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ABSTRACT

While aerobic exercise has been associated with
decreased triglycerides and increased HDL-C in studies
performed in men, less consistent results have been found in
the few studies performed in women. This experiment was
designed to investigate the effects of aerobic exercise and
dietary modification on serum lipid and lipoprotein levels
in adult sedentary women. The eight experimental subjects
(aged 27 to 42 years) were counselled to consume a low-fat,
low <cholesterol diet and attended 3-45 minute aerobic
exercise classes per week for 24 weeks. The ten control
subjects (aged 39 to 47 years) were encouraged to maintain
their regular diet and exercise habits. All subjects
underwent blood 1lipid analysis and fitness and dietary
assessments. An analysis of test results revealed no
significant differences between the exercise and control
groups. Within the exercise group, levels of serum
triglycerides, total cholesterol, and LDL-C did not change
significantly from baseline after 24 weeks. However,
transient decreases in these variables were detected at 6
weeks, and were found to be significant for total
cholesterol and LDL-C only (p<0.05). A transitory increase

in HDL-C occurred at 6 weeks (p<0.05), followed by a

iv



significant drop to below baseline at 24 weeks (p<0.01). A
significant decrease in HDL-C was also observed in the
control group, suggesting that seasonal variation might be
responsible for this change. Aerobic fitness did not
improve in the experimental group and may relate to the
intensity and frequency of the exercise program, as well as
the initial fitness level of the subjects. Body composition
also remained stable for this group. No significant change
in diet composition of the exercise subjects was observed
after 24 weeks. The results of this study suggest that 24
weeks of dietary modification and aerobic exercise does not
produce positive changes in the lipoprotein profiles of

adult women.
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Chapter I

REVIEW OF LITERATURE

1.1 INTRODUCTION

Coronary heart disease (CHD) is the leading cause of
death in North America today. The disease is characterized
by atherosclerosis, of which the principal feature is the
deposition of cholesterol esters in the inner walls of the
arteries (Miller, 1978). Evidence from both epidemiological
and experimental studies demonstrates that a relationship
exists between serum lipid and lipoprotein levels and the
development of CHD (Stamler et al, 1986). Specifically,
increased serum triglyceride (TG) and low density
lipoprotein (LDL) levels are associated with an increased
risk of CHD (Witztum and Schonfeld, 1979; Thompson and
Bortz, 1978). Elevated levels of high density lipoprotein
(HDL) are correlated with a reduced CHD risk and may protect
against development of the disease (The Lipid Research
Clinics Study, 1984; Miller, 1978; Wallentin and Sundin,
1985). Thus, LDL and HDL appear to act antagonistically in
relation to coronary heart disease.

There are a variety of factors, both environmental and
genetic, which influence the leveis of lipoproteins in man.

Cigarette smoking has been associated with depressed levels
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of HDL-C (Criqui et al, 1980; Stamford et al, 1984a),
whereas moderate alcohol consumption (Stamford et al, 1984b;
Crouse and Grundy, 1984) and chronic physical exercise
(Huttunen et al, 197%; Haskell, 1984) have been associated
with elevations in HDL-C. Physical exercise has also been
correlated with decreased VLDL-C, LDL-C and serum TG
concentrations (Lopez et al, 1974; Huttunen et al, 1979; Nye
et al, 1981). The observed alterations in the lipoprotein
levels of exercising individuals have been deemed favorable,
as increases in HDL-C and decreases in VLDL-C, LDL-C, and TG
have previously been associated with a reduced risk of CHD
development (Miller, 1978; Gordon et al, 1977; The Lipid
Research Clinics Study, 1984). However, the mechanism by
which exercise effects these lipoprotein changes is
currently unknown. Several dietary factors have also been
linked +to <changes in ~ serum lipoprotein concentrations.
Research has shown that the ingestion of saturated fats
leads to an elevation of serum cholesterol whereas
polyunsaturated fats produce the opposite effect (Shepherd
et al, 1978). The effect of both dietary cholesterol and
dietary carbohydrate on serum lipoprotein levels has also
provided a focus for numerous investigations, which have
yielded conflicting results (Tan et al, 1980; Coulston et

al, 1983).
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It is the purpose of this research to investigate the
effects of dietary modification and aerobic exercise on
serum lipoprotein levels of adult women. Favorable changes
could reduce the risk of development of coronary heart

disease.

1.2 LIPOPROTEIN METABOLISM

The plasma lipoproteins are the transport vehicles for
both endogenously synthesized and exogenous (dietary) lipids
(Haskell, 1984). All lipoproteins contain cholesterol,
triglyceride, phospholipid, and protein. They are
classified, on the basis of their size and density, into
four categories: chylomicrons, very low density
lipoproteins (VLDL), low density lipoproteins (LDL), and

high density lipoproteins (HDL).

Chylomicrons originate in the intestine, and are the
carriers of dietary TG from the gastrointestinal tract
(Stanbury et al, 1983). Triglycerides constitute more than
85% of the chylomicron mass (Haskell, 1984), and are
hydrolyzed to glycerol and free fatty acids by the
lipoprotein lipése (LPL) enzyme. The main receptors sites
for the hydrolysis products are located in adipose tissue
and skeletal muscle. The chylomicron remnants are then
released into the circulation and taken up by the liver for

further metabolism (Haskell, 1984).
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VLDL is responsible for the transport of endogenocus TG,

which is formed in the liver from dietary carbohydrate and

fat. VLDL originates in the liver, and to a lesser extent
in the intestine (Haskell, 1984). The removal of VLDL is
similar to that of chylomicrons. The very 1low density

particles are catabolized to LDL via an intermediate density
lipoprotein (Stanbury et al, 1983). Since most TG in the
plasma is carried by VLDL, total plasma TG levels closely

parallel those of VLDL-TG (Haskell, 1984).

LDL, the metabolic end product of VLDL, functions in
the delivery of cholesterol to the peripheral cells
(Stanbury et al, 1983), Because LDL transports the majority
of cholesterol in the plasma, its concentration correlates
closely with that of total plasma cholesterol (Haskell,

1984).

The physiologic role of HDL is primarily that of
cholesterol transport from the peripheral tissues to the
liver, for catabolism and excretion (Witztum and Schonfeld,
i979; Haskell, 1984). It has also been suggested that HDL
interferes with the cellular uptake of LDL, and in this way
impedes the atherogenic process (Carew et al, 1976; Lewis,

1983).

There are three main sources of HDL (Haskell, 1984).
The liver and intestine secrete HDL in the form of disc-

shaped particles, or "nascent"” HDL. The  TG-rich
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lipoproteins (i.e. chylomicrons and VLDL) also act as a
source of HDL (Durrington, 1980). These "nascent" discs
acquire free cholesterol readily from «c¢ell membranes
(Witztum and Schonfeld, 1979; Haskell, 1984). The enzyme
lecithin cholesterol acyl transferase (LCAT) then esterifies
the free cholestercl to cholesterol esters, which enter the
hydrophobic core of the "nascent" HDL, converting the disc~
like structure to a sphere (Witztum and Schonfeld, 1979;
Haskell, 1984). The major site of HDL degradation is
believed to be the liver (Haskell, 1984), via the hepatic

lipase enzyme.

Two subfractions of HDL have been identified, HDLj3, and
the less dense HDL, (Wallentin and Sundin, 1985). Evidence
suggests that the protection from CHD, conferred by HDL,
resides primarily in the HDLy subfraction (Shepherd et al,

1980).

1.3 DIET AND SERUM LIPOPROTEINS

The relationship of diet to serum lipoprotein
metabolism continues to attract a good deal of investigative
attention and stimulates an even greater amount of
controversy (Wood et al, 1985; Fisher et al, 1983).
Accumulated data now document that dietary factors do indeed
affect levels of lipoproteins and their metabolism (Goldberg

and Schonfeld, 1985; Pietinen and Huttunen, 1987; Pyorala,
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1987). The dietary factors of most interest to researchers

include cholesterol, fat and carbohydrate.

1.3.1 Dietary Cholesterol

Because Qf the strong positive correlation between
serum cholesterol levels and the risk of CHD (The Lipid
Research Clinics Study, 1984; Kuusi et al, 1985), numerous
metabolic studies have investigated the possible effects of
dietary cholesterocl on serum cholesterocl levels in humans
(Tan et al, 1980; Flaim et al, 1981; Beynen and Katan,
15985). Results of several studies suggest that the
cholesterol levels of the individual lipoproteins (HDL, LDL
and VLDL) are better risk predictors of CHD than is the
level of total serum cholesterol alone (Gordon et al, 1977;
Mahley et al, 1978). Increased LDL levels are related to an
increased risk of CHD (Castelli et al, 1977), while elevated
HDL may protect against development of the disease (Gordon
et al, 1977). Thus, LDL and HDL appear to act

antagonistically with respect to the progression of CHD.

Tan and co-workers (1980) studied the effects of
cholesterol feeding on serum lipoprotein levels in humans.
Six normolipidemic subjects consumed a diet of mixed,
natural foods over a 4-week period. During the first week,
the diet provided 100 mg cholesterol/day, with a P/S ratio

of 1.6. For the next 3 weeks, the cholesterol intake was
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increased to 1028 mg/day, accompanied by a reduced P/S ratio
of 0.14. When compared with the low cholesterol diet, the
high cholesterol diet resulted in a 23% increase in serum
cholesterol by raising the cholesterol concentration in VLDL
to 59%, LDL to 15%, and HDL to 30%. A problem exists in
this study in that the increase in dietary cholesterol was
accompanied by an increase in saturated fat intake. Thus,
the independent effect of dietary cholesterol on serum

cholesterol could not be determined.

More recently, Beynen and Katan (1985) investigated the
effects of increased dietary cholesterol on serum
lipoproteins in 6 healthy adults. The subjects consumed a
low cholesterol diet (200 mg/day) for 10 days, and then,
added 6 egg yolks to their diet daily to increase
cholesterol to 1800 mg/day for another 10 days. Unlike
Tan’s study, the levels of saturated and polyunsaturated
fatty acids in this diet remained constant (P/S = 0.5).
With cholesterol feeding, the mean serum total cholesterol
level increased by 13%. A 21% rise in LDL-C accounted for
the bulk of this increase. ghis rise in total cholesterol
and LDL-C was ameliorated by a concomitant 36% rise in HDL-

C.

In contrast to the results of both Tan and co-workers
(1980), and, Beynen and Katan (1985), Flaim and associates

(1981) failed to demonstrate any dietary cholesterol effect



8

on plasma cholesterol levels. Twenty-three healthy males
were recruited for the 4-week study. The subjects were
divided into 2 groups. The first group consumed a "common

American diet" containing 400 mg cholestercl/day from a non-
egg source. The second group consumed a similar diet with
an added 1000 mg cholesterol/day as 4 whole eggs.
Differences in total protein, carbohydrate, fat, and the P/S
ratio (0.5) between the 2 groups were kept to a minimum.
Data from this study showed no significant differences in
plasma total cholestercl, HDL-C, LDL-C, and VLDL-C levels
between the groups. Within the second group, however,
responses to the high cholesterol diet varied, This
observation of interindividual variation in plasma
cholesterocl response to changes in dietary cholesterol
intake has been reported by other researchers (Flynn et al,

1979; Chenoweth et al, 1981}).

Epidemiological studies have established that elevated
plasma total and LDL cholesterol play a major role in the
development of CHD (Gordon et al, 1977). Furthermore, the
reduction of total cholesterol via the lowering of LDL-C can
reduce the incidence of CHD morbidity and mortality (The
Lipid Research Clinics Study, 1984; Pyorala, 1987). As
well, a consistent negative correlation has been found
between the concentration of HDL-C and the risk of CHD in
studies within populations (Pietinen and Huttunen, 1987).

Despite extensive research, the role of dietary cholesterol
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in the alteration of these lipoprotein cholesterol levels,
and thus in the development of CHD, remains a highly
controversial issue, and a general consensus has yet to be

reached (Conner and Conner, 1986).

1.3.2 Dietary Fat

The influence of the type and amount of dietary fat on
serum cholesterol levels has been a focus of research in
recent years. A number of human studies have shown that
ingestion of saturated fat leads to an elevation of plasma
cholestercl, whereas ©polyunsaturated fat produces the
opposite effect (Shepherd et al, 1980; Schaefer et al, 1981;
Ehnholm et al, 19845. Although the mechanism responsible
for these changes remains obscure, the key seems to lie in
the alteration of the ratio of polyunsaturates to saturates

(P/S ratio).

In 1978, Shepherd and co-workers investigated the
effects of dietary polyunsaturated and saturated fat on
serum total cholesterol and lipoprotein cholesterol levels
in men. Four healthy subjects were studied over 2 five-week
periods, using diets containing 20% protein, 40%
carbohydrate, 40% fat and 400 mg cholesterol per day. The
P/S ratio was 0.25 for the high-saturated fat diet and 4.0
for the high-polyunsaturated fat diet. On the high-

polyunsaturated fat diet, total plasma chcolesterol decreased
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by 24%. Most of this reduction was due to a 60% decrease in
LDL-C, although decreases in VLDL-C (8%) and HDL-C (32%)

also occurred.

A similar study was carried out by Schwandt and co-
workers (1982), using more moderate P/S ratios. In a cross-
over design, two groups of 15 normolipidemic males consumed
either a control diet (P/S ratio 0.3, cholesterol content
370 mg per day) or a modified fat diet (P/S ratio 1.0,
cholesterol content 250 mg per day) for 3 months each. Both
diets were identical with regard to guantities of protein
(15%), carbohydrate (48%), and fat (37%), and were provided
from mixed natural foods. With a P/S ratio of 1.0,
researchers observed decreases of 15% and 9% in total serum
cholesterol and 19% and 13% in LDL-C for each group,
respectively. However, unlike Shepherd’s results, HDL-C
levels remained unaffected by the dietary change. These
findings are in accordance with those of Thompson et al
(1980), who found a 21% decrease in LDL-C and no change in
HDL-C in a group of eleven males fed a diet containing a P/S

ratio of 1.5 and less than 300 mg cholesterol per day.

Based on these studies, it appears that an increase in
the P/S ratio has no consistent effect on serum HDL-C
concentrations, Results from more current research have
failed to settle the issue, with some reports suggesting

that HDL-C decreases with diets containing high P/S ratios
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(Schaefer et al, 1981; Jackson et al, 1984; Mattson and
Grundy, 1985), and others showing no change in this
lipoprotein fraction (Weisweiler et al, 1983). Further
research into the effects of dietary fat alteration on HDL
is warranted, due to the protective role which ﬁDL appears

to play in the development of CHD.

It is generally agreed that the substitution of
polyunsaturated fat (PUFA) for saturated fat leads to a
lowering of both total and LDL cholesterol levels (Goldberg
and Schonfeld, 1985). Since the risk of developing CHD is
proportional to these serum cholesterol levels, diets high
in PUFA have been advocated for the prevention of CHD in the
general population. Specifically, the Committee on Diet and
Cardiovascular Disease (Health and Welfare Canada, 1976) has
recommended the replacement of saturated fat with
polyunsaturated fat, to attain a P/S ratio of 1.0-1.5:1.0.
This recommendation has led to the need for further research
concerning the safety of consumption of a high-PUFA diet

over the long term (Conner and Conner, 1986).

1.3.3 Dietary Carbohvdrate

In an effort to reduce the incidence of CHD, it has
been recommended that total fat intake be reduced to 30-35%
of total calories, with a compensatory increase in

carbohydrate consumption of up to 50-55% of total calories
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(Health and Welfare Canada, 1976; American Heart
Association, 1978). These dietary recommendations are based
on the assumption that increased carbohydrate consumption
will not increase the risk of developing CHD (Coulston et
al, 1983). Several studies have been carried out to test

the validity of this assumption.

Schonfeld and co-workers (1976) examined the plasma
lipid levels cof 16 normolipidemic adults before and after
five days of high-carbohydrate feeding. Subjects were fed a
formula diet containing 80% of the energy as carbohydrate,
20% as protein and less than 1% as fat. This high-
carbohydrate diet resulted in an increased hepatic secretion
cf VLDL-TG. The LDL-C decreased from a mean of 102 to 76
mg/dl, while LDL-TG remained unchanged. The HDL-C decreased
~from 43 to 32 mg/dl, while mean HDL-TG levels rose. Thus,
the high-carbohydrate feeding resulted in the TG-enrichment
of all 3 lipoprotein fractions. This is considered to be a
negative effect, as elevated serum TG 1levels have been
positively correlated with CHD development (Carlson et al,

1979; Hallfrisch et al, 1985},

Dietary manipulations by Gonen and co-workers (1981)
yielded results comparable to those of Schonfeld et al
(1976). A fat-free formula diet (85% carbohydrate, 15%
protein) was fed to 11 healthy subjects for 7 days,

resulting in a mean increase in serum VLDL-TG and VLDL-C,
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along with significant decreases in serum levels of both
ILDL-C and HDL-C. O0f the HDL subfractions, the most marked
and uniform decrease occurred in HDLjy. This reduction is
considered to be unfavorable as it is generally believed
that HDLy is the subfraction with ‘"anti-atherogenic"

properties (Gonen et al, 1981).

From the data cited, no conclusions can be drawn
regarding the mechanism responsible for the reduction in
HDL. However, Blum et al (1977) have suggested that
carbohydrate-rich diets result in decreased HDL synthesis.
Gonen et al (1981) have theorized that below a certain level
of fat intake (as on a low-fat, high-carbohydrate diet)
production of HDL apoprotein A; is low, and results in a
reduced concentration of HDL in the plasma. Further, Gonen
et al (1981) speculate that the observed decrease in LDL-C
following high-carbohydrate feeding is in some way related

to the diet-induced impaired HDL production.

Coulston and associates (1983) criticized the work of
both Schonfeld et al (1976) and Gonen et al (1981), stating
that the diets used were extreme, with excessively high
levels of carbohydrate and negligible amounts of fat, As
well, formula diets were used, rather than those composed of
mixed natural foods, Coulston et al (1983) pfoceeded to
investigate the effects of carbohydrate-rich diets on serum

TG and lipoprotein cholesterol levels, using moderate
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amounts of carbohydrate and conventional foods. Eleven
healthy subjects consumed a control diet of 40% carbohydrate
and 41% fat and a high-carbohydrate diet which contained 60%
carbohydrate and 21% fat for 10 days each, in a cross-over
design. Sucrose accounted for 22-25% of the total
carbohydrate in each diet. The high-carbohydrate diet
resulted in a significant increase in plasma TG and a

significant reduction in plasma HDL-C.

The results of Coulston et al (1983) confirm those»of
previous studies, and indicate that the short-term
consumption of a low-fat, high-carbohydrate diet can lead to
metabolic changes which have been associated with an
increased incidence of CHD. It has been suggested that the
deleterious impact of this diet may be transitory, and that
beneficial effects may occur with chronic use (Coulston et
al, 1983). As well, the type of carbohydrate consumed is of
importance, as the effects of simple vs complex
carbohydrates on blood lipid levels have been shown to vary
(Reiser et al, 1978; Anderson et al, 1980), with sucrose
having the least desirable effect. Until these issues have
been clarified, it seems reasonable to question the advocacy

of high-carbohydrate diets for the prevention of CHD.

In conclusion, current dietary recommendations include
suggestions for the public to decrease the intake of total

fat (including saturated fat), cholesterol, salt and sugars,
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and to increase the intake of polyunsaturated fat and
complex carbohydrates, including fibre (American Heart
Association, 1978; Food and Nutrition Board, 1980). In a
recent investigation by Hallfrisch and co-workers (1985),
minimal modifications in the typical American diet were made
to incorporate these dietary recommendations. Effects of
these changes on blood lipid levels were determined. Over
13 weeks, 53 healthy men and women consumed a diet which
supplied 35% of the energy from fat, 50% from carbohydrate
(35% complex, 15% simple), 15% from protein and a P/S ratio
of 0.7. As a result, plasma total cholestercl, LDL-C and
VLDL-C were significantly reduced, while plasma TG and HDL-C
levels remained unchanged. Thus, a diet which conforms to
current dietary guidelines appears to produce beneficial
changes in the Dblood 1lipids of both men and women.
Unfortunately, the independent effects of the wvarious
dietary factors were not discernible and have yet to be
determined. Nevertheless, the results of the research of
Hallfrisch et al (1985) shed a more positive light on the

dietary recommendations currently being held in practice.

1.4 EXERCISE AND SERUM LIPOPROTEINS

While studies related to the effects of diet on serum
lipids have been carried out for greater than 30 vears, it
is only recently that investigative attention has been

directed toward exercise and its relation to lipoprotein
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metabolism. Epidemiological data suggest that high levels
of physical activity are associated with a decreased
incidence of CHD (Paffenbarger et al, 1978; Moore et al,
1983). Exercise is reported to exert a preventive effect on
the progression of CHD through the alteration of serum lipid
and lipoprotein levels (Rifai et al, 1987). Elevated TG
levels have been related to an increased CHD risk (Witztum
and Schonfeld, 1979), as have reduced 1levels of HDL-C
(Miller and Miller, 1975). The specific effects of exercise
on these lipid fractions have been investigated through both

cross-sectional and longitudinal studies.

1.4.1 Cross-Sectional Studies

Results of cross-sectional studies indicate that
persons engaged in routine vigorous physical activity tend
to have higher HDL-C levels (Wood et al, 1983) and lower TG
levels (Haskell et al, 1980) than their sedentary
counterparts. The observed increase in HDL-C 1is of
particular interest due to its proposed "anti-atherogenic"

properties.

During the Lipid Research (Clinics Program Prevalence
Study (Haskell et al, 1980), plasma lipoprotein
determinations and treadmill exercise testing were performed
on 2319 men and 2067 women, age 20 years or older. Level of

physical activity was determined via subject self-report.
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An analysis of the data failed to reveal a correlation
between treadmill exercise test performance and HDL-C
concentration for men or women. However, individuals who
reported regular strenuous physical activity generally had
higher HDL-C levels than those who reported being physically
inactive. When HDL-C level was adjusted for age, body mass
index, alcochol use, cigarette smoking, and interclinic
variation, more active men and women had higher HDL-C levels
than their sedentary counterparts. Thus, a positive
association between activity level and HDL-C concentration

was deemed evident.

Smith and co-workers (1982) compared the lipoprotein
cholestercl 1levels of 7 female competitive swimmers (12
hours swimming/week), 11 synchronized swimmers (6 hours
swimming/week) and 6 sedentary controls. The 3 groups were
similar with respect to age (mean=20 years), body weight,
diet composition, alcohol consumption and smoking habits.
Total plasma cholesterol and LDL-C were not significantly
different among the groups. HDL~-C concentrations were
significantly increased in the competitive swimmers compared
with the synchronized swimmers and the control group. The
researchers concluded that plasma HDL-C is significantly
elevated in those women participating in an intensive, but

not a moderate, exercise program.
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Hartung and associates (1980) examined the lipoprotein
concentrations and dietary intakes of 59 marathon runners,
85 joggers, and 74 inactive controls. All subjects were
healthy males between the ages of 35 and 66 years. While
dietary intake was observed to be similar, the 3 groups
differed significantly with respect to body weight and
number of cigarettes smoked per day. After statistical
adjustment for these variables, a significant difference in
HDL-C concentration among the 3 groups was revealed. Long
distance runners had significantly higher HLL-C levels than
joggers, who, in turn, had significantly higher levels than
sedentary controls, Results of a study by Moore and
associates (1983), employing female subjects yielded results
similar to those of Hartung et al. HDL-C was found to be
significantly higher in long distance runners compared to

joggers or inactive controls.

Results of these and other cross-sectional studies
{(Enger et al, 1977; Vodak et al, 1980) support the
hypothesis that regular physical activity may, at least in
part, be responsible for increases in HDL-C concentration in

humans.

1.4.2 Longitudinal Studies

With longitudinal studies, the possibility of self-

selection is reduced, as each subject acts as his or her own
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control. One such study, conducted by Huttunen and co-
workers (1979), investigated the effects of moderate
physical exercise on serum lipoproteins in middle-aged
males. One hundred physically inactive men (age 40-50
years) were randomly assigned tb either an exercise or a
control group. Subjects in the control group were advised
to maintain their previous exercise habits. The exercise
group participated in a 4-month program consisting of 3-4
weekly exercise sessions. Each session involved 30 minutes
of walking, jogging, cycling or swimming. This study was
not controlled for food intake, however all subjects were
advised to consume a constant diet. Following training,
blood lipid analysis revealed a significant increase in HDL~-
C in the exercise group, while serum TG levels decreased.
Slight but significant decreases in serum total cholesterol
and LDL-C were observed in both the exercise and control
groups, and were attributed to seasonal trends typical for
the population during the spring months (Aromma et al,

1975).

Huttunen’s findings confirm those of an earlier study
by Lopez et al (1974), in which a significant decrease in
serum TG and a significant increase in HDL-C were noted in
13 males following a 7-week exercise program. Both studies
support the thesis that moderate endurance exercise results

in elevations in HDL-C concentration in man.
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Nye and co-workers (1981) examined serum lipoprotein
changes in 17 sedentary men (age 30-45 vyears) who

participated in a moderate-intensity calisthenics program

twice weekly for 10 weeks. Dietary intake was not
regulated. While LDL-C concentrations decreased
significantly, total HDL~C concentrations remained
unchanged. However, a significant shift did occur in the
proportions of the HDL subfractions. The concentration of

HDLp increased, with a corresponding decrease in the HDLj
component. This finding may be of significance, as it has
been suggested that HDL, is the more "anti-atherogenic" of

the two subfractions (Shepherd et al, 1980).

A study by Lipson and associates (1980) confounds the
issue., Five men and five women (age 19-22 years) performed
30 minutes of treadmill exercise daily, for 6 weeks.
Exercise intensity was adjusted to produce an oxygen
consumption which was 70% of the subjects’ jaximal oxygen
uptake (VO, max). The diet of all subjects was monitored
throughout the experiment and total caloric intake was
adjusted daily to maintain constant body weight. Lipson
reported a significant decrease in total plasma cholesterol,
but no change in TG or lipoprotein cholesterol levels. The
authors concluded that exercise conditioning did not alter
HDL-C levels, and that the elevation in HDL-C shown in
previous studies may well be due to changes in body weight

(Avogaro et al, 1978). It should be noted that there was a
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small but significant weight loss during the experiment and
that the intensity and duration of the regimen may have been
insufficient to produce changes in the HDL-C level.
Problems in experimental design were intensified by the use

of a small heterogeneous sample.

The relationship between exercise, weight loss and HDL-
C is not clearly understood. The data from both cross-
sectional (Haskell et al, 1980; Hartung et al, 1980; Moore
et al, 1983) and longitudinal studies (Huttunen et al, 1979;
Lopez et al, 1974; Nye et al, 1981) strongly suggest that
endurance activities increase the plasma concentration of
HDL-C. Moreover, population studies indicate that 1lean
individuals have higher HDL-C levels than those who are more
obese (Huttunen et al, 1979). Because an association exists
between weight loss and exercise training, it is of
importance to determine to what extent the higher HDL-C
concentrations, characteristic of physically active people,

can be attributed to thelr relative leanness.

Williams et al (1983) examined the interaction between
weight loss and exercise-induced increases in HDL-C. In
this one-year study, eighty-one healthy males (age 30-55
years) were assigned to either a moderate running program or
to a sedentary control group. Weight loss was strongly
associated with increases in HDL-C in the exercise group,

however weight changes in the absence of exercise training
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produced no change in HDL-C levels. Thus it appears that
the metabolic consequence of the weight loss differed

between the two groups.

Williams’ findings are supported by Huttunen’s (1979)
study, which, as previously cited, investigated the effects
of an aerobic exercise program on serum lipoproteins in men.
A small but significant decrease in weight was observed in
both the exercise and the control groups, however only in
the exercise group was an increase in HDL-C evident. To
further investigate the relationship between weight loss and
changes in lipoprotein concentration, the exercise subjects
from Huttunen’'s (1979) study were subdivided into two
groups, those who maintained their weight, and those whose
weight decreased by g¢greater than 1 kg. A significant
elevation in HDL-C was seen in both subgroups, suggesting
that factors other than weight loss may be responsible for

the exercise-induced increases in this lipoprotein fraction.

While a number of studies have demonstrated an
association between exercise and serum lipoproteins in men,
less consistent results have been found in the few reported

studies performed with female subjects.

The effects of acute, moderate intensity exercise are
reportedly similar for men and women (Lennon et al, 1983).
It would be expected, then, that exercise over a longer

duration would reduce serum TG and increase HDL-C in women,



23
as reported for men. Lewis et al (1%976) reported the
effects of a moderate exercise program and caloric
restriction on weight loss in obese middle-aged women.
Twenty-two women participated in the program, which
consisted of a 20-minute walk-jogging session twice a week
for 17 weeks. Caloric restriction was self-determined and
was generally moderate. Lewis’ data revealed a significant
training effect and a loss of body fat among the subjects.
While only minor changes occurred in the various lipoprotein

levels, the HDL-C:LDL-C ratio did increase significantly.

Moll and co-workers (1979) found that vigorous exercise
did not alter the HDL-C levels in females. Fourteen non-
obese women, age 22-26 years, participated in a 6-week
exercise program, which involved 45 minutes of jogging, 5
days per week. There was a marked improvement in aerobic
performance, with no change in body weight. While a
significant fall in total <cholesterol occurred after
training, there was no significant alteration in HDL-C.
This is in contrast to the increased HDL~-C concentration
noted by both Altekruse and Wilmore (1973) and Lopez et al
(1974), whose studies in men employed a training protocol
similar to that of Moll. This disparity suggests that the
duration of training needed to alter lipoprotein levels may

differ in males and females.



24

Neither Wynne et al (1980) nor Frey et al (1982) were

able to demonstrate a beneficial increase in the HDL-C
levels of women as a result of exercise training. The two
studies employed a similar protocol. Female subjects
participated in a Dbicycle ergometer training program
consisting of 3-30 minute sessions per week for 10 weeks.
The training program resulted in an increase in maximum
oxygen uptake and a decrease in per cent body fat for both
study groups. However, post-training values of HDL-C and TG

did not differ from pre-training values.

Why exercise conditioning elevates HDL-C in men, but
not in women, is currently unknown. It is known, however,
that pre-training levels of HDL-C are higher in females than
in males at all ages beyond puberty (Hazzard et al, 1984;
Zonderland et al, 1986). Although the mechanism of action
is not clear, this sex difference is thought to be related,
at least in part, to the effects of sex steroids on
lipoprotein metabolism (Goldberg et al, 1985; Sherwin et al,

1987).

Repeated research has shown that exogenously
administered estrogens (Cauley et al, 1982; Schaefer et al,
1983; Zonderland et al, 1986; Sherwin et al, 1987), as well
as endogenous estrogens (Frey et al, 1983), are positively
associated with HDL-C levels in women. Studies involving

the administration of androgens to men (Solyom, 1972; Hurley
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et al, 1984; Webb et al, 1984; Zonderland et al, 1986) and
women (Taggart et al, 1982) have demonstrated a reduction in
the concentration of HDL-C, particularly the HDLy
subfraction. On the other hand, analysis of the
relationship between endogenous testosterone levels and HDL-
C concentration has demonstrated a positive correlation in
some reports (Nordoy et al, 1979; Mendoza et al, 1981; Frey
et al, 1983) and a negative association in others (Semmens

et al, 1983; Goldbexg et al, 1985).

Thus, a sensitivity to sex steroids has been exhibited
by HDL-C (Tikkanen et al, 1982). Based on this observation,
researchers have speculated that exercise-induced changes in
HDL-C may be mediated by <changes in sex hormone
concentrations, and that these hormone responses may be
gender-specific (Frey et al, 1983; Hazzard et al, 1984).
Further, females may require a greater exercise stimulus
than males in order to elicit a sex hormone response leading

to elevations in HDL-C concentration (Wynne et al, 1980).

While increases in HDL-C have been well-documented in
exercising males, the limited reports in physically active
females have shown no such effect. In addition to
differential sex hormone responses, this observed lack of
change in women may be due to the confounding influence of
diet, alcohol intake, smoking and oral contraceptive use on

HDL-C levels (Wynne et al, 1980; Frey et al, 1982).
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The proposed research is designed to investigate the
effects of ©both aerobic exercise and diet on serum
lipoprotein levels in adult sedentary  women, while
controlling for the confounding influence of alcohol intake,

smoking, and oral contraceptive use.



Chapter II

MATERIALS AND METHODS

2.1 SUBJECTS

The 24-week study involved 2 groups of sedentary
females, all employees or students at the University of
Manitoba. The 8 experimental subjects were chosen from
among new members of the University of Manitoba’s Target
Fitness Centre, and ranged in age from 27 to 42 years (mean
age 36 years). This group was counselled to consume a low
fat, low cholesterol diet, and attended 3-45 minute aerobic
exercise classes per week, for the duration of the study.
The 10 control subjects were chosen from among respondents
to University newspaper advertisements and notices posted on
campus, and ranged in age from 39 to 47 years (mean age 42
years). These subjects were encouraged to maintain their

regular diet and exercise habits.

Initial screening was done via telephone interview.
Subject selection was based on body weight, physical fitness
level, serum lipid levels, smoking habits, alcohol
consumption and oral contraceptive use. A detailed
explanation of the requirements can be found in Appendix A.

Subjects next attended an orientation session designed to

27
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familiarize them with the experimental protocol. Informed
consent was then obtained from each subject (see Appendix

B).

Testing procedures included dietary and fitness
assessments, and blood lipid analysis. Experimental
subjects underwent dietary assessment and blood lipid
analysis at 0, 6, 12, 18, and 24 weeks. Fitness levels of
this group were assessed at 0, 12 and 24 weeks. Control

subjects underwent complete testing at 0, 12 and 24 weeks.

2.2 BLOOD ANALYSIS

Venous blood samples were taken by a medical
technologist following a l4-hour fast. Approximately 10 ml
of blood was drawn from each subject into vacutainer tubes.
This blood was allowed to clot for 30 minutes at room
temperature, and then centrifuged (Model CS) (IEC
International Centrifuge, International Equipment Co.,
Boston, Massachusetts) for approximately 5 minutes at 3900xg
to precipitate the clot. Sera were pipetted into 5 ml
screw-top vials and stored at 4°C until required for

analysis.

2.2.1 Separation of Lipoproteins

The serum lipoproteins were fractionated by
ultracentrifugation (Beckman L5-50B ultracentrifuge)

(Beckman Instruments, Palo Alto, California 94304), using
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rotor type 40.3 at 18°C and 34,000 rpm (calculated

104,000xg) for 18 hours (Appendix C).

2.2.2 Cholesterol Determination

A cholesterocl colorimetric assay kit was wused for
cholestercl determination (Fisher Diagnostics, Nepean,
Ontario), based on the method of Allain et al (1974)

(Appendix D).

2{2.3 Triglvceride Determination

Serum triglyceride concentrations were quantitated
using a triglyceride «colorimetric assay kit (Fisher
Diagnostics, Ottawa, Ontario) and based on the methods of
Fossati and Lorenzo (1982) and McGowan et al (1983)

(Appendix E}).

2.3 FITNESS ASSESSMENT

The subjects were instructed to refrain from eating
large meals or consuming beverages containing caffeine for 2
hours prior to their exercise assessment. They were also
asked not to engage in any strenuous exercise during the
previous 12 hours. Upon reporting to the Human Performance
Laboratory, it was ensured that all subjects had signed an
informed consent form explaining the nature of the exercise
tests to be conducted, and any risks or discomfort that

might be encountered. The Physical Activity Readiness
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Questionnaire (PAR-Q) (Appendix F) was administered verbally
in order to screen out subjects for whom exercise testing

was contraindicated.

2.3.1 Body Composition

Height and weight were measured according to the
Standardized Test of Fitness protocol (1986). Body mass

index (BMI) was calculated as weight(kg)/height2 (m).

Body fat was estimated from body density using the
equation of Brozek et al (1963). Body density was
determined by hydrostatic weighing. The mean of 4 wvalid

measurements was used to calculate body density.

Recent studies have determined that density of the lean
component of the body may be highly -variable among
individuals. In young and older populations, especially,
variations in bone mineral and total body water may lead to
overestimation of relative body fat (Wilmore, 1983). In
order to monitor this source of error, and to collect
additional wuseful information regarding the relationship
between per cent body fat and skinfold measurements in
females, the sum of 5 skinfold measurements (S0S) was
determined. The biceps, triceps, suprailiac, medial calf
and subscapular skinfolds were measured using Harpenden
calipers, according to the protocol outlined in the

Standardized Test of Fitness Operations Manual (1986),.
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2.3.2 Maximum Oxvaen Uptake

Maximum oxygen uptake (V0o max) was predicted from the
heart rate response to a submaximal, graded cycle ergometer
test. Subjects were instructed to pedal for 3 continuous
four-minute stages. Steady state target heart rates ranging
from 130 to 170 bpm were established for Stage 1 and 2,
respectively. A metronome and verbal encouragement were

used to maintain each subject's pedalling cadence at 50 rpm.

Heart rate was monitored for the last 15 seconds of
each minute using an ECG (Cambridge) and a CMg lead. The
Astrand-Ryhming nomogram (1954) as modified for age
(Astrand, 1960) was used to predict V09 max from steady

state heart rate.

The fitness assessments were conducted and analyzed by
qualified fitness appraisers at the University of Manitoba’s

Target Fitness Centre.

2.4 EXERCISE PROGRAM

Subjects in the exercise group took part in a
community-based aerobic exercise program, and attended 3
aerobic fitness classes per week for 24 weeks. Each 45
minute exercise session included a 5 minute warm-up, 20
minutes of aerobic conditioning, and a 5 minute cool-down.
The remainder of each workout was devoted to flexibility and

strength exercises.
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Exercise subjects were taught to monitor their heart

rate and were encouraged to exercise at an intensity between
70 and 85% of their maximum heart rate during the aerobic
phase of each fitness session. Twice during each session,
participants were asked to determine their heart rate, and
to record them at the conclusion of the class. This record

served as an index of physical activity and attendance.

The fitness classes were conducted on campus at the
Target Fitness Centre, Faculty of Physical Education and
Recreation Studies. Classes were conducted in a

standardized fashion by trained fitness instructors.

The fitness instructors monitored the exercise program
for compliance, and provided encouragement to prevent
participants from 1losing interest in the program. The
instructors also monitored the level of physical activity in
the control group by questionnaire (see Appendix G). The
control subjects completed these guestionnaires at Weeks 0,

12 and 24 of the study.

2.5 DIETARY ASSESSMENT

All subjects were instructed in the completion of a
three-day diet record. A copy of the instructions for

completion of the diet record is included in Appendix H.

The computer nutrient data bank (Canadian Nutrient

File, Health and Welfare Canada, 1986) at the University of
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Manitoba was used to analyze the diet records for the per
cent contribution to total energy of protein, carbohydrate,
total fat, polyunsaturated fatty acids, monounsaturated
fatty acids and saturated fatty acids, as well as total

kilocalories.

At the start of the study, the exercise subjects were
familiarized with the Dietary Recommendations for Canadians
(Health and Welfare Canada, 1976) (Appendix I},  and
instructed to consume a low fat, low cholesterol diet based
on these recommendations. Each exercise subject was given a
copy of the "American Heart Association Cook Book" and
"Dietary Fats and Your Heart", along with a list of dietary
guidelines (Appendix J), and a sample menu (Appendix K).
The initial orientation to the diet was followed by diet
counselling at 3-week intervals to reinforce new dietary

habits and to provide encouragement to the subjects.

The control subjects were advised to maintain their

regular dietary habits throughout the study period.

2.6 STATISTICAT ANATLYSTS

Data was analyzed using the Statistical Analysis System
(SAS), 1984 and 1986 versions. Student’s t-tests were used
for the comparisons between the exercise and control groups.
Student’s t-tests for paired data were employed to determine

the statistical significance of within-group differences.



Chapter III

RESULTS

3.1 BETWEEN-GROUP COMPARISONS

Comparisons were made between the experimental and
control groups for all variables at 0 and at 24 weeks.
Student’s t-tests revealed that protein intake was the only
variable which differed significantly among the groups,
being higher in the experimental group at 24 weeks (p <

0.0128).

3.2 WITHIN-GROUP COMPARISONS

Comparisons were made within groups using Student’s t-

tests for paired data.

3.2.1 Serum Lipid and Lipoprotein Variables

Serum lipid and lipoprotein values are presented in

Table 1.

Serum TG levels did not change significantly in the
experimental or the control group over the 24-week study

pericd.
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TABLE 1

Serum Lipid and Lipoprotein Variables for the Exercise
and Control Groups over 24 Weeks

Variable Week O Week 6 Week 12 Week 18 Week 24
Exercise group:
Triglyceride (mg/dl) 63.9%15.5 54.9114.3b 59.6%20.9 62.4%27.6 63.3+17.4
Total Cholesterol (mg/dl) 194.3:21.72 168.1£13.5 177.7121.32 186.4%25,72¢ 185.9ﬁ21.6i°
HDL-C (mg/dl) 48.0£12.67  52.029.8° 43.8:7.0°" 40.0110.9: 34.4:14.07
LDL-C (mg/d1) 129.0£24.97,  103.9%16.2° 119.9:26.8°  128.8%25.87  129.6:22.2
VLDL-C (mg/dl) 17.3£11.4°°  15.425.0%  14.0£9.5°7 17.8:10.4°°  21.9:8.4
HDL-C:Total Cholesterol 0.25+0.06 0.3130.06° 0.25%0,05 0.22%0.07 0.18%0.06°
Control group:
Triglyceride (mg/dl) 83.1%35.7 - 73.0£26.9 - 69.6+22.9
Total Cholesterol (mg/dl) 207.7+23.4 - 191.2£28.3 - 201.4226.4
HDL-C (mg/dl) 48.416.533 - 41.5:5.8°, - 39.2:5.1°
LDL-C (mg/dl) 147.326.9 - 128.6219.1° - 137.1224.97
VLDL-C (mg/dl) 14.37.8%_ - 21.312.8> - 25.0%11.4
HDI~C:Total Cholesterol 0.24%0.05 - 0.22:0.04 - 0.1920.02

Means with the same letter are not distinguished by the Student's t-test for paired differences
at the 0.05 significance level,

Values are mean * SD.

¢
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A significant decrease in total cholesterol (p =<
0.0013) and LDL-C (p < 0.0013) was observed at 6 weeks in
the exercise group, followed by a return to baseline range
by 24 weeks. In the control group, total cholestercl levels

remained unchanged, while LDL-C decreased significantly at

12 weeks (p < 0.0179).

After 6 weeks, HDL-C rose significantly in the exercise
group (p < 0.0428), but subsequent values showed a
progressive decrease to below baseline. Values for the
ratio of HDL-C to total cholesterol showed a similar trend.
Control group values for HDL-C and HDL-C:total cholesterol
at 24 weeks were significantly lower than initial values (p

< 0.0004 and p £ 0.0124, respectively).

VLDL-C levels did not vary significantly from baseline
in the experimental group. A significant rise in VLDL-C at

24 weeks was observed for the controls (p < 0.0430).

3.2.2 Fitness Variables

Table 2 reveals no significant changes in any of the

fitness parameters for the exercise group.

In the control group, a small but statistically
significant rise in mean body weight was evident between
Weeks 12 and 24 (p < 0.0047). As a result of this change,

BMI also increased significantly during this time (p <



TABLE 2

Fitness Variables for the Exercise and Control Groups
over 24 Weeks

Variable Week 0 Week 6 Week 12 Week 18 Week 24

Exercise group:

Weight (Kg) 58.8+10.1 - 58.7+10.8 - 58.6*11.5
S08 81.7+21.3 - 80.1+24.5 - 84.2+27.6
V0, max (ml/kg/min) 3623 - 365 - 35+5
Resting heart rate (bpm) 75411 - 77+11 - 775

Body density (g/cc) 1.034%0.012 - 1.034+0.014 - 1.031x0,013
BMI 22.3%£3.1 - 22.3+3.4 - 22.2+4.0
Control group:

. a a b
Weight (Kg) 58.2%6.4 ab - 58.6%5.9 b - 59.,8+6.4 a
S0S 80.6+14.3 - 79.6%16.,7 - 87.3+21.5
VO2 max (ml/kg/min) 35+6 - 35+7 - 3426
Resting heart rate (bpm) 73+8 ' - 76%12 - 71+10
Body density (g/cc) 1.02120.019 - 1.02120.015 - 1.019t0.0%6
BMI 22.8%1.4°2 - 22.9+1.4% - 23.4+1.5

Means with the same letter are not distinguisbed by the Student's t-test for paired differences
at the 0.05 significance level.

Values are mean * SD.

LE
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0.0031). The SOS wvalue became significantly elevated
between 12 and 24 weeks of the study (p < 0.0392). Measures
of V05, resting heart rate and body density remained stable

throughout the experiment.

3.2.3 Dietary Variables

Dietary intake of exercise and control subjects is

shown in Table 3.

With the exception of a decrease at Week 12 (p <
0.0526), there were no significant differences in total
caloric intake (kcal/day) for the exercise subjects over the
study period. The controls showed a slight but

nonsignificant increase in total caloric intake (kcal/day)

over the 24 weeks.

In the exercise group, a slight reduction in per cent
carbohydrate was observed at 24 weeks, but this change was
not significant. Carbohydrate intake, as a percentage of
total caloric intake, remained constant for the control

group.

While no change in per cent protein was revealed in the
experimental group, the wvalues for ~control subjects
displayed a significant drop at 12 weeks (p < 0.0352), and

remained depressed below baseline at 24 weeks.



TABLE 3

Dietary Variables for the Exercise and Control
Groups over 24 Weeks

Variable Week 0O Week 6 Week 12 Week 18 Week 24

Exercise group:

Total caloric intake (Kcal/day) 16154792 1665¢573°% 137824187 1369+376°° 150341130
Carbohydrates (% of total Keal) 46.0%6,1 45,0%8.1 48,1+11.7 47.9%11.4 41,09.2
Protein (% of total Kcal) 16.5+1.6 b 17.8*2.6 b 17.7%5.1 b 17.9%2.3 17.4+2.,5 b
Fat (% of total Keal) 36.8%3.6° 37.425.4%°  33,627.6° 34.8:9,7°°¢ 41.6211.4
Saturated fatty acids (% of

total Keal) 13.2¢2.7%  12.5$3.4%  10.422.9%®  10.023.0° 13.5+4.0%°
Polyunsaturated fatty acilds

(7 of total Kcal) 5.8x1.4 5.5%2.1 5.6%£2,1 6.5%4.,5 7.3%4.6
Monounsaturated fatty acids

(% of total Kcal) 13.851.2%  14.9:2.6%  11.8:2.4° 13.124.8%° 15.3¢7.1%°
Control group:
Total caloric intake (Kcal/day) 1602+228 - 17891334 - 1810+499
Carbohydrates (% of total Kcal) 45.8%4.8 - &7.8i3.6b - 46.923.6 b
Protein (% of total Keal) 15.5+2.2% - 14.1¢1.6 - 14,1¢2.4°
Fat (% of total Kcal) 36.3%5.5 - 37.3%5.2 - 38.422.6
Saturated fatty acids (% of

total Keal) ' 12.6%2.6 - 12.4%2.1 - 13.7+3.0
Polyunsaturated fatty acids

(% of total Kcal) 5.4%2.,0 - 5.4+1.3 - 5.3%1.6
Monounsaturated fatty acids

(7 of total Kezl) 14.5%3.2 - 15.424.5 - 15.4+2.0

Means with the same letter are not distinguished by the Student's t-test for paired differences
at the 0.05 significance level.

Values are mean #* SD.

6€
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The percentage of total fat in the diet of the exercise
subjects remained stable to 18 weeks, then rose
significantly at 24 weeks (p < 0.0298). Reductions in
saturated fatty acids and monounsaturated fatty acids
(expressed as % of total kilocalories) were statistically
significant at 18 weeks (p < 0.0246) and 12 weeks (p <
0.0500), respectively. Although no significant alterations
in polyunsaturated fatty acid levels (% total kilocalories)
were demonstrated, a slight rise was observed between 12 and
24 weeks of the study. For all measures of fat, the control

group values remained constant throughout the study period.



Chapter 1V

DISCUSSION

The present study investigated the effects of aerobic
exercise and diet modification on serum lipid and
lipoprotein levels in adult sedentary women. Following the
24-week program, levels of serum TG, total cholesterol, and
LDL-C in the experimental group had not changed
significantly from baseline. However, transient decreases
in these variables were detected at 6 weeks, and were found
to be significant for total cholesterol and LDL-C only.
While HDL-C levels showed a significant increase at 6 weeks,
this change was transitory and levels had dropped to below
baseline by 24 weeks. The observed change in HDL-C 1is
considered to be unfavorable, as reduced levels of HDL-C
have been associated with an increasedrrisk of CHD (Miller -
and Miller, 1975). The HDL-C:total cholesterol ratio, an
indicator of the risk of developing CHD, also showed an

unfavorable drop to below baseline at 24 weeks.

Cross-sectional studies have shown the association
between endurance exercise and lowered serum TG
concentrations to be quite consistent. Lehtonen and Viikari
(1978) compared the serum 1lipid levels of 23 regularly
training men (average exercise 83 km running or skiing
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weekly) and 15 healthy men who did not participate in any
regular exercise. The physically active group displayed
significantly lower TG concentrations than the sedentary
group, a finding which has been demonstrated in more recent
studies (Wood and Haskell, 1979; Vodak et al, 1980). 1In the
current study, 24 weeks of aerobic training failed to
produce a decrease in the TG concentrations of the exercise
~subjects, and values were not significantly different from

those of the control subjects.

The effects of exercise training on total cholesterol
levels are limited and variable (Haskell, 1984), with the
majority of researchers reporting no difference between
active and sedentary groups of individuals (Vodak et al,
1980; Smith et al, 1982; Moore et al, 1983; Durstine et al,
1987). The results of the present study are in agreement
with these findings, with no significant difference in total
cholesterol reported between the exercise and control

groups.

The impact of habitual exercise on serum LDL-C
concentration appears to be quite small, and the magnitude
of change highly wvariable in cross-sectional comparisons
{Haskell, 1984). While some researchers have found lower
LDL-C values for active versus inactive subjects (Wood et
al, 1976; Lehtonen and Viikari, 1978; Hartung et al, 1980),

others have found no differences among the groups (Vodak et



43
al, 1980; Smith et al, 1982; Moore et al, 1983; Durstine et
al, 1987). The LDL-C levels of the exercisers in the
current study were not significantly different from control

levels.

Cross-sectional data suggest that a relationship exists
between high levels of chronic physical activity and
elevated HDL-C concentrations. This relationship 1is of
interest due to the possible role of HDL-C as a "protective
agent" against CHD (Miller and Miller, 1975; Gordon et al,
1977). Wood et al (1977) found that male and female long
distance runners, who regularly ran more than 15 miles per
week, had HDL-C levels greater than matched groups of
nonexercising controls. More recent studies comparing long
distance runners and sedentary controls have yielded similar
results (Hartung et al, 1980; Moore et al, 1983; Durstine et
al, 1987). Elevated levels of HDL-C have also been reported
in swimmers (Smith et al, 1982), cross-country skiers (Enger
et al, 1977), and tennis players (Vodak et al, 1980) when
compared with relatively inactive controls. In contrast to
the results of cross-sectional studies, the present
investigation showed a significant decrease in the HDL-C
levels of the exercise subjects following 24 weeks of

training.

The results of longitudinal training studies measuring

the effect of increased physical activity on serum
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lipoproteins have been inconsistent. Studies in men have
repeatedly shown an increase in HDL-C with training, along
with decreases in LDL-C and TG (Altekruse and Wilmore, 1973;
Lopez et al, 1974; Huttunen et al, 1979). No such rise in
HDL~-C has been demonstrated in similar studies conducted in
young (Moll et al, 1979; Wynne et al, 1980; Frey et al,
1982) and middle-aged (Cauley et al, 1987) women. As well,
no change in TG concentration has been observed (Wynne et
al, 1980; Frey et al, 1982). The present study,
investigating the effects of aerobic exercise on serum
lipoprotein levels in women, actually showed a decrease in

HDL-C, with nc change in TG.

Improvement in physical fitness 1level has Dbeen
associated with increases in HDL-C and decreases in TG,
changes believed to reduce the risk of developing CHD.
Level of fitness is commonly expressed in terms of maximal
aerobic power (VOy max), with an increased V0O; max
reflecting an increase in aerobic fitness (Gaesser and Rich,
1984). Elevations in VOy max with physical conditioning are
known to be a function of the type, duration, intensity and
freguency of conditioning, as well as the initial level of

fitness (Gaesser and Rich, 1984; Dowdy et al, 1985).

Aerobic exercise programs appear to have the potential
to provide the quantity and quality of exercise necessary

for developing and maintaining cardiorespiratory fitness
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(ACSM, 1978), yet few investigations have been performed to
verify this. A study by Dowdy and co-workers (1985)
examined the effects of aerobic exercise on physical work
capacity and cardiorespiratory function of young, middle-
aged women. Twenty-eight sedentary females participated in
the 10-week program, which consisted of 3-45 minute exercise
sessions per week at an intensity of 70-85% of the heart
rate reserve. The fitness program was designed in
accordance with the guidelines set out by the ACSM (1986)
for improved physical fitness. Results of the study
revealed a significant increase in VO max and a significant
decrease in RHR, indicating that a program of aerobic

exercise does indeed improve cardiorespiratory fitness.

The exercise program employed in the current study was
similar in design to that of Dowdy and associates (1985),
with an extended length of 24 weeks. However, unlike the
results of Dowdy, no significant change in VO3 max was
observed at the conclusion of the study period. This lack
of change is surprising, and we can only speculate as to the
cause. Training 4intensity is a critical factor in the
improvement of aerobic fitness (ACSM, 1986), and intensities
greater than or equal to 70% of maximum heart rate have been
documented to result in improvements in cardiorespiratory
fitness (Gaesser and Rich, 1984). Our subjects were
encouraged to exercise at an intensity between 70 and 85% of

their maximum heart rate. To accomplish this, subjects were
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asked to monitor their pulse rates twice during the aerobic
segment of each exercise session. While this method
provides a reasonable estimate of exercise intensity, it 1is
not completely accurate (Fox and Mathews, 1981). Due to the
lack of rigorous control, exercise intensity in the current
study may have been insufficient to produce an increase in
VOy max, and thus any positive changes in serum lipoprotein
concentrations. Frequency of exercise 1is also important,
with a minimum of three sessions per week contributing to an
improved level of aerocbic fitness (ACSM, 1986). Subjects in
the present study were asked to exXercise 3 times per week
for 24 weeks. Compliance in this study was approximately
75%, making the frequency of exercise less than optimal for

increasing physical fitness.

The initial level of fitness may affect the extent to
which V09 max is altered following an aerobic exercise
program (Dowdy et al, 1985), The exercise subjects in the
present investigation had not participated in any regular
physical activity for the 6 months prior to the study. In
spite of this, the initial VO max of our exercise subjects
was above average relative to the norms for women in the
same age group (Canadian Standardized Test of Fitness
Operations Manual, 1986). Following exercise, a significant
increase in VO, 'max may have occurred had our subjects

possessed a lower initial level of fitness.,
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Failing to observe a significant rise in V0O, max, we
expected no change in the lipoprotein concentrations of the
exercise subjects over the 24 weeks. However, our findings
revealed a transitory decrease in serum total cholesterol
and LDL-C in both the exercise and the control groups
between 0 and 12 weeks of the study. As well, a significant
decrease in HDL-C was observed in both groups at 24 weeks.
Lipoprotein changes occurring in both the experimental and
control groups of previous studies have been attributed to
seasonal wvariation (Aromma et al, 1975; Huttunen et al,
1979), and this may well account for the changes observed in

the present study.

While physical activity has Dbeen correlated with
increased HDL-C levels and decreased LDL-C and total
cholesterol 1levels (Lopez et al, 1974; Huttunen et al,
1979), a causal relationship has yet to be established. Due
to the proposed "anti-atherogenic" effect of HDL-C (Miller
and Miller, 1975), the association between increased
exercise and elevations in HDL-C has been of particular
interest to researchers. Some investigators have cited an
increase in V05 max as the link between exercise and a rise
in HDL-C (Huttunen et al, 1979; Farrell and Barboriak,
1980). Other investigators have disagreed, stating that it
is the exercise-induced change in body weight that leads to
alterations in HDL-C. Lipson and associates (1980)

administered a 6 - week program of 30 minutes of daily
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treadmill exercise to 10 subjects, controlling for dietary
intake and body weight. Following the study, VO, max rose
significantly, while HDL-C displayed no significant change.
Lipson concluded that a decrease in body weight was
necessary to produce increases in HDL-C, and that it was not
exercise per se that induced increases in this lipoprotein
fraction. This conclusion 1is based on the negative
correlation between body weight and HDL-C observed by

Avogaro et al (1978).

An investigation by Williams et al (1983) supported
Lipson’s «conclusion and revealed a strong association
between weight loss and increases in HDL-C following a 1~
year endurance training program. Contrary to this, the
results of Huttunen’s (1979) study indicated that weight
reduction was not the cause of the increase in HDL-C levels
of exercising individuals. A highly significant elevation
in HDL-C was seen in subjects who lost greater than 1 kg
body weight and also in those who maintained a constant body
weight during the intervention. To further confound the
issue, a study by Despres and co-workers (1985) displayed
increases in VO max and decreases in body weight but no
significant change in the HDL-C levels of 13 healthy men

after 20 weeks of aerobic training.

In the present study; no change in body weight was

observed following 24 weeks of aerobic exercise. Whether
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this lack of change played a role in the failure to produce
an increase in HDL-C is unclear, due to the contradictory

nature of the data currently available.

The mechanism responsible for exercise-induced
increases 1in HDL-C 1is currently unknown. Increasing
evidence suggests that an adaptive increase in the activity
of the lipoprotein lipase (LPL) enzyme following exercise
training may be of major importance. Nikkala and associates
(1978) found that long distance runners had higher LPL
activity in muscle and adipose tissue than did sedentary
men, As well, initially sedentary individuals have shown
increases in muscle and adipose tissue LPL following
endurance training (Svedenhag et al, 1983; Stubbe et al,
1983). LPL catalyzes the degradation of chylomicrons and
VLDL to LDL, a process resulting in the formation of HDL
(Nilsson~-Ehle et al, 1980). Increased levels of LPL lead to
increased formation of HDL (Witztum and Schonfeld, 1979).
Thus, it has been suggested that exercise training leads to
elevations 1in HDL via increases in LPL activity. The
lecithin:cholesterol acyl transferase (LCAT) enzyme also
plays a role in the formation of functional HDL particles
(Witztum and Schonfeld, 1979). The activity of LCAT has
been shown to be greater in exercising individuals (Wood and

Haskell, 1979), and may contribute to the observed increase

in HDL-C following exercise.
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While exercise training in men has consistently led to
increases in HDL-C (Lopez et al, 1974; Huttunen et al,
1978), a similar trend has not been demonstrated in
physically active women (Moll et al, 1979; Wynne et al,
1980), including the present study. This disparity may, at
least in part, be related to the effects of sex steroids on
lipoprotein metabolism (Goldberg et al, 1985; Sherwin et al,
1987). HDL~-C has exhibited a sensitivity to sex steroids
(Tikkanen et al, 1982). Specifically, estrogens have been
associated with elevated levels of HDL-C (Frey et al, 1983;
Zonderland et al, 1986) and androgens have been associated
with either increases (Mendoza et al, 1981; Webb et al,
1984) or decreases (Semmens et al, 1983) in this lipoprotein
fraction. Based on these observations, researchers have
speculated that exercise-induced changes in HDL-C may be
mediated by changes in sex hormone concentrations, and that
these hormone responses are gender-specific (Frey et al,
1983; Hazzard et al, 1984). A mechanism of action, however,

has yet to be proposed.

Several dietary factors have been linked to changes in
serum lipoprotein concentrations. Investigations into the
effect of dietary cholesterol on serum cholesterol levels in
humans have been numerous (Tan et al, 1980; Flaim et al,
1981; Beynen and Katan, 1985), due to the strong positive
correlation between serum cholesterol level and risk of CHD

(The Lipid Research Clinics Study, 1984). Despite this
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research, the role of dietary cholesterol in the alteration
of serum lipoproteins remains a topic of controversy (Connor
and Connor, 1986). A number of human studies have shown
that ingestion of saturated fat leads to an elevation of
serum total cholesterol and LDL-C, whereas polyunsaturated
fat produces the opposite effect (Shepherd et al, 1980;
Ehnholm et al, 1984). An increased carbohydrate consumption
has led to increases in TG and decreases in HDL-C (Gonen et
al, 1981; Coulston et al, 1983), changes deemed unfavorable

due to their association with an increased incidence of CHD.

Current dietary recommendations include suggestions for
the public to decrease the intake of total fat (including
saturated fat), cholesterol, salt and sugars, and to
increase the intake of polyunsaturated fat and complex
carbohydrates, including fibre (Committee on Diet and
Cardiovascular Disease, 1976; Committee on Nutrition, 1978).
These recommendations have been set forth in an effort to
reduce the incidence of CHD in the general population. 1In a
recent investigation by Hallfrisch and associates (1985),
minimal modifications in the typical American diet were made
to incorporate the current recommendations. Following 13
weeks of diet modification, plasma total cholesterol, LDL-C
and VLDL-C were significantly reduced, while plasma TG and
HDL~-C levels remained unchanged in 53 healthy men and women.

Thus, a diet which conforms to current dietary guidelines
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appears to produce positive changes in the lipoprotein

profiles of individuals.

In the present study, analysis of food records revealed
no significant change in the diet composition of the
subjects over 24 weeks. Total fat intake remained slightly
above the recommended intake of 30-35% of total calories,
while carbohydrate consumption was slightly less than the
50% recommendation. The lack of change in dietary habits,
combined with an unaltered aerobic capacity, resulted in
little improvement in the lipoprotein profiles of the
subjects. The key to change may lie, not merely in the
improvement of knowledge, but in the alteration of an
individual’s attitude toward a desired change (Mathény et
al, 1987). Subjects in the current study may have increased
their knowledge of the current dietary guidelines, but they
seemingly did not alter their attitude toward the need for
dietary change. Because all subjects were apparently
healthy, the recommended changes in diet, leading to a
decreased risk of CHD, may have been of little concern to
them. Emphasis on the short- and long-term benefits of a
modified fat diet may be necessary to elicit the desired

behavioral change.



Chapter Vv

CONCLUSION

The results of the present study suggest that a 24-week
program of dietary modification and aercbic exercise does
not lead to favorable changes in the serum lipid profiles of
adult sedentary women. Serum concentrations of TG, total
cholesterol, VLDL-C, and LDL-C remained unchanged in the
exercise group following the experiment. Serum levels of
HDL-C decreased signigicantly in both the exercise and the
control groups after 24 weeks, suggesting that seasonal
variation might be responsible for this decline. Previous
investigations in women have also failed to produce
increases in HDL-C or decreases in TG. Conversely, studies
in men have repeatedly shown an increase in HDL-C with

exercise training.

An improvement in physical fitness level, previously
associated with increases in HDL-C and decreases in TG, was
not demonstrated in the present study. The intensity and
frequency of exercise training may have been insufficient to
produce an increase in aerobic capacity (VOp max), and thus
any positive changes in serum lipoprotein levels. High
initial level of fitness and a stable body weight may also
have contributed to the lack of change in V0, max.

53
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No significant change in the diet composition of the
subjects was observed throughout the 24-week study. Diet
counselling and instruction were based on current dietary
recommendations, which have been shown to improve the
lipoprotein profiles of individuals. It is suggested that
the alteration of an individual‘’s attitude might be a

necessary step leading to dietary change.

Twenty-four weeks of dietary modification and aerobic
exercise did not appear to produce positive changes in the
lipoprotein profiles of adult women. Further investigations
are needed to elucidate the metabolic changes linking diet,
exercise and alterations in sérum lipoproteins. Such
research is warranted in 1light of the association between
changes in lipoprotein levels and the risk of CHD

development.
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Appendix A

SUBJECT REQUIREMENTS

Subjects were selected for the study based on the

following:

1.

Body weight - a subject must be within the normal
weight range for height, according to the Metropolitan
Life Insurance Company Height-Weight Tables (1983).

Physical fitness level - a subject must not have
exercised regularly during the past 6 months.

Serum 1lipid levels - a subject must have fasting total
TG and total cheolesterol within normal 1ipid values for
age (The Lipid Research Clinics, 1980).

Smoking habits - a subject must not have smoked for the
past 12 months,

Alcohol consumption - a subject must have light to
moderate alcohol intake (Cahaban et al., 1969).

Oral contraceptives/pregnancy - a subject must not have
taken oral contraceptives or been pregnant in the last
12 months.

Other - a subject must be pre-menopausal and have not
had a hysterectomy nor have been on hormone therapy.
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INFORMED CONSENT AND RELEASE FOR RESEARCH STUDY

Explanation of Tests

The following data will be collected from each subject
during the study:

1. Height.
2. Height,

3. Densiometry - determination of body density by submersion in
a tank,

4, Five skinfold measurements.

5. Twelve minute submaximal bicycle test - determination of
cardiovascular endurance,

6. Venous blood samples ~ determination of serum lipid and
lipoprotein levels.

7. Three~day diet record.

During a 24-week period you will have the above tests three
times. The test battery is administered by trained personnel who
will explain each test item in detail. Results will be
confidential.

Risks

While it is highly unlikely that a subject would be injured
or take 111 during the tests, emergency procedures would be
implemented immediately. T have read the above and understand
that if any test causes pain or discomfort, I am obliged to
immediately inform the tester. I may stop or delay any further
testing if I so desire and the testing may be terminated by the
tester upon observation of any symptoms of distress or abnormal
response. :

Inquiries

We invite your questions about the procedures to be used in
the test. If you have any doubts as to what to expect, please
ask us for further information and explanation.

Waiver and Release

I understand that participating in this research study, I do
so at my own risk and T undertake to indemnify the University of
Manitoba against any and all liability that may arise as a result
of my participating.

Signature Date

Witness Date

Note: This form must be witnessed at the time of signing ‘and the
witness must be of the age of majority.
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Appendix C

SEPARATION OF LIPOPROTEINS

Preparation of serum (modified method of Lindgren (1975)).

a)

b)

Each serum sample required 2 tubes:

i) "Run 1" (density 1.0063 g/ml) = 0.6 ml serum + 1.8
ml Na C1 (density 1.0063 g/ml)

11) "Run 2" (density 1.0630 g/ml) = 0.6 ml serum +
1.8 m1 Na C1 (density 1.0819 g/ml)

All tubes were mixed on a Vortex mixer and placed in
the ultracentrifuge head.

Separation of lipoprotein fractions

a)

b)

c)

Lipoproteins were fractionated by ultracentrifugation
(rotor type 40.3) at 18%¢ and 34,000 rpm (calculated
103,578G) for 18 hours (Beckman L5-50B
ultracentrifuge).

Ultracentrifugation in a medium of density 1.0063 g/ml
separated the VLDL (top layer) from the HDL+LDL (bottom
layer). Ultracentrifugation in a medium of density
1.0630 g/ml separated the VLDL4LDL (top layer) from the
HDL (bottom layer). Only the bottom layers, consisting
of: 1) HDL and LDL, and

ii) HDL, were retained.

Using a syringe, 1.5 ml was removed in one smooth
continuous motion from the top fraction of each tube.
Care was taken toc not disturb the bottom fraction, or
touch the sides of the tube. The bottom fraction was
then carefully transferred to a 1.0 ml volumetric tube
with a Pasteur pipette. Tubes were rinsed several
times with 3-4 drops of distilled water, and the
rinsings added to the volumetric tube to bring the
volume up to 1.0 ml.



Appendix D

CHOLESTEROL DETERMINATION

Principle of method ~ cholesterol was determined
enzymatically using a colorimetric assay kit (Fisher
Diagnostics) based on the method of Allain et al (1974).
The principles of the reactions are summarized below:

cholesterol ester hydrolyzate

L
a) cholesterol esters ———————» cholesterol + fatty
acids
cholesterol oxidase
A

b) cholesterol + 02 —_— cholesten-3-one + H202
c) 2 H202 + 4-aminoantipyrene + phenol

peroxidase

- AN

—— quinoneimine* + 4 H20

*a chromagen with maximum absorbance at 505 nm.

Procedure

a) 0.025 ml each of distilled water, of cholesterol
standard and of samples to be assayed were pipetted
into separate 4 ml test tubes.

b) 1.0 mI of cholesterol reagent was added to each tube
and all tubes were mixed in a Vortex mixer.

c) All tubes were incubated in a 37°C waterbath for 15
minutes.

a4) 1.5 ml of 0.897 saline solution was added to each tube
and all tubes were mixed on a Vortex mixer.

e) Absorbance of standard and samples were read at 505 nm
on a spectrophotometer (Model SP6-300), employing the
distilled water sample as the blank.

f) Mean absorbance for the duplicate measurements of each

serum cholesterocl sample were determined, and compared
with the absorbance of a cholesterol standard of known
concentration.
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Appendix E
TRIGLYCERIDE DETERMINATION
Principle of method - Triglyceride was determined

enzymatically using a colorimetric assay kit (Fisher
Diagnostics), based on the methods of Fossati and Lorenzo

- {1982) and McGowan et al (1983). The principles of the

reactions are summarized below:

lipase

Y A
a) triglycerides ——————— glycerol + fatty acilds

glycerol kinase
b) glycerol + ATP ‘L————————_glycerol—l—phosphate + ADP
- 7
glycerol phosphate oxidase

c) glycerol-l-phosphate + 02 L H202
+ dihydroxyacetgne rhosphate.

d) H202 + 4-aminoantipyrene + 3,5-dichloro-2-hydroxy-
benzenesulfonic acid

peroxidase
quinoneimine* + HC1 + 2 H20

* a chromagen with maximum absorbance at 515 nm.
Procedure

a) 0.020 m1 each of distilled water, of triglyceride
standard and of samples to be assayed were pipetted
into separate 4 ml test tubes.

b) 1,0 ml of triglyceridé color reagent was added to each
tube and all tubes were mixed on a Vortex mixer.

¢) All tubes were incubated in a 37°C waterbath for 10
minutes.

d) 1.5 ml of distilled water was added to each tube and
all tubes were mixed on a Vortex mixer.

e) Absorbance of standard and samples were read at 515 nm
on a spectrophotometer (Model SP6-300), employing the
distilled water sample as the blank,

f) Mean absorbance for the duplicate measurements of each
serum triglyceride sample were determined, and compared
with the absorbance of a triglyceride standard of known
concentration.



Appendix F

PHYSICAL ACTIVITY READINESS QUESTIONNAIRE
(PAR-Q)

FAR-0 15 designed to help you help yoursell. Many healih benefits are associated wilh regrtas
excrcise. and the cempletion of PAR-O 15 a senssble lust step 10 take of your are planming 16
incicase the ameunt of physical activily 1n your dde.

for most people physical aclivily should nol pose any problem or haszard PAR-O has been
designed ta denldy the small number of adults lor whom physical activily mighl be inappropuale
ot 1hose who shoutd have medicat sdvite cuncerning (he {ype of activily maosl sulabie for them

Common scnse 13 your beal guide in anseenng these fow questons Please read them
cazefully ane check {1 the O YES or O RO opposile the queshion o 1t apples 1o you

YES NO

a0 1 Has your doclod ever said you have heart {rpuble?

2. boyou lrequenlly have pains i your heasl and chest?

3 0o you ollen teel fant o1 have spells of severe dizziness?

4 Has a doclor ever sa:d yout biood prossuie was toa tugh?

oooo
0o o0

o

. Has your doctos ever told you that you have a bune of jeint jroebiem such
A8 &tihrilis thal has been aggravaied by exercise, o might be made
worse wilh exeicise?

n]
a
-

{5 ihere 2 good physicat1easen not meationed hoto why you should not
Totiow an aclivity program evea ol you wanled la?

w}

. Are you over age 65 and not accutlomed Lo wigorous cavicise?

YES toone or more questions  NO to all questions

Answeraxd

# you angwercd PAR-Q accuralely. you have sea.
tonabie assuwance of your present sudabddy bt
o A GRACUATED EXEACISE PROGRAM - a
Qfadult ncrease 1 PIOPCT ExOICISe Promoles
good Hness developxncol widie musmrng of
ebmandng chscomio.
* A FITHESS APPRAISAI  1he Canadsan Stan.
darcheed Test of Faness (CSTFY

# you have nol frecenlly done 40, CONSUR with youe
peisonat physician by fefephone o n porson
BEFORE increasng your physscal actanty and'or
taking @ Kness appeaisal Ted your physician what
queshons you answered YES 10 on PAR-Q of pro-
senet your PAR.G copy

B

Aker ke 8 Svaiudlon. seek scdvce bom yos phytiCaan
23 la your sdaleidy for
* vnpsie Cleef phsacal acinaly s22g off easdy and
POgerg fraduaty
S ied B supented Bctvly 10 et yOUr EpaCdC
needs At east 00 a0 bt baes Check 10 your com
My IO SPECQH DFOGHAMS O SETvCes

il you haye a tempoiaty Bunot 1liness. Such as &
common cold

Tl erbyet Ry dhe Badot {dumba My el BeaHR Ganceptoabrod aon cilgoeed by e Maitato gy Adosany o on
S Mraratatie dependincdio snrt use an 1y enBiety o rncsnaged Midde dhans by eUBen gramessn ety Kol e b sosd o
Ao lnang s 3o b1 e Purnat o e puble
Heteara e TAR ) ¥ordateon 54 grul Moo Codrrmtg bhenahy of Heosthn MR
" Bkt p B Hoton §isoming Mosiy of Ueamh sad e Degarieeed 14 Natomad 1o & Fadtar

MR
At
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DATE
HEAVY

MEDIUM

LIGHT

1-15 15-30 3160 60+

Appendix G
LIFESTYLE QUESTIONNAIRE

1. tngicate the physical activities in which you have paricipated over the last month during your leisure time.

HAME OF PARTICIPANT

N O O I A o O
I o o R a0 O 0 R

00 [ T Iy I 0 6

0 T O s T 1 O ) A I O 0
ooogogoooooaoooocoooo Ooo0
OoocOoo0ooooO0oooDoOoooon OooOo.

O a o 0O

OCcO000000000ooOooo0ooag ooaao

NERRRRRRREERR NN

Waking jor Exercise
Croas Country Sking
Exetcise Classes

Others - Please specily:

ke Hockey
Racquetpail
Curting

Bicyckng
Swimming
JoggingRunning
Gardening
Home Exercises
ice Skatmg
Ternis

Goi

Poputar Dance
Baseball’Softbatl
Alping Skiing
Bouing
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Appendix H

DIET RECORD INSTRUCTIONS

Directions for Completing the Three-Day Food Record

- Please use the attached pages to record your food and
beverage intake for the days indicated.

- It is important that you record everything you eat and
drink, at home and away from home.

- Describe each food item and the amount eaten. Some
suggested ways of measuring foods are included on the next

page.

- Indicate if the food was eaten raw or cooked (e.g. fried,
boiled, baked) and how it was served (e.g. with gravy,
sauces, dressings).

- Do not change your eating pattern during the three days.

- Record any vitamin and mineral supplement you consume.

Suggested Way of Measuring Foods

Food Measurement
—~ Milk, etc. (whole, 27, skim, - cups, tablespoons, teaspoons
in tea, coffee, on cereal) or ml.
‘- Cereals (dry, cooked, ~ cups tablespoons or ml.
presweetened) )
- Potatoes {mashed, boiled - cups, small or large size,
fried, chips) number of fries.
- Bread (white, brown, whole - slices, large or small loaf,

wheat, rye)

- Biscuits, rolls, buns - number, size and type.
~ Meat -~ slices, ounces, dimensions.
- Fruit - number and size, or cups.

~ Vegetables - cups or number, eg. 1 carrot



Appendix H continued...

Food

Measurement

i

Sugar

Condiments (jam, jelly,
ketsup, etc.)
Sweets {(candies, chocolate)

Beverages (soda pop,
alcoholic beverages, juices)

t

teaspoons or tablespoons or
ml.

tablespoons or teaspoons,
ml.

number of pieces or size
of package.

cups or ounces, ml. (low
calorie produce)
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Appendix T

DIETARY RECOMMENDATIONS FOR CANADIANS

The consumption of a nutritionally adequate diet, as
outlined in Canada's Food Guide.

A reduction in calories from fat to 30 to 357 .of total
calories, mainly as a decrease in saturated fat.

A partial substitution of polyunsaturated for saturated fat.

The consumption of a diet which contains less alcohol, salt
and refined sugars, and which emphasizes more whele grain
products, fruits and vegetables.

The prevention and control of obesity through reducing
excess calories and increasing physical activity.
Precautions should be taken that no deficiency of vitamins
and minerals occurs when total calories are reduced.

NOTE: These recommendations should not be considered as
a replacement for specific or therapeutic diets
prescribed by a physician for treatment of a
particular disease or condition.

SOURCE: Report of the Committee on Diet and Cardiovascular

Disease (Canada: Department of Health and Welfare,
1976), pp. 81-82,



Appendix J

DIETARY PRINCIPLES AKD GUIDELINES

BASIC PRINCIPLES FOR LOWERING BLOOD CHOLESTEROL (through
diet)

1. Decrease total fat intake, especially saturated fat, as
foods high in saturated fat tend to elevate the
cholesterol concentration in the blood.

Foods of animal origin are high in saturated fat.
Therefore, decrease intake of such foods as: meat,
lard, butter and whole milk products. :

Z2. Decrease cholesterél intake. Cholesterol is found in
foods of animal origin, eg: eggs, organ meats.

3. Substitute some saturated fat in the diet with
polvunsaturated fat. Polyunsaturated fat tends to
decrease blood cholesterol levels.

Polvunsaturated fat is found in vegetable olls such as:
safflower, soybean, sunflower, corn, cottonseed and
sesame seed; and, in margarines made from these oils,

4, Increase the intake of complex carbohydrates, for

example, fresh fruits and vegetables, and whole grain
products (breads and cereals).
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Appendix J continued ...

II. GUIDELINES: to control the amount and type of fat in the

diet.

1.

10.

i1.

12.

13.

14.

Use fish, chicken, turkev and veal more cften than
beef, lamb, pork and ham.

Choose lean cuts of meat; trim off all visible fat;
discard fat which cooks out of meat.

Limit the use of organ meats, and luncheon/variety
meats such as bacon, sausage, salami, frankfurters,
liverwurst.

Avoid foods which are deep-fried (except, occasionally,
those fried in polyunsaturated oils).

Use cooking methods which help to remove fat, such as
baking, oiling, broiling, poaching or roasting.

Remove skin from poultry before cooking.

Refrigerate soup stocks, pan juices and casseroles;
fat will solidify and can then be easily remcved.

Limit intake of high-fat snack foods such as potato
chips, French fries, chocolate and coconut.

Limit intake of breads, pastries and desserts
containing animal fats, (such as lard), dried egg
and/or whole milk; eg: commercial rolls and biscuits,
doughnuts, pies, cakes, cookies.

Decrease the use of whole milk, cream, cream cheese,
high-fat cheeses and ice cream.

Increase the use of skim or 2% milk, low-fat cottage
cheese, low—-fat yogurt and low-fat cheeses (such as
farmers cheese; also, parmesan and mozzarella).

Use lipid vegetable oils and margarines, rich in
polyunsaturated fats, instead of butter, shortening or
lard. X

Choose margarines which: a) list liquid oil as the
first ingredient, followed by one or more partially
hydrogenated vegetable oils; b) contain twice as much
polyunsaturated as saturated fat.

Read labels when buying packaged foods. Keep in mind
that ingredients must be listed in descending order of
their content in the product. For example, a label
which lists "Gravy, beef, peas, carrots' contains more
gravy than anything else.
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III.

Appendix K
SAMPLE HENRU

Fat-controlled Diet
(180G Kilocalories per Day)

Total daily focd exchanges (exchange wsnerving):

Meat, fish, poulzry
Breais, cereals
Fruit

Vegetahles

Hilk

Fat

Breakfast

Mid-morning Snack

Lunch

Hid-afternoon Snack

Supper

Evening Snack

Daily Exchanges,

Per Meal

— 3y —

-t

[ L e N

—_ o~ —

4
1
1

fruit
bread
milk
fat

free beverage
bread

uilk
bread

fat

meat
fruic
vegetable

fruit
bread

meat

bread
vegetables
fat

fruit

milk
bread
free beverage

f= W U VT I )

Sample Menu

3/4 c. orange juice, unsweetened
1 ¢. bran flakes

¥ c. skim milk

1 s1. rye bread, toasted

§ tsp. margarine

! tsp. marmalade

coffee or tea

coffee
tran muffin

—

¢. skim milk

s1, wholewheat bread, ' c. tuna in weoter
tsp. margarine

tsp. mayonnaise

c. tuna in water

lettuce leaves

med. carrot

apple.

O T R —

—

sm banana
graham crackers

[

1 sm. chicken breast, breiled
5 e, rice

1 c. lettuce

1 med. tomato

1 T. salad dressing

L med. cantaloupe

coffee or tea

I oz. low-fat cheese
2 soda crackers
tea

Food Exchange List (some suggestions for substitutions}:

Meat, Fish, Poultry, (1l serving = 3 oz. = approx, 150-200 Kcals):

lean ground beef
lean roast beef

meat without skin of chicken, turkey, cernish hen
fish, any fresh or frozen {ccd, halibut, flounder, etc.}

tuna, canned, in water
salmor, canned

uncreamed cottage cheese
dried peas or beans
cheese, < 5% butterfat

cup
cup
cup
cup
0z.

L ot e

Breac, Cereals (1l serving = approx., 70 Kcals):

bread, white

bagel, small

English muffin, small
plair: bread roll

ready-to-eat, unsweetuned cereal

cooked cereal

paste, cooked - spaghetti
macaroni

sweet roil, bun

slice

cup
cup
cup
cup

S e e e
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III. Food Exchange List (some suggestions for substitutions): cont'd.

Fruit (! serving = approx. 40 Kcals):

apple julce 1/3 cup
applesauce, unsweetecned % cup
blueberries L cup
grapefruit

grapefruit juice % cup
orange : l sm.
peach 1 med.
pear . 1 sm.
pineapple 1/3 cup
raisins 2 T.

Vegetables (1 serving, raw or cooked = ! cup = approx. 25 Kcals):
asparagus

beans, green string

beets

broccoli

Lrussel sprouts

cabbage

carrots

cauliflover

rushreoms

onions

radish

tomatoes

turnips

zucchini

vegetable juice, cocktail
tomato juice

(corn - % cup)

(peas - % cup)

The fellowing vegetables can be used as desired, raw:

celery escarole
chinese cabbage lettuce
cucumbers watercress
endive

Milk (I serving = approx. 80 Kcals):

skim milk 1 cup
powdered milk, nenfat, dry 1/3 cup
buttermilk, from skim milk 1 cup
yogurt, plain, from skim milk 1 cup

Fat (I serving = approx. 35 Kcals);

margarine, soft, tub or stick I tsp
{made from corn, cottonseed, sov, sunflower
or safflower oil only)

oil (made from same as above) 1 tsp.
walnuts, small 6
mayonnaise, salad dressing 1 tsp.

Free Beverages - the following beverages can be used as desired:

coffee, blacl
tea, black
diet drinks/diet pop.



