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I 1 

ABSTRACT 

The effect of participation in a physical fitness programme of 

moderate intensity on plasma lipoprotein cholesterols, total choles- 

terol, triglycerides and apolipoprotein-A levels was investigated. 

Forty-nine inactive individuals participated in a sixteen week 

exercise programme that consisted of three sessions weekly with«one 

and one-half hours in each session. The results were compared with 

those of a non-participating group. 

Results suggest that a programme of physical exercise of moderate 

intensity of a relatively short duration (sixteen weeks) can have a 

beneficial effect by modifying the plasma lipid constituents in 

potentially high risk individuals, particularly those over AO years 

who have low HDL-cholesterol blood levels. 
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INTRODUCTION 

More than a century ago, plasma cholesterol was implicated 

as the major component of atherosclerotic plaques. In 1951 Barr 

et al reported that coronary heart disease patients frequently 

exhibited several abnormalities in the distribution of lipoproteins 

in plasma. These included a tendency towards a reduction in alpha 

lipoprotein (High Density Lipoprotein) and an absolute increase in 

beta lipoprotein (Low Density Lipoprotein). Gofman and co-workers^^ 

in 1956 concluded from their study of serum lipids that plasma lipo- 

protein and cholesterol levels could be used to predict the clinical 

appearance of atherosclerosis. 

in those early days, the study of lipoproteins and lipids was 

very simple. Only alpha and beta lipoproteins and total cholesterol 

were known. Present knowledge of this lipid system is more exten- 

sive; lipid components are now classified as chylomicrons. Very Low 

Density Lipoprotein (VLDL), Low Density Lipoprotein (LDL), High 

■3Q 

Density Lipoprotein (HDL), and their associated apolipoproteins^ 

classified as A through E. Additionally, there are triglycerides, 

tota1-cholesterol and HDL-cholesterol. 

Recent studies of Gordon et al^^ and others^* 

have confirmed Barr's report that there is a significant negative 

correlation between HDL-cholesterol level and the development of 
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coronary artery disease. At the same time there exists a positive 

correlationship between the incidence of coronary heart disease and 

the levels of LDL-cholesterol and triglycerides. 

The popularity of the clinical application of HDL-cholesterol 

measurement is further enhanced by reports from other resear- 

chers 
10, 12, 38, 19, 21, 25, 26, 28, 36 

who suggested that factors 

such as strenuous physical training, smoking, weight loss, dieting, 

etc., can influence the HDL-cholesterol concentration. Wood and 

20 
Haskell both have demonstrated that athletes have higher HDL- 

cholesterol and lower triglycerides and total-cholesterol levels 

when compared with more sedentary controls. However, most of these 

reports have dealt with individuals involved in strenuous physical 

training programmes of long duration in preparation for athletic 

competitions. There is scanty information on the extent to which 

lipid' levels in sedentary individuals can be modified through 

participation in physical fitness programmes of modest duration and 

intensity. 

In this study we investigated the relationship between the 

physical fitness exercise activity of men and women who participated 

in the fitness programme at the local fitness centres and their plasma 

levels of HDL-cholesterol, triglycerides, total-cholesterol, 

LDL-cholesterol and apolipoprotein-A. 
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Materlal and Method 

Subjects 

Forty-nine individuals employed in sedentary occupations were 

recruited through two local fitness centres. There were twenty-one 

females and twenty-eight males ranging in ages from 26 to 51 years 

and identified as the exercise group. Ninety per cent of these 

individuals had not previously participated in any regular form of 

organized physical fitness activity. The study began in December, 

1980 and finished in April, I98I (sixteen weeks). 

The forty-seven non-participating subjects identified as the 
f 

control group were hospital staff members. Their working day 

included considerable walking and normally they participated 

regularly in organized activities such as softball tournaments, 

run-a-mile race, morning exercise, etc. There were thirty females 

and seventeen males between the ages of 2k and 5^ years. Their 

plasma lipid levels were determined on two occasions, in December, 

1980 and in April, I98I. 

All subjects, both exercise and control groups, were requested 

not to change their lifestyle (i.e. alcohol consumption, smoking 

and dietary habits) throughout the four months of the programme. 
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A11 were apparently healthy; they were not on medication and had 

normal biochemical profiles consisting of blood glucose, urea nitrogen, 

bilirubin, alkaline phosphatases, uric acid and aspartate amino- 

transferase. 

Physical Fitness Exercise Programme 

There were three exercise sessions of one and one-half hours 

duration per week. The exercise programme consisted of a fifteen 

minute warm-up exercise of low intensity stretching and sit-ups, 

followed by thirty minutes of running and jogging on an indoor 

track. The subjects were advised to monitor their exercise heart 

rate with ten second pulse counts several times during the exercise. 

The physical activity was regulated to maintain a heart rate for a 

period of thirty minutes at 70-85% of the age-adjusted maximum 

2 
heart rate as described by Astrand. A log was kept by each 

participant for the number of kilometers jogged. This allowed 

a fairly accurate check of the exercise levels maintained between 

sessions. The exercise session was supplemented by skipping, push- 

ups, swimming and weight lifting. There was a final fifteen minutes 

cool-down period after the exercise. The average jogging distance 

for each participant was fifteen kilometers per week. 

Collection of Samples 

Overnight fasting venous blood samples were collected from subjects 
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in 10 ml. Vacutainer tubes (B.D. S Co. Canada Ltd.) containing an anti- 

coagulant (Ethylenediamine tetra-acetic acid). These tubes were gently 

mixed several times by inversion and then the blood was separated 

immediately by centrifugation at 2000 RPM at 4°C. The plasma fractions 

were stored at -lO^C until analysis. 

Blood samples were collected at enrollment to set the baseline 
! 

level. Additional samples were taken after the fourth, eighth, 

twelfth and sixteenth weeks of the programme. 

Analytical Methods 

Total cholesterol was determined using a VP Bichromatic Comput- 

erized Analyzer (Abbott Laboratories, CA=.). The enzymatic cholesterol 

reagents were supplied by Worthington Diagnostics. The cholesterol 

ester in the sample was enzymatically hydrolyzed to free cholesterol 

and free fatty acids. These products were oxidized by cholesterol 

oxidase to cholesten~3"one with the simultaneous production of 

hydrogen peroxide which was then quantitated by coupling with a 

chromogen. The resultant compound was measured at 500/600 mu. 

Triglycerides analysis was performed on the SMA 12/60 multi- 

channel autoanalyzer (Technicon, Tarrytown, N.Y.). The procedure 

40 
employed an Ultra-Violet enzymatic reaction as modified by Kessler 

and Lederer. The method involved the enzymatic hydrolysis of tri- 
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glycerides by lipase to glycerol and was followed by a series of reactions 

that terminated in the NADH-NAD indicator system. This final reaction 

was measured spectrophotometrical1y at 3^0 mu. Our method used two 

independent but interrelated channels for blanking purpose. 

46 
High-Density-Lipoprotein-Cholesterol procedure Involved the 

separation of the High Density Lipoprotein fraction from the other lipo- 

proteins (i.e. VLDL and LDL fractions) by the addition of manganese 

chloride and heparin to the sample. The resulting precipitate was 

removed by centrifugation. The supernatant fluid containing the 

HDL-cholesterol was assayed with the Worthington enzymatic reagents 

in the Abbott VP analyzer. 

Low-Density-Lipoprotein-Cholesterol was estimated according to 

1 3 the method of Friedwald. 

LDL-chol. Tota1-chol. HDL-chol. Triglycerides 
5 

Apolipoprotein-A concentration was measured by the Standard 

41 Radial Immunodiffusion technique. The reagent (M-partigen 

Apolipoprotein plate) was supplied by Behring Hoechst Inc. In this 

procedure, specific antiserum to apolipoprotein-A was impregnated in 

agarose gel. Immunoprecipi tat ion was produced by addition of the 
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sample. Apolipoprotein-A concentration was determined by the 

use of reference standards similarly tested. 

Statistical Method 

The student's t-distribut ion test for two sample observation 

was used to assess the significance of the difference between 

parameter means within and between groups. 

t = 

1 (x^ - x^) - (u^ - u^) 

(1 + 1 ) (n, - l)S^ + (n2 - DS^ 
n, n.'^    r  

\J 1 2 n, + n - 2 

with n^ + n2 “ 2 degrees of freedom 

V'/here x = Sample mean 

s = Sample standard deviation 

u = Population mean 

n = Sample size. 

To analyze the bivariate date (Table 111), the linear regression 

model was used to test the mathematical relationship between the 
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variables and their correlation coefficient ()r) by 

y = a + bx 

where a = y - bx 

b = nixy ~ ZxZy 

nEx^ - (Ex)^ 

r = 

Exy - ExEy 
n 

\1 ^2 . ( 2 .(Mi) 
n n 

Probability values were calculated from the t~Distribut ion table 

using the formula of 

t = 

\J 
vr / (1 - r^) 

where v = n - 2 

n = number of sample data points 

r = correlation coefficient. 

All statistical methods were performed with Texas Instruments 

Programmable 59 Calculator with PC - 100c Printer. 

Due to the relatively small sample size and the nature of the 

biological parameter, a probability value of less than O.O75 was 

considered as statistically significant. 
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RESULTS 

Changes in plasma lipid during the course of the l6~week exercise programme 

Sample data of the experiment are shown in appendix (1). 

Selection of control data for reduction of sample size is discussed 

in appendix (11). 

The effect of exercise on various plasma lipid levels is shown in 

Table 1 and Figures 1 - V. 

HDd-cholesterol It was quite apparent that there was a significant 

difference in HDL-cholesterol levels between female and male participants 

at most stages of our study. The HDL-cholesterol concentration increased 

numerically during the course of the exercise programme in both male and 

female groups. Within twelve weeks, the male exercise group had a signi- 

ficant increase which continued until termination of the programme. 

(43.6 ± 11.4 vs 48.9 ± 10.2 mg/dl, P = 0.03). The HDL-cholesterol in 

the female exercise group was significantly higher than the baseline 

level only after sixteen weeks of participation (50.3^ 9*7 vs 

54.9 ± 9.5 mg/dl, P = 0.07). 

Tota1-Choiesterol There was no significant difference in total- 

cholesterol levels between the male and female exercise groups at any 

stage. Moreover, data did not show any significant changes throughout 

the sixteen-week programme. At the final week, the mean concentration 

of tota1-cholesterol was slightly lower, but this was not statistically 

significant. 
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FIG. 

70 

MEAN HDL-CHOLESTEROL LEVEL ATTAINED AT 

INTERVALS OF THE EXERCISE PROGRAMME 

1 FEMALE MEAN + S.D. 
n - 21 

3 MALE MEAN + S.D. 

n = 28 
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flG.ll TOTAL CHOLESTEROL LEVEL ATTAINED AT 

INTERVALS OF THE EXERCISE PROGRAMME 

I 

12 16 

TIME INTERVAL IN WEEKS 

I FEMALE MEAN + S.D. 
n = 21 ■ 

] MALE MEAN + S.D. 
n = 28 



200 

150 

100 

50 

0 

-13- 

FIG. in TRIGLYCERIDES LEVEL ATTAINED AT 

INTERVALS OF THE EXERCISE PROGRAMME 

FEMALE MEAN + S.D. 
n = 21 

3 MALE MEAN + S.D. 
n = 28 
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FIG. IV LDL-CHOLESTEROL LEVELS ATTAINED AT 

INTERVALS OF THE EXERCISE PROGRAMME 

TIME INTERVAL IN WEEKS 

mmmmmmm FEMALE MEAN + S.D. 
n = 21 

I j MALE MEAN + S.D. 
n = 28 
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FIG. V APOLIPOPROTEIN-A LEVELS ATTAINED AT 

INTERVALS OF THE EXERCISE PROGRAMME 

210 

200 

190 

180 

70 

160 

150 

TIME INTERVAL IN WEEKS 

1 FEMALE MEAN + S.D. 
n = 21 

2 MALE MEAN + S.D. 
n = 28 
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(Male = 227.9 ± ^7.^ vs 215.8 ± 37.^. 

Female = 233*3 - ^1.^ vs 221.0 ± 40.^ mg/dl). 

Triglycerides The triglycerides level was significantly lower 

after eight weeks of exercise in the male group when compared with the 

baseline value (145.6 ± 37.8 vs 126.1 ± 35.2 mg/dl, P == 0.02). 

The female mean level gradually decreased as the exercise programme 

progressed. However, this change was too small to be statistically 

significant. No significant difference was observed between gender groups 

within intervals. 

I 
LDL-Cholesterol The LDL-cholesterol levels in both men and women 

were relatively constant during the course of the exercise programme. There 

was no significant change even at the sixteenth week between or within the 

gender groups. (Male = 155*2 ± 49.0 vs 143.0 ± 36.8. Female = 154.5 ± 

37.9 vs 142.2 ± 37.2 mg/dl). 

Apolipoprotein-A The mean level gradually increased as the exercise 

programme progressed. However, these changes were too small to be stat- 

istically significant even at the final week. (Male = 185.1 - 12.1 vs 

189.6 ± 10.7. Female = I86.8 ± 13*0 vs 190.4 ± 12.3 mg/dl). There was 

no significant difference between the male and female groups throughout 

the exercise programme and there was no significant change within the 

gender groups. 
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Comparison of plasma parameters of exercise group with non-participating 

group at baseline and at the sixteenth week 

As shown in Table I I, at the baseline there was a noticeable 

difference in HDL-Cholesterol levels between the exercise group 

and the non-participating group (Male = 43.6 +_ 11.1 vs 49.2 + 5.5, 

P = 0.03, Female = 50.3 1 9.7 vs 55.4 +7.2 mg/dl. P = 0.02). At 

the end of the exercise programme, this difference had disappeared 

(Male = 48.0 + 10.3 vs 50.4 + 5.6, Female = 54.9 + 9.5 vs 56.0 + 8.0 

mg/dl ). 

Initially, there was a statistically significant difference in 

tota1-cholesterol levels between the female exercise group and non- 

participating group (233.3 ^41.4 vs 206.8 + 42.4 mg/dl^ P = 0.02). 
i 

However, there was no significant difference between the male groups. 

The triglycerides levels for either sex show no significant 

difference at initial and final stages. 

The initial LDL-cholesterol level was significantly higher in the 

female exercise group, but not in the final stage. There was no 

significant difference in either initial or final LDL-cholesterol 

between the exercise and non-participating male groups. 

No significant differences were observed between the groups in either 

initial or final apolipoprotein-A 1evels. 
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Correlation of HPL-cholesterol data with the total-cholesterol, 

triglycerides, LDL-cholesterol and Apolipoprotefn~A 

The correlation coefficients between the HDL-cholesterol values 

and other lipid variables are presented in Table 111 and Figure VI - 

IX. 

A negative correlation was observed between the changes in HDL- 

cholesterol and the changes in triglycerides, total-cholesterol and 

LDL-cholesterol. 

A positive correlation was noted between the changes in HDL- 

cholesterol and apolipoprotein-A. 

\ I 
Influence of age on the results of the plasma lipid parameters during 

the exercise programme 

In order to demonstrate the influence of age in our study, we 

arbitrarily separated the individuals into two age groups i.e. < kO years 

and ^ kO years. 

Tables 1V-A,B show the effect of age on the lipid parameters at the 

initial and final weeks of the study. Among the control males, there 

was no demonstrated age effect on any parameters at any stage of the study. 
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Within the control females, there were significant age dependent 

differences in all parameters at both the initial and final stages of 

the study, except the final triglycerides level. 

Among the exercise males, the younger age group exhibited higher 

HDL-cholesterol and apolipoprotein-A levels at the initial stage. By 

the end of the programme this age effect had disappeared. Total-chol- 

esterol and LDL-cholesterol levels were lower at the start in the younger 

age group and remained lower at the final stage. There was no age-depen- 

dency for triglyceride levels at either initial or final periods of 

the study. 

Among the exercise females, the under AO years age group exh 

higher HDL-cholesterol and apolipoprotein-A levels at the initial 

and maintained this difference to the final week. They also had 

triglycerides, tota1-cholesterol and LDL-cholesterol levels than 

over AO years age group at both initial and final periods of the 

programme. 

ibited 

stage 

lower 

the 

exercise 

Tables V-A,B 

parameters during 

show the influence of age on the changes of various 

the 16-week study. 

Only the exercise males, AO years and over, showed any significant 

change in plasma parameter levels between the initial and final weeks 



C
O

M
PA

R
IS

O
N
 

O
F 

PL
AS

M
A 

L
IP

ID
 

PA
R

AM
ET

ER
S'

^'B
ET

VI
EE

N
 

IN
IT

IA
L
 

AN
D 

F
IN

A
L 

W
EE

KS
 

O
F 

TH
E 

ST
U

D
Y 

P
E

R
IO

D
 

W
IT

H
IN
 

AG
E 

G
RO

UP
S 

-2b- 

— o — -d- — o 
C ^ C C P<^ 
C7) >— 0> O Ol O 

.— LA •— •— •— 
COO C— CvO COO 
oi LA cn«s olo aid oio 

— 
c oo 
O) — 

lAO I/I O (AO (AO (AO (AO (AO (AO (A O 

4-1 
O 

O 

vO 

-H 

vO 

CA 
-4- 

■H' 

C« 

CS4 

-4- 

+1 

-4" 

O 

CTk <A 
— CN 

•— crt O 

OO 

o^ 

-H 

tA 

(A 

+1 
vO 

lA 

+( 
CO 

vO 

■H 

lA 

OO 

lA SO 
-4" 

— CM 

-H 

.4- 

lA 

O 
00 
CM 

+1 
-4" 

vO 

O 
-4- 

■M 
SO so 

lA 
■4- 

O 

+1 
O 

— (A 
C (A 
O) O 

o — OO — O — CM •— -4- 
CCA CCA CO CSD CLTV 
0)CA 0)1^ O) O CT) CM 01-4' 

— (A 
c cn 
U) (A 

(AO (AO (AO (AO (AO (AO (AO (AO (AO (A O 

4-1 
O 

CM 

(A 

— oo 

sd 

-4- — 

+t 
O 

•H +1 

(A 

iM. -a^ 
(A — 

+1 
o 

-4- 

(A 
CA 

+1 
CA 

■H 

sd 

CO 

d 
— CM 

■H 

SO 

sd 

so 

so CM CA 
CA — — 

•« +1 +1 

O CA 

.— CA 

CA — 

m 
.4" 

+1 
SO 

fM. 
LA 

+1 
SO 

od 

-4 

■H 

(A 

+1 
<Tl 

+1 

oo 
CM — 

-4" 

•H 

d 

o^ 
(A 

— .4 »“ 
00 
00 

■H 
PM 

rs 
o> 

(A — (A (A — 

O (U O) 
3c — e O 

o 
L. 

I 0) 
— 4-1 — 
(0 (A "O 
4J 0) ^ 
O c— O) 
I- O E 

4) 
T3 — 

I — -o 
•- u 
I- U on 

(— L) E 

4) >- 
•M XJ 

_J (A -M 
(O 4) C» 
-I — E 

O 

R.5^ 
— 4) "O 
— 4-1 "M 
O O C7) 
Q. L. E 
< a. 

to
ta

l 
d

eg
re

es
 

o
f 

fr
ee

d
o

m
 



C
O

M
P

A
R

IS
O

N
 

O
F 

P
LA

S
M

A
 

L
IP

ID
 

P
A

R
A

M
E

TE
R

S
' 

B
E

TW
E

E
N
 

IN
IT

IA
L
 

A
N

D
 

F
IN

A
L
 

W
E

E
K

S
 

O
F 

TH
E
 

S
T

U
D

Y
 

P
E

R
IO

D
 

-29- 

6^ ^ 6^ 
O O m 

^< 
O -K 

kfS 
CTi 

— O 
c • 
cn tM 

1/1 

O 
00 

— LTl 
C lA 
U1 <M 

— 00 
c — 
(7)00 

(T> -K 
O * 

■- 00 
C -4- 
O) 

— CO 
C VO 
O) P4 

(/t — 

o 

C • — • — 

C lA 
O1C0 

(/>— trtO 01CS trt»— i/> — »/>o 

>*- cn 
— CA 
C • 
D> At 

— -sr 
c o 
01 <A 

O 
vO 

<A 
«A 

CO — 

rA 

■H 

0^ -- 
At J- 3 

vO 
OO 

\0 
vO 

00 

CO 

cn 
<A 

<vt 
At 
lA 

lA 

vO 

vO — 

— At 

At — At — At ►— 

— CO — OO — O — At — CA — OO 
COO CvO CvO C— CO 
cn rA cn At cn At cn oo cn cn cr\ 

tnO 4/1 ■— 4/1 O to O 4/1 O 4/1 o 

o 
At At <— 

— O 
C «A 
cn At 

— At 
C vO 
cn At 

u 
vt- 
— At 
C At 
en — 

(/I o 

— oo 
c — 
cn LA 

vO 

o 
vO 

LA 

lA — 

•M 
vO 

— 

■H 
CO 

CO 

JT 

cn 

— — -a- vO 

— -a- 

tn — 
^ V 

1/1 — — lA — 

1— LTV 

c c c 
ro *tJ TO 
jz jc x: 

Ui 1/1 
in in tn 
0) cu 0) 

•Jc -Jc 

-K 

(U 
o 
c 
fO 
o 

c 
O) 

E 
o 
•o 
w 
ftt 

o at gt 

*0 

o 
L. 
at 

to «A TJ 
*J 01 V. 
O — cn 
»- O E 

o> 
•a — 

I — OQ 
— t- 
L. 0) cn 
♦- o 6 

>» 
*Oi 

V ^ — 0) 



-30- 

of the study. Their mean HDL-cholesterol and apolipoprotein-A levels 

increased significantly and their triglycerides level decreased signif- 

icantly in this group. 

Tables VI-A,B show the comparison of the exercise and control groups 

at the initial and final stage of the programme. The exercise males, 

under AO years of age, showed no significant difference from the control 

males of the same age group at either the initial or final stage for 

HDL-cholesterol, triglycerides and apolipoprotein-A levels and relatively 

low degree of significances for tota1-cholesterol and LDL-cholesterol. 

Initially, the exercise males AO years and over showed a signif- 

icantly lower level of HDL-cholesterol and significantly higher level 

of total-cholesterol, triglycerides and LDL-cholesterol than the control 

males of the same age group. These differences had disappeared by the 

final stage of the exercise programme. 

I 

The exercise and control females under AO years showed no 

significant differences in all parameters at either the initial or 

final periods. 

The exercise females AO years and over showed no significant 

differences from the control females of the same age group at any 

time during the l6-week period for HDL-cholesterol, triglycerides 
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and apolipoprotein-A levels. However, significant differences were 

observed in the initial stage for total-cholesterol and LDL-cholesterol 

levels. By 16 weeks such changes had disappeared. 

Comparison of initial and final stage data with respect to the 

HDL-cholesterol Range Subgroup 

In keeping with standard clinical interpretation, HDL-cholesterol 

normal ranges of kO~S^ mg/dl for males and 50-68 mg/dl for females were 

used to establish Range Subgroups (RS); i.e. for males RS^ is AO mg/dl, 

R$2 < ^0 mg/dl; for females RS^ 'S ^ 50 mg/dl, RS^ < 50 mg/dl. This 

subgrouping enabled us to observe the response of individual levels to 

the exercise programme. 

Table VI1 shows that there were significant differences between 

initial and final weeks for the exercise males RS^ only in HDL-cholesterol, 

triglycerides and apolipoprotein-A levels. Among the exercise females 

there wa^s a significant difference in HDL-cholesterol in RS^- 
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DISCUSSION 

In 1951, Barr and his associates at Cornell Medical Centre 

noted that thirty-three patients with coronary artery disease had 

relatively low levels of High Density Lipoproteins in their plasma. 

They proposed that HDL appeared to have a protective function 

against coronary heart disease. This study has now been amply 

30 31 9 
substantiated by the work of Miller^ ’ and Castelli. 

18 
In 1977, the Framingham Heart Study identified a number of 

risk factors associated with heart disease. This study showed that 

the risk of an individual developing clinical coronary artery heart 

disease is inversely related to the plasma HDL-cholesterol level. 

Our experiment was designed to study the effect of "physical 

fitness" exercise on the plasma levels of HDL-cholesterol and other 

lipid fractions. We were most interested in studying the HDL-chol- 

esterol pevels since this fraction is, as noted above, a measure 

of an individual's risk to develop coronary artery disease. 
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Review of lipid biochemistry There are three major classes 

of lipoproteins?^ very low density lipoprotein (VLDL); low density 

lipoprotein (LDL) and high density lipoprotein (HDL). A fourth class 
I 

the chylomicron, which transports absorbed lipid from the small intes 

tine to the liver, is normally absent in the fasting state. The 

different classes of lipoproteins are distinguished by particle size, 

1 5 density, lipid and apolipoprotein composition. 

High density lipoprotein is the smallest of the plasma lipo- 

proteins with relatively high density (I.O63 ~ 1.210 g/ml). The 

major lipid is phospholipid. The major apolipoprotein (apo) is A 

(both A1 and All) with a minor fraction apolipoprotein-C. Its ultra- 

structure is that of a micelle, composed of an outer coat of 

phospholipid, uoesterified cholesterol and specific protein, and 

an inner core of cholesterol ester and triglyceride. 

The very low density lipoprotein (VLDL) is the vehicle for the 

transport of endogenous lipids to peripheral cells. The triglyceride 

rich VLDL contains mainly apolipoprotein-C with minor fractions of 

apo A and E. In peripheral tissues, such as muscle and adipose 

tissue, VLDL triglyceride is hydrolysed by the action of lipoprotein 

31 39 
lipase. ’ As the VLDL is catabolized, the apolipoprotein-C is 

recaptured by HDL in exchange for the cholesterol esters. This 

process of delipidation converts the VLDL to cholesterol-rich LDL 
f 
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containiing mainly apol ipoproteIn-B with minor fractions of C and E 

34 
The catabolism of LDL appears to occur largely in extra- 

hepatic tissue by a receptor mediated process. The binding of LDL 

to the cell surface results in endocytosls of the lipoprotein and 

its eventual degradation in the lysosomes. The unesterified chol- 

esterol is then free to be used by the cell for membrane synthesis 

and other metabolic processes requiring the steroid nucleus^. The 

excess cholesterol from tissue cells is most likely transported to 

the liver for excretion by HDt.^ 

It is through this reverse transportation by HDL in carrying 

cholesterol from tissue and arterial walls to the liver for excretion 

3 
that HDL is thought to prevent atherogenesis. Tissue culture studies 

have also shown that HDL inhibits the uptake of the cholesterol- 

rich LDL by arterial wall smooth muscle. Thus, a high plasma HDL 

level appears to function as a protective factor against atheroscler- 

. 9 
os I s. 

It is known that HDL-cholesterol is synthesized in the liver and 

39 
small intestine. It is also recognized that HDL-cholesterol level 

can be altered by several physiological and pathological conditions. 

Lower HDL-cholesterol concentrations tend to occur in individuals who 

are on ajdiet rich in carbohydrate and in those who are sedentary, 
i 

36 10 39 
obese; cigarette smokers, diabetic or uremic. Higher levels of 
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HDL-choJesterol are found in individuals with moderate alcohol con- 
I 

sumption!^ Women on estrogen and/or contraceptive therapy tend to have 

elevated HDL-cholesterol levels. In the males, high levels of HDL- 

39 cholesterol in the pre-adolescent begin to drop in adolescence to 

39 reach a lower level in adultcy. The impact of sex hormones on HDL- 

cholesterol metabolism is wel1-demonstrated in our data (Table 1 and 

Figure 1) showing significant differences between male and female 
g 

exercise groups. This result agrees with the recent report by Campione. 

Furthermore, significant age effect is evident in both exercise and 

control! fema1es (Table IV-A-B). This finding reiterates the impor- 

tance of hormonal influence on the lipid levels. 

HDL-cholesterol is assumed to be a protective factor 
Q 

against atherosclerosis, a correlation study (Table 111) between 

HDL and the other lipid fractions could provide an insight into these 

metabolic relationships. Our results (Table 111 and Figures Vl-lX) 

show a negative correlation between HDL-cholesterol and total-chol- 

esterol which reflects a significant rise in HDL-cholesterol while 

the total cholesterol remains relatively constant throughout the 

study. A negative correlation was observed between HDL-cholesterol 

and LDL-cholesterol, and between HDL-cholesterol and triglycerides. 

These results show that a shift towards a more beneficial distri- 

bution of the total lipid is brought on by the exercise programme. 
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Can a 16-week exercise programme of moderate intensity be 

beneficial to sedentary individuals as far as lipid distribution 

is concerned? Our data provides some evidence to suggest yes, 

if that individual is over 40 years old, or has a low HDL-chol- 

esterol level. 

After 16 weeks of exercise, both gender groups did show marginal 

significant increase in HDL-cholesterol (Table 1). When age groups 

were considered (Table V-B) the increase in HDL-cholesterol was 

restricted to the over 40 year old males only. When the study sub- 

jects were divided by HDL-cholesterol Range (Table VI1) the sub- 

normal individuals (RS^) in both genders also showed a marked sig- 

nificant increase in HDL-cholesterol. 

21 25 28 43 44 
Most reports » » » » suggest that such an increase 

in HDL-pholesterol level is the result of strenuous physical training. 

Our study demonstrates that the efficacy of an exercise programme of 

moderate intensity (average 15 kilometers of jogging per week) is 

sufficient to elevate the HDL-cholesterol level in certain individuals. 

Our study (Tables I •'ll) showed minimal changes in apolipo- 

protein-A throughout the course of the exercise programme. When the 

groups were age-separated (Table V-B), the over 40 year males did 

show lower levels at the initial stage and this difference disapp- 
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eared at the l6th week. When the groups were separated by HDL-chol- 

esterol Range (Table VI1) the male subnormal group (RS^) showed a 

significant increase in apolipoprotein-A. In liver and intestinal 

perfusion studies of rats, both High Density Lipoprotein (HDL) and 

apolIpoprotein-A are found to be synthesized in these organs. Approx- 

imately 90^ of the total apolipoprotein-A is found in the High Density 

Lipoprotein fraction. Measurement of apolipoprotein-A is a measure- 

ment of HDL. This explains the positive correlation between these 

two parameters. 

Our data (Tables 1 and V-A,B) did not show any significant change 

in tota1-cholesterol and LDL-cholesterol levels during the exercise 

programme. However, when the groups were separated by age, those males 

and females over kO years initially showed higher levels than their 

corresponding controls (Table V1-A,B). By the final week, no significant 

differences were observed. Does this imply that exercise activity 

lowered^ the totaI-cholesterol and LDL-cholesterol in this age group? 

In our judgement, exercise has minimal effect on total-cholesterol. 

7 22 26 29 ^2 
This is in agreement with the recent literature. * * * 

Moreover, one should not expect any significant change in LDL-chol- 

esterol since there were reciprocal changes in HDL-cholesterol and 

triglycerides in the presence of relatively constant tota1-cholesterol 

1evels. 
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26 20 
Lewis^ and Haskell^ reported that exercise decreased the 

triglyceride levels of hypertriglyceridemic individuals. In the 

presentf study, only the male group over 40 years showed a signif- 

icant decrease in triglycerides. In the HDL-cholesterol subnormal 

group (RS^) the same observation was noted. However, S0% of all 

exercise participants experienced a numerical decrease in plasma 

triglyceride levels. 

The process of exercise-induced reduction in triglycerides is 

complicated. ft may be explained by the combination of increased 

31 32 
tissue uptake and increase of lipoprotein lipase activity. ’ 

The latter is responsible for the catabolism of triglyceride-rich 

23 
Very Low Density Lipoprotein in peripheral tissues. Physical ex- 

ercise can Influence the activity of lipoprotein lipase in both human 

33 5 
and other animals. * In the present study, a negative correlation 

coefficient between HDL-cholesterol and triglycerides is observed 

(Table 111 and Figure VI). These reciprocal changes in triglycer- 

ides and HDL-cholesterol may be due to the activation of lipoprotein 

39 
lipase activity. Tamir shows that the hydrolysis of triglycerides 

results In the liberation of apolipoprotein-C which is transferred to 

the High Density Lipoprotein. This direct transfer of apolipoprotein 

to High Density Lipoprotein may explain the negative correlation of 

these two parameters. 
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In conclusion, within the limitation of sample size, our results 

suggest that participation in a moderate physical fitness programme 

designed for the sedentary individuals can have a beneficial effect 

on plasma lipid parameters particularly in males over 40 years of age. 

However, we cannot assume that exercise alone was responsible for these 

changes since we are not certain that other aspects of the lifestyle 

of the participants remained unchanged. Since higher levels of High 

Density Lipoprotein cholesterol are associated with a lower incidence 

of coronary heart disease, * * t ly J y ^ study supports the 

view that voluntary and moderate exercise has not only a recreational 

effect, but at the same time could reduce the incidence of morbidity 

due to coronary heart disease. 



APPENDIX 1 

SAMPLE DATA - EXERCISE GROUP (FEMALE) 

HDL-Cholesterol mg/dl 

Baseline ^th Week 8th Week 12th Week I6th Week No. Age 

1 27 

2 51 

3 50 

A 36 

5 26 

6 kS 

7 35 

8 26 

9 A8 

10 51 

11 28 

12 (50 

13 38 

lA A3 

15 51 

16 30 

17 A9 

18 50 

19 50 

20 28 

21 29 

Mean - S.D. 

A5 

A5 

37 

63 

57 

65 

56 

52 

58 

Al 

A2 

50 

69 

57 

39 

A8 

"♦3 , 

39 

AO 

A9 

63 

50.3 ± 9.7 

50 

A8 

38 

63 

5A 

66 

59 

50 

57 

A2 

A2 

A9 

72 

50 

A2 

53 

50 

37 

A2 

50 

62 

51.2 ± 9.3 

5A 

A9 

A2 

6A 

63 

69 

62 

51 

56 

A2 

AA 

A8 

73 

5A 

Ao 

55 

52 

36 

A5 

51 

6A 

53.0 ± 10 

A9 

A7 

A2 

63 

63 

69 

59 

5A 

5A 

A5 

AA 

50 

70 

51 

Al 

5A 

51 

39 

AA 

51 

62 

52.5 ± 9.0 

53 

A9 

A5 

67 

6A 

67 

62 

53 

60 

A5 

A5 

55 

76 

56 

AA 

55 

51 

Ao 

A6 

53 

67 

5A.9 ± 9.5 
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SAMPLE DATA - EXERCISE GROUP (MALE) 

HDL-Cholesterol mg/dl 

No. Age Baseline 4th Week 8th Week 12th Week l6th Week 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

50 

34 

35 

48 

26 

48 

51 

27 

51 

32 

26 

49 

51 

38 

29 

47 

48 

49 

45 

40 

42 

41 

45 

43 

26 

28 

30 

46 

Mean ± S.D. 

Male £• female 

Mean ± S.D. ■ 

38 

54 

39 

27 

51 

38 

34 

43 

25 

49 

41 

46 

35 

59 

75 

61 

42 

32 

42 

37 

43 

50 

40 

45 

26 

63 

44 

43 

43.6 ± 11.4 

Combined 

46.5 +11.1 

43 

55 

46 

30 

53 

43 

39 

45 

30 

50 

43 

49 

43 

60 

76 

65 

49 

34 

43 

42 

44 

55 

44 

52 

32 

64 

43 

48 

47.1 ± 10.6 

40 

52 

44 

30 

50 

44 

39 

46 

30 

47 

43 

52 

40 

56 

74 

60 

50 

34 

44 

40 

53 

42 

52 

31 

54 

39 

50 

45.6 ± 9.6 

45 

61 

48 

34 

52 

45 

41 

45 

33 

50 

44 

52 

44 

62 

76 

66 

53 

35 

46 

44 

45 

54 

^5 

53 

34 

64 

44 

53 

48.9 ± 10.2 

44 

60 

46 

33 

49 

44 

43 

43 

33 

49 

39 

49 

45 

63 

75 

66 

51 

35 

45 

45 

46 

55 

46 

51 

35 

66 

39 

48 

48.0 ± 10.3 

48.9 ± 10.2 48.8 ± 10.4 50.4 ± 9.8 50.9 ± 10.4 
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SAMPLE DATA - EXERCISE GROUP (FEMALE) 

Total-Choiesterolmg/dl 

Baseline 4th Week 8th Week 12th Week l6th Week No. Age 

1 27 

2 51 

3 50 

4 36 

5 26 

6 49 

7 35 

8 26 

9 48 

10 51 

11 28 

12 50 

13 38 

14 43 

15 51 

16 30 

17 49 

18 50 

19 50 

20 28 

21 ZS 

Mean ± S.D. 

219 

288 

229 

246 

219 

313 

210 

148 

247 

289 

188 

236 

266 

255 

253 

181 

272 

175 

250 

209 

206 

233.3±4l.4 

220 

276 

210 

240 

210 

340 

199 

161 

259 

264 

172 

232 

258 

285 

250 

189 

266 

180 

215 

197 

210 

230.1±43.4 

201 

279 

201 

223 

234 

350 

191 

161 

236 

267 

181 

220 

261 

111 

256 

186 

265 

187 

228 

195 

189 

228.0±44.9 

190 

258 

200 

210 

207 

310 

200 

157 

257 

323 

186 

220 

260 

270 

250 

179 

260 

178 

258 

217 

190 

227.6±44.6 

179 

261 

182 

216 

231 

302 

197 

164 

241 

282 

181 

228 

254 

279 

248 

189 

238 

172 

111 

188 

183 

221.0±40.4 
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SAMPLE DATA - EXERCISE GROUP (MALE) 

Total-Cholesterol mg/di. 

No. Age 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

50 

34 

35 

48 

26 

48 

51 

27 

51 

32 

26 

49 

51 

38 

29 

47 

48 

49 

45 

40 

42 

41 

45 

43 

26 

28 

30 

46 

MeanlS.D. 

Male & Female 

Mean S.D. 

Baseline 

278 

176 

238 

271 

190 

210 

328 

222 

171 

143 

I4l 

2.52 

301 

221 

249 

253 

253 

227 

315 

201 

240 

260 

219 

243 

222 

209 

176 

172 

227.9±47.4 

Combined 

230.2±44.6 

4th Week 8th Week 

260 

180 

240 

240 

176 

201 

289 

220 

170 

190 

160 

265 

308 

228 

244 

233 

240 

230 

298 

210 

230 

260 

240 

240 

220 

196 

184 

181 

226.2±38.6 

284 

181 

245 

236 

207 

213 

266 

222 

161 

172 

135 

298 

277 

235 

240 

241 

240 

240 

290 

208 

199 

261 

248 

236 

213 

150 

164 

197 

223.5±42.8 

12th Week 

265 

180 

250 

241 

199 

237 

278 

200 

160 

150 

140 

249 

289 

230 

260 

231 ' 

235 

240 

289 

200 

190 

240 

230 

230 

194 

224 

187 

227 

223.0±38.8 

I6th Week 

257 

165 

214 

260 

201 

206 

258 

219 

152 

144 

155 

250 

252 

212 

249 

250 

231 

225 

291 

204 

236 

230 

192 

239 

192 

203 

192 

164 

215.8+37.4 

227.8±4O.3‘ 225.5±43.3 225.0±41.0 .2l8.0±38.4 
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SAMPLE DATA - EXERCISE GROUP (FEMALE) 

Triglycerides mg/dl 

Baseline 4th Week 8th Week No. Age 

1 27 

2 51 

3 50 

4 36 

5 26 

6 49 

7 35 

8 26 

9 48 

10 51 

11 28 

12 50 

13 38 

14 ^43 

15 51 

16 30 

17 49 

18 50 

19 50 

20 28 

21 29 

Mean ±, S. D. 

121 

124 

207 

110 

231 

107 

87 

92 

144 

188 

129 

162 

205 

102 

162 

68 

217 

131 

174 

103 

125 

142.3±46.6 

101 

100 

187 

141 

210 

110 

33 

78 

141 

170 

120 

129 

190 

120 

150 

51 

188 

100 

149 

95 

no 

127.3±45.9 

75 

120 

178 

109 

221 

98 

61 

86 

139 

1 66 

121 

126 

188 

126 

141 

40 

176 

136 

168 

86 

128 

128.0±44.9 

12th Week 

81 

lOO 

161 

80 

200 

118 

48 

76 

140 

150 

1 10 

131 

180 

130 

1 30 

49 

172 

120 

169 

79 

131 

121.7±42.4 

16th Week 

80 

108 

175 

101 

195 

102 

51 

71 

126 

168 

106 

1 24 

176 

125 

126 

66 

165 

147 

161 

90 

119 

122.9±40.0 
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SAMPLE DATA - EXERCISE GROUP (MALE) 

Triglycerides mg/dl 

No» Age 

1 50 

2 34 

3 35 

4 48 

5 26 

6 48 

7 51 

8 27 

9 51 

10 32 

11 26 

12 49 

13 51 

14 38 

15 29 

16 47 

17 48 

18 49 

19 45 

20 40 

21 42 

22 4l 

23 45 

24 43 

25 26 

26 28 

27 30 

28 46 

Mean ± S.D. 

Basel 1ne 

106 

109 

121 

158 

186 

121 

140 

107 

131 

66 

99 

174 

157 

199 

183 

196 

158 

177 

86 

210 

148 

191 

162 

142 

186 

124 

110 

131 

145.6±37.8 

4th Week 

105 

100 

115 

147 

195 

101 

110 

100 

130 

39 

100 

120 

144 

189 

162 

183 

160 

165 

77 

186 

150 

178 

155 

130 

160 

109 

90 

104 

132.3±38.5 

130.1±41.5 

8th Week 

99 

91 

no 

136 

166 

75 

102 

98 

102 

49 

101 

140 

140 

190 

159 

172 

122 

151 

91 

199 

118 

170 

141 

134 

144 

111 

101 

120 

126.1±35.2 

127.0±39.2 

12th Week 

80 

80 

105 

184 

155 

81 

100 

100 

1 10 

75 

100 

136 

118 

181 

144 

183 

100 

150 

72 

191 

120 

160 

130 

125 

149 

120 

131 

118 

124.9±34.8 

123.5±37.9 

16th Week 

86 

71 

112 

141 

188 

83 

86 

102 

100 

' 56 

81 

151 

127 

187 

175 

190 

113 

136 

79 

179 

122 

167 

126 

130 

151 

103 

113 

112 

123.8138.4 

123.4±38.7 

Male & Female Combined 

Mean ± S.D. I44.2±4l.3 



SAMPLE DATA - EXERCISE GROUP (FEMALE) 

LDL-Cholesterol mg/dl 

No. Age 

1 27 

2 51 

3 50 

A 36 

5 26 

6 kS 

7 35 

8 26 

9 A8 

10 51 

11 28 

12 50 

13 38 

lA A3 

15 51 

16 30 

17 A9 

18 50 

19 50 

20 28 

21 29 

Mean ± S.D. 

Basel Ine 

150 

218 

150 

161 

116 

226 

137 

78 

160 

211 

120 

15A 

156 

178 

182 

120 

186 

110 

175 

139 

118 

15A.5±37.9 

Ath Week 

150 

208 

135 

1A9 

1 lA 

252 

133 

9A 

17A 

188 

106 

157 

1A8 

211 

178 

126 

179 

123 

1A3 

128 

126 

153.A±38.9 

8th Week 

132 

206 

123 

137 

127 

260 

117 

93 

152 

192 

113 

1A7 

151 

198 

188 

123 

178 

I2A 

1A9 

127 

100 

1A9.A±AO.9 

12th Week 

125 

191 

126 

131 

lOA 

217 

131 

88 

175 

2A8 

122 

lAA 

I5A 

193 

183 

115 

175 

116 

180 

150 

102 

150.9±A1.A 

l6th Week 

110 

190 

102 

129 

128 

215 

125 

97 

156 

203 

115 

1A8 

1A5 

198 

179 

121 

16A 

103 

1A9 

117 

92 

1A2.2±37.2 
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SAMPOE DATA - EXERCISE GROUP (MALE) 

LDL-Choiesterol mg/di 

No. 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

lA 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

27 

28 

Age 

50 

3A 

35 

A8 

26 

A8 

51 

27 

51 

32 

26 

A9 

51 

38 

29 

A7 

A8 

A9 

A5 

Ao 

A2 

Al. 

A5 

A3 

26 

28 

30 

A6 

Baseline 

219 

100 

175 

212 

102 

1A8 

266 

158 

120 

81 

80 

171 

235 

122 

138 

153 

179 

160 

256 

122 

167 

172 

1A7 

170 

159 

121 

no 

103 

Ath Week 8th Week 12th Week 

196 

105 

171 

181 

8A 

138 

228 

155 

11A 

132 

97 

192 

236 

130 

136 

132 

159 

161 

2A0 

131 

156 

170 

165 

162 

156 

1 10 

123 

112 

22A 

111 

179 

179 

12A 

15A 

207 

156 

111 

115 

72 

218 

209 

lAl 

I3A 

1A7 

166 

176 

228 

127 

136 

17A 

178 

157 

153 

7A 

105 

123 

20A 

103 

181 

172 

116 

I7A 

217 

135 

105 

85 

76 

170 

221 

132 

155 

129 

162 

175 

229 

118 

121 

I5A 

159 

152 

130 

136 

117 

150 

16th Week 

196 

91 

1A6 

199 

1 lA 

1A5 

198 

156 

99 

8A 

JOO 

171 

182 

112 

139 

1A6 

157 

162 

230 

123 

166 

lAl 

121 

159 

127 

117 

130 

9A 

Mean ± S.D. 155.2±A9.0 152.6±A0.3 152.8±Al.9 1A9.2±39.3 1A3.0±36.8 
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SAMPLE DATA - EXERCISE GROUP (FEMALE) 

ApolipoproteIn-A mg/dl 

No. Age 

1 27 

2 51 

3 '50 

k 36 

5 26 

6 49 

7 35 

8 26 

9 ^8 

10 51 

11 28 

12 50 

13 38 

14 43 

15 51 

16 30 

17 49 

18 50 

19 50 

20 28 

21 29 

Mean ± S.D. 

i 

Baseline 

178 

180 

174 

207 

200 

199 

201 

187 

198 

171 

168 

198 

195 

189 

170 

180 

180 

168 

177 

200 

202 

186.8±13. 

4th Week 

175 

175 

170 

210 

200 

205 

195 

190 

200 

172 

164 

193 

195 

191 

167 

180 

180 

165 

175 

199 

210 

186.2±15.0 

8th Week 

186 

182 

180 

215 

197 

202 

202 

191 

195 

170 

170 

205 

195 

194 

166 

183 

188 

165 

176 

206 

202 

189.0±14, 

12th Week 

185 

183 

180 

210 

200 

198 

191 

194 

190 

175 

180 

200 

205 

189 

170 

175 

191 

168 

178 

200 

200 

188,7+11»9 

l6th Week 

178 

180 

178 

211 

199 

200 

209 

187 

198 

183 

178 

198 

201 

190 

174 

179 

197 

169 

185 

202 

204 

190,4±12,3 



-52- 

SAMPLE DATA - EXERCISE GROUP (MALE) 

Apolipoprotein-A mg/di 

No. 

1 

2 

3 

if 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Age 

50 

34 

35 

48 

26 

48 

51 

27 

51 

32 

26 

49 

51 

38 

29 

47 

48 

49 

45 

40 

42 

41 

45 

43 

26 

28 

30 

46 

Baseline 4th Week 8th Week 12th Week 

176 

197 

183 

183 

208 

174 

175 

180 

176 

181 

169 

182 

176 

201 

218 

192 

182 

183 

178 

179 

177 

195 

187 

186 

168 

209 

186 

183 

175 

200 

180 

185 

200 

175 

170 

177 

180 

174 

171 

180 

171 

200 

218 

190 

180 

185 

174 

175 

184 

199 

190 

190 

170 

211 

181 

190 

181 

203 

181 

187 

201 

I8l 

175 

181 

184 

179 

173 

188 

179 

210 

212 

195 

191 

185 

183 

178 

181 

196 

192 

193 

174 

215 

178 

183 

185 

200 

190 

190 

200 

185 

172 

184 

186 

180 

178 

190 

184 

205 

209 

200 

185 

184 

183 

180 

180 

195 

190 

195 

175 

205 

185 

190 

Mean ± S.D. 185.1±12.1 184.7±12.6 187.8±11.6 188.8±9.4 

Male and Female Combined 

185.8±12.4 185.3±13.6 188.3±12.7 188.7±10.4 

l6th Week 

182 

204 

187 

188 

205 

186 

181 

176 

185 

185 

175 

187 

184 

196 

213 

200 

187 

187 

182 

181 

181 

200 

190 

203 

171 

210 

187 

195 

189.6±10.7 

189.9±11.3 Mean ± S.D. 



53- 

SAMPLE DATA (mg/di) - NON-PARTICIPATING GROUP (FEMALE) 

HDL- Total- 
Cholesterol Cholesterol 

LDL- Apolipo- 
Triglycerldes Choiesterol Protein 

No. 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

lA 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

27 

28 

29 

30 

Mean 

S.D. 

P 
* 

Age Base 16 Wk Base 16 Wk 

A9 A9 A6 232 2A1 

25 

32 

27 

27 

25 

3A 

Al 

39 

53 

52 

38 

33 

50 

28 

A2 

2A 

27 

31 

30 

36 

26 

32 

35 

A8 

30 

29 

28 

30 

5A 

66 

58 

58 

5A 

51 

A8 

51 

55 

A7 

A7 

h7 

A9 

A6 

57 

59 

56 

6A 

55 

65 

51 

'69 

66 

A8 

AA 

66 

62 

61 

55 

59 

66 

57 

59 

59 

56 

55 

52 

51 

51 

A6 

A6 

50 

AA 

61 

56 

59 

63 

58 

6A 

A6 

72 

70 

AA 

A5 

6A 

68 

56 

5A 

61 

201 

251 

156 

187 

199 

193 

182 

2A1 

2A8 

167 

182 

2A8 

201 

159 

193 

2A8 

211 

201 

1A6 

206 

239 

2A8 

172 

168 

186 20A 

196 222 

210 

18A 

20A 

279 

226 

179 

176 

229 

221 

150 179 

16A 15A 

190 

188 

228 

20A 

222 

2A3 231 

228 257 

161 

185 

29A 286 

180 183 

323 303 

55.A 56.0 206.8 211.A 

±7.2 ±8.0 ±A2.9 ±39.7 

0.39 (N.S.)* 0.3A (N.S.)* 

no significant difference 

Base 

161 

55 

210 

78 

89 

lOA 

150 

121 

IA6 

101 

188 

186 

109 

120 • 

187 

119 

112 

160 

lAO 

75 

191 

106 

90 

102 

132 

91 

88 ^ 

126 

111 

IA9 

126.6 

±37.1 

16 Wk Base 16 Wk Base 16 Wk 

1A8 

7A 

196 

88 

77 

110 

129 

127 

lAl 

121 

175 

166 

128 

135 

181 

95 

88 

lAA 

15A 

102 

178 

1AA 

103 

111 

IA3 

106 

122 

llA 

101 

lAl 

150 

125 

151 

82 

119 

IIA 

118 

12A 

109 

115 

156 

163 

96 

112 

72 

71 

76 

113 

159 

121 

117 

175 

156 

62 

126 

208 

103 

23A 

165 

158 

152 

95 

9A 

126 

lAl 

133 

105 

129 

198 

1A7 

106 

105 

155 132 

118 1A6 

102 

62 

101 

103 

1A6 

103 

131 

165 

188 

76 

92 

207 

112 

21A 

178 

211 

192 

190 

191 

168 

177 

162 

179 

19A 

189 

191 

166 

169 

173 

221 

173 

21A 

197 195 

203 210 

206 

199 

180 

16A 

196 189 

169 178 

180 

168 

178 

179 179 

202 211 

216 203 

207 203 

186 

190 

192 

173 

I9A 201 

201 192 

169 

179 

199 

209 205 

199 187 

188 186 

212 210 

127.9 126.6 131.1 190.8 190.0 

±31.6 ±39.0 ±38.2 ±16.0 ±1A.3 

O.AA (N.S.)* 0.33 (N.S.)* 0.A2 (N.S.)* 



SAMPLE DATA (mg/di) - NON-PARTICIPATING GROUP (MALE) 

HDL- Total- LDL- 
Choles terol Cholesterol Triglycerides Cholesterol 

No. Age Base 16 Wk 

1 45 44 42 

2 36 42 45 

3 47- 48 46 

4 51 44 45 

5 48 51 58 

6 43 46 44 

7 27 61 56 

8 27 44 48 

9 28, 46 47 

10 50 50 52 

11 42 56 53 

12 30 49 51 

13 '20 42 44 

14 37 54 56 

15 31 55 58 

16 48 55 57 

17 39 49 54 

Mean 49.2 50.4 

S.D. ±5.5 ±5.6 

p 0.27 (N.S.) 

Base 16 Wk Base 

249 238 141 

201 197 149 

249 268 129 

207 217 130 

236 226 116 

197 187 107 

197 191 125 

240 232 191 

161 186 102 

152 160 141 

220 209 89 

231 210 125 

268 251 192 

229 242 158 

219 212 57 

188 197 150 

221 208 146 

215.6 213.6 132.8 

±30.9 ±27.1 ±33.9 

0.42 (N.S.)“ 0.44 

16 Wk Base 16 Wk 

149 174 166 

141 129 124 

115 175 199 

122 137 148 

133 162 141 

89 130 125 

131 111 109 

178 158 148 

no 95 117 

143 74 80 

106 146 135 

120 157 135 

179 188 177 

173 143 153 

72 152 140 

129 103 114 

141 143 126 

131.2 139.8 137.5 

±29.3 ±30.4 ±37.6 

(N.S.)'' 0.42 (N.S.) 

Apolipo- 
Protein 

Base 16 Wk 

175 180 

176 180 

187 179 

173 180 

188 192 

181 177 

192 194 

186 184 

177 175 

190 194 

196 189 

192 201 

166 172 

206 203 

196 192 

192 197 

201 206 

186.7 187.9 

±10.7 ±10.4 

0.37 (N.S.) 

no significant difference 
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APPENDIX 11 TABLE VIn-A 

NON~PARTICIPATING FEMALE CONTROL DATA REDUCTION 

AGE SUBGROUPS 

SUBGROUPS 
OVER AO YEARS 

UNDER AO YEARS 
UNDER AO YEARS RESIDUAL 

NO. AGE 

1 A9 

8 A1 

10 53 

11 52 

lA 50 

16 A2 

25 A8 

30 5A 

N 

MEAN 

S.D. 

INITIAL 
HDL-CHOL. 

LEVEL 

A9 

51 

A7 

A7 

A6 

59 

AA 

59 

8 

50.3 

±5.8 

NO. AGE 

2 25 

3 32 

6 25 

9 39 

13 33 

17 2A 

19 31 

21 36 

23 32 

26 30 

28 28 

INITIAL 
HDL-CHOL. 

LEVEL 

66 

58 

51 ■ 

55 

A9 

56 

55 

51 

66 

66 

61 

11 

57.6 

±6.3 

NO. AGE 

A 27 

5 27 

7 3A 

12 38 

15 28 

18 27 

20 30 

22 26 

2A 35 

27 29 

29 30 

INITIAL 
HDL-CHOL. 

LEVEL 

58 

5A 

A8 

A7 

57 

6A 

65 

69 

A8 

62 

55 

11 

57.0 

± 7.5 
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APPENDIX n TABLE Vm-B 

NON-PARTICIPATING FEMALE CONTROL DATA REDUCTION 

INITIAL HDL-CHOLESTEROL RANGE SUBGROUPS 

(RS^ OVER 50 mg/dl, RS^ UNDER 50 mg/dl) 

SUBGROUPS 

RS^ RS^ RS^ RESIDUAL 

NO. AGE 

1 ^9 

7 3^ 

10 53 

11 52 

12 38 
! 

13 33 

lA 50 

2A 35 

25 A8 

N 

MEAN 

S.D. 

HDL-CHOL. 

A9 

48 

47 

47 

47 

49 

46 

48 

44 

9 

47.2 

±1.6 

NO. AGE 

2 25 

3 32 

5 27 

6 25 

9 39 

15 28 

17 24 

20 30 

23 32 

28 28 

HDL-CHOL. 

66 

58 

54 

51 

55 

57 

56 

65 

66 

61 

10 

58.9 

±5.3 

NO. AGE 

4 27 

8 41 

16 42 

18 27 

19 31 

21 36 

22 26 

26 30 

27 29 

29 30 

30 54 

HDL-CHOL. 

58 

51 

59 

64 

55 

51 

69 

66 

62 

55 

59 

11 

59.0 

±5.9 



-57- 

The effects of age and the initial HDL-cholesterol level on all 

plasma parameter changes, over the duration of the study period, were 

investigated. It was found that the female sample numbers in the con- 

trol group under 40 years and RS^ Subgroups were 2.75 and 2.33 times 

larger than the over ^0 years and RS^ Subgroups respectively. To av- 

oid a violation of the two-sample t-test assumption of equal variances^ 

it was decided to reduce these sample data by 50^ through random sel- 

ection of the participant number codes. The two sets of under ^0 year 

age and RS^ Subgroups were then tested for homogeneity by the t-test. 

The null hypothesis was supported in each case by t-values of under 1.0. 

Therefore it was concluded that the sample data reduction did not bias 

these comparisons. 
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