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ABSTRACT

THE EFFECT OF CALORIC RESTRICTION AND EXERCISE ON PLASMA
LIPID AND LIPOPROTEIN CONCENTRATION

BY JEFFREY J. ZACHWIEJA

The independent and combined effects of exercise training and
caloric restriction on the plasma concentration of lipid and
lipoprotein was studied. Thirty-two female volunteers were
assigned to one of three treatment groups; exercise only,
diet only or diet plus exercise. The exercise only group
participated in a walk/jog program three days per week. For
30 to 45 minutes these individuals either walked or Jjogged at
a intensity which elicited a heart rate that was 70% of the
max heart rate reserve. The diet only group participated in
a behavior modification weight loss program which restricted
caloric intake to 1200 kcals per day. The combined diet and
exercise group participated in both of the above programs.
Only 38% of the of the initial 32 subjects fully completed
the 12 week study. The diet and diet plus exercise
treatments elicited the greatest (p < 0.05) amount of weight
loss. Weight loss for these two groups averaged 7.3 and 4.4
kgs respectively. The amount of fat weight in these two
groups was also significantly reduced (p < 0.05), while no
change was observed in lean body mass for any of the

treatment groups. Maximal oxygen consumption (L/min) was



only increased in the exercise only group. This group
demonstrated an 11% increase from pretreatment wvalues.
However, when oxygen consumption was expressed per kilogram
of body weight, significant (p < 0.05) increases in maximal
oxygen consumption were observe in all three treatment
groups. The effects of exercise, caloric restriction, or a
combination of these two treatments on the blood 1lipid
profile were minimal. No changes in the plasma concentration
of cholesterol, triglyceride, high density lipoprotein, and
low density 1lipoprotein from pretreatment values were
observed. In conclusion, exercise (70% max HR reserve) and
weight loss (1200 kcal/day) independently and combined
produced changes in body weight and maximal aerobic capacity.
However, these three treatments were not sufficient enough to
produce changes in the blood lipid profiles of 12 female

volunteers.
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CHAPTER 1

INTRODUCTION

Evidence from epidemiological study has revealed that
elevated total blood cholesterol 1levels are positively
associated with an increased risk of developing coronary
artery disease (CAD) (4,82,126). Of recent interest has been
the study of the cholesterol content in the wvarious
lipoprotein carriers. Clinical studies have demonstrated
that elevated levels of high density lipoprotein cholesterol
(HDL-C) are independently and inversely related to the
development of CAD (41,91,106). 1In addition, elevated levels
of low density lipoprotein cholesterol (LDL-C) have been
strongly related to the development of CAD (68).

Exercise training prescribed for healthy non-symptomatic
(for CAD) individuals seems to have the greatest effect on
the fractions of cholesterol contained in HDL and LDL.
Specific attention is usually devoted to HDL-C because of its
inverse relation to CAD. Although cross-sectional studies
surveying physically active individuals routinely demonstrate
elevated HDL-C levels when compared to inactive controls
(1,30,44,46,48,52,93,118), longitudinal studies have yielded

conflicting results. Some studies have demonstrated an



increase in HDL-C in response to exercise training
(53,71,100,107,111,132,135); whereas, others have indicated
no change (15,34,59,125,128) or a decrease (2) in HDL levels.
Experimental designs devoted to studying the response of
HDL to exercise training can be disturbed by a number of
different factors. Gender and race of the subjects, alcohol
intake, and smoking habits, have all Dbeen previously
identified to have independent effects on HDL-C concentration
(123) . Weight 1loss with associated changes in body
composition may be one of the most common confounding factors
when studying the effects of a particular training program on
lipoprotein cholesterol content. Attempts have been made to
study the effect of exercise training on the blood 1lipid
profile by administering conventional weight loss treatments
(16,134,139), as well as maintaining body weight during a
specified exercise training period (95). While the
intentions of these particular methods are good, it is hard
to make comparisons among these studies because of the single
group design. A more accurate understanding of the relative
contributions of weight 1loss and/or exercise to the
alterations in the blood lipid profile may be best obtained
through multiple group designs. In this manner, separate and
combined treatments of exercise and diet can be compared to

each other as well as a control group.



Purpose of the Study

The purpose of this study was to use a multiple group
design in an attempt to add to the current knowledge
concerning the effects of weight loss and exercise on serum
lipid values including; plasma cholesterol, triglycerides,

HDL cholesterol, and LDL cholesterol.

Null Hypothesis
There i1s no difference in changes of absolute body
weight and blood lipid wvalues including; plasma cholesterol,
triglycerides, HDL cholesterol, and LDL cholesterol between
three treatment groups in response to various manipulations

of diet and exercise.

Limit .

The following limitations have been placed upon this
study. Subject adherence to the study was quite low, as only
38% of the original subject pool actually completed all
phases of the study. Secondly, blood lipid measurements were
performed in a clinical laboratory. Under these conditions,
rarely are attempts made to control for intrasubject
variation. Lastly, body composition measurements were
obtained wvia the skinfold technique as equipment for

hydrostatic weighing was not available to the investigator.



Definitions
Apoprotein
The protein moiety of a molecule or complex, as of a

lipoprotein.

Biopsy
The surgical removal and examination of tissue from the

body.

Catabolism
Any destructive process by which complex substances are

converted into more simple compounds.

Cholesterol
A pearly fatlike steroid alcohol. It is synthesized by
the liver and absorbed from the diet. As well as being
a precursor for the synthesis of steroid hormones and
bile acids it constitutes a large part of the atheroma

found in arteries.

Cofactor
An element or principle with which another must unite in

order to function.



Electrophoresis
The movement of charged particles suspended in a liquid
on various media under the influence of an applied

electrical field.

En n

Produced within an organism.

Enzyme
A protein capable of greatly accelerating a chemical

reaction of a substance for which it is specified.

Exogenous

Originating outside of an organism.

Esterify
To combine with an alcohol with elimination of a

molecule of water, forming an ester.

Heparin
A substance present in many tissues, especially the
liver and 1lungs, which has powerful anticoagulent

properties.



High D ity Li . (HDL)
A plasma lipoprotein containing high levels of protein,
little triglyceride, moderate levels of phospholipid,

and relatively low levels of cholesterol.

Hydrolysis

A cleavage of a compound by the addition of water.

Insulin
A major fuel regulating hormone secreted into the blood
in response to a rise in the concentration of blood

glucose.

Intermedi Densi i r in (IDL
A plasma lipoprotein containing a low percentage of
triglyceride, high levels of cholesterol, and moderate

levels of phospholipid and protein.

Low Density Lipoprotein (IDIL)
A plasma lipoprotein containing a low percentage of
triglyceride, high levels of cholesterol, and moderate

levels of phospholipid and protein.



Moiety

A part of, as in a portion of a molecule.

pl holipid
Any lipid that contains phosphorus. They are the major

lipids in the cell membrane.

Postabsorbtive

Pertaining to a fasted state.

Receptor
A molecule on the surface or within the cell that

recognizes and binds with specific molecules.

Trigl g
A neutral fat that is usually the storage form of lipid

in animals.

Ultr L F £
Subjection of a material to an exceedingly high
centrifugal force which will separate and sediment the

molecules of a substance.



v

W i i i v
A plasma lipoprotein containing high concentrations of
triglyceride, moderate concentrations of phospholipid

and cholesterol, and little protein.



CHAPTER 2

REVIEW OF RELATED LITERATURE

The relationship between cardiovascular disease risk
factors and the occurrence of this disease has been well
established (104). Therefore, in order to decrease the risk
of developing coronary artery disease (CAD), it is important
to keep such factors under control. Our increasing knowledge
concerning the disease process has 1led to widespread
awareness of the pathophysiological effects of <cholesterol
contained within certain lipoprotein carrier molecules. Even
though information pertaining to these lipoproteins in terms
of their synthesis, catabolism, and regulatory mechanisms is
in its infancy, the knowledge we have obtained thus far has
allowed us to begin effective management of the CAD process.

The major purpose of this chapter is to review the
effects of various forms of exercise and weight loss on the
plasma concentration of lipids and lipoproteins. Much of the
information to be presented has been obtained from studies
which have utilized healthy (free from CAD) male and female
subjects between the ages of 20 and 60. Specific attention
will be directed toward changes 1in plasma cholesterol,

triglyceride, and the cholesterol contained within high and
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low density lipoprotein; The mechanisms by which these
changes occur and the effects that various enviormental and
habitual factors have on these changes will also be
discussed.

In order fully understand the effects that chronic
exercise training can have on plasma lipid and lipoprotein
concentration, a basic wunderstanding of lipoprotein
metabolism is needed. Therefore, the first section of this
paper has been dedicated to outlining the basic mechanisms
behind lipoprotein formation, breakdown, and use. The
information presented in this section was obtained from an

essay prepared by Howard A. Eder, 1983 (29).

Li r in M lism

The major function of a plasma lipoprotein is to
transport 1lipids so that they may be used for cellular
metabolism. Plasma lipoproteins have been divided into 5
major categories based on either their electrophoretic
motility or their gravitational density in response to
ultracentifugation. The categories are as follows;
chylomicrons, very 1low density lipoprotein (VLDL) ,
intermediate density lipoprotein (IDL), low density
lipoprotein (LDL), and high density lipoprotein (HDL) each of

which contain various proportions of cholesterol (both free
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and esterified), triglyceride, phospholipid, and apoprotein.

A number of different apoproteins have been identified
and classified in terms of their protein constituents. The
apoproteins add to the stability of the lipoprotein molecule
as well as possessing physiological value. Physiologically,
they are involved in receptor mediated processes and act as
cofactors for enzyme mediated lipoprotein metabolism. Table
I lists the major apoproteins which have been identified.

A schematic diagram of lipoprotein metabolism 1is
presented in figure 1I. Triglyceride and cholesterol can
either be exogenously induced into the body through dietary
intake, or endogenously produced by the body. Dietary
triglyceride and cholesterol enter the blood stream in the
form of chylomicrons. The major constituents of these
chylomicron molecules are, triglyceride, esterified
cholesterol, and apoprotein. Since chylomicrons are to large
to pass through the capillary endothelium they are broken
down partially in circulation. The enzyme lipoprotein lipase
(LPL) hydrolyzes the triglyceride contained within the
chylomicron molecule resulting in the passage of free fatty
acid (FFA) into near by extra-hepatic cells. The extra
hepatic cells will use the FFA for either energy production
(muscle cells) or energy storage (adipose tissue). After the

reduction of 1lipid content, the remaining chylomicron



TABLE I

12

Appoproteins and Their Function.
Adapted from Dufaux et al. (28)

Appoprotein Lipoprotein Found In Function

A-T HDL Cofactor of LCAT.

A-T1I HDL Binding of phospholipid.

B Chylomicrons, LDL, VLDL Binding to cell receptor.

C-I Chylomicrons Cofactor of adipose tissue
LPL.

C-1I Chylomicrons Cofactor of adipose tissue
LPL.

C-III Chylomicrons, VLDL Unknown.

E VLDL Binding to cell receptor.




FIGURE I

Pathways of Lipoprotein Metabolism
Adapted From Eder (28)
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molecule (referred to as a chylomicron remnant) has decreased
in size considerably. This size reduction has left the
chylomicron remnant with an excess of surface components
(mainly apoprotein). These excess surface components are
eventually released and later incorporated into HDL. The
chylomicron remnant is then removed from circulation by the
liver. 1In the liver the chylomicron remnants are broken down
into amino acid and free cholesterol. Some of the free
cholesterol is re-esterified and released as a constituent of
VLDL while other portions are converted to bile acids. Free
cholesterol and bile acids have two fates. Either they are
transported to the intestine where they are eventually
reabsorbed or they are lost through the feces.

Hepatic VLDL contains triglyceride, cholesterol, and
apoprotein. As with the chylomicrons, VLDL is reduced of its
lipid content by LPL, converting it into smaller IDL
molecules. IDL is either cleared from the blood stream by
the liver or it is rapidly converted to LDL. During each
step of this reduction process excess surface components are
released and incorporated into HDL.

In normal individuals LDL transports a large majority
(about 2/3) of the total plasm cholesterol. LDL is most
often removed from the circulation by extrahepatic tissue

through a receptor mediated process. In particular, cells
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undergoing rapid growth or repair are targeted. The
cholesterol content of these cells is largely determined by
uptake, production, and removal rates. A large percentage of
the removal rate is dependent upon HDL mass and activity.
HDL activity is regulated by the enzyme Lecinthin-cholesterol
acyltransferase (LCAT). LCAT facilitates the transfer of
cholesterol from the extrahepatic tissue onto HDL.
Cholesterol rich HDL then makes its way back to the liver.
The protective action of HDL is based on this process.
Increases in LCAT activity as a result of exercise training
may be one reason why increased HDL mass 1is observed in
endurance athletes. This and other possible mechanisms will

be discussed in greater detail later in this chapter.

Exercise and Blood Lipids

Because of the strong relationship between high levels
of plasma cholesterol and CAD (4,82,126), and the observation
that more physically active individuals had lower plasma
cholesterol levels (56,88), early studies concentrated on
changes in plasma cholesterol and triglyceride in response to
endurance training. Even though during this time methods for
quantification of the lipoprotein transport molecules were
available (37), it was not until the mid 1970's that these
techniques were incorporated into this type of study. Today,

the significance of these lipoprotein transport molecules to
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the management of the CAD process is well established. We
now know that 1little or no change in plasma cholesterol
concentration as a result of endurance exercise can be
accompanied by significant changes in the distribution of
this lipid among its lipoprotein carriers (49).
Plasma Cholesterol

Over the years, cross-sectional study has been a popular
method for determining the relationship between exercise
training and plasma concentrations of cholesterol. When
compared to inactive individuals, those who perform endurance
exercise have exhibited similar or only slightly lower
cholesterol wvalues (1,44,46,62,78,87). However, there are
some reports which have demonstrated cholesterol values for
endurance trained individuals as being significantly lower
than those for age matched controls (11,27,47,137).
Individuals who primarily take part in weight training have
also been studied. These reports have indicated that weight
trained individuals have similar (9,17) or slightly higher
(19,30) cholesterol values than inactive controls. This
occurrence may be related to similarities in aerobic fitness,
body fat percentage, and diet between weight lifters and the
controls (9).

To better define a possible relationship between plasma

cholesterol values and aerobic fitness, some investigators
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have reported on the association between exercise test
performance and plasma cholesterol values. Shane (113)
studied 877 USAF flying personnel and obtained a significant
inverse correlation (from zero correlation) between maximal
oxygen consumption and plasma cholesterol values. Similarly,
Cooper et al. (20) using fitness classifications (ie. very
poor, good, excellent) derived from treadmill performance
times reported that of the nearly 3000 men tested, those
achieving "excellent" status had significantly lower
cholesterol values than those classified as "very poor".
Although these results may demonstrate a relationship between
exercise capacity and cholesterol values, there is some
evidence to suggest that such a relationship does not exist.
Through the Tecumseh community health study (Michigan),
Montoye et al. (92) performed treadmill tests on 910 males
and females and found no relationship between maximal oxygen
consumption (L/min) and total cholesterol values when age,
weight, and skinfolds were removed by multiple regression.
Additional studies controlled in the same manner have
reported similar findings (96,116,138).

Because of the very nature of cross-sectional design, it
is difficult to infer direct cause and effect relationships
between exercise performance and/or participation and plasma

cholesterol values. Longitudinal designs which can account
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for the methodological problems of cross-section design have
been used (12,34,73,58,89,101,105,112). However, information
obtained from these studies has also produced conflicting
results. In some cases the effects of endurance training
(11-24 weeks) has produced a reduction in cholesterol values
(73,101), but more often than not reports of no change in
response to an exercise training program have been elicited
(12,34,58,89,105,112) . Differences in length of training
program, adherence, intensity of exercise, and mode of
activity may have all contributed to the conflicting results.
Consideration must also be given to cholesterol assay
methodology, initial blood lipid values, weight loss, and the
time interval between the 1last training period and the
drawing of blood. These circumstances are also of particular
importance when considering changes in lipoprotein fractions.
This topic will receive additional attention later in this
chapter.
P Trigl g

Cross-sectional studies investigating the relationship
between endurance training and plasma triglyceride values
have also been completed. These studies have found endurance
training to be consistently associated with lower plasma
triglyceride values (44,46,78,87,137). This relationship has

been documented for males as well as females, with females
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exhibiting a more pronounced decrement (137). In addition,
Wood et al. (137) have also reported that endurance training
can prevent the age related increase in plasma triglyceride
values. In this particular study, cross-sectional data
obtained from female runners over a 20 year span demonstrated
an age related increase in plasma triglycerides of about 12
mg%. On the other hand, the control group over the same 20
year span demonstrated about a 20 mg% increase in plasma
triglycerides. Many believe that the triglyceride wvalues
exhibited by endurance athletes are representative of the
type of activities performed (44,46,78). However, others
believe that these findings may be totally independent of the
physical activity performed and are more related to the
increased leanness of such individuals (121).

Studies incorporating an exercise training program have
been able to consistently lower plasma triglyceride
concentration from- pre-training wvalues (12,58,71,111).
However, throughout the course of these investigations this
information has not been produced without reservation. Some
interesting questions concerning the acute and chronic
effects of exercise on plasma triglyceride concentration have
arisen. Bananno and Lies (12) observed the effects of a 12
week exercise program (3 x per week 40-50 minutes) on plasma
lipid concentration (cholesterol and triglycerides). After

the completion of the exercise program two blood samples were
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drawn, one 24 hours and another 96 hours after the last bout
of exercise. The 24 hour blood sample revealed a 23%
decrease 1n plasma triglycerides. This wvalue was
significantly lower than the pre-exercise value. The 96 hour
blood sample revealed a return of the plasma triglyceride
content back to the baseline value. A similar relationship
was demonstrated by Holloszy et al. (58). Follow-up testing
after a 6 month training period revealed a 42% increase from
post exercise plasma triglyceride values after 5-6 days of
inactivity. Results from both of these studies suggest that
the acute effect of the last bout of exercise must be a
strong consideration when trying to determine a relationship
between plasma triglyceride values and the effects of chronic
exercise.

The acute effect of exercise on plasma triglyceride
values is highly dependent upon the pre-exercise wvalues for
this Dblood 1lipid. Initially 1low levels of plasma
triglyceride will not show a significant decrease in response
to a moderate bout of exercise (25, 26). In order for a
change to occur, the exercise session must be substantially
longer in duration (> 6 hrs) and high in intensity (> 85 %
V02 max) (18,70). In contrast to this observation,
hypertriglyceridemic individuals demonstrate an immediate

lowering in plasma triglyceride concentration in response to
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a moderate bout of exercise. This occurs whether or not
caloric balance is maintained or increased during the
exercise period (43). However, within 48 to 72 hours of the
last bout of exercise, the triglyceride levels of these
individuals will begin to return to baseline values. This
may explain the variation in the data presented by both
Bonnonano and Lies (12) and Holloszy et al. (58) as the
subjects in both of these studies had baseline triglyceride
values 1in excess of 200 mg%. In conclusion, it seems as
though initial levels of plasma triglyceride and the duration
and intensity of the exercise play a big role in the acute
and/or chronic effects of exercise on plasma triglyceride.

I T ity Lipi tein Chol ]

LDL is the major transport particle for cholesterol in
circulation. 1In fact, strong correlations have been obtained
between total cholesterol and plasma levels of LDL-C (29).
The effects of endurance exercise on LDL-C are quite often of
small magnitude, although several investigations have
produced evidence in support of significantly decreased
levels 1in endurance trained individuals. Such cross-
sectional studies have indicated both male and female
endurance athletes, 1in addition to recreational Jjoggers,
have lower LDL-C levels when matched with sedentary controls

(47,87,136,137). As is typical for this type of study, equal
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or higher wvalues for LDL-C concentrations have also been
reported for endurance performers when compared with age
matched controls (1,93,97). Cross—-sectional studies
utilizing weight trained athletes have also been performed.
No differences in LDL-C concentrations between these athletes
and sedentary controls have been obtained (8,30).

Longitudinal training studies which have lasted for 8 to
15 weeks and have incorporated endurance type exercise 3 to 4
times per week at 60 to 85% maximum heart rate have been able
to produce decreases in plasma LDL-C levels (15,63,100). The
magnitude of these decreases has been around 8 to 12%, with
the amount of exercise performed being negatively correlated
with plasma LDL-C levels (135). As was noted with plasma
cholesterol wvalues, if LDL-C is elevated beyond what 1is
considered normal, decreases 1n response to a training
program are more likely to occur.

Most of the previous information presented on plasma
LDL-C has come from studies which have emphasized changes in
other lipid parameters. There are very few, if any studies
which have set out to determine the effects of exercise on
plasma LDL-C exclusively. It would seem likely that more
studies would be concerned with changes in plasma LDL-C in
light of its strong relationship with CAD manifestation.

However, the increased responsiveness of HDL-C to exercise
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makes this lipoprotein fraction a more worthwhile pursuit.
Ultimately, it seems that the distribution of cholesterol
about LDL-C and HDL-C 1is what determines CAD potential.
Evidence from cross-sectional and longitudinal study has
suggested that exercise is more likely to produce significant
changes in HDL-C while LDL-C remains constant. The opposite
effect rarely occurs. Although an increase in HDL-C with a
concomitant decrease in LDL-C would be optimal, the very
mechanisms whereby exercise produces its effect decreases the
likelihood that a significant combination effect can occur.
These statements are based on evidence obtained from
individuals who exhibit neither hypertriglyceridemia or
hypercholesterolemia.

Plasma High Density Lipoprotein Cholesterol

One of the proposed metabolic functions of plasma HDL-C
is to transport cholesterol away from the peripheral tissues
and back to the liver where it can be catabolised. 1In light
of this action, the concept that HDL might act as a
protective agent against CAD has gained support from
epidemiological studies which have determined an inverse
relationship between HDL-C and the occurrence of CAD
(41,91,106) . In addition, the concept that exercise may
produce a substantial increase in HDL-C has recieved
considerable attention.

Data from cross-sectional study have revealed that
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individuals who take part in endurance type activities often
possess higher levels of HDL-C than those individuals who do
not. For example, male endurance athletes (1,44,46,48,52),
female endurance athletes (93), female swimmers (118), and
male speed skaters (30) have all been demonstrated to have
elevated HDL-C levels. Although some studies comparing
endurance trained individuals to sedentary controls have
reported no difference between these to groups (19,50),
initial low levels of plasma cholesterol may have contributed
to these findings. Clarkson et al. (19) reported that the
endurance trained individuals in their study had plasma
cholesterol levels that were significantly lower than those
of the control. As a result, even though the endurance
athletes and the controls did not differ in absolute HDL-C
levels, a greater percentage of the total plasma cholesterol
was carried by HDL in the endurance performers. Cross-—
sectional data collected on those individuals who primarily
take part in weight training have differed little from data
collected on sedentary controls (30,94). Biochemical
explanations for the similarities in HDL-C levels between
these two groups are not readily apparent. Differences in
nutrition, muscle adaptation to this specific form of
exercise, and circulating levels of hormones may all be

possible explanations.
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Some 1investigators have reported a dose response
relationship between HDL-C and the distance run per week
(40,48,78,107,108,131) . Unfortunately, these studies have
not been able to come up with consistent data regarding an
upper and lower threshold of activity which "turns on" or
"turns off" a change in plasma HDL-C. However, all have
reported positive correlations (ie. +.26 - +.55) between HDL-
C and miles run per week.

A large number of studies have concentrated on the
effects of regular endurance exercise on plasma HDL-C. As a
result it has been increasingly difficult to deduce the
amount of activity necessary to produce significant changes.
Evidence concerning the intensity needed to produce changes
in plasma HDL-C has suggested that endurance exercise at 75%
to 85% max HR is sufficient (15,111). The amount and type of
activity needed although a more popular inquiry is not well
defined. Combinations of walking, Jjogging, and calisthenics
3 to 4 times per week for 8 to 17 weeks has produced
significant increases in HDL-C concentration (80). Some
believe that running or jogging 8 to 12 miles per week is
needed 1if significant strides are to be made toward
increasing HDL-C concentrations (108,131,135). However,
higher thresholds have also been reported ranging from 35 to

45 miles per week (78,107). Part of the reason why Rotkis et
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al. (107) and Lehtonen et al. (78) have reported such high
threshold points is the type of subject used. In both of
these studies females with initially high levels of HDL-C (ie
> 55 mg%) were used. This point 1is particularly well
illustrated in the study of Goodyear et al. (40). In this
study female subjects who were already running 20-25 miles
per week increased there weekly running mileage by 4 miles
per week for 8 weeks. At the end of the eight week treatment
period the subjects were averaging 62 miles per week. An
increase in HDL of 29% (from 57 mg/dl to 76 mg/dl) was
observed from pre-program values. These data suggest that
substantial increases in HDL can be obtained in a relatively
short time period, however, the type of training which was
required to produce this change may be totally unrealistic
for the average health conscious individual.

Little information has been obtained on the possibility on
a upper limit threshold for "turning off" increases in HDL-C
concentrations. Hartung et al. (48) studied two groups of
marathon runners who were physiologically similar. Whereas
both groups had significantly higher HDL-C values than the
average population, one group had a higher HDL-C
concentration than the other. When comparing intensity and
duration of the typical workout patterns specific to each
group, it was observed that the lower HDL-C group ran more

miles at a somewhat faster pace. Hartung et al. (48)
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concluded that there is for some individuals a threshold of
intensity where little change occurs.

Well controlled longitudinal training studies have been
able to produce significant changes in HDL-C concentrations
from pre-exercise wvalues (53,71,100,107,111,132,135).
However, these types of intervention programs have not
escaped conflicting results. Some studies have not
demonstrated a change in HDL-C levels (15,34,59,125,128),
while others have even shown a decrease in HDL-C levels (2).
Exercise training studies using a weight lifting regime are
beginning to take a different angle. Traditionally, weight
lifters who utilize high resistance/low repetition workouts
have been studied. Results have indicated that HDL-C levels
between these athletes and sedentary controls are not
significantly different (8,9,30). Recently, some
investigators have been interested in the effects of a weight
lifting program utilizing low resistance/high repetition.
Results from these studies have indicated that this type of
resistance training 1is capable of producing HDL-C levels
comparable to those of endurance athletes (38,60,61,66).
Further work in this area is necessary in order to determine
whether these results are a chronic effect of the exercise,
or whether these changes are attributable to the last acute

bout of exercise.
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A large number of studies have looked at the effects of
exercise on the plasma lipoproteins. Previously mentioned
studies (1,15,30,34,44,46,48,52,53,59,71,93,100,107,111,128)
only represent a small percentage of the vast amount of work
that has been completed. Inconsistencies in the reports of
these studies may stem from several factors, some of which
have been previously discussed. Initial levels of blood
lipids, HDL-C in particular, can greatly effect the exercise
response relationship. Baseline levels of low cholesterol and
high HDL-C have shown little change in response to exercise
of increasing intensity and duration (34,59,93,128). Other
factors known to influence HDL-C concentrations are
laboratory procedures, seasonal changes, weight loss, and
personal habits including cigarette smoking, alcohol
consumption, and oral contraceptive use (120,123). Failure
to factor out or control these variables when determining the
effects of exercise on plasma of HDL-C increases the

difficulty of data interpretation.

Mechanisms of Exercise Induced HDL-C and Triglyceride Change

Endurance training improves ones capacity to do work.
Increased cardiac output, and a more efficient utilization of
oxygen by the muscle cells, resulting in an increased

ability to utilize fat for energy production, are often cited
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as the main factors associated with the adaptation to
exercise (57). Along with an increased ability to utilize
fatty acid for the production of energy (57), endurance
trained athletes have also been characterized as having
different 1lipid profiles when compared to age and weight
matched controls (49). Two of the most striking features are
decreased levels of plasma triglyceride and elevations in
HDL-C (49). Decreased levels of adiposity often accompany a
highly trained state. At least in part, this observation has
been suggested to account for the decreased triglyceride
content and increased HDL-C concentrations in endurance
athletes (121). 1In fact, significant negative correlations
have been obtained between percent body fat and HDL-C, as
well as positive corelations between triglyceride content and
percent body fat (93). However, in 1light of the acute
changes in lipoprotein concentration which can occur during
moderate and intense bouts of exercise (54), adaptations in
lipoprotein metabolism must also be considered. Although the
biochemical changes in lipoprotein metabolism which come
about as a result of an exercise training program are not
well understood, there is sufficient evidence to suggest that
the activities of Lipoprotein lipase (LPL) and Lecithin-
cholesterol acyltransferase (LCAT) play an important role

(28) . Decreased production of hepatic triglyceride 1in
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response to exercise training should also be considered
(114), however it will not be discussed in depth during this
review.
E tic R lat] £ T | Trigl ide C

In his essay, Edner (29) states that LPL 1is
predominately found on the surface of endothilial cells. 1In
particular, LPL is heavily concentrated on the endothilial
cells which comprise the walls of capillaries closest 1in
contact with skeletal muscle and adipose tissue. The main
metabolic function of LPL is to initiate the catabolism of
the triglyceride found in VLDL and chylomicrons. When LPL
comes in contact with this triglyceride, FFA and glycerol are
released into circulation from these molecules. LPL activity
can be measured in humans through adipose and skeletal muscle
tissue biopsys (49). LPL activity can also be measured in
plasma after injection of heparin (49). Heparin initiates
the release of bound LPL from the capillary tissue.

When compared with sedentary controls, male and female
endurance athletes have exhibited increased amounts of LPL
activity in both skeletal muscle and adipose tissue. Nikkila
et al. (97) reported that male distance runners had 1.7 x
higher skeletal muscle LPL activity than non-runners.
Similar results were also obtained for the female runners.
Adipose tissue LPL activity was also higher in both male and

female runners. LPL activity in the runners was 2.5 and 1.6
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x greater than control LPL activity respectively. It was
concluded that endurance training was associated with the
adaptive increase of LPL in both adipose and skeletal muscle
tissue.

Distribution of skeletal muscle LPL seems to be highly
dependent upon the fiber type of a particular muscle. It has
been demonstrated that slow twitch muscle fibers possess a
greater percentage of LPL than do fast twitch muscle fibers
(13,81) . However, studies have indicated that exercise
training can produce increased LPL activity in both fast
twitch and slow twitch muscle fibers (13). Since the early
1970's, there has been an interest in determining the fiber
type of elite athletes in order to better understand the
mechanisms behind their tremendous success. Generally,
endurance athletes have been shown to possess a greater
percentage of slow twitch muscle fibers (22), whereas the
speed or power athlete possesses a greater percentage of fast
twitch muscle fibers (21). This type of information could
possibly complicate the results of cross-sectional studies
which have commonly shown an increased skeletal muscle LPL
activity in endurance trained athletes.

Despite the selection bias which might occur when
utilizing a cross-sectional design, exercise training studies

have supported the idea that skeletal muscle and adipose
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tissue LPL activity can be increased in both men and rats
(13,100) . Peltonen et al. (100) demonstrated that after a 15
week training program post heparin plasma LPL activity
increased by 33%, while adipose tissue LPL increased by 56%.
A large majority of the change occurred within the first
several weeks of the training period. This finding may
suggest that certain tissue LPL possess the ability to adapt
quickly to acute bouts of exercise.

If LPL is vulnerable to acute bouts of exercise, then
the extent to which 1lipoprotein bound triglyceride can
contribute to the fat oxidation process during this activity
should be considered. It has been shown that shorter bouts
of submaximal exercise and even marathons have not
significantly lowered the concentration of plasma
triglyceride in participating athletes (26,54,62). The only
exception has been extreme bouts of exercise lasting in
excess of 6 hours (18,70). Likewise, LPL activity has only
been shown to increase significantly in response to long
duration exercise (69,83 ). Some believe that the stability
of triglyceride during the shorter bouts of exercise is do to
an increase in the use of plasma triglyceride with a
concomitant increase in the production of triglyceride by the
liver. Although it takes a substantially longer time for

muscle LPL to respond to an acute bout of exercise, adipose
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tissue LPL activity may increase after the first hour of
exercise (83). This could increase the plasma concentration
of FFA and thus an increase in the uptake of FFA by the
liver. As a result, there would be an increase in the
production of liopoprotein bound triglyceride and no net
effect would be observed on the plasma triglyceride
concentration (49). However, it seems unlikely that there is
actually an increased 1lipoprotein bound triglyceride
production during exercise. It has been shown in rats that
the uptake of FFA by the liver does not increase during
exercise beyond the clearance which is observed during rest
(67) . Therefore, it seems fair to assume that lipoprotein
bound triglyceride plays a very minor role in the process of
energy production during exercise bouts lasting up to 6
hours. Under these conditions most of the energy which is
supplied by the oxidation of fats comes in the form of
circulating FFA. A small percentage is also derived from the
muscle's store of triglyceride (51).

During extended bouts of exercise the muscle not only
becomes depleted of its stores glycogen (10), but also
experiences decreases in its storage of triglyceride (33).
If repeated bouts of exercise are performed the triglyceride
content of the muscle can remain low. Although the

consequences of this reaction are not as severe as those
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observed in glycogen depletion, the need to replenish the
triglyceride store of the muscle is necessary. This may be
one reason why endurance athletes are observed as having
lower resting plasma triglyceride values than matched
sedentary controls (44,46,78,87,137). It has been
hypothesized that the increase in skeletal muscle LPL
activity in the trained state enables the muscle to more
readily uptake circulating triglyceride in order to replenish
its stores. This increased clearance due to the increased
uptake by the muscle has been previously reported (85).
Additional support has come from studies which have
demonstrated an increased glycerol-3-phosphate synthesis in
skeletal muscle and adipose tissue of endurance trained rats
(5). The adaptation of adipose tissue LPL also seems
beneficial in that it helps replenish the fat stores (which
have also been used for oxidation in the muscle) by breaking
down circulating plasma triglyceride (5).

The mechanisms whereby exercise training increases the
activity of LPL have not been well defined. Although there
are several hypotheses, this review will only be concerned
with the roles of insulin and caloric balance.

Endurance trained individuals have been known to exhibit
a blunted insulin response to a glucose load (77,110,111).
This has the net effect of maintaining and in some instances

increasing glucose tolerance while also decreasing the
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insulin response to similar glucose loads. It is not known
whether this is a result of an increased number of insulin
receptors in the muscle and adipose tissue, or to an
increased responsiveness of the receptors that are already
there (74). However, there seems to be a substantial amount
of evidence in support of an increased sensitivity due to an
increase in the number of insulin receptors. An increased
number of insulin binding sites on the cell membranes of
erethrocytes and adipose tissue in the human (77) and animal
(23) models produce evidence in support of this theory.
However, 1t is not clear whether changes in insulin binding
to blood cells and adipose tissue parallel insulin binding to
muscle tissue. This change, 1if present, may be one
explanation for the increase observed in LPL activity of
endurance trained individuals. It has been previously
demonstrated that LPL in the adipose tissue is very sensitive
to insulin (35). Endurance training results in tremendous
increases 1in caloric expenditure. Therefore, 1in order to
maintain body weight endurance athletes have to increase
their caloric intake substantially. This alone may be enough
to increase the activity of LPL. Jacobs et al. (65) have
shown that a carbohydrate rich diet increased muscle LPL
activity by 82% after these muscles had been significantly

depleted of their glycogen stores as a result of an intense
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exercise bout.
Enzymatic Regulation of HDL-C Increases

Earlier in this chapter, it was reported that increased
levels of HDL-C have been demonstrated in those individuals
who were describes as very physically active
(1,44,46,48,52,93), and in those who had successfully
completed an exercise training program (53,71,100,107,111).
Although the precise mechanism(s) whereby HDL-C increases in
response to endurance training has/have not been determined,
there is sufficient evidence mounting in support of increases
in the activity of certain key enzymes involved in the
metabolism of lipoproteins.

Previous studies have reported a close relationship
between the metabolism of plasma triglycerides and HDL-C
(2,41,91) . This has been supported through the strong
negative correlations which have been obtained between this
blood lipid and lipoprotein fraction (41,91). The primary
role of LPL 1is to hydrolyze the triglyceride found in
chylomicrons and VLDL. The surface components (apoprotein,
phospholipid) which are eventually released as a consequence
of this reaction are later incorporated into HDL. It would
seem logical that the increases in the activity of LPL which
so often accompanies the trained state (13,97,100) would

increase the breakdown rate of chylomicron and VLDL molecules
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thus leading to an increase in HDL mass. A significant
positive correlation between adipose tissue LPL activity and
HDL-C concentration has been suggested as evidence in support
of this hypothesis (97).

A second enzymatic explanation lies within the activity
of LCAT. LCAT is mainly involved in the transfer of
unesterified cholesterol onto the HDL molecule. There 1is
both direct and indirect evidence to support increased LCAT
activity in the trained state. Endurance trained individuals
(86) and those taking part in a controlled endurance training
program (84) have been known to exhibit increased LCAT
activity. In the study of Marniemi et al. (86) LCAT was
correlated highly with increases in HDL-C. A large majority
(= 90%) of the protein contained within HDL is made up of
apoprotein AI and AII, with AI being identified as an
essential activator of the LCAT enzyme (75). Since
apoprotein AI has also been shown to increase in response to
an endurance training program (71,122), it is possible that

the activity of LCAT is increased through this occurrence.

Weight Red ion Li r in
Individuals who demonstrate an increased capacity to
perform exercise exhibit rather distinguishable

characteristics. Among the most common are; elevated maximal
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oxygen consumption, increased cardiac output, a decreased
body fat percentage, and a favorable blood lipid profile
including increased HDL-C, and decreases 1in plasma
triglycerides, cholesterol, and LDL-C. Much of the
information previously presented 1in this review has
concentrated on the blood lipid profile, in particular, how
it is effected by an exercising lifestyle, and the mechanisms
behind these changes. Although there is a substantial amount
of evidence to suggest that a favorable blood lipid profile
is common in endurance athletes because of the exercise they
perform (1,44,46,48,52,53,71,93,100,107,111,118,132,135),
decreased percentages of body fat and body weight have been
known to effect the blood lipid profile in a similar fashion
(121) .

Moderate obesity has been generally associated with
decreased levels of HDL-C, and 1increased levels of
triglyceride and LDL-C (43,98), predisposing these
individuals to an increased risk of developing CAD. It is
commonly accepted that weight reduction will eliminate such
unfavorable blood lipid profiles. However, the studies
completed on this topic have yielded conflicting results.
Although welight reduction has consistently demonstrated
decreased levels of triglyceride (98), the effects of weight
loss on LDL-C and HDL-C have been to increase (76,119),

decrease (6,16,127,129), and to produce no change
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(45,134,139).
Effects of Weight Ioss on Plasma Triglyceride

Moderate obesity is known to cause an elevation in
plasma triglyceride slightly above what would be considered
normal. The proposed mechanism behind this reaction is an
increase in the production of VLVL triglyceride. Moderately
obese individuals tend to exhibit a peripheral tissue
resistance to insulin. As a result, increases in insulin
secretion are needed to promote similar glucose uptakes.
This excess insulin is believed to act on the liver in such a
way that the liver begins to increase its production of VLDL
triglyceride (98). In some cases of gross obesity,
triglyceride values can be extremely high as a result of the
above mechanism (79,98). In other situations, plasma
triglyceride values can be extremely high as a result of
genetic abnormalities leading to an increased production and
decreased clearance of plasma triglyceride (29). Upon the
implementation of a weight reduction program plasma levels of
triglyceride begin to reduce and remain in a reduced state as
long as the weight reduction is maintained (98). This may be
the result of a decreased peripheral tissue resistance to
insulin resulting 1in a decreased VLDL triglyceride
production. An increase in triglyceride clearance due to a

greater activity of LPL is also a possibility, however this
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occurrence only seems 1likely when the reduction in body
weight has been stabilized (139).
Effects of Weight Loss on LDL-C

Increased levels of LDL-C in the obese state are
generally associated with the increased VLDL production.
Several previous studies determining the relationship between
LDL-C and weight 1loss have reported conflicting results
(16,76,98,127,134,139). For example, Wolf and Grundy. (134)
reported that there was no change in LDL-C levels after a
weight reduction program consisting of reduced caloric intake
in a mixed (males and females) group of subjects. Bronwell et
al. (16) reported that both men and women involved in a
moderate weight reduction program exhibited significant
decreases in LDL-C. Olefesky et al. (98) reported a 21%
decrease in total cholesterol in 36 patients after a weight
reduction program, however no reports were made on any of the
lipoprotein fractions. Finally, Zimmerman et al. (139)
reported an initial decrease in plasma LDL-C during periods
of weight reduction, however after cessation of weight loss,
and during a period of body weight maintenance, LDL-C levels
rebounded to initial wvalues.

Why have these conflicting results been obtained?
First, Not every study controlled dietary intake in the same

manner. Some reduced caloric intake as well as altering the
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percent of carbohydrates, fats, protein, and cholesterol
ingested (76,134). Others just limited the caloric intake
(16,127) . In some of the cited studies, blood samples may
have been drawn when the subjects were still in a negative
caloric balance. This effect of active weight loss on LDL-C
levels is best represented in those studies which have
presented information on the time course of LDL-C change in
response to a caloric restriction program (134,139). In
addition, the weight reductions in some of the previously
mentioned studies may not have been great enough to produce
any rebound effect. It does seem very likely that these two
situations are important considerations, especially when
dealing with those individuals who are only moderately obese.
As Wolf and Grundy (134 ) explained, weight reduction may not
alter LDL-C to any significant degree. Rather, weight
reduction may produce a decreased flux (input to and
clearance from peripheral tissues) of LDL-C thus lessening
the risk for CAD development.
Effects of Weight TLoss on HDL-C

Because of HDL-C's negative association with the
development of CAD, much emphasis 1is placed on its
alterations through wvarious forms of therapy. Exercise
training and weight reduction are two of the most common
interventions, with the former being previously discussed.

Initially it was reported that weight reduction decreased the
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levels of HDL-C (16,127), but more recent evidence tends to
indicate increases in HDL-C can be achieved through weight
loss (109,119,134,139).

Because HDL-C has been negatively correlated with
triglycerides, it is logical to assume that during periods of
weight reduction HDL-C will increase as plasma triglyceride
decreases. However, several studies have not been able to
show this relationship. Thompson et al. (127) measured
lipoprotein values in 15 obese women before and after a 10
week weight reduction program. Post-treatment values of HDL-
C were determined to be significantly lower than the baseline
value by 10%. Similarly, Beneke and Timson (6) observed a
24% decrease 1in plasma HDL-C values after a 12 week
behavior/nutritional weight loss treatment. Both of these
studies accounted for the reduction in HDL-C through
significant decreases in total plasma cholesterol of 10 and
12% respectively.

Increased levels of HDL-C as a result of weight
reduction are not commonly reported during the acute phases
of weight loss. Rather, increases in HDL-C are more commonly
observed when a stabilized reduced weight has been obtained
(109,119,134,139). Zimmerman et al. (139) observed that
after 7 weeks of dieting, HDL-C levels did not change

significantly in 7 obese women. However, 3 months after the
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weight reduction program, a significant increase in HDL-C
from 39.2 mg% to 46.1 mg% was observed while these
individuals were maintaining a reduced body weight. Similar
results have been reported by Wolf and Grundy (134) and
Schwartz et al. (109). Information concerning the effect of
a stabilized reduced body weight may account for some of the
discrepancies of earlier studies. 1In fact, a closer look at
the data of Thompson et al. (127) reveals a rebounding of
plasma HDL-C levels slightly beyond the pre-treatment value 8
months after the post-treatment blood sample. Body weight at
this time was not significantly different from the post-
treatment wvalue indicating a stability in the weight
reduction obtained some months ago.

Although there seems to be strong support for an
increase 1in HDL-C concentration and a decrease in
triglyceride concentration after obtaining a reduced
stabilized body weight, these results should still be
interpreted with caution. Many variables which are not
always easy to control can effect plasma levels of lipids and
lipoproteins. Strict dietary control in regards to the
percent distribution of carbohydrate, fat, and protein is not
always feasible. Furthermore, personal habits such as
alcoholic intake and activity levels are not always reported

accurately by the subject population. Lastly, the initial
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values of both body weight and the plasma concentration of
lipids and 1lipoproteins will effect the outcome to some
degree. Higher initial wvalues tend to respond more
positively, while lower initial values most often remain low.
Nonetheless, there seems to be some positive evidence in
support of caloric restriction as a practical intervention
therapy which could theoretically be beneficial to the

prevention of CAD.

Summary

The blood lipid profile is a wvaluable tool for those
individuals involved in the management of the CAD process.
Research has indicated that the distribution of cholesterol
among the different 1lipoprotein fractions carries great
predictive wvalue. In particular, the cholesterol contained
within HDL has been negatively associated with CAD, while the
cholesterol contained within LDL has been positively
associated with CAD. Attempts have been made through diet
and exercise to increase HDL-C and concomitantly decrease
LDL-C. Although the results have not always been conclusive,
the independent effects of diet and exercise have been to
increase HDL-C while either slightly reducing or maintaining
LDL-C levels. Future efforts should be directed toward

studying a possible summation effect of diet and exercise on



these two plasma lipoproteins.
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CHAPTER 3

METHODOLOGY

Descriptions of the subjects, treatment groups,
evaluation techniques used, and the methods of data analysis

are all contained within this chapter.

Subjects

Thirty-two females ranging in age from 18 to 35 years
volunteered to participate in this study. In order to
qualify, each had to be at 1least 15 pounds overweight
according to the Fogarty height weight chart (Appendix A)
(14) . Prior to participation in the program, the subjects
were required to complete a health history questionnaire
(Appendix B). The information obtained from the
questionnaire revealed that these individuals led a sedentary
lifestyle and were free from heart disease, diabetes,
hypertension, and hyperlipidemia. Although none were
currently smoking, two had quit within the last year, and no
one reported a consumption of more than 2 alcoholic beverages
in one week. To further document the initial condition of
these individuals heart rhythm strips and resting blood
pressures were obtained and evaluated by qualified personnel.

Each person was informed in the nature of the study, the

46
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possible risks involved, and signed an informed consent
(Appendix C). The initial physical characteristics of the

subjects are presented in table II.

Tr men rou

Prior to the initial testing, the subjects were randomly
assigned to one of three groups; diet only, exercise only, or
diet and exercise. The diet treatment consisted of
participation in a behavior modification weight loss program
which limited caloric intake to 1200 calories per day.
Subjects in this group were not encouraged to perform regular
physical activity. The exercise group performed 30 to 45
minutes of aerobic activity (walking/jogging) 3 times per
week and maintained normal dietary intake. The diet and
exercise group was active in both the exercise sessions and
the diet program. The effects of these treatment programs

were evaluated after 12 weeks of participation.

Methods of Evaluation
Evaluations of weight, height, body composition, aerobic
capacity, and blood 1lipid content (total cholesterol,
triglycerides, HDL-C, and LDL-C) were performed prior to, and
after the completion of the 12 week treatment period. On the
day of each aerobic capacity test, the subjects reported to

the Human Performance Lab in the postabsorptive state. Upon
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TABLE II

Physical Characteristics of the Subjects (N = 32).

Variable Measured Mean SE Range
Age (yrs) 30.6 + 0.65 18.0 - 35.0
Weight (kgs) 79.7 + 2.8 56.8 - 119.8
Height (cm) 164.9 + 1.2 153.0 - 182.0
BMI (wt/htZ * 1000) 2.92 + 0.10 2.24 - 4.23
Percent Body Fat 31.8 + 0.93 20.2 - 40.1

Pounds Overweight 47.2

H+

5.1 15.0- 136.0
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arrival, the subjects were seated in a comfortable position
for several minutes. Next, a resting blood pressure and
heart rate were obtained. The resting blood pressure was
determined by using a standard sphygmomanometer, and resting
heart rate was obtained via palpation of the radial artery.
Total body weight was measured to the nearest 0.01 kg while
standing on a platform balance wearing only shorts and a t-
shirt. Height was determined to the nearest 0.1 cm using a
standard ruler device.

Maximal aerobic capacity (defined as peak VOp2) was
assessed by measuring oxygen consumption during a treadmill
(Quinton 65) graded exercise test. The treadmill protocol
that was used was specifically designed for the population
tested based on the recommendations of Beneke et al. (7).
This treadmill protocol is displayed in figure II. Oxygen
consumption was measured using an open circuit spirometry
system. Expired air was sampled every 15 seconds for
fractional components of oxygen (Applied Electrochemistry
analyzer S-3A) and carbon dioxide (Applied Electrochemistry
analyzer CD-3A). Ventilation was measured by a Rayfield
gasmeter (model RAM 9200) which was modified to provide an
Apple IIe computer with information for each 0.1 liters of
alr ventilated. The Apple computer also obtained information

of 02 and CO2 fractions and by way of a Prowriter Dot Matrix



FIGURE II

Graded Exercise Test Protocol

Stage # Time (mins) Speed % Grade
1 0 -3 3.5 mph 0
2 3 -5 4.0 mph 0
3 5 -7 5.5 mph 0
4 7-9 6.0 mph 0
5 9 - 11 6.0 mph 4
6 11 - 13 6.0 mph 6
7 13 - 15 6.0 mph 8
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printer displayed values for VE, VO2 (relative and absolute),
C0O2, and RER. Heart rate was monitored by the use of a
single lead system (electrodes placed in a modified V1 and V5
position) connected to a radiotelemetry unit. A numerical
value for heart rate and a rhythm strip were displayed by a
difibulator unit (Physiocontrol, Lifepack 6).

Body composition was estimated using the skinfold
technique. Lange skinfold calipers were used to determine
skinfold thickness and the equation of Jackson et al. (64)
was used to determine body density. The Siri (115) equation
was used to calculate percent body fat, and lean body mass
was obtained by subtracting fat weight from total body
weight.

On the morning of the blood sampling the subijects
reported to the lab in a fasted (12-16 hrs), well rested
state. While in a seated position two 5 ml venous blood
samples were drawn from the antecubital vein by a registered
Phlabotomist. Determinations for total cholesterol,
triglycerides, and the fractions of cholesterol contained in

HDL and LDL were made by Illinois Medical Laboratories INC.,

Charleston, Illinois. The procedures of the Lipids Research
Clinic were followed. In addition to the specified blood
lipid analysis, a Hemogram was also performed. This

information allowed for the correction of blood lipid values

based on fluctuations in plasma volume.
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2 bic Conditioni P

The aerobic conditioning program was conducted in
conjunction with the Eastern Illinois University Adult
Fitness program and involved walking and/or jogging 3 times
per week for 30 to 45 minutes per session. The mode of
activity was selected on the basis of a predetermined
exercise intensity. Each subject was instructed to exercise
at a heart rate which was 70% of the heart rate reserve (0.70
X (max HR - rest HR) + rest HR) obtained during the aerobic
capacity test. Intensity was monitored by taking occasional
10 second heart rates at either the radial or carotid artery.
Typical warm up and cool down procedures were encouraged, and
all subjects were required to record each exercise session in
terms of duration (minutes), and intensity in a centralized
log book (Appendix D). A record of additional activities

performed ( ie. cycling, aerobic dance) was also kept.

caloric E s P

Subjects undergoing diet treatment were required to meet
one night a week for 45 to 60 minutes. Although the diet
group and the diet and exercise group followed the same diet
program, these two groups met on separate evenings to promote
group unity. Each of the meetings was conducted by a group

leader and had a specific focus. The first part of the
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meeting was set aside for weigh-in and general discussion.
The second part of the meeting was dedicated to evaluating
progress and offering encouragement and ©positive
reinforcement. The third and final part of the meeting was
set aside for presentation of a behavioral/nutritional
lesson. These lessons were obtained from a diet program
which has been successfully used in research and as a
community based weight loss program. Eating Slim (99), is a
behavior modification program which emphasizes eating as a
chain of events including planning, purchasing, storing,
preparing, serving, eating, and post-meal cleanup. Lesson
presentations centered around taking steps to modify this
chain of events in order to prevent overeating.

During the week, the subjects kept daily records of the
type, amount, and caloric value of the food consumed.
Caloric intake was to be restricted to 1200 calories per day.
Each subject was provided with a calorie counter booklet and
weekly food record sheets (Appendix E) so that accurate
information could be kept. The weekly food record sheets
were routinely reviewed so that adherence to the dietary
program could be evaluated. Records of weekly weight 1loss
were also kept on a weight graph (Appendix F). This allowed
the subjects to observe their progress toward a specific

goal.
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statistical Analvsi

Mean differences pertaining to the measurements made
before and after the treatment period were treated for
statistical significance with a one way analysis of wvarience.
When a significant F ratio was observed, specific group
differences were determined by way of a Fisher's PLSD post
hoc test. The alpha level for statistical significance was

set at 0.05.



CHAPTER 4

ANALYSIS OF THE DATA

The purpose of this study was to examine the effects of
programs of diet and/or exercise on certain health related
variables. Aerobic fitness, body composition, and the plasma
concentration of cholesterol, triglyceride, HDL-C, and LDL-C
were evaluated before and after a 12 week treatment period.
Results pertaining to the various treatment effects and a
discussion of why certain parameters were changed and others

remained unchanged will be presented in this chapter.

Subject Adherence

For various reasons (ie. time conflicts, illness, family
responsibilities), several of the initial volunteers had to
withdraw from the study prior to the third meeting time of
their specified group. Although this situation created an
unfavorable reduction in group size, several of the dropouts
agreed to become part of a control group. The control group
was instructed not to alter dietary intake and to refrain
from any sort of regular physical activity. Before the

completion of the 12 week treatment period participation had

55



56
declined to 38% of the original subject pool, leaving 12
individuals who fully completed their specified treatment and
all of the physiological testing. The initial physical
characteristics of these subjects plus the control group (N =
4) are presented in table III.

Attendance for those individuals who were involved in
the exercise only program was excellent. On the average,
these subjects attended 90% of the supervised exercise
sessions and trained at a mean intensity of 77% of the max
heart rate reserve. 1In contrast, attendance for the exercise
portion of the diet plus exercise treatment was not as good.
These individuals attended 68% of the supervised exercise
sessions and trained at a mean intensity of 67% of the max
heart rate reserve. Official records of attendance for the
diet treatment group meetings were not kept. However, if a
subjective evaluation was to be given, attendance by the diet
and diet plus exercise groups would be classified as "good”

and "fair" respectively.

B Wei nd B Composition Change
Absolute and percentage changes in body weight due to
the diet (D) and diet plus exercise (DE) treatments are
presented in figures III and IV. In an attempt to maintain a

positive morale within the exercise (E) and control (C)
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TABLE TIIT

Physical Characteristics of the Subjects (N = 16)

Variable Measured Mean SE Range
Age (yrs) 31.4 + 0.57 27 - 35
Weight (kgs) 77.2 + 4.1 56.8 119.8
Height (cm) 164.1 + 1.5 153.0 - 175.3
BMI (wt/htZ * 1000) 2.89 + 0.15 2.24 - 4.23
Percent Body Fat 31.6 + 1.4 20.2 - 40.1

H+

Pounds Overweight 47.0 8.4 18.0 - 135.0
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Asolute changes in body weight for the diet
and Diet + Exercise treatment groups.
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FIGURE IV

Percentage change in body weight for the
Diet and Diet + Exercise treatment groups.
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groups, weekly weight loss records of this kind were not
kept. Body weight and body composition values prior to, and
after the 12 weeks of treatment are presented for all groups
in table IV. 1Initially, there was little difference in body
weight and body composition between the four groups.
However, after the 12 week treatment period the D and DE
group showed a significantly greater (p < 0.05) weight
reduction when compared to the E and C groups. Significant
reductions in fat weight (p < 0.05) accounted for a portion
of the total weight lost in the D and DE groups when compared
to the controls. This difference for the DE group did not
approach significance when compared to the exercise group.
However, the reduction in fat weight displayed by the D group
was significantly greater (p < 0.05) than any reduction in
fat weight exhibited by the exercise group. At
posttreatment, the control group displayed a 13% increase in
fat weight from the pretreatment value. This increase may
have accounted for the significant difference in fat weight
between the C group and the E group posttreatment. There

were no significant changes in lean body mass.

Maximal 7 bic C . C]
Changes in maximal aerobic capacity are presented in

table V. When compared to the D and C groups, the E group
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SE Changes in Body Weight (BW), Fat Weight (FW), and

Lean Body Mass

(LBM) According to Treatment Group Before and

After 12 Weeks of Treatment.

Variable Group Before After 12 wks P <.05
BW (kgs) E 78.1 + 14.2 77.7 £ 14.6
D 77.3 £ 7.1 70.0 £ 6.2 D > E,C
DE 69.5 &t 4.0 65.1 £ 2.2 DE > E,C
C 83.7 = 6.6 84.7 7.1
FW (kgs) E 23.6 £ 8.2 23.0 £ 7.7 E >C
D 27.8 * 3.7 22.4 £ 3.8 D > E,C
DE 20.6 £ 2.3 18.4 + 1.4 DE > C
C 28.3 £ 3.0 31.9 + 4.4
LBM (kgs) E 54.5 + 6.4 54.7 £ 7.6 NS
D 49.5 + 3.6 47.6 £ 2.3
DE 49.0 £ 2.4 46.2 + 1.8
C 55.4 + 4.1 52.9 £ 3.3




Mean * SE For VO max

TABLE V
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(1/min and ml/kg/min) According to

Treatment Group Before and After 12 Weeks of Treatment.

Variable Group Before After 12 wks P <.05
VO2 max
(1/min)
E 2.46 £ 0.17 2.73 £ 0.21 E >D,C
D 2.46 £ 0.16 2.46 £ 0.17
DE 2.45 £ 0.11 2.51 £ 0.10
C 2.66 £ 0.09 2.56 £ 0.13
V02 max
(ml/kg/min)
E 33.15 * 3.7 37.75 = 4.8 E >C
D 32.10 £ 1.3 35.38 £ 1.7 D > C
DE 35.19 £ 1.1 38.55 + 1.8 DE > C
C 32.18 £ 1.6 30.66 £ 1.9
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significantly increased (p < 0.05) their absolute (L/min)
aerobic capacity by 11%. This difference was not significant
when compared to the change in absolute aerobic capacity of
the DE group. When expressed in relative terms, significant
increases (p < 0.05) in VO2 max (ml/kg/min) can be noted for
the E, D, and DE groups when compared to the control.
However, any differences observed between the E, D, and DE

groups were not significant.

Pl Lipi i r in Chan
Mean values for cholesterol, triglycerides, HDL-C, and
LDL-C are presented in tables VI and VII respectively. It
can be seen in table VI that both plasma cholesterol and
triglyceride in all groups remained unchanged as a result of
the 12 week treatment period. Table VII indicates similar
findings as both HDL-C and LDL-C remained constant. Likewise

the percent of cholesterol carried by HDL remained unchanged.

i ion
There are three ways in which to lose weight; decrease
caloric intake (diet), increase caloric expenditure
(exercise), or a combination of the two. In the present
study, the effectiveness of these three treatments was

evaluated. The results of this study are generally in
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TABLE VI

Mean * SE Values For Total Cholesterol (mg/dl) and

Triglycerides According to Group Before and After 12 Weeks of

Treatment.
Variable Group Before After 12 wks P <.05
Cholesterol E 189 + 10.0 185 + 6.4 NS
(mg/dl) D 200 £ 19.9 201 * 13.7
DE 204 + 14.2 183 + 19.6
C 209 + 19.2 208 + 15.4
Triglyceride E 74 £ 10.4 67 £ 0.75 NS
(mg/dl) D 88 £ 18.7 88 + 13.3
DE 79 £ 5.7 61 £ 5.9
C 92 £ 20.0 91 £ 5.5




Mean * SE Values for the Major Lipoprotein Fractions

TABLE VII
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(HDL and

LDL) and the Percent of Cholesterol Carried by HDL According

to Group Before and After 12 Weeks of Treatment.

Variable Group Before After 12 wks P <.05
HDL (mg/dl)
E 53 + 3.8 60 * 4.2 NS
D 49 + 5.1 49 =+ 3.7
DE 49+ 2.1 48 + 5.8
C 49 £+ 2.8 59 4.0
LDL (mg/dl)
E 121 = 9.6 112 £+ 2.8 NS
D 133 + 14.8 134 = 10.1
DE 138 + 12.7 124 £ 16.3
C 141 * 13.2 129 + 10.0
%$ HDL
E 0.28 £ .03 0.32 £ .01 NS
D 0.24 £ .02 0.25 £ .02
DE 0.24 £ .02 0.27 £ .02
C 0.24 £ .02 0.29 £ .02
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agreement with those of Weltman et al. (129) demonstrating
that diet alone, and a combination of diet and exercise are
the most beneficial in terms of absolute weight loss. The
only difference between the former study and this study, 1is
that this study was not able to demonstrate a difference in
weight reduction between the D and DE groups. In contrast to
these findings, Zuti and Golding (140) reported that even
though significant weight reductions were achieved, there was
no difference in the magnitude of weight loss between a diet,
exercise, and a combination group. However, in this study
equal caloric deficits of 500 calories per day were created
for each group by adjusting the caloric expenditure and
intake which was necessary to maintain a particular body
weight over a 24 day period.

It has been previously reported that exercise alone is
capable of producing significant weight reductions
(42,79,90,103,133). These studies have indicated that
exercise requiring a 300 kcal energy expenditure at least 3
days per week is the threshold for such weight reductions.
The results from this study differ from this concept and
support the views of others which have indicated that
exercise alone 1s not a sufficient weight loss method
(36,45,102,129). Although differences in type, intensity,

and frequency of training utilized by these studies may
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account for the different results obtained, consideration
must also be given to an increase or lack of increase in
caloric intake which may or may not occur in response to an
exercise training program. In the present study it 1is
difficult determine which, if any, of these conditions
influenced the 1lack of weight reduction in the exercise
group. No attempts were made to document caloric intake, nor
was there sufficient exercise data recorded to determine
caloric expenditure per exercise session.

The addition of exercise to a program of mild caloric
restriction is thought to produced the best results in body
composition changes which are associated with weight 1loss
(4) . This combination promotes the loss of fat weight while
lean body mass remains constant or in some cases increases.

In contrast, mild caloric restriction alone can result in an
unfavorable reduction of fat free tissue in addition to
decreases in adipose tissue (39,45,140). 1In a study by Hagan
et al. (45), females who had an initial energy intake of 1723
kcals/day reduced their caloric intake to 1200 kcals/day.
After a 12 week treatment period these subjects were able to
obtain an 8% reduction in total body weight. Eight-nine
percent of the total weight reduction was accounted for
through losses of fat weight, while the other 11% was due to
a loss in lean body mass. Similarly, Zuti and Golding (140)

reported a 21% decrease in lean body weight as a result of
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500 kcals/day dietary restriction. However, in this same
study when regular exercise was performed along with caloric
restriction a favorable reduction of body fat was achieved
along with a slight increases in lean body mass. In the
present study significant decreases in fat weight were
observed in both the D and DE group. Along with these
decreases no significant difference in lean body mass between
the groups was observed. Although, the tendency was for lean
body mass to decrease in the D and DE groups while remaining
constant in the exercise group. This would seem to suggest
that the amount and intensity of exercise performed by the
combination group was not sufficient to maintain lean body
mass.

It is well documented in males (36,90,102,103) and in
females (31,72,117) that exercise training increases the
capacity of the cardiorespiratory system to respond to
maximal work. Much of this change is dependent upon the
frequency, intensity, and duration of the exercise performed.
Those studies which have implemented an aerobic training
program consisting of 3 to 5 days/wk (24,36,103), 30 to 45
minutes in duration (31,90,103), and at an intensity ranging
from 80 to 90% of maximum heart rate (90,102) have
demonstrated the greatest changes in maximum aerobic power.

In the present study, the E group trained at a mean
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intensity which was 77% of the max heart rate reserve, while
the DE group trained at a mean intensity of 67% of the max
heart rate reserve. Significant increases in absolute V02
max were only observed in the E group when compared to D and
C. When the gains in absolute aerobic capacity were compared
for the E and DE groups, the difference was not significant.
Likewise there were no differences between DE and D and C.
This outcome can be mainly attributed to the intensity of
exercise performed. Previous reports on the improvement in
VO2 max associated with moderately intense training in women
have reported increases of around 12% (31,72). This 1is
consistent with the 11% increase exhibited by the E group in
the present study. In opposition to these findings, Smith et
al. (117) reported only a 6% increase in V02 max in 10 female

subjects who trained at a mean intensity of 73% of their max

heart rate. The magnitude of this change was not
significant. However, the authors attributed this lack of
increase to initially high wvalues in V02 max. Their

pretraining mean was 42.3 ml/kg/min, where fairly active
women had been previously reported as having oxygen uptakes
which range between 37 and 39 ml/kg/mim (55). The pretraining
mean in the present was well below (33.15 ml/kg/min) this
range, thus much of the lack of increase, especially in the

DE group, can be attributed to the low intensity of exercise.
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Some have reported that weight loss can decrease
absolute (L/min) VO2 max while relative (ml/kg/min) V02 max
remains constant (130). Others have indicated the weight
loss will have the effect of keeping absolute V02 max
constant, while increasing relative V02 max (45). In the
present study, the D and DE groups did not show a significant
increases 1in absolute V02 max in comparison to any other
group. However, when oxygen consumption was expressed in
relative terms, both the D and DE groups had significantly
increased their oxygen consumptions above that of the
control. In the case of the DE group, some of this increase
may have been the result of an improved cardiorespiratory
function. However, it is unlikely that any cardiorespiratory
improvement was attained by the D group, as they did not
participate in any regular physical activity. The observed
increase in relative oxygen consumption for the D group is a
result of the amount of weight that was lost over the 12 week
treatment period. Therefore, when significant weight changes
have occurred over a period of time, expressing oxygen
consumption in absolute terms will give a better indication
of the actual improvement in cardiorespiratory function.

Previous reports concerning the effects of diet and or
exercise on the plasma concentration of lipid and lipoprotein

have yielded conflicting results. Several authors have
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suggested that exercise training can independently decrease
triglycerides and LDL-C and increase HDL-C (28). Others
believe that the associated weight loss which often
accompanies the trained state significantly alters the blood
lipid profile (121). Weight loss through dieting alone has
produced reductions in triglyceride (98) and LDL-C (16),
while both an increase (134,139) and a reduction (126,128) in
HDL-C has been observed. The present study and ones like it
(45,i19,129) are unique in that they are particularly well
suited for determining the singular and additive effects of
diet and exercise on the blood lipid profile. Although in
each of these studies all three intervention modalities were
controlled in a similar manner, conclusive evidence
concerning the singular and synergiétic effects of diet and
exercise still remain insurmountable.

Similar to the results reported by Hagan et al. (45),
this study was not able to provide evidence in support of an
increase or a decrease in any of the blood lipid parameters
as a result of a particular treatment. In contrast to these
findings, Weltman et al. (129) reported significant
reductions in plasma cholesterol for all groups, while LDL-C
was decreased in the DE and E groups and HDL-C was decreased
for the D group. Sopoko et al. (119) has provided some of
the most encouraging results reporting that triglycerides and

plasma cholesterol were significantly reduced in the DE
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group. In addition to this finding, HDL-C significantly
increased in all three treatment groups with the change in
the DE group representing a summation of the singular effects
of both diet and exercise. A summary of all four studies is
presented in table VIII.

A major limitation in this study was the small number of
subjects in each group. Combined with the variation of the
individual test results, these two factors made it difficult
to obtain statistical significance between treatment groups.
However, this factor should not discredit the results of this
study completely, as previous studies utilizing a much larger
number of subjects per group have provided similar findings
(45) .

Overweight individuals generally exhibit increased levels
of triglyceride and decreased levels of HDL-C. Some believe
that this is a result of a decreased peripheral insulin
sensitivity which eventually leads to an increased hepatic
production of VLDL triglyceride (98). A preliminary
indication of decreased insulin sensitivity is an
elevatedblood glucose level. The subjects who took part in
this study exhibited neither elevated blood glucose (E: 86.3
+ 3.3 mg%, D: 85.3 * 1.3 mg%, DE: 87.0 * 3.9 mg%, C: 87.0 %
2.5 mg%) or plasma triglyceride levels. This finding is

consistent with previous observations that have been made on



The Effects of Caloric Restriction and Exercise on Plasma Lipids

TABLE VIII

No. of Body Weight

Author (ref) Subjects Duration (kgs) Tri Chol LDL HDL Group

Hagan (45) 48 F 12 wks -0.6 =27 +5 +12 -3 E
-5.5% -6 -12 -6 -4 D
-7.5% -37 -1 +11 -5 DE
-0.8 +6 +9 +10 -3 C

Sopoko (119) 21 M 15 wks -0.5 +5 +16 +9 +4* E
-6.2* +20 +13 +8 +3* D
-6.1* -71 =-7* -12 +11* DE
-0.5 -1 -1 +5 -1 C

Weltman (129) 58 M 10 wks -0.9 - -18* -14 +5 E
-5.6% - -20* -2 -9g* D
-5.4%* - -30* -19* nc DE
-0.3 - +5 -1 -1 C

Zachwieja 16 F 12 wks -0.4 -7 -4 -9 +5 E
-7.3* nc +1 +1 nc D
-4 .4% -18 =21 -14 -1 DE
+1.0 +3 -1 -12 +10 C

p < 0.05

*

€L
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females. Females tend to have lower plasma triglyceride and
higher HDL-C levels when compared to age matched males (49).
It has been suggested that this is a result of the higher LPL
activity which is often found in females (97). Initially
high HDL-C levels, and initially low triglyceride wvalues,
have generally yielded a small insignificant response to
exercise (34,59,93,128). It is interesting to note that both
Sopoko and Weltman used healthy non-active overweight males
in their studies. This factor may have accounted for a
number of the observed changes. Initial values for HDL-C and
triglyceride in the study of Spoko et al. (119) ranged
between 37 mg% and 42 mg% and 112 mg% and 130 mg$%
respectively. Hagan et al. (45) reported values for HDL-C
and triglyceride ranging from 49 mg$% to 53 mg% and 83 mg% to
123 mg% respectively. Similarly, we reported much higher
initial HDL-C levels (49 mg% to 53 mg%) and lower
triglyceride values (74 mg% to 92 mg%) than did Sopoko et al.
(119) . Both this study and.that of Hagan et al. (45) used
females for subjects. Although in all three studies similar
intensities of exercise were used, it seems 1likely that
because of the initial difference in blood 1lipid wvalues
between men and women, in women higher intensities of
exercise may be required to produce changes in the blood

lipid profile. In fact, there is evidence to suggest that
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jogging 30 to 60 miles per week is the threshold of exercise
needed to produce significant changes in the blood lipid
profile (40,78,108).

In this study, weight loss produced through dieting
alone had no significant effect on the levels of either
plasma triglyceride or HDL-C. This is in agreement with the
results of Hagan et al. (45), but in opposition to those of
Weltman et al. (129) who indicated a decrease in HDL-C levels
and Sopoko et al. (119) who indicated an increase in HDL-C
levels. Previous studies which have demonstrated an increase
in HDL-C in response to weight loss have done so only during
a period body weight stabilization (119,134,139). Zimmerman
et al. (139) followed the time course of HDL-C and
triglyceride response during a 7 week period of active weight
loss. During this time, tiglycerides decreased steadily and
remained reduced several weeks after the termination of
active weight loss. On the other hand, HDL-C concentrations
did not differ significantly throughout active weight loss.
After active weight 1loss had stabilized, there was an
increase in HDL-C above the pretreatment wvalues. In this
study, the negative association which is common between
plasma triglyceride and HDL-C was not evident during periods
of active weight 1loss. Thus, the observed reduction in
triglyceride during active weight reduction must have been a

result of a decreased hepatic production of VLDL triglyceride
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and not a consequence of increased LPL activity. A previous
report has indicated that postheparin and adipose tissue LPL
activity is reduced during periods of caloric restriction
(124) . This supports the idea of a decreased hepatic
production of triglyceride, as well as justifying the static
response of HDL-C observed by Zimmerman et al. (139).
Presumably, when body weight stabilizes, a return of LPL
activity back to or beyond pretreatment levels will result in
the increase in HDL-C levels which have been associated with
a reduction in body weight (119,134,139). In the study of
Sopoko et al. (119) a period of weight stabilization was
established before the posttreatment analysis of plasma lipid
and lipoprotein. This may explain why they observed
increases in HDL-C and the present study did not.
Furthermore, Weltman et al. (129) and Hagan et al. (45) also
neglected to define periods of active weight loss and weight
stabilization.

Evidence for an increase in HDL-C levels resulting from
independent programs of diet and exercise has been provided
(53,71,100,107,111,119,134,139) . In particular, Sopoko et
al. (119) has illustrated this phenomenon rather well. In
addition to these independent effects, Sopoko et al. (119)
demonstrated that a combination of weight loss and exercise

resulted in the greatest change in HDL-C levels. Furthermore,
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this change represented a summation of the independent

increases observed for both the weight loss and exercise

interventions. Future studies implementing a similar design

are needed in order to substantiate such an effect.



CHAPTER 5

SUMMARY

Thirty-two women volunteered to participate in a 12 week
weight loss study. Each was assigned to one of 3 groups;
exercise only, diet only, and diet plus exercise. After
background information had been obtained on these individuals
via a health history questionnaire, initial tests of maximum
aerobic capacity, body composition, and blood lipid analysis
were given. Those individuals who were assigned to the
exercise group met 3 times per week to participate in a
progressive walk/jog program. They were instructed to
exercise for 30 to 45 minutes at a heart rate which was 70%
of the heart rate reserve obtained during the aerobic
capacity test. Those individuals assigned to the diet only
group participated in a behavioral/nutritional weight 1loss
program. These subjects were required to 1limit caloric
intake to 1200 kcals/day, maintain daily dietary records of
the amount, type, and caloric value of the food consumed, and
to attend a weekly meeting. Subjects assigned to the diet
plus exercise group participated in both of the above
programs. For various reasons several of the subjects had to
withdraw from the study before the completion of the third
week. Some of these individuals agreed to become part of a

78
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control group, while others remained completely withdrawn
from the study. By the end of the 12th week, participation
in the study declined to 38% of the original subject pool.
Those individuals who completed the full 12 weeks of
treatment were post tested for aerobic capacity, body

composition, and blood lipid content.

Conclusions
Based on the results of this study the following
conclusions appear warranted;

1. Programs of diet and diet plus exercise produce the
greatest reduction in absolute body weight.
2. Weight 1loss achieved through diet and diet plus
exercise results in a significant reduction of fat
weight.
3. Exercise that is performed 3 times per week, 30 to 45
minutes in duration, and at 70% of heart rate reserve, in
the absence of weight loss will produce a significant
increase in absolute (L/min) V02 max.
4. During periods of weight loss, it 1is better to
express changes in oxygen consumption in absolute (L/min)
terms, as a reduction in body weight can falsely elevate
an oxygen consumption expressed in relative (ml/kg/min)

terms.
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5. Reductions in body weight and/or increases in aerobic
fitness achieved through caloric restriction and exercise
training (70% heart rate reserve) over a 12 week period
does not produce significant changes in the plasma
concentrations of cholesterol, triglyceride, HDL-C or

LDL-C.

Recommendations

For future studies implementing a similar design, the
following recommendations are made based on the results and
experiences gained from this study;

1. Weight loss records should be kept for exercise,

diet, diet plus exercise, and control groups alike.

2. In addition to pretreatment and posttreatment

measurements for plasma 1lipid and 1lipoprotein

concentration, blood lipid analyses should also be

performed every other week for the duration of the study

to verify the effect of active weight loss on HDL-C.

3. Posttreatment blood lipid and lipoprotein analysis

should only be performed once reductions in body weight

have stabilized.

4. Either adipose tissue or heparin released lipoprotein

lipase (LPL) activity should be measured prior to the

onset of treatment, every other week during the
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treatment, and posttreatment to verify the relationship
between LPL activity and HDL-C.

5. Follow-up data 4, 6, and 8 months post treatment
should be obtained on all parameters previously tested.
6. Attempts should be made to study changes in the
distribution of the different apoprotein constituents of
HDL.

7. Detailed dietary information via a dietary recall
should be obtained on each subject prior to and after
the specified treatment period.

8. In addition to exercise time and heart rate,
accurate records pertaining to the distance covered
during a single exercise session should also be
maintained. With this information weekly caloric
expenditure can be estimated.

9. Exercise intensities greater than 70% of max heart
rate reserve should be prescribed.

10. Both males and females should be used with

comparisons between these two groups made.
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APPENDIX A

Fogarty International Center Conference on Obesity

Recommended Weight in Relation to Height (14).

Height Men Women

Feet Inches Average Range Average Range
4 1 102 92-119
4 1 e 104 94-122
5 0 i i e 107 96-125
5 1 110 99-128
5 2 123 112-141 113 102-131
5 3 127 115-144 116 105-134
5 4 130 118-148 120 108-138
5 5 133 121-152 123 111-142
5 6 136 124-156 128 114-146
5 7 140 128-161 132 118-150
5 8 145 132-166 136 122-154
5 9 149 136-170 140 126-158
5 10 153 140-174 144 130-163
5 11 158 144-179 148 134-168
6 0 162 148-184 152 138-173
6 1 166 152-189 = i
6 2 171 156-194 = ...,
6 3 176 160-199 = ... ...
6 4 181 164-204

Height without shoes, weight without clothes. Adapted from
the table of the Metropolitan Life Insurance Co.
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APPENDIX B

Questionnaire
Personal Information Date
Name Age  S.S. #
Address Telephone # (home)
(work)
Occupation
Date of Birth Place of Employment
Personal Physician Location

Medical History - Have

High Blood Pressure ...

High Cholesterol ......

Any Heart Trouble .....

Disease of the Arteries

Rheumatic Fever/Heart Murmur

Varicose Veins ........

Emphysema ............

Bronchitis ............

Asthma ............cc...

you ever had, or been told you have:

..................... Yes No
..................... Yes No
..................... Yes No
.................... Yes No
............... Yes No
..................... Yes No
...................... Yes No
..................... Yes No
..................... Yes No




APPENDIX

Diabetes

Kidney Disease ....ccceeecees

Arthritis

Current Well-Being - Have you

Chest Pain/Discomfort .

Shortness of Breath ..

Indigestion ......c.c...

Blood in Urine .....

Frequent Headaches ....

Stiff or Painful Joints

Orthopedic Problems ...

Lower Back Pain

Please list all current
pills)

® © 0 0 006000000000 00 00

medications

B CONTINUED

e e 06 0600 0000 00 0 0 0

© e 0 000000600 00 0 0

(include

103

Yes No
Yes No
Yes No

recently experienced:

Yes ~ No
Yes ___ No
Yes ~~ No__
Yes ___ No
Yes ~ No__
Yes No
Yes No
Yes No

birth control

Medication Reason for taking EFor how long?
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APPENDIX B CONTINUED

Lifestyle

Do you currently smoke? Yes No If so, what How
Much

Have you ever quit smoking? Yes No How long ago?

How much alcoholic beverage do you consume in one week?
Type: Beer  (# of cans) Wine __ ( # of Glasses)

Hard Liquor ___ (# of drinks)
Do you take part in any sort of regular physical activity?

If so what type? (walk, jog,
bike, swim)

How many times per week?

How much time per day?

Have you ever experienced chest discomfort with exercise?

Yes No
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APPENDIX C

EASTERN ILLINOIS UNIVERSITY HUMAN PERFORMANCE LAB
STATEMENT REGARDING INVOLVEMENT IN A RESEARCH PROJECT
WEIGHT LOSS STUDY: JANUARY 1988 TO APRIL 1988

Effective weight loss has been achieved through several
mechanisms Among the most popular have been manipulations of
diet and exercise In an attempt to provide a Dbetter
understanding concerning the contribution of these two
interventions, the present research project is is being
conducted.

Involvement in this project will require a commitment
to a specified diet, exercise, or combined diet and exercise
program for approximately 12 weeks. In addition to program
adherence, individuals will be asked to participate in tests
of cardiovascular fitness, blood 1lipid analysis, and body
composition prior to, and immediately following their
prescribed treatment. Cardiovascular fitness will be
evaluated via the administration of a graded exercise test
given by qualified personnel in the E.I.U. Human Performance
Lab. All blood work including drawing and analysis will be
done by Illinois Medical Laboratory INC. Finally, body
composition by way of the skinfold technique will be assessed
in the E.I.U. Human Performance Lab.

Though the possible benefits that accompany this project
are gquite evident, there are certain risks, particularly
those which parallel exercise and exercise testing which
should be noted. Those individuals who partake in the
afformentioned activities run the risk of sustaining an
injury, heart attack, stroke, or other cardiovascular
complications which may include death.

At any time the participants are free to withdrawal from
this project without questioning. Any data as a result of an
individuals participation in this project will remain
confidential and be presented in a research report in an
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APPENDIX C CONTINUED

anonymous manner. Though questionnaires and personal
interviews may become part of this study, each participant

reserves the right to not answer to any specific items or
questions.

I have carefully read the above statement and have had
the opportunity to ask questions pertaining to the parameters
of this study. By signing this document I do hereby freely

and voluntarily consent to my participation in this research
project.

Signature Date
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WORKOUT LOG
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Week of:
Name Mon Tue Wed Thur Fri Sat Sun
JB (23)
EB (23)
SC (23)
KC (24)
RD (23)
KP (23)
LW (22)
EW (22)
TEF (26)
GH (22)
JH (24)
DM (23)
KS (24)
ES (24)
AW (25)
KW (25)
PR (25)
PG (25)
JA (23)
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Food Record
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Day
Date Name

Breakfast Time: Lunch Time:
Food Amount Food Amount
Dinner Time: Other Time:
Food Amount Food Amount
Other Time: Other Time:
Food Amount Food Amount




POUNDS

NAME

APPENDIX F

Weight Graph

PROGRESS TOWARD
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