG:isoiation Amp1i-
fier (768-160). ST2 level and slope were registered on a Quinton ECG
Data Computer (740). Expired 0, and 602>were collected in 2 Ti§§ot
Gasometec and analyzed by a Godart Oxygen Analyzer and Godart Capno-
éraphc VOZ’ VCOZ, ECG, VE and b eath1ng frequency were recorded on a
Narco Four-B Physiograph. The V and breath1ng frequency were obta1ned

via a potentTOmeter attached to the Tmssot. -

Training Program

The ekberimenta1 group participated in a twelve-week, 3 times

per week, aerobic exercise program. Each 45 minute session included a 10 to

20 minute warm-up, 10 to 25 minute jog, 5 to 10 minute cool-down, and

~

5 minute relaxation period ' T s
Durfdé the jogging period, the subjects were asked'to work at —

a heart rate correspondfng to that of 60% of the maximum heart rate

calculated by the equation: 60% MHR =.6 (MHR - RHR) + éHR. where

MHR = maximum heart rate and RHR =rest1\ng heart rate.
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The subaedts mon1tored the1r pu15e 1mmedrate1y aften the Jog and adJusted

the1r pace accord1neg

- L

—— The initial two-week per1od was used for acc11mat1zation t6 jog- -

g1ng for an. extended perlod of t1me The subJects Jogged for 10 minutes,
in 1 minute intervals, with a 30 second waTk period in Between in the.

f1rst cTass and monitored the1r 10 secondrheart rate by carotid palpa-~

tion. This Jogg1ng/wa1k1ng procedure continued throughout

the f0110w1ng two-week period, with gradual extens1on of the t1me per1od

“for each jog, consequently reducing the number of rest per1od§ (Append1x

D ). By the beginning of the third qgek, aiT subjects jogged for a con-~
tinuous 10 minute period. For the rémainfhg ten weeks, the jogging dur-
ation was graduaf?y.inbreased to 25 minutés, maintaining the prescribed

heart rate through adjustment of speed. The total duration and distance

of the run were recorded at the end of each sesston for every subject.

The subjects ran an average of .7 miles (1.1 Km) in 9.6 minutes at’the

end of the third week, and'an average of 2.5 miles (4.0 Km} in 23.4
minutes at the end of the twelfth week.

o

Blood Analysis o .

-—

Fasting (12 hours) venous blood samples were obtained at the be-

ginning and end of the program, to estimate plasma triglycerides, chol-

_ esterol and HDL-cholesterol. A second, non-fasting sample was taken

~within 10 days of the first;'and'ana1yzed for cholesterol and HDL-chol-

esterol, in order to obtain an average value for these two blood lipids.
The serum was prepared by centrifuging the blood at 2,000 RPM for 20

minutes, after remaining for 1 hour at room temperature. The serum was

-
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decanted and frozen at -Zdolfor a maximum of three weeks for mb?t samp]éé;:'f@lﬁ

 The frozen Serum was used for HDL chq]estero1 and totaT chdiestero1

~

'ana1y51s Freez;ng.for six weeks (Reckless et al, 1977), two months
(Miller, 1977) and up to six-months (Wood et al, 197§) has been reported

10 have Tittle effect on the HDL-cholestero] values, but the precision of

the anéiysis has been found to decrease after six months.(ReckIess_et'al,
1977) The pre-training samples of some individuals in the cqntrol_group
were analysed after being frozen for two months. ' Triglycerides were ¢

analysed using fresh serum, within one week of obtaining the sample.

ﬂDL-cho1estero] Analysis:

HDL-cholesterol was isolated from VLDL and LDL cholesterol by -

" a, po]yan1on and bivalent cation prec1p1tat10n method originally deve]oped

by Burnstein and Samaille {1960).
" Sodium phosphotungstate and magnesium were used to precipitate
VLDL and LDL in this study since the more common heparin and manganese

method sometimes fails to precipitate VLDL and LDL\completely, due to

differences in the heparin preparation utilized (Lopei-Vire1Ta et al,

19778). This resulted in an overstimation of the HDL-cholesterol levels.

| The sodium phosphotungstate and'magnesium precipitation method
of Burnstein etha1 (1976) has been found torhave a .82 correlation with the
u}trécentrifugation method (Lopez-Virella et al, 19778}, but it may result
in anuﬁﬁerestimate in some cases (Albers et al, 1978). Sodium phosphotungstate
soiﬁtions remain stable for six months'(Lopez-Viré]Ta et al,. 1977B) unlike
the heparin solutions, so the solution could be used for a large number of
analyses, removing one means of variability in the HDL-cholesterol results.
It was not possible in this study to use the same so1utipn for all of.the anal-

yses, so one solution wés used for the pre-training samples of the experimental
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and the control group, but a secondISOIut1on was requ1red for the : -
analysis of the post tra1n1ng samp]es of both the exper1menta1 and the
control group. Ih1s-second solut1on was required since the‘exp1ny
date of the first solution had' passed. |
| 10¢‘u1 of a_sddium hhosphotunéstate so1utioﬁ (40 grams
<=0f phosphotungstic acid (FISHER) per litre of a mi¥ture of 1 M NaOH

and distilled water in a 16/84 ratio by volume) and 25 ul of 2 M Mg
€1, were added to 1 ml of serum. The tubes were covngd and vortexed
for. 20 seconds. They were then centrifuged for 30.minutes at 1500 x g
and at 4° C. " The supernafants were removed and aqa]ysédfor choles-
terol content. This method is the one outlined in the paper by Lopez-
Virella et al{19778) wpich compared the HDL-cho1eStefo1 resulfs of
the precipitation methods to those obtaineéd by the ultracentrifugation
analysis. ‘ - -

To determine the réproducfbiIity of the method, 10 aliquots
of pooled serum were analyzed fér HDL—cho1esteroI at the same time.
The average_HDL-cholgsteroT concentration was 44 mg% wifh a standard
deviation of 2] mg% and a coefficient of variation of 2.3%.

To determfﬁé‘the validity of the precipitation‘methdd, a frozen
serum sample that héd p}evious1y been analyzed for HDL-cholesterol by
the ultracentrifugation’method (reference method) was supplied by the
Biochemistry Department of the Qttawa Civic Hospital. The serum was
reported to contain 36 mg% of HDL-cholesterol when measured by ultra-
contrifugation. When the frozen sample was analyzed using the preci-
‘pitation hgthod, it was found to contain 37 mg% of HDL-cholestero]l.
One of these frozen'serum samples, 6f known HDL-choIesteroT concentra-

tion was included in the analysis of each set of samples. This frozen

-
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+ sample was considered to serve as a standard“for each analysis since

L

its HDL-cholesterol content had beeﬁ détermiped by the reference
‘method. N | )
| | To determine the inter-analysis vari§511ity, serum was
frozén in Ii.ml aliqﬁats and one of the aliquots was analyzed with -
ﬁhe analysis of éach sef of samples to provide for a quality'contnOI.
Sjnce therg were not many froien aliquots obtained from each‘batéh of
| serum, it was neéessary to use 3 differept serum batches tha£~were
frozen and utilized at different times. The mean, standard devia-
*  tions (S.D) and coefficieﬁ%% of variation (C.V) obtained from the
various analysis of tﬁése frozen §1iquots are ‘outlined below. The
results of the analysis of the standard from one time to the next

are included as we11£

Analysis Serum A Serum B~ Serum C Standard -~

Number from
: Ottawa Civic
- Hospital
“ (mg %) . (ng %) (mg %) (mg %)
1 56.4 - -~ -
* 2 54.0 46.1 - Y
* 3 45.0 . 41.6 : -- 29
* 4 © L 47.3 43.9 - 44
5 48.4 . 43.9 -- 38
6 ~- 45 50.6 =~ -
* 7 -~ -- 55.1 38
* 8 -- - 51.7 36
9 -- - 48.4 33
- Mean 50.0 44.2 51.5 36.3 '
S.D. . : 4.7 ) £1.5 £2.9 +4.6
C.V. 9.4% 3.4% 5.6% 12.7%

(* The serum samples of the subjécts in the study were analyzed at these times.)
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It should be nofed that the resu]ts,of these measuréments not onjj-'
;;fTéct‘the.Vahiabi1ity of the HbL-choﬂesterBl:precibitatfon method and
-cho1estero1 analysis, from analysis to analysis, but maj also reflect the
effects of-f}eezing to a'cgftain extenE. The coefficients of variation réport-

' éd ‘here are: quite high iq some cases. Coefficients of_variatidn.fof-ihé
inter-analysis precision of HDL-cholesterol precipitation methods have
‘been reported tq range from 4%lto'8% (Morrison et é], 1979; Van Gent et a1,
1978) Consequently, HDL precipitation methods can have an infer—analysié

variability that can be hﬁgher in some cases than the level which is ~

considered desirable for good precision (<5%) (Goldberg et al, 1978).

‘Cholesterol Analysis:
Cholesterol was measured enzymatically (Allain et al, 1974)’using

~an Abbott ABA-100 Automated Ané]yzer. The reagents and instrumentation'
utilized were from Abbott Laboratories, North Chicago,.Iliinois. The error

of the method is 2%. When ?he sample was analyzed in two separate runs, thé
difference in cholestercl was found to bg 3 mg%. When the prepared

cholesterol standard of 110 mg% was diluted in half and analyzed, the mean M:,
of the results of the differeﬁt runs (on different days) was 55 mg¥ with a |
standard deviation of # 2.6 mg% gnd a coefficient of variation of 4.7%. The
cholesterol values obtained for HDL-cholesterol were adjusted by a factor

of 1.125 to account For the dilution involved in the precipitation method.

o~ Friglyeertde-Analysisi—
Triglycerides were assayed enzymatically (Eggstein & Kreutz, 1966)
using an Abbott ABA-100 Automated Analyzer. The reagents §nd instrumentation

utilized were from Abbott Laboratories, North Chicago, I1}inois.




- statistical Ana1;;§sl”‘f o e o ;'. ! iﬁ;i‘
ﬁajor-Ana]ysis: |
| An analysis of Covariénce {ANCOVA) was cafried out on the
_ggta of the biochemical, physio16§1ca1 énd exercise per?d?mancé _
_;ariaSTes, to determine if.gn} of these va}iablés changed significantiy‘
in fhe experimental group as compared to the control group. ‘
‘ 2
Minor Aﬁa]y;es: ,
‘ CorreTation\Coefffc%ents, exbressed as a Pearson's r» , were
ca}cu1ated to determine the reiationghips between variables which were
coné{dered to be relevant td the study. The correlations include those
of HDL-choTestero1 with total cholesterol, frigTycerides, percent body fat
and MV0,, (1/min and m1/kg/min) and of HDL-cholesterol: total -cholesterol
with'tr1§1ycerides, percent body fat and MV02 (1/min and m1/kg/min). The
| statistical significanée of tﬁeée correlations was aiso determined. '
The pre~ and post-trafning seven-day dietary reports were
analyzed for-cholesterol, carbohydrate,f;qta1 fat, unsaturated and

saturated fat, protein and alcohol content, according to the values

given in Food-Values of Portions Commonly Used by Church and Church (1975).

Cholesterol content was supplemented by the values listed in Nutrition et

Diétothérap?é’%y Krguse and Hunscher (1978). The dgiiy intake of these
components was calculated and a Student's t test wé§ used to check for
significant differences between the pre- and post-training dajly dietary
| composition.
The pre- and post-training. questionnaires Jisting dietary

adherence, smoking habits, medication prescribed, and physical activity
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_levels were examined for. changes n. these variabies over the study ,;{f;i\

period but a statist1ca1 analysis was’ not carried out.
. For the purpose of this study, a statistically s1gn1f1-
cant d1fference was cons1dered to be present if the probability

level (P level) was found to be less than .05. This applies to the

results of all of the different ﬁbthods of statﬁstica1 analysis

utilized in the study. -



CHAPTER IV

-

- o . - -

RESULTS

Section I: B%ochemica1,-Physio1ogica1“and

Exercise Performance Variables

The pre= and post-training results of the experﬁmental and

r

control groups for the biochemica],'physipTogicaT and exercfse perfor-
mﬁnce variables are contained in Tables VII - IX. The-A section of
each table includes the results for each individual. The B section
contains the means, the standard devidtibns and the significance of
the differences noted.

S{nce the statistical design was one of an Analysis of
Covariance (ANCOVA), reference to the presence of a statistically.
signifiéant difference is based on the finding ;hat the post-training
values of the exercise group were significan;Iy different from those

of the control group, after having adjusted é]]'post-training values

by their respective pre-training values. When the increase or decrease

in a variabie of the experimental groqp_is referred to as being“statis-
tically significant, this is an interpretation based on the ANCOVA
results that if the adjusted post-training values of the experimenta]
group are significantly different from those of the control group, the
experimental group values must have changed significantly with respect
to the control group values. The level at which the difference between

the adjusted post-training values of the two groups is significant is
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indicated by a corresponding probabi1i€§ value (P). |
. Table VII A and Table-VII B contain the data for ‘the biochemical

variables which include HDL-choTesterol, tqtai cholesterol, the ratio of

; HDL-cho1ester91:tota1 cholesterol, LDL-choTesterol and trigTyceridé values.

"The HDL-cholesterol and total ého]estero1 values listed for the individuals

are~thepmean of a fasting and hon-f;s&ing sample. " The %as;ing ané non-fasting
values are listed separately in Appendix E1 and E2. LDL-cholesterol is an
estimate (supra P 16),‘théﬁefore more caution is required in ;hé‘jnterpretatioh.
of the LDL-cholesterol results as compared to those of the'EE;er biochemical

~ Table VIII A and Table VIII B contain the data for the physiological

variables which include resting heart rate, percentage body fat, diastolic

blood pressure and sysfo]ic blood pressure.

Table IX A and Table IX B Tist.the data for the exercise performance

 variables. These include maximum oxygen uptake measured in litres per minute

and, to account for differeﬁces in body weight, mi11111tres'pef kilogram per

minqte, maximum carbon dioxide production and maximum oxygen pulse. '
figures 4-16 represent the percentage change (post-training minus

pre-trainipg values éivided by pre-training values and muitiplied by 100},

in the variables measured, that occurred for each subject in the experimental

;nd control groups. Mean pgfcentage chaﬁge in the variable is also included

for both groups.

Biochemical Variabies: _ SN
HDL-cholestero] was 53.6 mg% pre-training and 55.3 mgZ post-
training in the experimental group, and 57.3 mg% and 57.2 mg% in the

control group. HDL-cholesterol did not change significantly in the
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. PHYSTOLOGICAL VARIABLES: Individual Data -
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T experimeﬁta1 aroup (P<.77) dhging tﬁe study period as compared'fo.the.
" control group. Individual chanﬁes-in_HDL-cho1esterdl are-ou;lined {n
| ?igure a. J | ‘

+6ta1 cholesterol decreased signiffcgnt1y (P<.025)51n'the
. expgrimenta1 group as'compared to the cohtro1 group. ChoTestero1 was
1owéredran average of 23.8 mg%-in the experimental group from 226.3
mg% to 202.5 mg%, while that of the confro1 group rose slightly from
218.6 mg% to 222.9 mg%. Figure 5 outlines the individual changes
noted for total cholesterol. ‘

The ratio of HDL-cho1estero1ftota1 cholesterol incfeased
significantly (P<.04) from .242 to .276 in the experimentaf group.
Thi§ is compéred to the ratio remaining quite stable in the control
group at .266 and .260. The ratio of the éxperimenta1.group indicates
that 24.2% of their serum cholesterol was carried by HDL\at tﬁé beginning
of the study and this increased to 27.6% at the end of the study
period. individua1 changes in the ratio are shown in Figure 6.

. _LDLécho]estefo1 was estimated usiné the Friedwald Equation . _
(supra page 10). LDL-cholestero] decreased significantly (P<.05) by 24
mg% in the experimental group, from 154.3 mg% fo 130.3 mg%. This is
compargd to the‘LDL—cholesteroT in the control group which <dncreased
_ s]iﬁhtly (4.1 mg%) . from i38.6.to 142.7 mg%. LDL-cholesterol changes
~for each individuéT are represented in’Figure 7.

'. Triglyceride 1eve15'for the experimehta] group were at thg
Tower end of the normal range at the peginning of the study (normal

,fésting trﬁg1ycerides 75-150 mg% ). The decrease observed in



triglycerides for the experimenta1 grodﬁ'over the study period from
90.5 mg to 85 mg % was not significant (P <.16) when compared to the
control group tr1giycer1de values, which remained stable w1th a pre-
training value of 113.4 mg % and post-training value of 114.8 mg %

The individual changes: in triglyceride levels are indicated in Figure8.

Physiolegical Variables:

3 Resting heart F&te in beats per minute (b p.m.) decreased in
both groups by approx1mate1y the same amount SO 2 s1gn1f1cant differ-
ence (P <.69) was not found between the post~training values of the two
groups. Resting heart rate in the experimentaT group decreased from a
préftraining heart rate of 71.7 b.p.m. to a post-training one of 64.3
b.p.m. The corresponding va]ués for the control group were 71.2 b p.m
and 65.4 b p m' Figure 9  represents the 1nd1v1dua1 changes in resting
heart rate that occurred over the study per1od

Percentage body fat remained stable in both groups. The ex-
perimental group demonstrated a 19.3 % body fat content, pre-training,
and a 19.8 % body fat content, post-training.' The éofresponding values
for the control group were 22 % and 23 %. Indivﬁdua1 changes in percen-
tage body fat are outlined in FigUré‘10. |

*  Systolic b]ood'pressure decreased 4.4 mm Hg in the experimen-
tal group, but this difference was not significént (P <.83) since it
also decreased 5.4 mm Hg in the control group. Figure 11. shows the
individual changes observed in systolic blood p}essure.

Diastoiic blood pressure decreased slightly but iﬁsignifi-
cantly (P<.11) in th; experimental group ﬁs compared to the control

group, from 73.8 mm Hg to 70.2 mm Hg. It remained stable in the
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control group, with a‘pre-ygaining value of 80.2 mm Hg and post-traiﬁing '

. o : [, .
value of 80.8 mm Hg. Figure 12 graphs the individual changes <in

diastolic blood pressure. : 0

~ Exercise Performance Variables:

. Maximum oxygen uptake (MVOZ) increased significantly in the

~

' experimenta1 group as compared to the control group, when expressed in °

either litres per minute (P<.02) or millilitres per kiTogram per

minute (P < .005). 'Mﬁoz increased .3 1/min from 2.8 to 3.1 1/min in the-'“
exberimenta1 group,'buf remained at 2.6 1/min in the control grgub. Nhen
expressed in m}/kg/min} M\Z’O2 increased 3.5 mi/kg/min from 36.0 to 39.5
mi/kg/min, while the control group M\}U2 remained stable (33.4 m1/kg/min,
pre-training and 33.2 ﬁ1/kg/min, post-training). Figures 13 and 14;out-

line the fﬁdjvidua1 changes‘ir‘l'M\.{O2 when expressed in.1/min and ml/kg/min"

-respectively.

Maximum carbon dioxide_preduction (MﬁtOé) increased .6 1/min

in the experimenta1.gfoup from 3.1 to 3.7 1/min. M\-ICO2 also increased

.2 T/min'from 2.9 l/min‘te 3.1 1/min in the control .group, but the post-

training value of'the experimental group was still significantly

different (P <.04) from that of the control group. Individual changes

in'M&COz are graphed iﬁ‘Figure 15. |
';?;The inerease in.maiimum oxygen pulse was highly significant

(P {.002) in the experimental group, as it increased 2.1 ml/beat from

-16.?_t0 18.3 mi/beat. This is compared to maximum oxygen pulse in ‘the

cantroT group, which remained static (15.2 ml/beat, pre-training, and

15.1 ml/beat, post-training). The changes observed in maximum oxygen

_pulse for each individual are outlined in Figure 16.
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Section II Correlat1ons Relevant to the Study - . [ P

Table X presents the correlation’ between HOL- cho1ester01 and tota]
cho1estero1 triglycerides, MVO (1/min and m1/kg/m1n) and percentage body
fat: and between the HDL- cho]estero] total cholesterol ratic and trlg]ycer1des,
MVO2 (1/min and m1/kg/min) and percentage body fat Tab]e X conta1ns the
pre- and post training correlations and the correlat1ons between the changes .
that todk place in the variables during the course of the study for both
the experimental and the control group. The number of subjects used in the
various correlations differs since Mﬁoz, in 1/min and ml/kg/min, and M\:'CO2 ‘r“~e___;/
values were not available for one subject (#12)‘in the experimental groue
and for one (#1)‘in the control group. Similarly, the values of these two
indivfduaTs, as well as for one other person (#10) in the experimental
group,were unavailable for maximum oxygen pu1;e.

Each correlation is expressed as a coefficient which-nepreeents
a Pearson f value. A star (*) next to the coefficient indicates that the
corre1at1on is s1gn1f1cant at a P lével of < .05. Significance in a correlation
does not necessar11y indicate 1mportance of that correIat1on but rather that it |
is stast1ca11y d1fferent from zero. The s1gn1f1cance of the correlation is
1arge1y dependent on group size, so correlations that have not been found to
be s1gn1f1cant should not necessar11y be disregarded. Therefore, w1th the -
relatively small grodp size in this study, even relatively high corre1at1one
did not reach significanceiin-some cases.’However, non-sianificant trends
were noted in the context of the existing literature. The relevance of these
high but non-significant correlations nevertheless must remain questionable.

The reTat1onsh1p of HDL- choTestero] with tobtal cholesterol for -

the exercise group was .26 pre—tra1n1ng, .07 post-training, and .18

for the change in ﬁhe'variab1es during the program. The correspon-
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TABLE X
CORRELATIONS- RELEVANT TO THE STUDY
VARIABLES CORRELATION
Experimental Group| Control Group
Pre |Post |Diffe- | Pre [Post [Diffe-
rence : rence
HDL-cholesterol & total cholestercl| .26| .07 .18 | -.35] .11]-.10
- : |
HDL-cholesterol & triglycerides -.471 =-.55 W12 =66 | =49 ] =.47
HDL-cholesterol & 7 body fat =33 =17} .15 | -.63|-.80]-.41
HDL-cholesterol & MV0, (1/min) -.07| .12| ~.37 | .33| .59|-.46
. *
HDL-cholesterol & MVO, (ml/Kg/min) .08 .30 -.40 .56 77| -.38
HDL-cholesterol/total cholesterol o " "
& triglycerides -.61|-.52 A9 ) =73 -.72 | -.80°
HDL-cholesterol/total cholesterol _ 5 a
- & 3 ‘body.fa't' .20 L1211 -.02 -:79 ]| -.87 | -.57
AHDL—chblesterol/total cholesterol -
&-MVOZ.(I/min) 3L -7 -.29 .50 45 -.33
HﬁL—gholésterol/total cholesterol - . " *
& moz (m1/Kg /min) 06 {1 .01l -.27 51 71 -.23

' * significant at P <.05
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ding correlat1ons of’ the controI group were - 35 .11 and —‘10 None |
of these correlat1ons demonstrated a strong re1at1onsh1p between HDOL=- -
cholesterol and tota1 cholesterol.

The correlations of HDL- cho1ester01 with tr1g1ycer1des in 7
the exper1menta1 group were -.47, —.55 and .12 for the pre-training and
post—tra1n1ng values, and for the change in the variab]ef:durihg the
study. The correlations of the pre-training and post-training va}ues
for the contro] group wefe in a similar range (-.66 and -.49; respecfiye1jy,

——but~the correlation of the way in whith HDL-cholesterol changed'with

respect to the direction and magnitude of the triglyceride change was
-.47, which differs from that found in the'experimenta1 group. The
pre-training correlation of -.66 in the control group was significant.

The HDL-cholesterol and percentage body fat correlations in
the experimental group were -.33 and -.17 for the pre-;raining and post-
tfaining values. The same correlations in the control group wer'E:b
stronger (-.§3 and -.80) and were statistically significant. The
correlations between the way in which.HDL-cholesterOT changed with -
respect to the change in percentage body fat were .15 for the experi- -
mental greﬁp and -.41 for the controf group.

HDL-cholesterol and max imum oxygen uptake (1/min) demonstrated .
a -.07 and .12 correiation for the pre-training and post-training values
in the experimental group. These correlations in the control group were
.33 and .59. The correlation of the change in HDL-cholesterol and the
change in M\}O2 (1/min) was ~.37 for the experimental group. and -.46 for
the control group. When Mﬁoz was expressed in m1/Kg/min, the pre-trai-

ning and post-training correlations for the experimental group were .08

and .30. These values were .56 and .77 for the control group. The post-
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tra1n1ng corre1at1on of" 77 was s1gn1f1cant The corre1at1on5between

the changes in HDL- cholestero] ‘with the chanqes in MV02 (m]/kg/m1n)
were -.40 for the experimental group, and -.38 for the control group
. The correTat1ons of HDL- cho1estero1 : total cholesterol rat1o
' with tr1g]yggr1des for the exper1menta1 group weré -.61, -.52 and .19
‘for the pre-training and post-training values and for the‘changeg'that
~occurred oQér the giudy-period; respectively. The corresponding corre-
) lTations for the control group were -.73, -.72 and -.80. The pre-train-
| iﬁg corre]afion of -.61 in the experimental group and all three corre-
lations in the control group were sign{ficént.
,.f C The ratio demonstrated a correlation with percenfage body fat, in
the experimental group, of ,20, .12 and -.02, for the pre-training and post-
trainiﬁg}va1ues and for the changes observed over the study period, respec-
- _ tive1§. In the case of the control aroup, correlations were -.79, -.87 and
-f57.‘The pre- and pbst-tra{hing correlations of the control group were
significant. ‘
The correlations of the ratio and M\}O2 in 1/min for the ex-
perimental group were .31 for the pre-training values; -.17 for the
.  post;training values, and -.29 for the changes in the variables that
took place. ‘In the control group, the correlations were .50, .45 aﬁﬁ
-.33.
" MWhen M‘.}Q2 was expressed in m1ﬁgg/min, its correlation with
. the ratio in the experimental group was .04, .01 and -.27 for the pre-
and pgstﬂtraining valpes-ané for the changes in the variables. The
same éprre]ations in the contfo1 group were l?s, .71 and -.23. The
pre- and pbst-trajning corre]aiioné of fhe contrb1.group';ere'sig-

—— nificant.
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Section I1I: Daily Dietary Composition,

Dietary Adherencé,

_Smoking and Exéfcise Habits,

and Prescription Medication

Analysis of Daily Dietary Composition:

The results of the analysis of the pre- and post-training
seven day dietary reports are contained in Tables ¥I A a I B. Table
XI A contains the pre- and post-training dietary intake of cholesterol,
carbohydrates, total fat, unsaturated and saturated fat, protein, and
alcohol, expressed in grams or milligrams consumed per day. Table XI B
also contains the pre- and postJtraihing intake of theiabove—mentioned
dietﬁry components, but in this case their dietary composition is ex-
pressed as a percentage of the total daily caloric intake. Tab1é XI B
also Tists the total daily caloric intake, as well as the ratio of poly-
unsaturated to saturated fat.

Since there was a poor return of the post-program dietary

“reports (2 out of 10) in the contfol,group, jt was not possible to de~
termine if there were any changes in their dietary habits over the study )
period, so only the diets of the experimental group were.analyzed.
0f the two diets returnég in the control group, tﬁ? pre- and post-train-
ing ."daily dietary compo;ition appeared to be very'sim11ér, but this is
speculative as a statistiéa1 analysis could not be carried out. In the

- experimental group, there were seven subjects who returned bdth their

pre- and post-training Qjetary reports'(subjects #1,3,7,8,9,11 and 12).

~ The mean of the pre--and postetréining values for each aietary

component analyzed is given in Tables XI A and XI B, along with the
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) stan@ardqdevi;tions frém the ﬁean;'ahd'fhe presgﬁce of any significant__
différenceé_between the‘pre- andipost-training value;. |

fﬁg'dain cholesterol 1ntéke befofe the stﬁdy was 306;2zmg

- and 297.8 mg afterwards. The mean daily carbohydrate content was -178.6
gms at the beginning. and 164.6 gms.at the end of the study, which was
equivalent to 41.0% and 41.5% of the total daily caloric intake, respec-
tively. Totai fat‘intake per day was 72.9 gms, pre—traﬁning, and 64ﬂ5
ams , pqst-training. This represents a dai]y.fat intake that made up
37.3% and 37.6% of the tofal-ca1ories. Unsaturated fat intake was 10
gms/day before the study and 9.2 gms/day afterwards, correspondi&é to

‘4.9% and 5.2% of the total calories. Saturated fat iéfake was 61.4 éms/
day before and 54.4 gms/day'éfter the training pefigd, which was'equiv;-
lent to 31.7% and 31.8% of the daily caloric intake. Protein intake,

. pre-training, was 97 gms/day and 85.2 gms/day, post fraining. Prbtein
comprised 29.6% and 29.1% of the total calories consumed pe% day. Al-
cohol intake was 10.6 gms/day before and 12.3 gms/day after the study.
Both qf these amounts represented S%IOf the total daily caloric intake.

" The total daily caloric intake was 1817 Keal/day inifially, and 1649
| Keal/day a%‘the end of the study; The ratio of uﬁsaturated to saturated
| fat was .15, pre-training, and .17, postltraihfhg. The ratio is an
//* underestimate since often the polyunsaturated fat content of the_food
was not listed. None of the dietary components were found to have
changed significantly over the course of the study, as indicated in

Tables/XI A and B, when the P level was set at £.05.
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D1etary Adherence

Smoking and Exercise Habits

| and Prescr1pt1on Med1cat1on
0f the quest1onna1res (Appendix A ) returned for this sect1on,’"—-"

“twelve out of twelve subJects in the exper1menta1 group comp]eted both

pre- and-post—tra1n1ng quest1onna1res. This was the.case for seven out

of ten subjects in the contro1 group.

D1etary Adherence

Dietary compos1t10n was covered in the prev1ous section, but

the subJects were also requ1red to g1ve a subJect1ve analysis of the1r "a

dietary composition and adherence. As indicated by.the quest10nna1re responses,
the dietary compos1t1on was not reported to have changed for the maJor1ty
of the subjpcts in the experimental and contro1 groups. One subJect ( 2)
in the expéiimenta] group had_begun a.JOW‘caﬁorie and Tow sugar diet 3%
‘weets before the end of the study-period.‘ This subject did not return
his post-train{ng daily dietary record, so confirmation of‘this change
was not poss1b1e "One subject (#6) in the exper1menta1 group had re-.
turned to a. Tow cho1ester01 diet one week prior to the beg1nn1ng of the
program In the control group, two 'subjects (*5 and—*S) indicated that
they were foT]ow1ng a 1ow sugar d1et only in the postetra1n1ng ques-
~t1onna1re. .D1etary adherence in both groups d1d-not change over the
study period. o
Smok1ng Habits: - : ":,_“

In the exper1menta1 group, smoknng hab1ts did not change

»|dur1ng the tra1n1ng perxod One subJect (73) had ceased smoking four

_months pr1or to the 1nceptwon of the study In the control group, one

//
\
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' Exercise Habits: : o ~ ‘ ' . TS

“ Prescription Medtcation:

-subJect (#8) Tncreased his c1garette consumpt1on by 15 cigarettes per |
day. Two subJects (#2. and #10) in the contro1 group a1so reported that
they had stopped smok1ng c1garettes 2 3 weeks before the begwnn1ng of
the study e

- -

- In the exper1menta1 group, there were no changes in exercise

" habits. other than those 1mp11ed by the tra1n1ng program. In the control

group, subJect #T 1nd1cated that he had increased his degree of physical
activity from the.pre—tieining Tevel by adding 30 minutes of temnis and
40 minutes of fast wé1king to his'week]y‘exerciée routine. Un]1ke two

other subjects in the control group, who were exc1uded from the stu-

'dy " since they reported on the post- tra1n1ng quest1onna1re that they
had begun an 1nten51ve tra1n1ng program: dur1ng the study period, th1s e

-subject (#1) was still qncluded as it was dec1ded that the extent of

the increase in’his training was not great énough to necessitate the ex-

clusion of his data from the results. A chahge in his aerobic cépatity L

could not be determined since he could not coﬁp]ete'the post-training

test due to a back problem. . . . s

.y,

. . ‘\)
In the exper1mental groun, the med1cat1on of subJect #9 had

“kbeen changed from Inderal, Donnatol and DJovoJ_to Progethyrox1n. Sub- -

:jett #11 began Allopurino] therapy .and subject #12 begah to take Mot-

rin therapy during the training behiod; In the control group, subject

#3 was taking Zyloprim at the beginning of the'study; but had ceased

- . .
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PR “taking'{f at the:end The preschpt1on of subaect #4 had been changed ;

- from Inderal o, Bem1na1 dur1ng the study per1od LTIl
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" CHAPTER V
DISCUSSION

The endurance training program administered in this study
demonstrated a chronic effect on several of the variables measured.
Exercise was acéompanied by an increase in maximum aerobic capacity

[

(expressed in 1/mih and -ml/kg/min) ,maximum carbon dioxide production,

- maximum oxygen pulse and an increase in the HDL-cholesterol:total

cholesterol ratio. It decreased total cholesterol and LDL-cholesterol.

HDL-cholesterol, total trigiycerides and percentage body fat were not

. significantly changed. A-lack of change was also seen in resting heart

rate, systolic blood pressure and diastolic blood pressure.in the present

study, unlike many other studies of the chronic effect of aerobic exercise

on biochemical variables, the efficacy of the treatmént (i.e. the aerobic
training program) was determined and found to have been significant since

the aerobic capacity of the experimental gfoup increased while that of

"the control group remained unchanged. This measurement allows one to

more directly relate the changes that accompanied the treatment to an incredse

in:aerobic fitness and avoids the possibility that the treatment failed to -
produce fhe desired effeé&. But, noting that aerobic cépacity has incfeased
does not immediately allow oﬁe to assume that this change in aerobic

Titness is the sole cause for the changes obesrved in the biochemica1 

variables since other factors such as changes in diet,dietary adherence,exercise |

" outside of the treatment period,smoking habits or prescription medication
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could a1§o haﬁe effectéd the results. It is desirébTe, consequently, to
check these factor§ aé well. In the present study—fhere were QEry_few
changes jn dietary adherence, exercise habits, smoking habits or pres-
cription medication dufing the study bériod in'eifher grbup“éﬁa there
did not appear td,be a:definite re]atipnship‘betweén the few changeér
that occurred ih these factors with the changes observed in the bio-
cﬁemica1 parameters. In reference to dietary changes; the diéfary
intake of the experimental group, whether exbregsed in absolute amounts
of as a percentage of the total caloric intaké, did not change signifi-
cantly over the study period, so it is unlikely that the chaﬁges observed-
in the biochemical variables are attributable tb.ehanges in diet alone.
‘Such a conclusion is dependent‘ﬁpon the following assumptions: 1) that
the diets of the seven éxperimenta] subjects who returned both pre- and
post-study diets werelrepresentative of -the diets of all twelve subjects
in this group; 2) that; since the dietary changes of the contro1-grodp
could not be assessed due to a poor return of théir dietary records, a
useqsona] variation.in one of the biochemical variables was not masked by
a consistént-change in the diets of the confro]lgroup in such a way as to
obviate the abpearance of a seasonal change. Furthermore, the ﬁsé of a
‘cohtroTlgroup.Qas necessary in order té ref1ecf the normal seaspnaT vari-
‘ations thaf hay-occurrin the parameters measured. Ité use in this study .
is dependent on the assumption that fhe disblacement of time of one honth'
between the procurement of.the blood samples of-the'eXperjmentaI,groub aﬁd
of the control group did not affect the ability of the control group to
reflect the normal seasonal variations of the biochemical parametérs for
‘both groups. Reports of thé seaasonal variation over tﬁe periods of' 1)
Mérch T to April 1, 2) June 1 to Juf} 1, and 3) March-April to June-

July show very little variation in total cholesterol (Warnick&Albers,1976).
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According to the same.report (Warnick & A1bers; 1976}, .there is also “f“fkf}
11tt1e seasonal’ var1at1on in tr191ycer1des for the per1ods of March 1 .
to April 1 and June 1 to July 1. There is a seasonal decrease in
triglycerides over the March-April to June-July heriod but this
decrease _would be seen in both groups. ;In the case'of the seasonaT‘
var1at1ons of HDL -cholesterol, samp]es obtained from a Danish popula-
t1on at the beginning of March were sT1ght y higher than those obtained
at the beg1nnindof~Apr11 {(+3.5 mg %\)(Van Gent, et al, 1978).

) Converse]y HDL-cho]estero] was 2 mg% lower in samp1es obtained at the be-
g1nn1ng of June than those taken at the beg1nn1ng of Ju]y. There

was also a seasonal 1nqrease from the March-April to the June-Jujy
period but, as in the case of triglycerides, thjs increase would have
occurred in both'grodps; Thérefore, it is unlikely that the one month
dispTacement:in samp]ing‘tiﬁes_between‘the experimenfa1 and cqntfo1
.groub wduld.have greatly affected the results. |

Total Chd1estero]‘

The decrease in total cholesterol observed here reflects
the f1nd1ngs of severa’l other stud1es that attempted to determine the
chronic effect of endurance exercise on total plasma cholesterol. Not
only was fhe'respinse of total cho]esteroT simiTar in direction of -
change, but the magnitude of change was similar to that seen in several

™~
studies as well. Notably, in the studies that repmted a similar per-

centage reduction, initial cholesterol levels wereH;d the same range as

the levels in this study. In the present study, total cholesterol fell
10.5% (from 226.3 mg% to 202.5 mg%) which is similar to the reduction

| recorded by Altektusez & WiTmore (1963){10% decrease, from 224 mg%.to

201 mg%), Rochelle et al. (1961)(11% decrease, from 203 mg% to 181 mg%), -
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Campbell et al (1966)(12% decrease, from 213 to 195 mg%, and

Campbell (1965) (1% decrease, from 180 mg% to'161 mg%). -In studies .
where a greéteé_?égree of reduction was oSServed, the initial |
plasma cho1estgr01'1é¥e1s were génerally highef as seen in the

studies of Golding (1961) (26% decrease, from 3;2 mg% to 253 mg%)

and Naughton & Balke (1964)(20% decrease,from 2§0 mg% to 21p'mg%).

The findings of a similar degree of reduction occurring in subjects
with similar initial choTéstero] levels appears to support the

previous suggestion ‘(see chapter II, p., 67) that the exténtof cho-
lestero] reduction following an ercurance exercise program may be posi-
tively related to the initial cholesterol level. Unlike many of the
training studies which failed to account for other possible confounding
factors, ‘it is un]jkéiy that in this study the reductions observed

were  due to weight loss, change in diet or seasonal fluctuation.
’ \

I
- Such is the casersince 1) the subjects didn't Tose weight or decrease

their percentage body fat, 2) the pre and post-program diets were not

. significantly different and 3) a control group was utilized whese‘tqggj

cholesterol did not change over the study period.

The mechanism whereby endurance exercise effects a reduc-

- tion in plasma cholesterol is generally not known. Some studies

haye suggested that the decrease is due tp_the increased output of
cho1esfero1 and bile écids into the bffe and the increase in bile flow
which is seen during acuté bqt prolonged endurance'exercise in rats |
(Malinow et al,1972) and in humans (Simko and Kelley, 1979). Since
bile acids are reabsorbéd_much more readily than cholesterol, Simko
(1978) states that cholesteroil, buf not necessarily bf]e'acids, would

be Tost to the feces as a result of and during regular exercise. Due

141
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to the 1ncreased bile ac1d output and b11e flow durIng exerc1se as

_ we11 as its rap1d reabsorpt1on, it is ~thought that there would be an

1ncrease 1n_the number of circulations of the bile acid pqo] which
would inhibit the hepatic and intestinal biosynthesis of cholesterol.
Such an explanation of a_%eduction n cholesterol synfhesis would on-
ly be possib]é if the cholesterol returning with the increased number
of circulations is adequate, since a low return of cho]ester61 in the
biTe acids to the Tiver wou]d‘stimUIate-hepatic cholesterol synthesis.
Also, an increased return of bile acids to the 1iver cou]d inhibit the
hepatic synthesis of more bile acids from cholesterol unless there was
also an accompanying increase in the loss of biTe acidéltp the feces.
Simko (1978) goes on to suggest that a decrease in plasma cholesterol.
could be éue not only to a decrease in hepatic synthesis but also a de-
crease in the absorption of exogenous cholesterol. To provide support for

the various mechanisms suggested, Simko (1978) notes that as a result of

"~ chronic endurance exercise in rats, in the resting state, there is a de-

crease in biliary an& hepatic cholesterol, a decrease in adipose and red
blood cg}l cholesterol and no change in bile acid concentration in the
bile. The decrease of adipose and red blood cell cholesterol is consid-
ered to be indicative of an increase in cholestero] transport from the
periphery, while the decreased hepatic concentration suggests that exer-
Cise promotes hepatic cholesterol catabolism. In humans, & decrease in red.

blood cell choTest%ro{ has also been observed as a result of acute

endurance exercise (Simko & Kelly, 1979).0ne cannot exclude the
possibility,though,that these:observations: indicate the-converse
i.e. that a decreése in’ cellular: cholesterol uptake and-adecrease

in the synthesis of hepatic:cholesterol tould have-occurrad .
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But, one would tend to faQour the previous suggestion of an
iédréaée in cellular cholesterof Toss since exercise can promote
. the utilization of fatty acids from adipbcyte stores-and it has
been demonstrated that the cholesterol is removed concomitantly as “
trig]yéerides are lTost from aaipocytes during calonie-restricted
regimens (Nestel & Miller, 1978). To substantiate this suggestion,
it is.notable that an increase in peripheral cholesterol transport
has been related to the enzyme * LCAT and to HOL (Glomset, 1968)
and both increasé with endurance exercise (Lopez;S, et al, 1974).
“Interestingly, the cholesterol lost from adipose tissue during
weight reduction was carried largely by HDL (Nestel & MiiTer, 1978).
From these observations, it hay be fhe'case-thaf HDOL and LCAT are
intricately related to.the-peripheral effect of endurance exercise
‘on total body cholesterol, although the é%idenée is hypothetical.

An alternative expianation for the reduction of plasma
cholestero] and 1ncréésed bilary cholesterol output durjng exercise
has been put forth by Simko (1978)that these effects may be related
to the decreaseip splanchnic blood flow that occurs during moderate
to severe exfrcise since %t may increase the efficiency of transport
(i.e. the -extraction ratio) of substrates from the sinusoids to the
hepétocytes. This may occur because each blood component remains in
contact with the-hepatic sinusoids for a Tonger period, resulting
in a more complefe extraction of bile acids and cholesterol from the
blood. An increased extraction wou]d_inhibit hepatic cﬁo]esterof‘
synthesis and increase the biliary output of bile acids and choles-

tero]l during the exercise period.

Such suggested mechanisms are interesting-but it is probable

that there are various other chronic effects of endurance exercise that
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may also eTay a role in the reduction of plasma cﬁolestero] by reducing its
hepatic synthesis.'incfeasing its periphera1 removal or iqcreasing,its
catabolism and odtput.Possib]y'there is a.horﬁona1 effect since qrowth
hormone and thyroxine have been found to decrease b1asma cholesterol (Dugan
& Porter,1977) and growth E/ymone and thyroxine both rise during pro1onged
endurance exercise and rema1n elevated for some time afterward (Terjung &
T1pton,1971;Hart1ey et al,1972). Glucocorticoids. and glucagon also rise
with exercise (Bottger et al,1971;Hartley et al,1972) and they have been
found to inhibit hepatic cho1estero1.synthesis (Dugan & Porter,1977).Exercise
reduces plasma insulin (Hartley et a1,1972) and insulin has been found to
stimulate hepatic cholesterol e}nthesis (Dugan & Porter,1977). On the other
“hand, catecho]am1nes,wh1ch stimulate hepatic cholesterol synthesis (Dugan &
Porter, 1977}also increase with exerc1se (HartIey ét\\J ,1972). It shouId be

-

noted that the }nd1v1dua1 contr1but1ons of these hormones to overall cholesterol
metabo]ism,és weiT as‘}heir interplay,have not been thoroughly elucidated. )
ana11y;an fncreese in the formation of remnant partic1esﬁw%th a concomitant.
increase in HDL,according to Tall and sma11 [1978) ,due to elevated levels of
LPL with endurance exercise(Nikkila et al,1978A)would aiso result in an increased
rate of inhibition of hepatic cholesterol synthesis {Anderson et a1,1979)

A reduction in total cholesterol ﬁay be due to a combination of the
previously stated mechanisms.In some cases it may also be due to weight loss
and a ﬁegative caloric balance that can be a result of exercise,although
this is not the case in the present study or in that of Lopez-S et al (1974 )
or that of Campbel1(1966). Generally,the mechanisms behind the exercise-
induced decrease in total plasma cho1ester01 rem&1ns unclear.

The initial cholesterol levels of the subjects in this study were 1n

the normal range since,although previously classified as hypercholesterolemics
their cholesterol levels were well under control.But it should be remembered that
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a cho]esterol:]évé1‘Of-2é6 mg% cé?riés:wiph'?t a‘té%tain‘deé}ee of risk since fhé
relationéhip of CHD with_ plasma cHo]é;tér61‘is;one that is effective
over a continuum of values (Gotto, 1979 KanneT et al, 1979).
Consequently,the reductxon seen in this study from 226.3 mg% to 202 5 mgn,
which is similar to the degree. of reduction thatlnften accompanies
dietary management (Gotto, 1979), is considered to be a more desi-
rable level than the initial one with respect to CHD risk. Actually,
an even fufther reduction would probably be benef?ciaI since it has
been suggested that the plasma cholesterol levels which we define
as "normal" in the Western countries are well above the optimai
jevels (Cooper,1979). Cooper (1979) has stated that optimal
plasma cholesterol would be less than 180 mg% and refers to the
fact that animals with lTow plasma cholesterol are relatively resis;
tant to the natural as well as the experimental development of
atheroscierosis. In terms of reducing p1asma cholesterol to our
present1y def1ned norma1 Tevels, one wonders if chronic aerobic
exercise, which in this study reduced plasma cholesterol by an
amount similar to that achieved by a cholesterol-Towering diet
{Gotto, 1979), could substitute for part.of the dietary control
5 and therefore lessen the severity of the dietary regime. Or, on
the other hand, poss{biy a’'combination of endurance exercise and
diet could have an additive effect on plasma cholesterol that
would be great enough so as to remove the requirement for choles-
terol-Towering drugs. ~*

LOL-Cholesterol

The LDL-cholesterol values were arrived at by a

N

caiculation rather than by a direct measurement and the calculation

vadei £}
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assumes that VLDL-cholesterol js‘approximaie1y équa1 to total

triglycerides divided by five, Such values must be considered with

-.sdmewhat more caution than those of the other b]bod Tipids that were

- measured directly. Nevertheless, the calculation for LDL-cholesterol

has been reported as being quite re1iab1é for subjects whose <
triegceridé\]eve1s fall in the normal range. (Friedwald et al,

197é). The significant &Ecrease in LDL—ého1esteroT from 154.3 mg% to
136.3 mg% agrées with the observations that LDL-cholesterol and total
cholesterol are‘highTy positively correlated (Castelli et al, TQ??A),
and with the findings that LDL-cholesterol a1so_decreases with endurance
training when total cholesterol falls (Altekruse & Ni]more; 1973; ’
Lopez-S et al, 1974; Roundy et al, 1978). The fall in total cholesterol
in this study, as in others, was therefore specific to thg LDL fraction
since HDL-cho1esteroI.did not.change significantly. The méchanism |
behind the.specificity for the_choTesteroT-carry%ng 1ipoprotein (i.e.
LDL rather than HQL) thaf {s reduced withlan exercise-induced decgéase
in total cholesterol is unknown. This specificity may be reléﬁed to
the. factors that have Qeén postulated to be responsible for the increase

in HDL-cholesterol that is often seen with endurance training and which

occurs even when total cholesterol is reduced.

Total Trigiycerides

Total triglycerides did not change significantly.’
Triglycerides are often reduced by endurance exercise but the

greatest reduction is said to occur in subjects whose triglyceride



" levels are hiéh to begin with {Wood et al, 1976 ). In thg present _

-study the subject's initi§1 triglyceriﬁe Tevels were in thé.ﬂaw to - L '- P
middle Jevel of the normal range,so.they may not have been as ‘ | -
responsive to the stimuTuS imposed ‘by the -endurance exercise program.
Triglyceride reductions were seen by Lopez-S et al {1974) (fr;Er

110 mg% to 83 mg#%}, Roundy ét‘a] (1978) (Type IIA decfgaséd 29 mg%;

Type IV decreased iés mg%), Leon et al (1976) (from 165 mg%

to 144 mg%) and Webster et al (1978) but were not obserQ;d in

the studies of.Erkelens et al (1978)(stable at 178 mg%),Lewiz et al

(1976) (from 89 mg% to 97 mg%), Rat1iff etxéi (1978) (from 97 mg% +to 84

mg%) and Roundy éf al (1978)(normals decreased, nonsigniffcantly,

7.2'mg%). The initial trigTycerjge Tevels in this study were similar

to those of Lewis et al (i976) and Ratliff et al (1978)." The non-
significant‘variayion observed in the study of Ratliff and co-authors

{1978) was very similar 1o the one observed in the present one (from

90.5 mg% to 85 mg%). The mechanism behind the redpction in triglycerides
seen with endurance training is thought to be due to an increased utili-
zation of hepatic fatty ac1ds as a result of the exercise with a |
consequent decrease in the synthesis of hepatic triglycerides {Lopez-$ 1976)
A triglyceride reduction with exercise may also be related to weight

loss, as is the case fﬁr pTasma cholesterol, in some studies. But

the exercise effect cannot solely be due to this factor since Lopez-S

et al (1974) and Webster et al (1978) observed a triglyceride

decrease in the absence of or irrespective of weight loss, respectively.

An increase in triglyceride catabolism with or without changes

in synthesis, would 2lso cause a decrease in plasma triglycerides and



| " trend toward a HDL-cholesterol elevation but possibly the intensity
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th1s may be occurr1ng w1th endurénce exerc1se due to the observed
increase in the act1v1ty of the -enzyme L1poprote1n Lipase (LPL)

(N1kk11a, ]978) " Such an increase in LPL has been recorded in .

éboth the adipose t1ssue and ske]eta? muscle of Tong d19tance
jrunners (N1LL11a, 1978 ; Nikkila et al, 1978A).
: VHDL- Cholesterol-

W ’ -~

HDL~ cholestero] ‘levels remained stable.HDL- cho1ester01
var1ed 1n519n1f1cant1y from 53.6 mg%,pre- tra1n1ng to 55 3 mgm,post-

tra1n1ng There was a greater increase seen in some subJects

.(subJects #6,7,9,11 increased their HDL-cholesterol by 7.9 mg%,

8.4 mgq, 7.9'mg% and 9.5 mg%, respectively) which may indicate a

e

or total exercise volume wasn't adequate-enough for all subjects to demonstrate '

" such an. effect(see Figu?e 4). Most endurance tra1n1ng studies =

did find an increase in HDL or HOL- cholesterol (A1tekruse & Wilmore,

1973; Lopez-S et al , 19745 Leon et al , 1977; Erkelens-et al ,

19785 -Gi1T4am et al , 19785 Ratliff et al , 1978; Roundy et a1 :

1978).. The findings of the-present study are similar to those .
of Lewis and cbeaUthdrs (1976)‘wh0 fouﬁd that the change in HDLL';:Q"'
cholesterol from 49 8 mgn t0J54 5 mg% was not s1gn1f1cant but the )
HDL-cholesterol: LDL- cho]estero1 ratio (HDL- C/LDL C)'was s1gn1-
ficantly increased. In the present study, the HDL cholestero]

change was aTsoénon-s1gn1f1;ant wh11e;the HDL- C:Total-C ratia

did increase signi?icaﬁtly The HDL -chotlesterol:LDL- cho1ester01

rat10was not determ1ned sance LDL cho]esteroT values were derived

" from a calculation and total cholestero] supptied similar information:
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HDL demonStrates an interesting’rESndnce.to endurance trainindhin that-
total cho]esterol is often reduced but HDL-choTesteroT not on]y rema1ns
stable, as it did in this study, but actua]ly 1ncrease= (see Chapter II,
p. 81). The present study is most similar 1n des1gn to that of Rat11ff
et al, (1978), although it is impossible to compare the specifics of the
tra1n1ng intensities utilized, since Ratliff d1d not record the method
of exercise prescription nor the extent of the 1ncrease in MVO2 that '
reeu]ted from the tra1n1ng program.. But,-though the stud1es.ane similar, .
Rat1iff did observe a significant increade in HDL-choTesterol from 42 mg%
to 50 mg% whiIe‘the control group varied from 43 mg%, pre-training, toﬁ
41 mg%-post-training' In the present study, the comparable HODL- cholesterol
Tevels of the contro1 group were 57.3 and 57 2 mgm The absence of a.s1gn1f1cant
increase in HDL- cho1estero1 in th1s study may be due to severaT factors, -
the major ones beIng ) - : -
'1. Initial HDL choTesteroT 1eveTs were re1at1ve1y h1gh . _J . -
) 2 The tota1 exercise volume 6f the exercise was not adequate. L .
3. Total trigiycerides. were not s1gn1f1cant1y reduced —
4 Percentage body fat was not s1gn1f1cant1y reduced
':‘1{ ‘ As HDL-cho]esteroT was relatively high to beg1n wwth, it may
" have been less amenable to change than a lower level would have been.
ihdst'training studies that found an increase recorded 7nitial HOL-choles-
‘terol 1eve1s that were in the lower-ranges, i. e. 42 mg% (Ratliff et al,
1378) 32 mg% (Leon et a] 1977) 30 _mg% (G1111am & Burke, 1978) and 35 mg%
‘-(Erkelens et al, 1978) : Calcu1at1ng HOL- cho]estero] from the values
'g1ven for total choTestero1— tr1glycer1des and LDL-cholesterol, in the
'study of Lopez- E and co- authors (1974) 5 resu?ts in an- initial HDL- choles-

L tero] Tevel of 43 mg%. In the stud1es that did not find a significant
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change, the 1n1t1a1 1eve1s were h1gher, 1.e. 49 8 mg% (Lew1s et-a] 1976)
and 48.7" mg% (approx1mate1y) (Hebster et al, 1978) These Teve]s are
c]oser to the’ 1n1t1a1 HDL-cﬁo]esteroT level of the exper1menta1 group of
- 53.6 mg% 1n the. present study, wh1ch 1s somewhat h1gher than the average
1eve1s reported for wh1te North Amer1can males (Caste111 et a] 1977A)

" Buta Tack of response of HDL to the tra1n1ng program cannot be
simply due to a 1aek of ma11eab111ty of - the re1at1ve1y h}gh.1n1t1a1’1eve13
of HDL#cholestero1, since it.faiis to-exp1ain'the extreheiy high-leveIS.of,-
HDL-chb]estero}.(gheater than 60 mg%}.frequentlymobsetved'ﬁh 1dhg_dtstance
runners and ctoss-ceuhtry'skiers (Wood- et al, 1976; Martjn et al, 1977;
Wood " et al, 1977; Lehtonen & Viihari, TQ78A5 It would appear, as sug-
gested by Webster and colleagues (1978), that~a tra1n1ng threshold may.
ﬁex1st for HDL- cholestero1 so that, as one works w1th h1gher and h1gher
1n1t1a1 1eve]s of. HDL—choIesteroT, 1t is necessary to 1mpose a greater
J:demand, 1n terms of exercise volume, in order to observe an exerc1se— o
‘ 1nduced eIevatlon in HDL-cholesterol with tra1n1ng This 1eads 1nto the
second poss1b1e exp]anat1on for the lack of change 1n HDL- cho]esteroi
seen"in th1s study, i.e. that the tota] agercise volume Q;s 1nsuff1c1ent
2." . Therefore,.the overa1] exerc1se vo]ume may not have been ; |
adequate to elicit a demonstrab]e e1evat1on in HD cho1estereq Th1s ]

_suggest1on is based on Lehtonen and V11ha =57 (1978A) observat1on that

. the HDL- cho1ester01 of young ma]es who ran 1€as than 25 k1lometres per
week (15 m11es) was not s1gn1f1cant1§id1fferent from that of the older
. sedentary men. In the present study, the subjects on1y ran an average‘
of 12 k11ometres per week (7 5 miles) at the end of the tra1n1ng per1od

with a maximum of 16.7 k11ometres-per-week (10 m11es) (subJect #4) .-

150.
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' A]so Lehtonen and V11har1 (1978A) noted that cons1stent and obvious ‘;"' )
:;e1evat1ons in HDL—cho1estero1 1n the group of 1ong d1stance runners‘-
'eiand sk1ers were on1y apparent when the number of k110metres ran or T
f:sk1ed per‘week exceeded 70 (43 m11es) Yet, desp1te these observataons -
. of tehtonen and V11har1 (1978A), 1n other stud1es that d1d f1nd an |

' 1ncrease n HDL-cho]estero1 and where’ the number of m11es covered per
"week cou1d be ca]cu1ated HDL-cho]estero1 was e1evated when the

num er of m11es run per week . varﬂﬁffrom 5.6 (9 km) (Altekruse & -

w11more, 1973) and 4: 1 to 7.6 (6.8 to 12.7 km) (Roundy et a1 iﬁ978)

to 24 (40 km)(Leon et al, 1977) of course 1t is not only the d1stance .

covered that would be important but also: the total durat1on, frequency,

durat1on of each séssion and the 1ntenswty of the exerc1se that must
be considered and th1s is why the term exerc1se volume was: referred to
1t is d1ff1cu1t to separate these various components since one component

can_only be compared across. severa] studies if the other components are

"equa11zed - exercise 1ntens1ty 1n part1cu1ar-— which is not the case ;Afl

s1nce all these components vary throughout the. stud1es and the 1ntens1t1es

Care. not-a]ways poss1b1e to assess. Therefore, the folTow1ng comments

in the contr1but1on of the 1nd1v1dua1 exerc1se components to e1evat1ons

: *
':':Jn HDL—cho]esteroT must, be cons1dered to be genera] and on]y 1nferent1a1.

- “Total durat1on does not appear to be d1rect1y re1ated to
eieuatrons.1n’HDL1cho]estero1,,s1nce Webster et al (1978) saw no change |
after 12 weegshand'Lewfs et'a1:-(]976)‘obserued a non-significant in- |
crease after 17 weeks,yet-HDL-choTesterOT'increased significantly after

7 weeks (Lopez—S et al 1974) and after 10 weeks (Altekruse & H11more,

- 1973; Roundy et a1 1978)

“4_-""-;-“’-&1 s
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| This lack of a direct re]at1onsh1p w1th HDL—cho1estero1
. e1evat1ons may also app1y to exercise frequencyo since webster et a1
'~ (1978) found qo‘;hange»1n'HDL;cho1estero1 while Erkelens et al, (1978),
Ratliff et al, (1978) and Roundy et al, (1972)dgk find an increase,
yet all four studies exercised their Subjects three tiﬁes per week.
The durat1on of each session does not Seem to. be directly
re]ated e1ther, swnce “the subJects of Webster et af\M£1978) exercised
7 for 45 minutes per session and demon;trated no increase in their HDL-
cholestero1 whilé the studies that-bbservei an increase had exercise
' sesé&ons_that ye%é~of the same length (Erkelens et'a1, Igigj“or of ‘
‘ évenlshorten duration (Lopez-S et al, 1974; Roundy et al, 1978). The
difficulty in the in;erpretat%on of the duration of tﬁe‘var?ous exer--
. cise sessions liesin the fact that the amount of the total time spént
.on the éndufance‘exe}ci§e;combonent'is-not_a1ways t1arified'GErke1ehs
et al, 1978; Webster et al, 1978). $ |
. R ExerC\gé intensity is’ perhaps- the most important factor in
. “"'7m;e]ation-to the effect. of physical traiﬁing on‘b106d'chemi§tries.
This i# bafti;ularly true in'ihe case of the blood 1ipids since the
type of metabolism. utilized by a particular exercise can be very impor-
tént in determining the effect it will have on these Tipids. For
'examp1é, an anaerobic‘traiﬁing program had no effect on plasma choles-
terol (Johnson & Wongg 1961- Campbell, 1965) and HDL-cholesterol was =~~~
. not elevated in sprinters %hose training program was 1arge1y anaerob1c
(N1kk11a et aT, 1978A). HDL- -cholesterol was elevated in those athletes
who haq 2 hezvy endurance'édmponent;as the major pa;g of the training
"progfam (Enger'et al, 1976; Wood €t al, 1976; Martin et al, 1977;
Wood et al, 1977; Lehtonen and Vithari, 1978A; Nikkila et al, 1978A).

¢



,of training program is a very 1mportant factor in the exerc15e—1nduced e1eva-'.ﬂ
tion of 'HDL-cholesterol. A1l of the tra1n1ng stud1es rev1ewed appear to

AN
utilize such a program type except for that of N1dha1m et a1(1978) whose type '

) of program could not be.determ1ned. The idea of an "intensive training program“
as 1nd1cated in the study of Lopez-S et al{1974),who observed the greatest |
increase in HDL cholesterol and in the HDL-chnlesterol/total choTestero] ratio,

 must also be considered but 2 specific intensity could not be determined from

| their description of the training program. The program appeared 1o he largely
aerob1c but high in 1ntens1ty which may provide a clue to the exerc1se pres-
cr1pt1on required to elevate HDL. The problem, with respect to determ1n1ng

) the‘intenSit} of the endurance activity required to e1evate HDL 11es in the
fact that it is impossibie to compare the intensities from study to study,
since the descr1pt1on of the exercise inténsities prescribed ranged from

\ moderate?y clear (Lewis et a1,1976) to non existent (Erke]ens-et a1,1978;
Ratlitf et al,1978; Widhalm et al,1978). | | _ |
T Therefone, cqnc]usions concehninglthe total exercise’breseription '
required to.eTevate'HDL4choTestero1 are rather‘difficuTt to make, at present‘

--particulariy in reference to the spec1f1c 1ntens1ty and totaT worL accomp11shed
per week. Neverthe]ess, it seems probab]e that an increase in the general .

| gxercise vo1ume (1.e,,a-comb1nat1on of an increase in the totaI durat1on and
an‘inCrease in intensity) beyond that ut1112ed in the present study, but
stay1ng w1th1n the confines of an endurance - type of tra1n1ng program, wou1d
be adv1sab]e in order to demonstrate an exerc1se induced eIevat1on in HDL--
cholesterol. Th1s would 1ncrease the total work accomplished per week {and
aerob1c capacity) which would tie in with the results of the study of

Lehtonen and Viihari (1978A).

3. Triglycerides were not significantly reduced by exercise, which‘may
" be another factorbehindlﬁg//

e 18ck of a demonstrable change in HDL-cholesterol.

T;EL;;:;§ < 153*? e
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‘The reason for such E suggest1on 1s due to the recent 1nterest and T

subsequent theories on the role of HDL, in tr1glycer1de metabolism.

As prev1ous1y described (see Chapter II, p.38), HDL metabolism appears
to be intricately 1nvoTved in that of VLDL and chy]om1€zons espec1a11y X
during the process of 1ipolysis of their core trtg1ycer1des. For these
t’!g]ycebide—rich iipoproteigs, the‘trig1yceride breakdown is_dependent
on the'presence of the enzyme Lipoprotein Lipase (LPL) which uses Apg

C-I1I as a cofactor (Apo C-11I is an apoprotein of VLDL, chylomicrons and

HOL). LPL catalyzes the breakdown of triglycerides to mono and diacyl

C .-

glycerols with the release of fatty acids to the cells and plasma.

During triglyceride lipolysis, it appears that HDL receives the surplus

- surface fragments which include mainly Apo C-II, phoSpho]ipid'and free

cholesterol. It has been suggested that these surface fragments may

' not only contribute to the formation of mature~p1asma HDL (Ta]T‘& Sma11,

1978) but may actua11y represent the or1gwn of some, the magor1ty or

all of the plasma HDL (E1senberg et a] 1978) The fragments may also -

.affect the HDL subfract1on d1str1but1on (E1senberg,,]978) Therefore,

HDL Tevels shou]d be pos1t1ve]y re1ated to LPL 1eveTs s1nce an increase
in LPL would increase the catabolism of the tr1g1ycer1de-r1ch 11popro—

teins, resu1t1ng in an. increase 1in the rate of format1on oﬁ p1asma HDL

In many cases, such a positive re1at1onsh1p has been observed, in that

LPL was found to be elevated-1n: fema1es.as compared to.males; 1ong- .

distance runners-as-compared'to'sedentary controls or sprinters; and

© - in insulin treated diabetics as compared to hyperglycemic diabetics
 (NikkiTa, 19785 N1kkﬂa et al, 19788). In 21l these cases, HDL-

' cho1estero1 was h1gher in the group.exhibiting the higher LPL activities.

(It must be po1nted out, at thTS stage, that th1s relationship between

18
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HDL, LPL and fhe triglyceriee-rich 1ﬁpocrefeins.shoﬁ1d not‘be cons%;"“
dered to account for all of the HOL format1on s1nce, in the case of
| estrogens their effect on HDL is independant of LPL activity [N1kk11a,
1978 ] and HDL is stilil present1n 1nd1v1dua15'who 1ack the Apo-B con-
\ taining lipoproteins [i.e. LODL, VLDL &.chy1om1cronsl1n non-fest1ng
\p1asma] . Nevertheless, the mechanism may norma11y‘make a very‘signi-
ficant contribution to the determination of p1asma HOL levels) The
elevation of LPL in Tong distance runners is of 1nterest since LPL

was not e1evated in sprinters who also failed to-demqnstrate any.
elevations in their HDL-cholesterol. levels (Nikkila et al, 1978A).

Such & difference between long distance runners and sprinters would
indicate, as previously explained, that it may not only be‘éh increase
in energy turnover with exercise that is important in elevating HDL,
buf it is more likely a specific combiﬁation of_inteﬁéity and duration,
which utilizes exercise of an ehdurance natcre, that inc%eases'HDL..\

The differences between sprinters and long distance runners aTso.indj-

cete that the e1evacion of HDL-cholesterol with exercise may truly be

related Fo an increase in LPL. Accorcing'to the proposed mechanism, |

an increase in LPL would lead to an increase in the catabolism of the s
“triglyceride-rich 1ipoproteine,ﬂso-tota1 trigiycerides, VLOL and chy10r
microns should be consequently reduced .’In seVefa1 endurance training
studies an 1ncrease in HDL or HDL—cho1estero1 was accompan1ed by a fall

in totaT plasma triglycerides:as out11ned be1ow in Table XII

e |
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|  TABLE XII | -
'STUDIES WHERE HDL INCREASED AND TRIGLYCERIDES DECREASED WITH EXERCISE

‘Author I 1 wor mex) | TRustYceripes (mg#)
: ' I Pre | Post|Difference| Pre | Post |Difference

Lopez=S et al; (1974) | 286 | 332 | *46 mox 10 g3 | -27 ng

" Roundy: et al-, {(1978) IIA ' 71 mg% - ‘ -29 mg%
- : ‘ . IV +49 ma% -105 mg%
‘Leon et aT, (1977) o ‘
: 32 37 +5 Mg~ o
- ‘ (HDL-¢) 164 144 -20 mg%

Ll

*HDL- Tipoprotein unless otherwise stated

But?&he exercise induced change in HDL cannot always be ee]éted to a
change ‘in totai_trigiycerides since Erkelens et al, (1978) found HDL-

cho]esteroi to increase significantly from 35 mg% to 41 mg% while triglycerides

rema’ined unchanged. Altekruse and N11more(1973) a1so found similar results. Moreover,'

~even though Webster et a1(1978) failed to observe an increase in HDL cholesterol,

triglycerides decreased swgnjf1cant1y.

4. | Perceneage'bedy fat did not change significaﬁtly'(nor did body
weight) and HOL has been 1nverse1y reTated to both these variables (wood

et al, 1976; Rhoads et al, 1976, Gordon et a] 1977A & B; Brad]ey et aT
1978; Van Genf et.al '1978) The effect of we1ght 1055 thhout exercise
s somewhat contradxctory s1nce one study recorded a decrease in HOL-
cho]esteroKTaskwnen & Nikkila 1979)wh11e another observed an 1ncrease(w11son
& Lees, 1972). Interestingly, in the study where HDL-cholestero]

decreased, LPL in adipose tissue was also reduced. It was therefore

L
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suggested that the relationship between ﬁéight ]o§s and HDL-cholestero]
may be ré1;ted to the catabolism of the triglyceride-rich 1ipdproteins

in the same manner that triglycerides were re]afeﬁ to HDL-cholesterol -

HOL did increase jﬁ several training studies, as well, wHere percentage
body fat or body weight decreased, as outlined beJow in Téb1e XIII:

" TABLE XIII
STUDIES NHERE HDL INCREASED AND % BODY FAT OR WEIGHT DECREASED NITH EXERCISE

Author - |Weight % Body Fat | HDL-Cholesterol (mg%f
. 1Change . Change Change ‘

|Leon et a1, (1877) |Tost 5.7 kg | decreased 3% increased from 32 mg% to 37 mg%

v

A]tekruse & N11more lost 1 kg - - | increased from 36.9 mg% to 55 mg%*
(1973) ‘ ‘ : ’
Ratliff et al,. - decreaéed - increased from 42 mgs to 50 mg#
(1978) ' S .

*HDL is expressed as a perdéntage of the total lipoprotein in. this case.

But;‘as‘was the case for triglycerides, the relationship between body

“weight or percentage body fat with HDL was not consistently demonstrated

- in‘a1]‘of3the training studfes as seen in Table XIV:

*HDL is expressed as lipoprotein in this case.

‘ : . - TABLE XIV )
,;STUDIES.WHERE HDL INCREASED AND % BODY FAT OR WEIGHT DID NOT CHANGE WITH EXERCISE
- PAuthor . [Weight % Body Fat.|HDL-Cholesterol {mg%)
I T o Change - .| Change Change
"} Lopez-S et-al, - |absent . " |'no change |increased’ from 286 0. 332 mgy*
(197¢)-9 . | (isocaloric d1et), b : : :
G11113m & Burke,| absent =~ B ---..,‘_._b increased from 31 mg¥ to 39 mg%
(1978) | (normal diet) - ' . o

e bq(“
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_This\demonstrates; as.was the case for total trig1yceride§, the fact

that the lack of change in HDL-cholesterol obéerved in ;he present
study cénqot be solely attributed to a lack of change in percentage

body fat or.body weight.

Therefore, the factors that induce a change in HOL or

-HDL-cholesterol with endurance trainﬁng may be related to initial

- HDL levels, exercise volume (including the utilization of a training

intensity that lies within the endurance range of exeréiée), or.

changes in triglycerides and body fat metabolism. It is likely that

"an increase in the total-exercise volume is the most important factor

in relation to inducing an increése qn HDf—cho1estero1, siqqe a
change in triglycerides or percentage body fat cannot always account
for the exercise-induced change in HDL-cholesterol and it seems
probable that individuals with relatively high HDL-cho1ester01_caﬁ
increase it'further, given the sufficient exercise stimulus. quther—'
more, it is also 1ikely that there are other factors whigh come into
play that are not necessarily directly related to triglyceride meta-
bolism. These factors may‘exért their effect by increasing the
formation or decreasing the catabolism of plasma HDL, but_they may
also affect HDL and/or HDL-cholesterol more directly by increasing

the rate”of its apoprotein synthesis or the production of nascent HpL.
Such factors could be related to the altered hormonal secretion
profile that occurs with endurance exercise as outlinéd previously in

relation to changes in total: chotesterol (supra p.ia4). For

" example, growth hormone and thyroid hormone are elevated during prolonged

endurance exercise and remain elevated for a period afterward (Harf]ey

et..al, 1972; Terjung & Tipton, 1971) but their re1ation$hip with HDL.



-sulin stimulates LPL activity (Nikkila, 1978). Possibly the insulin

159
metabolism has not yet Eeeniinvestigated. Insulin is reduced during - -
this type of exercise (Hartley éf'al, 1972), but according to the LPL -
- s - )ﬁ
hypothesis, this would cause a decrease in HDL~-cholesterol since in- <,

related effect may be due to an increased insulin sensitivity in the

-enzymé and cell membrane, that may occur as a result of the exercise

program (Nikkila et al, 1978B). Other hormones, such as glucagon,
corticosteroids, etc,..jﬁthat changé\with endurance exercise (Hartief
et al, 1972; Bottger, 1971}, may a]sdH;;;;E an effect on HDL but their
role in HDOL metabolism is also unknown. A more general effect of en-

durance training, that is related to the change in the hormonal axis,

~is the preferential utilization of fats rather than carbohydrates

duriné‘endurance exercise. This reduced utilization of carboﬁydrates"
as compared to fats could possiﬁ1y gffect an increase in HDL-cholesterol
since subjects placed on an isocaloric but higﬁ\cq;bohydrate‘diet
demonstrated a reduced Tevel of HOL (Blum et al, 1977). The HOL
distribution aiso shifted in favour of HDL3 on a high cérbohydfate
diet. Whatever fhe factors may be that affect HDL or HDL-cholesterol:
with training, they are probably specifiﬁa11y related to endhrance
exercise since well-trained sprinters, Jho were generaTT} anaerogbically
trained relative to long-distance runners, failed to demonstrate any
significant differences in HDL-cholesterol levels from those of the
control group-while long-distance runners in the same study had levels

that were quite high (Nikkila et al, 1978A}.

N\

At this point, a comment on the HDL 'subfractions and the

effect of exercise on these subfractions is necessary since the

factors that affect HDE du ing exercise seem to be specific to the

-
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HDL, subfraction. Previously, the subfractions of HDL were not

- measured separate1y but assessment of these distributions has

" tions of HDL in women_(theung & ATbers; 1977} and long distance

runners (Krauss et a1,1978)’havé been due té elevations of the

gained importancesince it has been noted that most of the eleva-

HnL2 subfractions specifically, ané reduced levels of HDL in CHD

patients are mainly due to reductions in the HDL2 sﬁbfractions ..
(6ofman et a1,1966). (Nicotinic acid, usedin the trebtment of - .
hypercholesterolemia, shifts the HDL subfraction distribution

towards HDL, and high carbohydrate intake shifts if to'HDLSI[BTum

et a1,19771). The characterisfics of the HDL, subfraction are that

it has a higher Apo A-I to Apo A-II ratio; and a higher content of Apo E and
Apolc than does HDLB. - The elevations of HDL2 noted in male and ‘
female long distance runners-were accompanied, as well, by e1é§a-

tions in Apo A-I but not in Apo A-II (Krauss et al,1978). Apo-I.

has also been found to be reduced in CHD patients ({Berg et al,1976A & B}.

To carry the relationship of exercise and the HDL subfractions one

step further, it has been observed that the HDL-cholesterol : Apo A-I

‘rdtio (reflecting the ratio of HDL, : HDL3) was positively related

2
to agrobic capacity, specifically,in a survey of individuals of

varyiﬁg degrees of physical fitness (Miller et al,1978). Therefore,
endurance exercise must 1hcrease the synthesis or decrease the gata-
bolism of Apo A-I preferent%a11y, along with a;fecting thé formation
of HDL2 specifica11y. These two effects may be interrelated since

HDL2 does have a higher ratio of Apo A-I: Apo A-II than HDL The

3"
exercise-indueed elevations in HDL2 and Apo A-I may be importantin

relation to CHD risk,since the subfraction and époprotein which one

-

N
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JENRS " desires to e]evatevé;elspecifica11y_incfeaséd'py exéfcise trea;ment.
In the present study, although HDL-cholesterol did nét chaﬁge,
. alterations in the subfraction distributions cannot be ruled out. .

HDL;phb1ester01/Tota1 Cholestero] Ratib

Tﬁe,mogt significant finding of the study wés the siqnificant

‘1ncteasg_in the HDL-9h01esterdiztota1 cholesterol ratio (HDL-C/total-C
ratie} that accompanied the trainiﬁg'progranﬂéée Figure 6). The increase
in the ratio from .242 to .276 was due to the fact that.tota1-cho1es-

- ,terol decreased while HDL reﬁﬁined'stable.‘ Such an increase 1in the
ratio of HDLJC/Tota1—Ci0r HDL-C/LDL-C was seen in many studies (Lopez-S
et al, 1974; Lewis et al, 1976; Leon e; al, 1977;'Erke1ens et al, 1978;
Gitliam & Burke, 1978; Ratliff et al, 1978; Roundy et al, 1978; Widhalm
et al, 1978) and the significance of the change was determined and found
}n two (Gilliam & Burke, 1978; Roundy et al, 1978). The ratio infers
that at the beginning of the study HDL carried 24.2% of the fota1 plasma chole-
sterol while at the end it carried 27.6% of the tota1.amount. Sugh an
increase in the rat%o 1s quite desiréble wfth respect to reducing the .

. CHD risk since the ratio Fas been inversely related to CHD incidence
(Brunner et al, i966;-Med§1ie et al, {973; Kannel et 5{, 1979) and it
may reflect ﬁhe risk prof%1e more specifically thaﬁ would the separate
measurements of‘tota] cholesterol and HDL—cho1ester01. This 1is
considered to be especia11y true in subjects whose total cholesterol
is in the normal to oderaté1y e1evatéd range (Kannei et al, 1979).

In this fange, the ratio can be quite indicative of the séverity of
the medical treatment required in an individual whosé total cholesterol

is moderately elevated, since the therapy prescribed would be more
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moderate if a relatively large percentage of the individual's total

1‘ch61estero1 wés carried by HDOL. Notany, the 1arger nunber of 6HD-

' cases have p1asma cho1ester01 Tevels that fall in the high norma1 to
jmoderate1y e]evated range (200-300 mgn) where the ratio is cons1dered

i'fto be qu1te‘s1gn)f1cant in determ1n1ng CHD risk (Gotto, 19?9).
ﬁ.{mﬁortence Of the ratio also 1ies in the fact that although.higher

‘total- cholesterol levels are accompanfed by higher HDL-cholesterol

Tevels, ;he“HDLfch61ester01 does ‘not increase as fast or as consistently

as does total cholesterol, so one observes a reduction in the percentage

of tota[ichq1eeter01 cérried"by HDL as-one goes from the low to high

rangee‘of-toié1 cho1eetere1 Th1s reduct1on 1n the percentage carried
by HDL as tota1 cho]estero] 1ncreases, is undesirable in reference to
th.CHD‘r1sk and-to the-postuTated role of HDL in per1phera1 cholesterol

removal. Possxb1y, chronic endurance exerc1se could obv1ate th1s

cholesterol gradua1]y follows the normal North American pattern of

- 1ncreas1ng with age.

Finally, the ratio as well as the LDL-cholesterol measurement-
indicates that there has been ‘a beneficial change in the 1ﬁponr6teih
profile, since HDL-cholesterol was unchanged while LDL-cholesterol

decreased. With respect to CHD, it is considered desfreble't67have a

" Tipoprotein profile wherein the HDL fractions are elevatéd éndrthe

Tipoproteins of the lower densities are reduced (Brnnner et al, 1979).

This profile would simulate the profile Qf_premenopausal,,healthy. '

-

.women who are practically free of CHD. It would alsd{fenﬁ'tqwards'

the lipoprotein profile of animals which

S

; sxtuatwon by prevent1ng a decrease in the ratio from occurr1ng, as total‘w'

g ,‘}B‘”m .



hibtt aliow incidence of atheroscterosis‘tsuﬁra'p 15) and
away from that of animals- wh1ch demonstrate 2 high 1nc1dence
Poss1b1y the most 1mportant treatment, w1th respect td-ﬁTEEEQ 11p1ds
and CHD risk, as opposed to reduc1ng so1e1y the tota1 cholestero1
l]eve1s would be to- "norma11ze" the 11poprote1n prof11e by shifting

the 11poprote1n dwstr1but1on from the 1ower denSIty 11poprote1n to
| the htgher density 11poprote1ns support for this suggest1on 1s |
based on the 11poprote1n prof11es seen in animals which are re1ativer
.free of atherosc]eros1s and on the suggest1on by several authors .
(Brunner et a], ]979,_Gotto 1979) that a redistribution of cho]es-
tero1'to the beta¥1dpoprote1ns from the a1pha—11poprote1ns is the
.-tirst step in the development of an atherogenic15poprotein profile,
preceedihg the elevations in tota1'cholestero1. -Furtherisupport -
: tor this hypothesis Ties in the fact that, in a study of'atherosc1ef

< L oLt

_rotic regression in monkeys, (Malinow et al, 1978) treatment

-

'-that resulted in a reduct1on in total cholesterol failed to reduce '

e :the rate of deve1opment 6f atherosclerosis unless there was a con- -

KR com]ttant norma11zat1on of the 11poprote1n pattern (i.e. an 1ncrease

1n,HpL and a decrease in LDL and VLDL).',Therefore, the change in
the 1ipoprotein profile demonstrated in:the:presentAstudy may be as

;'oimportaot; in relation to CHD risk,-as'an“ahSo1ute increase in HDL-

cholesterol afone would hive been.

) torre1etions.0bserved : T
' The re]ationship of HDL- cho]ester01 to total cholestero1
-fwas s1m11ar to that reported in many stud1es (Caste]11 et a1 1975;

’“,ffA1bers et al, 1976;Berg - et al, 1976A; Nikkila,:1976;- Rhoads

- h‘ - . ‘;‘ﬂ - .i T h163
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al {1976).

aerobic capacity when expressed in 1/m1n or. ml/kg/m1n in most cases..

et a1,1976A1#€aste%%4\et a] ,1977A & B; Gordon et al, 1977A) in‘that:sjéha .

re1atlonsh3p in most cases was. neg11g1b1e

HDL choJestero1 and tr1g]ycer1des demonstrated the common]y

| reported (A1bérs et al 1976 Rhoads et a1,1976 Caste111 et a1,1977A

& B; Gordon et a? 1977A Berenson et a] 1979 Hjermann et-al 1979)

_ moderate negat1ve corre]at1on in both groups. The only s1tuat1on where :

this differed was for the correlation of the way in which HDL-cho]es~:_
~terol changed with- respect to tr1g1ycer1des 1n tﬁe\exper1menta1 group _
during the study period, wh1ch fell in the negllELﬁ1e range (.12).

This lack of -a demonstrable re1at1onshjp between the way in which.

- \ ‘ _
HOL changes &itb triglycerides conf]icts_with;the proposed mecha-

., nism of LPL, HDL and tr1g1ycer1de r1ch 11poprote1n 1nteract10n But,
" the reTat1onsh1p may not be apparent in th1s case, since HDL cho]es—

terol and tr1g1yter1des, on the average were not actua11y s1gn1f1cant1y

‘.changed.

- Percentage body fat‘on1} demOnstrated-a signiticant and’nega-
t1ve corre]at1on with HDL- cholestero1 for the pre- and post- training
va]ues of the contro] group ﬁ,k/\egat1ve corre1at1on of percentage body
fat w1th HDL-cho1estero1 (as reflected by the. sum of several sk1nfo1d
measurements) has been-obseryed by Rhoads et al (1976) and woods et

. | T L
HDL-cholesterol was not-signifiéant1y correlated with maximum .

‘.‘

N .
R ~

Only the post- tra1n1ng corre1at1on between HDL—cho1estero1 and MVO2

LmJ/kg/m1n)for the control group was 519n1f1cant 77) The negat1ve :

.(non-significant} conrelat1on seen in both groups (exper1menta1 group._ '

-.37 & -_.;0, contro] group=.46 & -.38)101’ the way HDL-cholesterol

’ " <
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vary1ng aerob1c capac1t1es, The corre]at1on was even h1gher (;BS)f

m]/kg/min): ‘The HDL-cholesterol to Apo:A-I rat1o"1s cons1dered;to .

o grgup, yet’1t was highly negat1ve1y corre1ated 1n the contro1 group

. vchanged w1th maximum aerob1c capacrty (expressed e1ther in 1/m1n or :

m]/kg {nnn) 1s not expla1nab1e The 1ack of re]at1onsh1p between HDL-,. . .f’igif'

choTestero1 and max1mum aerobic capac1ty was a1so observed by

. Erkelens et a1 (1978) after a tra1n1ng program On. the other hand

M111er et al, (1978) found a h1gh1y s1gn1f1cant reTat1onsh1p (. 81) .5

.between the two var1ab1es 1n 2 survey oﬁ&1nd1v1dua1s of- wtdeTy

~ when the HDL-cho]estero] Apo A-I ratio was corre]ated WTth MVO (in

be representat1Ve of the‘HDLz' HDL3 ratio -Rat]iff and 60—authbrs

-{1978) observed that the change in HDL-cho]estero] and HVO (m1/kg/m1n)

_ 0o as a result of an endurance tra1n1ng program, was s1gn1f1cant1y ‘and . e

positively related {. 78) H1111ams et a] (]979) also found that both

HDL—choTestero] and’ the HDL C/tota1-c rat1o'were pos1t1ve1y related to the

"ﬁbdecree of phys1ca1 act1v1ty in a popu]at1on survey.

The corre]at1ons compar1ng the HDL- c/total-c rat1o w1th the

'var1ous parameters measured were s1m11ar to those seen for. HDL-choTes- e

‘terol and in severa1 cases the use of -the ratio served to streng— o

'then the correlations. The negat1ve corre1at1on of the rat1o w1th »1"\

. L3
'the tr1g1ycer1des became stronger and reached s1gn1f1cance 1n most ' n

cases But the change in tr1g1ycer1des st11] fa11ed to show a rela-

t1onsh1p w1th the change1r:HDL cho1ester01 ( 19) in the exper1mental

“w'(—'BO) The negat1ve corre]at1ons of percentage body fat for the pre-

'and post-tra1n1ng values of the contro1 group were a1so higher when

-

o
L]
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‘_the rat1o was ut111zed but remained neg]1g1b1e in the exper1mental\

,group The coree1at1ons of the rat1o with MVO (m1/kg/m1n¥ were

'2h1gher as we11 for/%he pre and post- tra1n1ng va1ues in the control

group ‘than those bserved for HDL-cholesterol and MVO (m]/kg/m1n)

The lack of a re1at1onsh1p between the ratio and MVO (in 1/m1n or

m]/kg/h1n) for the pre- and post-training correlations of the

#

exper1menta1 group continued, and the way imwhich the ratio

qchanged with the change in Mﬁozr(in 1/min or ml/kg/min) for both
.groups remainedf/egat1ve {non significant) but was s11ght1y reduced.
abl

It is no e that the correlations between the variables
observed in the.tontroT group appear to be in agreement. in many

cases, with those recorded in the 1iterature bd} this was not the

reason behind such a d1fference is unc]ear since both groups were

Qe]ected from the same popuTat1on and in the same manner.

(\
-
-

¢

case for the corre1at1ons observed in the_experimental group.  The '
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CHAPTER VI
SUMMARY, CONCLUSIONS AND RECOMMENDATIDNS

Summar | . -

The purpose of the study was to determine the effect of a
twelve week endurance training program on HDL-cholesterol and‘on Eﬁé
HDL-cholesterol:total cholesterol ratio. The effects of the trafnihg
program were also determined.on several other biochemical variables
(LOL-cholesterol, tpta]‘cho]estero1 and to£a1 trig1yceri9es), physiological

variables (resting heart rate, percentage body fat, sj?to1ic blood

pressure and diastolic blood pressure) and exercise performance variables

(maximum oxygen uptake, maximum carbon dioxide production and maximum
oxygen pulse).

The qffect of chronic endurance exercise on HDL-choTéstero1

‘and on the HDL-cholesterol:total cholesterol ratio was of interest since

" they have both demonstrated an inverse association with the incidence of

CHD 1in epidemio]ogical-as well as in prospective studies. Elevated levels

of HDL-cholesterol and of the HDL-cholesterol:total cholesterol ratio have

-

- been observed in long distance runners and cross-country skiers but not

in sprinters, and both variables have frequently been seen to increase as

a result of endurance training. Consequently, the questidn arose pertaining

to the degree of fraining that is reqhired to elevate either HDL-cho]esfer@I-

or the HOL-cholestero]:total cholesté;bl_ratio and, more specifically,
whether a typical 12 week jogging program would have a significant effect
on HDL-cholesterol or on; the percentage of the total cho1estero1,whi5h HDL

carried.

- u'.s."t.qﬂ .
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JWenty-two non-obese men, -ages 25 59, partlcxpated in the N

study Tugy had a‘h1story of high choIestero] and had either high or norma1‘

cholesterdl of intake. Their Jlucose tolerance was norma] .as were their -
"plasma tr1gly;er1des The subjects were divided into an experimental
group (N 12) and a control group (N—IO) ThJ\exper1menta1 group participated
in aJogg1ng program for 1 hour, 3 t1mes a_’eek The control group
ma1nta1ned their habitual level of phys1ca1 act1v1ty Al11 subjects

were asked to maintain thewr normal dietary reguﬂen and th1s was
conf1rmed_1n the exper1menta1 group by comparing their pre-training

end pest-training seven-day dietary,tecords. A1l variables Qere

measured pre-treining]ahdfpostftreining; end a significaht'difference
was_detefmined for théva1uesibf the e*perimenta1 group as compared

. to those of the control gfoupm Corre1ations.qf interest to the study
-were'calculated for th pre-training and the poetjtraining values, ds

well as;fof the way in which ;ee.variab1e changed in respect to another

variable over the study period.

Conclus1ons : _ o o . .
Within the scope of the study, the f0110w1ng may be concluded
“in re1ataon to the effects of the tra1n1ng program-on the var1ab]es
measured: ,th - | )
| 1.. HDL-cheﬁesterOT Qas hot-sign%ficantly affected by the
' 'type of endurance tra1n1ng program utilized in this study
An 1ncrease of 8 to 9 mg%- was observed in certa1n
ind v1quals which may represent a. trend that pos§1b1y'
"would have-become significant i the total exer%%ie QoTume.
(is€. intensity and.numbef of miles run per week)

had been greater.

TRy~ 5
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2. The HDL-cho1ester01 total cholestero] ratio 1ncreasedf;,
s1gn1f1cant1y This observation of an 1ncrease in the'f : ;“\_
percentage of total cho1estero1 carrTed by HDL 1s
| cons1dered to be the most s1gn1f1cant result of the 4
tra1n{ng program, since it 1nd1cates that the subaects
cholesterol-carrying lipoprotein prof11es have been
altered in sueh a manner so as ﬁo:reduce their CHD risk.
‘The increase in the ratio was due to the fact thaf; ' -
a1though total choTestero] decreased, only LDL-choTestero1‘
decreased wh11e HOL-cholesterol remained stabIe

3. Total cholesterol and LDL- cholesterol both decreased

-s1gn1f1cant1y and in appriximately equal amounts.

=

Total plasma trfglycerides did not change significantiy.

w

Resting heart rate, percentage body fat, systolic blood

,

pressure and diastolic bioqdrpressure were not significantly
altered. | ' ' -

6. The treatment was considered to-have been effective since
aerobic capecity definitely increased as a result of'
treining. This was demonstrated by the significant fncrease
observed ih‘maximum oxygen uptake, when-expressed 1h
_either litres per minuter or in mi11itres per kilogram/minute.

© Maximum carbon dioxide production and maximum oxygen pulse
zboth increased as well. |

-7. The correlations observed were sidear, in many cases, to

those observed-in the Titerature. HDL-cholesterol was‘hot related

to total cholesterol. It had a moderate negative correlation
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. o f | with. plasma‘tr1glycer1des HDL-cho]estero] was negat1ve1y
| | “related to percentage body fat in the contro] group. HOL-
cholestero? was not significantly related tq maximum aerobic
capacity, in most cases, which differs from the positive
relationship wnich'has sometimes been reported. The HDL-
cholesterol:total choIesteroi ratio demonstrated simi]ér el
- re1ationships:with:theservariables,aand'insmost cases the:

use of the ratio strengthened the correlation.

Addftiona1 Observations
1. The absence of a significant increase in HDL-cholesterol
may be due to the presence of high initial levels of
. HOL-cholé&sterol, an inadequate exercise volume (a comninatioﬁ
of intensity and duration) or due to a Ieck of a decrease
in total frig1ycerides or in percentage bod& fat.
2. Other factors, such as hormonal changes, changes in
Lipoprotein Lipase, etc..., may also be involved in an
exercise-induced change*in HDL- cho1estere1 but information
regard1ng the factors that are involved i HDL- cho1esterol
metab011sm during exerc1se_1senot_aua11ab1e at present *
3. Due to this lack of knowledge concerning the effect of
various factors on HDL ;e;abo11sm during exercise, and due
to the inadequacy;of the descriptions'of the training-

programs utilized to elicit an increase in HDL-cholesterol,

it is not possible to recommend a specific intensity or

exercise duration that would be required to elevate HDL-cholesterol.

4. Despite the Tack of a significant change in HDL~cholesterol,

-

-~
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"jthe tra1n1ng program adm1n1stered 1n th1s study succeeded

- .1;7'}

in reduc1ng the subJects CHD r1sk factors, since total

; fcholesterol decreased as d1d LDL-choiestero] and the percentage

of tota] cho]estero] cayried by HOL 1ncreased This resu1ted

in an 1mproved 11poprote1n prof11e due to the fact that
the A4poprotefn concentrat1ons in the blood have been
redistributed away from the lower demsity lipoproteins

and towards the higher density lipoproteins.

RECOMMENDATIONS
1.

Futher clarification of the exercise prescription required .

. to elevate HDL~cholesterol and the HDL-cholesterol:total

cho1esterp1 ratio is necessary. This inc1udesﬁthe elucidation -

of the intensity, duration and frequency,as well as the degree

_6f7aerobic fitness that are required to induce an elevation
. : N .

‘inaHDL;choIestero1_and‘in the ratio. From the studies that

jnvestigated the relationship of exercfse with HOL-cholesterod,
it appears advisable to increase the exercise volume beyond

that utiiized in the present study by increasing the intensity

:'or,p0551b]y more importantly, the total number number of miles
_ run per week. It appears that an endurance type of exercise is

7-necessary and an 1ncrease in HDL—choTesterol becomes obv1ous

when thF number of miles run per week exceeds 40, but this is

the extent of the details that have been established concern1ng

-the exercise prescription required to elevate HDL-cholestero].
. Clarification of the relationship of HDL with exercise is

-required in relation to the mechanism whereby exercise affects

HOL metabolism and the HDL-sabfraction distribution.

Y



Y3, The,trué'roTe ef HOL in cho]ésterol_trensportnie preseﬁtIy -
uhknoﬁn.sihce“it is not e1ear whether HDL serves in the -

transport of . cho1esterol from the per1phery to the 11ver

v
5

- for excret1on,or s1mp1y red1str1butes 1ts cholesterol.
' among the other plasma 11poprote1ns
4. Further research into- the re1at10nsh1p of . HDL with CHD .
is required s1nce{ in certa1n.stud1es, the inverse
re1ationship reported for these two variablee is not
always apparent since: ‘ ‘
'i) subjects with Tangiers Disease, who Tack HDL,
are'net considered to here an increased incidence
of“CHD. This may also be due to the Tow 1eve]s of
_LDL that these ﬁatients,a]so'demonstrate.
ii) ih Hawaiian Japanese men; Castelli et al (19778)
noted that ‘the differences seen in HDL-cholesterol
could not account for differences in CHD incidence.
.5.”Information'regardjng-the importance of the HDL subfraction.
distribution ih relation to CHD. is required, since data relating
to the differences in HDL composition, the 1ip1d:proteih ratio
and: the number of mice]les per subfraction between normal
subjects and CHD patients 1is sparse at present.
6. Further to Recommendat1on #5, c]ar1f1cat1on of the factor which is

related to HOL metab011sm and is most strongly correTated with

A T

CHD 1nc1dence is requ1rea-;;hEE"EEVera] factors have been
implicated,i.e. HDL, HDL—choTestero1,-thé HOL-cholesterol:

total cholesterol ratio, the HDOL-cholesterol:LDL-cholesteral

e
-



‘ lrat1o the HDL2 concentrat1on the HDL2 HDL3 rat1o, \
. _'the apoprote1n A-I concentrat1on or the Apo A-I: Apo A-11
- ratio . " ‘ '
 -7.-The accurécy efefee“HDL-chb1esterol precipitatien methods
'-"requ1res 1mprovement since d1fferences in HDL- cho]estero1
f: between CHD- subJects and healthy subJects are not a]ways
'_]arge Furthermore ‘the precipitation methods can have an
inter-analysis var1ab1]1ty~that is quite high in some cases,
and is greetertthan the Tevel which is conefdered to be

desirable for good precision.
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APPENDIX A

ELINICAL CONDITIONING PROGRAM QUESTIONNAIRE.

N&Hﬁ:
ADORESS: - ) -
¥ _TELEPHQNE: (home) (work) -
AGE: -
HEIGHT: - ,
WEIGHT: . : .
SMOKING: "o you smoke cigarettes? __ _ _
Number fer day . _.
Number of years smoked- -
Do vou smoke cigars? - ’
Number per day .
Number af ysars smoked
3) Do you smoke a pipe? .
Amount smcked | . —
Number of years smoked
4) If you have ggggggg,snoting. how'long age was this? )

DIET: Are yeu on any kind of diet?

1f 50 1)_What type of died is 1t?

Ly
P .
© 2) How well co you adhere %0 it? R

Litzle adherence.

[

" partial adhersnce’ Full adherence

Comments:

——— . ————————

3) How long have you been following this diet?

PHYSICAL ACTIVITY: =
1) Do you take part in regular or seructured physicai activity?
- I so, in which categery dees this activity £a117 T
NUMEER OF MINUTES PER SESSION
daity \

3-4 times per’week
1-2 times per week
a few times 2 month
abocut once 2 month

" —

i

2) In what other types of activities dc you take-.zart? .

PLEASE NOTE THAT PHYSICAL ACTIVITY CANl REFER 70 PARTICIPATION IN A

- TEAM SPORT, SUT [T CAN ALSQ INCLUDE WALKING (SRISKLY), JOGGING,
FUNNING, SWIMMING, SAILING. CANCEING, BICYCLING, CALISTHENICS, E5C..
Hew much time do you spend on each of these activities?

MEDICATION: Are you on anyrtype of medication?
- NAME OF PRESCRIPTIGN

A
X
(%3]
(=)
=

bt
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APPENDIX B

Samme of Seven_—Day Dietary Record
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APPENDIX C -
SEPARTVENT OF KINANTHROPOLOGY ’ . - )
CLINICAL FITMESS RESEARCH APPRAISAL PROCRAMME
__ ZXERCISE STRESS X"SS".‘ RECOROING TORM
NEME: : LAB %O: WEIGKT: .
ZXAMINER: _ DATE: TIME:
Mph/t Grade] H R B P 57, Lavell S-T slope: Symptoms/
. | b/min mmBq i “mm =n/sec. Commencs i
N 3icting | | )
Wacm up (La.e /4 o2.5 i
Warm up 3] 4 ! | |
wara up (3 / | ! | o
fost Wazm up (1) . i . [ |
PoOSt Warm up (2) I | | .
Stage o {1 3.0 / 2.5 | f |
(2 { i |
Szage 2 1Y 3.0 / 5.0 ! | |
: a 1 ! 1 1 !
Haze 3 (L 3.0/ 7.5 1 | | - i |
(2 i | ! i !
Staze 4 (2} 3.5 / 7.5 1 | ] [
i i ¢ P~ ! |
Stace 5 (LM 3.5 /1C.0 i | h i
- (23 ! 1 ; I |
Stage 6 (111 3.5 /12.0 | | | i | :
; (2 l | ! I |
Szage 7 (1) 3.5 /15.0 | ] I [ I
(2) i { i ! i
Stage ¢ (1)} 3.5 /16.3 | , T | -
{2} | | | | !
Stage 3 (1M 3.75/16.0 ! i | ! [
(2 : g ! | |
stage 10 (1) 3.75/18.0 | 1 T | !
(21 i o ' \ §
Scage Ll {11 3.78/2C.0 ] i ! !
(93] ! ] ': | |
Stage L2 (1)l 1.75/22.0 | i ! N
{24 - ! ) ; !
. Szage 13 . (L)} 3.75/23.0 . i | !
@ E I | : }
Stace 13 (L)} 3.75/26.2 | I ! ;
125 ‘ | ‘ | !
‘Pest Ix WILRLRG 2 ¢/ 3 ; | { i i
Sitzing : i | ! : !
Aecovesy {13! | | : ! |
Reccvery (1) 1 i t ! ;
Reccvery ) i , i ]
racovery (4); ! ' f : !
. mecovery (s i } i . :
Recovery (& ! ; I ; |
lecovesy - (7 ! !—- f i |
| | |
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PROTOCDL OF JOGGING PACGRAN
. . veer  Jay ‘Jogging Time e Timg Totsl Time
{in minutes) . (10 veconds) {1n minutes)
1- 1 1 0 o
: 1 n 12
. . o
‘ - . - 4
H 4%
’ ’ 2 s
* N
) 1 0 0
, . : Iy
2 as
H 1)
) ) 3
2 4 H 45 19
: a8
: 1 %
‘ 3
] N 4% 12
3 «
. b 1
s H 120 0
-~ 5 :
b T H 10
s 10 e
9 10 10
. 1@ n n
u 1t "
12 i 1
H 13 12 12
i 13 i1
1 11 1
[} b 1 14 . 14
w H -. "
13 18 15
: 19 15 . 15
x 38 18
a 1 ’ 1
g hed th H
b 1a 1a
H 19 19
[} = x e
) H 2 a
z 2 ed
0 n : b
A . N3 k0
3 b b
n 1 p! b
2 b i
b ] b2 s
17OM b3 11
- 1 2 ) 2
3 b 5

WCTE: The rait Dericd may have Deen extanded Beyond the tise 11sted,
in order for tre fubjects” heart rate to fall below thatr

orvicribed J0991ng heart rate.
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APPENDIX E

Fasting and Non-Fasting Values of HDL-Cholesterol and Total Cholesterol”
- 1) HDL-Cholesterol

-

2) Total Cholesterol




~ APPENDIX E1

Fasting and Non-Fasting Values for.HDL-Cho]estefo]

-

Ay

HDL-Cholesterol **

21

Subject |- ~ Pre-Training

e Post Training
Number |. . Fasting . ' Non-Fasting Fasting Non-Fasting
(mg%) . (maz) _(mg¥%) (mg%)
Experimen¢a1 Group ' .
1 56.3 52.9 55.0 48.4
-2 * 450 : * 42.2 40.5 42.7
3 50.6 45.0 51.7 51.7.
4 * 52.5° 55.1 52.9 51.7
5 54.0 50.6 56.3 55.1
& 40.5 39.4 N 48.4 47.3
7 48.4 48.4 . 61.9 51.7
8 “77.6 77.€ 78.7 - 67.5
9 47.3 , 49.5 57.4 55.1
10 . 48.4 49.5 48.4 52.9
- 11 641 56.3 72.0 67.5
12 70.9 _ 64.1 58.5 52.9
Control Group
- T * 56.8 * 64.1 70.¢9 69.7
2 * 51.2 * 48.9 56.3 47.3
.3 60.7 54.0 . 67.5 65:3
4 * 85.8 * 72.4 Lt 78.7 . 67.5
5 * o * 46,7 * 46.1 o 46.1 40.5
6 *.29.8 * 30.4 ‘ 34.8 34.9
7 * 54.4 * 54.0 56.3 55.1
8 * 53.3 * 57.4 52.9 49.5
g 69.7 68.6 66.4 60.7
10 * 72.0 - * 69.7 64.1 59.6

*, these values are the mean of 2 or 3 measurements.

** 3171 values 1isted are the values obtained in the lab x the dilution factor of

1.125 of the method.
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Fasting and Non-Fasting Values for Total Cholesterol

. Total Cholesterol

Subject : Pre-Training Post-Training

Number Fasting (mg%} Non-Fasting (mg%) Fasting (mg%) Non-Fasting(mgz)

Experimental Group
1 265 349 226 199
2 229 192 205 - 188
3 224 204 234 1222
4 238 221 - 218 210
5 218 247 208 203
6 142 138 146 139
7 271 257 218 196
8 237 256 219 188
9 262 268 245 233
10 201 195 192 204
N : 204 173 187 176
12 215 215 208 197

.\

Control Group 7
i 199 211 228 » 203
2 224 192 213 197
3 201 187 213 210
4 204 175 207 182
5 247 207 214 178
6 230 225 221 212
7= 244 233 200 235
g 241 245 240 250
g 203 230 334 251
10 238 235 242 227






