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ABSTRACT

A sample of 78 black and white female subjects, age 16 + 0.5
years, was evaluated for plasma concentrations of high-density-
lipoprotein cholesterol (HDL-C) and the relationship of these
concentrations to dietary variables and selected cardiovascular
risk factors. Blood samples were drawn from fasted subjects. A
heparin-Mn2+ solution was used to precipitate non-high-density Apo-B
associated lipoproteins in the plasma, and the resultant supernatant
fluid was analyzed for high-density-lipoprotein cholesterol by direct
determination. Total cholesterol was also measured in plasma by
a direct determination method. Nutrient intake was assessed by
24-hour dietary recall. Anthropometric variables evaluated in
relation to HDL-C included weight, height, tricep skinfold, arm
circumference, ponderal index, relative weight, and an obesity index
based on factorial analysis of weight, tricep skinfold, arm circum-
ference and height. Other factors evaluated in relation to HDL-C
were blood pressure, activity level, smoking frequency, alcohol
consumption, and use of oral contraceptives. Total cholesterol
values from previous assessments of the same population were compared
with the present values to identify a trend in the 1lipid profile
of the population over a period of seven years.

No significant difference was found between mean HDL-C values
for blacks and whites. Mean HDL-C values for both races were near
the upper end of the normal range (30 to 70 mg/dl1), while total
cholesterol mean values were near the lower end of the normal range
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(120 to 230 mg/d1). Intakes of total protein, animal protein,
vegetable protein, total carbohydrate and starch were significantly
inversely related to concentration of HDL-C. None of the other
factors evaluated were significantly associated with HDL-C. Total
cholesterol data collected at four different ages revealed a trend

of rising total cholesterol levels until adolescence, at which time

these levels fell sharply.
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CHAPTER I

INTRODUCTION

Plasma 1ipid levels have been the subject of profuse research in
recent years due to their implications in cardiovascular disease. The
literature indicates that elevated levels of plasma cholesterol are
highly correlated with death from coronary heart disease. Conversely,
increased levels of high density lipoproteins (HDL) appear to offer
protection against atherosclerotic disorders, as indicated by the
strong inverse relationship between plasma levels of HDL and mortality
from cardiovascular disease. This information has prompted numerous
investigations attempting to discover any relationship between HDL
and other cardiovascular disease risk factor variables. Elucidation
of the role of HDL in 1ipid metabolism has produced a clearer picture
of possible effect of HDL upon the risk of coronary heart disease.
Assessment of HDL values at different ages throughout the life span
may offer some suggestions as to the etiology of cardiovascular problems
which may occur later in life. Comparison of HDL status with other
known or suspected risk factors will lead to a more comprehensive
understanding of the predisposition to atherogenesis.

Adolescence is a nutritionally stressful period in the life cycle.
Rapid growth places emotional and physical demands upon the body which,
if not properly met, may result in permanent damage to the growing child.
Diseases of middle-age often have their origins in nutritional habits

developed in childhood and adolescence. Other environmental factors



present during this age period, such as activity levels, smoking and
alcohol consumption, may also affect the health status of the individual
in later years.

It is intended in this research to evaluate the HDL status of a
population of adolescent females and to make comparisons between HDL
‘values and those for total cholesterol, blood pressure, activity level,
smoking frequency, alcohol consumption and several indices of obesity.
The association of HDL values with the level of dietary fat, protein,
and carbohydrate will be determined. Black and white subjects will be
compared as to HDL values. The clinical values obtained for this
population will be compared to those obtained in other epidemiological
studies using similar analytical techniques. To ascertain a possible
trend in 1ipid changes in this group, total cholesterol values from
assessments of previous years, as well as those for the present study,
will be compared.

It is expected that there will be an inverse relationship between
HDOL levels and blood pressure, dietary carbohydrate and protein, smoking
frequency and obesity; a positive relationship between HDL and total
cholesterol, activity level and alcohol consumption; no relationship
between HDL and dietary fat. Blacks would be expected to have slightly
higher HDL values than whites. Longitudinal lipid trends in females
would be expected to indicate rising total cholesterol levels until

adolescence, at which time it would fall dramatically.



CHAPTER II

REVIEW OF LITERATURE

Cholesterol Metabolism

Recent advances in the cellular biology of cholesterol metabolism
have provided better insight into the control of plasma cholesterol
levels in man than has been possible in the past. Efficient mechanisms
for the removal of cholesterol from plasma depend upon receptors which
are located on the surface of cells in the liver and extrahepatic
tissues (1). These receptors bind circulating lipoproteins that
transport cholesterol in the bloodstream. In this manner, lipoproteins
are taken up and degraded by cells, yielding their cholesterol for
cellular use (2). One class of these important transporters of
cholesterol is the high-density lipoproteins (HDL), which are small
aggregates of lipids and proteins which circulate in the 1ymph and
blood plasma. About half the mass is protein, mainly the A apoproteins.
The major lipids of HDL are cholesterol esters, cholesterol and
phospholipids, principally lecithin (3,4). Once the attachment of
the HDL is made to the receptor site of the target cell, unesterified
cholesterol within the cell moves into the HDL, followed by detachment
of the HDL from the cell with its new cholesterol cargo. This function
allows HDL to remove cholesterol from tissue, thus reducing the total
sterol burden of body tissues (5,6). Swartz et al. (4) found labelled
free cholesterol from HDL more rapidly incorporated into biliary

cholesterol than cholesterol from low-density lipoprotein (LDL). They



concluded that high levels of HDL would foster the efficient removal
of tissue cholesterol and its subsequent elimination from the body

by the Tliver.

Implications of Plasma HDL Levels

A number of studies have implicated HDL as an antiatherogenic
factor (3,5,7). Direct evidence for an inverse relationship between
HDL-cholesterol concentration and the prevalence of clinical coronary
heart disease, independent of other plasma lipoproteins, has been
provided by the Honolulu Heart and Cooperative Lipoprotein Phenotyping
Studies (3). The Tromso Heart (9) and Framingham Studies (10)
subsequently demonstrated that this inverse relationship precedes the
clinical manifestation of coronary disease. More recently, angiographic
studies have confirmed that the severity of existing coronary atherosclerosis
is inversely related to HDL-cholesterol concentration (11). Gordon et
al. (7) obtained 1ipid and lipoprotein values on subjects in an age
range of 49-82 years. In the subjects who subsequently developed
coronary heart disease, the major potent 1ipid factor was HDL-cholesterol,
which had an inverse association with the incidence of coronary heart
disease in either males or females. Other investigators correlated the
HDL-cholesterol levels directly with the extent of arteriographically
determined coronary occlusion or stenosis. A statistically significant
inverse correlation between HDL-cholesterol values and occlusion score
was seen in the majority of subjects (12).

A review by Lewis and Naito (13) described the relationship of

hypertension, lipids and lipoproteins to atherosclerosis. They referred



to results of experiments on rats that suggested that hypertension

alone or hyperlipidemia under certain selected conditions can induce
atherogenesis, and emphasized the importance of genetic factors. These
authors reported that 1ipid and lipoprotein deposition in the arterial
wall is accelerated by increased blood pressure, and that if plasma
lipid and the LDL concentrations are also high, the process is further
accelerated. Evidence that is slowly accumulating, stated the authors,
suggests that atheromatous lesions may regress if the precipitating
factors, including hypertension and hyperlipidemia, are controlled. The
role of HDL in 1lipid metabolism has strong implications for a beneficial
effect.

HDL has also been studied concomitantly with other risk factors
thought to be involved in cardiovascular disease, such as other lipid
levels, blood pressure, physical activity, smoking, alcohol consumption,
obesity, and dietary levels of fat and carbohydrate. Williams et al. (14)
found HDL to be inversely related to smoking, relative weight, blood
pressure, carbohydrate consumption, and serum triglyceride level, and
positively related to levels of physical activity, total cholesterol
and alcohol consumption. The ratio of HDL to total cholesterol showed
similar significant relationships to the above variables, except that
the ratio wasnegatively correlated with total cholesterol. Prevention
programs have been developed to intervene in the various risk factors
associated with coronary heart disease. In a report on one such
program, the authors described a 6 percent increase in average HDL-

cholesterol concentration in a group of men receiving multifactor



intervention. Multiple regression analysis of these data indicated
that increased plasma HDL Tevels occurred when plasma triglyceride
levels fell, smoking decreased, and habitual alcohol intake increased.
Increases in the concentration of HDL cholesterol also tended to
accompany adherence to a fat-controlled diet, reduction in LDL-cholesterol
and loss of body weight (15). Similar conclusions were reached by a
group of researchers involved in the Multiple Risk Factor Intervention
Trial (16). In an investigation of the association of HDL and
cardiovascular mortality, data were adjusted for age and other risk
factors. The inverse relation of coronary mortality to HDL-cholesterol
emerged as the dominant factor (17).

Evidence for a relationship between obesity and plasma HDL levels
is conflicting. Several investigators have found an inverse
relationship between obesity indices and HDL-cholesterol, including
those mentioned previously (14-16, 18, 19). However, Berchtold et al.
(19) found the relationship to be significant only in women, while
others found significance in both sexes (20). Although the negative
correlation between obesity and HDL is apparent in both whites and
blacks, it appears to be most pronounced among whites, with the highest
correlations observed in white males (21). When HDL was divided

into subfractions, HDL, and HDL3, it was discovered that the subfraction

2
responsible for the negative correlation between fatness measures and
HDL Tevels was the HDL2 subfraction (18). The major difference between
these two subfractions of HDL is that HDL3 carries a larger cholesterol
load, much of which it eventually contributes to VLDL; HDL3 thus becomes

HDL2, which contains relatively less cholesterol (22).



The effect of weight reduction on levels of HCL-cholesterol
has also been investigated. In one such study, a short-term fast
produced a significant rise in HDL-cholesterol (23). Similarly, when
a group of grossly obese (183 percent relative weight) subjects were
assessea after an average weight reduction of 16 kilograms, most were
found to have higher levels of HDL-cholesterol than at initial assessment
before diet therapy (24). Conversely, another group of obese subjects
were found to have decreased levels of HDL-cholesterol after a 10-week
weight reduction program. Although HDL-cholesterol decreased with
increasing realtive weight, it also decreased with increasing rate of
weight loss. The authors suggested that negative kilocaloric balance
produces a decrease in HDL-cholesterol that in prospective studies
may obscure the inverse relationship between HDL-cholesterol and
indices of obesity (25). When Garrison et al. (26) compared the ratio
of total cholesterol to HDL-cholesterol in lean and grossly obese 20
to 29-year old men, they found substantial differences between the mean
ratio for these two groups. They suggested that since other data
have shown HDL-cholesterol to be the best single indicator of coronary
heart disease, the atherogenic potential of obesity appears to be
greater than would be suggested by the relatively weak association
between obesity and total cholesterol or any single lipoprotein-cholesterol
value. In a report based on a follow-up of the Framingham Study (10)
mentioned previously, it was stated that a greater relative weight
was associated with a high incidence of coronary heart disease,

atherothrombotic brain infarction and congestive heart failure (27).



Exercise is often recommended as a tool for weight reduction,
usually in conjunction with kilocalorie restriction. Weltman et al. (28)
evaluated the effects of kilocalorie restriction and/or mild exercise
on serum lipids, including HDL-cholesterol. Mild exercise alone and
with kilocalorie restriction caused a decrease in LDL-cholesterol
without affecting HDL-cholesterol, which contributed to a lower, more
favorable LDL:HDL ratio. Other investigators have observed that even
moderate exercise elevated HDL-cholesterol in most subjects studied
(29-31). These results were not dependent on type of exercise; however,
aerobic exercise appeared to be more beneficial than anerobic. Men
employed in occupations which require vigorous activity tend to have
higher HDL-cholesterol levels than those who are largely sedentary at
work (32, 33). When male coronary-disease patients were engaged in
regular exercise training, they showed significant increases in plasma
HDL-cholesterol (34). The high HDL-cholesterol levels of physically
well-trained people are probably accounted for, at least partly, by
the increased lipoprotein lipase activity that has been observed in
these subjects, and the concomitant rapid turnover of triglyceride-rich
lipoprotein (35).

There are several other factors which may have implications for
varying HDL-cholesterol levels among populations. The relationship
between HDL and alcohol ingestion has been alluded to previously.
Several studies have confirmed a strong positive correlation between
alcohol consumption and HDL-cholesterol values (36-38). Investigations

of the effect of progesterones and androgens on HDL-cholesterol levels



indicate that these steriods lower the concentration of HDL (39-41).
These observations may be consequence to women taking oral contraceptives,
and may also be related to the fall in HDL-cholesterol observed in
males reaching puberty (42). Patients with existing clinical ischaemic
heart disease consistently have lower levels of HDL than healthy
subjects (43,44).

HDL-cholesterol concentration has been associated with diseases
other than those of cardiovascular origin. Maturity-onset diabetics
who are not insulin-dependent demonstrate a lower concentration of
HDL-cholesterol than diabetics treated with insulin (45-47). A similar

HOL profile has been observed in patients with cystic fibrosis (48).

Dietary Factors Affecting HDL Status

Dietary cholesterol has been investigated extensively to discover
its relationship with HDL status. In one animal study, rabbits were
used to determine the compositional and metabolic changes induced in
HDL due to cholesterol feeding. While no change was observed in
total HDL-cholesterol, there was a significant decrease in the protein
content of HDL. The authors also described an accelerated HDL turnover
due to cholesterol feeding (49). Ershow et al. (50) demonstrated in
rhesus monkeys the existence of an important interaction between dietary
fat and cholesterol. Only when saturated fat was fed with cholesterol
was there a substantial rise in the plasma cholesterol concentration.
The interaction resulted in a redistribution of lipoprotein cholesterol
such that the largest percentage was transported as LDL rather than HDL.

Human studies indicated that there was no significant rise in



10
HDL-cholesterol when cholesterol intake was increased (51-53). However,
Mahley et al. (54) described an enhancement of HDL binding site activity
by the feeding of cholesterol. Investigation of cholesterol absorption
and synthesis, and fecal steroid excretion during cholesterol overloading
revealed two partially effective compensatory mechanisms: a decrease in
cholesterol biosynthesis (feedback inhibition), and an increase in bile
acid excretion (55).

The effects of dietary fats on plasma lipoprotein levels have been
the bases of much research, especially the effects of polyunsaturated
versus saturated fat. The results of this research are sometimes
conflicting. One investigation reported that a high polyunsaturated:
saturated fat ratio in the diet results fn a significant decrease
in the plasma LDL-cholesterol:HDL-cholesterol ratio due to increased
HDL-cholesterol (56), while another study under similar conditions,
found no change in the LDL-cholesterol:HDL-cholesterol ratio (56).

This ratio has been implicated in cardiovascular risk: the higher

the ratio, the greater the risk (5). Hjermann et al. (58) observed
several effects from feeding a diet with a high polyunsaturated:

saturated dietary fat ratio to a group of middle-aged men: a significant
increase in HDL concentration; a decrease in total plasma cholesterol;

a decrease in triglyceride levels; an increase in HDL-cholesterol:total
cholesterol ratio. When Shepherd et al. (59) investigated the effects

of dietary intakes of polyunsaturated and saturated fat on the composition
of HDL, they observed that polyunsaturated fat ingestion resulted in

a significant fall in the palmitate and stearate content of HDL
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triglyceride, cholesteryl esters and phospholipids with a concomitant
rise in the linoleate content of these components. The polyunsaturated

diet also produced a fall in the HDL :HDL3 ratio. Although similar

2
results in compositional changes were observed in another study (60),
the rate and amount of removal of cholesterol from cells was found to
be independent of these changes.

Carbohydrate is another dietary factor which may influence HDL
status. When rats were fed diets in which carbohydrate was supplied
by sucrose or starch, the sucrose diet resulted in less plasma HDL but
greater very-low-density lipoprotein (VLDL) than the starch diet (61).
Similarly, humans fed a high sugar diet displayed a decrease in HDL
concentration which was restored to pre-treatment levels when the
subjects returned to their normal diets (62, 63). Cham et al. (64)
investigated the effect of a high energy, low carbohydrate diet on
HOL levels. They observed a significant rise in serum cholesterol with
no change in HDL-cholesterol, indicating the distribution of cholesterol
in LDL.

Dietary protein appears to exert some influence on plasma HDL
concentration and composition. Rhesus monkeys fed low protein diets

manifested higher levels of VLDL and HDL, than controls (65). Rabbits

2
fed diets containing animal protein exhibited higher total cholesterol
and higher lipoprotein levels than those fed vegetable protein diets.
However, the greatest lipoprotein increase occurred in LDL and the

lowest in HDL (66). In human studies, the source of protein, whether

from red meat, fish, poultry, eggs or vegetable 0il, made no significant

difference in HDL concentration (67-69).
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Other dietary factors have also been investigated. A significant
redistribution of cholesterol in plasma lipoproteins was observed
following ingestion of large doses of D,L-alpha-tocopherol (70).

In persons with low plasma levels of HDL-cholesterol, a complex

response occurred, which included elevation of the plasma HDL-cholesterol
levels. Another group of researchers (71) observed an increase in HDL
when men were fed a diet supplemented with oat bran, and restricted in
cholesterol and animal fat. However, when the inclusion of oat bran

was the only change in the diet, HDL concentration remained the same

as pre-treatment levels.

In a comprehensive dietary investigation, Khaltaen et al. (72)
reported several relationships between diet and HDL-cholesterol in
two groups of men--one group being treated for cardiovascular
disease and one control group. In the former group, HDL-cholesterol
was inversely related to polyunsaturated fat and carbohydrate intake.
In the control group, there was no relationship between HDL-cholesterol
and dietary carbohydrate. In both groups, HDL-cholesterol was not
related to total cholesterol, weakly (inversely) related to cholesterol
in lipoproteins and significantly (inversely) related to triglycerides

in plasma.

Age-Race Specific HDL Status

Surveys of HDL status have been conducted among several age groups.
Most have investigated the middle-aged and elderly, and have consistently
found HDL to be positively correlated with age among the elderly (3, 5,

71). Nicholson et al. (73) suggested that those with lower HDL-cholesterol
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have been removed from the population by coronary heart disease.
Research pertaining to HDL status among children and adolescents is
limited. Berenson et al. (74) reported a sharp rise in HDL concentration
between birth and school age. These levels then remained relatively
stable from school age through age 14. They also observed an inverse
relationship between HDL and obesity, with a consistently significant
relationship in older children, and between HDL and blood pressure.
The Lipid Research Clinics Prevalence Study (75) revealed a decrease
in HDL-cholesterol among males during adolescence, but not among
females; this decrease continues throughout the post-adolescent

(16 to 19 years) period. Similar results were reported by other
authors (74, 76), who suggested that these changes could be related
to both age and maturation, and 1likely reflected the influence of

sex hormones on lipoprotein metabolism.

Race differences are consistently observed in evaluation of
population HDL status (76 -78). Morrison et al. (76) defined
associations of age, sex and race with plasma lipoproteins among
a group of schoolchildren, ages 6 to 17 years. During ages 6
to 11 there were no significant changes in HDL in any of the sex-race-
specific groups, and no consistent trends were observed. For ages
12 to 17 in both white and black male subjects, mean values were
lower than that for ages 6 to 11. Comparing white females in age
groups 6 to 11 and 12 to 17, HDL levels did not differ, but the older
children had lower LDL values. There were no significant differences

in plasma lipid and lipoprotein levels between older and younger black



14
female subjects. In both racial groups, during ages 6 to 11, females
had lower HDL values than males, but during ages 12 to 17 there were
no significant male-female differences in lipoproteins. For both
age groups, and for both sexes, black children had higher HDL values
than white children.

The relationship of HDL-cholesterol with other clinical chemistry
measurements was investigated in The Princeton Schoolchildren Study (79).
It was observed that HDL-cholesterol was inversely correlated with
serum uric acid, and positively associated with serum glutamic
oxaloacetic transaminase. These findings may have implications for
improved indirect determination of serum HDL-cholesterol. Other
authors reporting on this study (80) investigated a subsample of 927
hypercholesterolemic schoolchildren. In this group, black children
were more likely than white children to have elevations of HDL. The
authors suggest that elevated levels of HDL-cholesterol may explain
apparent hypercholesterolemia in at least 16 percent of children,
ages 6 to 17.

Evaluation of HDL status has acquired new importance with the
emerging concept that this lipoprotein class may confer protection
from premature atherogenesis. A more complete inventory of mean
values for HDL for different age groups, and regular assessment of
this lipoprotein, may add vital information to the health profile of

the individual.



CHAPTER III

METHODS

A. General Plan

Approximately 80 female subjects, age 16+0.5 years, were
obtained through Knoxville City and Knox County schools to participate
in this investigation of high-density lipoprotein status. These
girls were a subsample of a larger sample of approximately 120 females
participating in the Southern Regional Nutrition Project entitled
“Nutritional Health of Adolescent Females," a five-year study focusing
on females, ages 12 to 16 years. The 16-year-old subjects were
evaluated in a previous longitudinal study, beginning at the age of
9+0.5 years in 1974. Data were again collected on this population
in 1975 and 1976. Racial distribution of the present sample is
approximately 35 percent white and 65 percent black. A1l participants
were given oral and written information about the study and procedures
to be employed. Written consent was obtained from subjects and
their parents or guardians. Dietary intakes, various anthropometric
measurements, medical history information, records of physical activity
levels and fasted venous blood samples were collected and analyzed
as described in the following sections for evaluation in this

investigation.

15
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B. Collection Methods

Dietary Recalls

Two 24-hour dietary recalls were collected by the investigator
and four other trained interviewers. The first recall was obtained
at the school which the subject attended. Each girl was called from
class and interviewed individually in a conference room. The second
recall was collected at the hospital on the day the blood sample
was drawn. Again, each subject was consulted individually. Informa-
tion was obtained for breakfast, lunch, dinner and pre-breakfast,
pre-lunch, pre-dinner and post-dinner snacks. Serving sizes were
reported in household measures, converted to grams and coded, along
with any vitamin and/or mineral supplements, for analysis using the

Extended Table of Nutrient Va]ues.]

Blood Pressure Measurement

Blood pressure was ascertained on the right arm with the subject
in a sitting position using a blood pressure cuff of appropriate
size. The procedure was conducted by trained medical personnel.

A second reading was taken if the first assessment was less than
60 or more than 90 for the diastolic pressure, or less than 100 or

more than 120 for the systolic pressure (81).

]Internationa1 Dietary Information Foundation, Inc., P. 0. Box
38143, Atlanta, GA, 30334.
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Anthropometric Measurements

Body weight was measured on a single-beam balance and recorded
in kilograms. Each subject was asked to remove shoes and all heavy
outer garments. Other clothing weights were estimated, based on
values obtained by the weighing of actual articles of clothing, and
subtracted to yield a nude weight.

Tricep skinfold and arm circumference were taken on the same
site of the right arm. Location of the site was ascertained by
using an Ensure Inser-tape from Ross Laboratory. The right arm was
measured from the lateral margin of the acromial process of the
scapula to the tip of the olecranon. The midpoint over the tricep
was marked. With the arm hanging loosely, the skinfold was 1lifted
parallel to the long axis of the bone approximately 1 centimeter away
from the site of the measurement and Lange2 calipers were applied
to the midpoint. The measurement was taken three times and the
average was recorded in millimeters. Arm circumference was determined
with an Ensure Inser-tape applied to the midpoint of the right arm
and was recorded in centimeters. Height was measured without shoes

with a GPM anthropometer3 and was recorded in centimeters.

Activity Level

An" exercise/activity level questionnaire was used to ascertain

physical activity scores for each subject (82). Each girl was

2cambridge Scientific Industries, Inc., Cambridge, MD, 21613.

3GPM Anthropological Instruments, Pfister Import-Export, Inc.,
450 Barell Avenue, Carlstadt, NJ, 07072.
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questioned regarding her participation in 20 different physical activi-
ties, including an "other" category for activities not listed on the
questionnaire. Information was obtained about the frequency of the
activity (whether it was weekly, monthly or yearly), whether participa-
tion was seasonal (less than six months of the year), and the intensity
level of the activity. Based on this information, a single activity
score was obtained for each subject by coding the variables as

follows: frequency of activity--l1=yearly, 2=monthly, 3=weekly;
participation--1=seasonal, 2=nonseasonal; intensity level--1=1ight,
2=moderate, 3=heavy. Ratings for intensity level were based on
kilocalorie/minute expenditure (83-85). These three values were

summed for each activity. The totals for all of the activities in
which the subject participated were then summed to obtain the single

score used in the analysis.

Smoking, Alcohol Consumption and Oral Contraceptive Use

A medical history questionnaire was used to obtain the subjects'
habits regarding the above variables. Each girl was questioned
individually as to whether she smoked, and, if so, how many cigarettes
per day. Alcohol consumption was ranked in order of frequency on a
scale of 0 (never) to 7 (2 times or more per day). Wine, beer and
hard Tiquor were included in the assessment. Use of oral contracep-

tives was coded as used or not used.

Venous Blood Samples

Blood samples were taken from the right antecubital vein of

fasting subjects with the use of heparinized vacutainer tubes.
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Approximately 20 ml of blood was drawn from each subject. Tubes were
labelled with the subject's name and subject number and held at room
temperature. Whole blood was then centrifuged at 2000 X g and 4°
using a Beckman Model J-6B Centrifuge.4 The resultant plasma was then
removed with a Pasteur pipet and placed in separate, appropriately
marked vials for total cholesterol and high-density lipoprotein
analyses. Total cholesterol samples were frozen, while high-density
lipoprotein samples were immediately treated to precipitate beta-
lipoproteins, and analyzed for HDL-cholesterol the following day

as described below.
C. Analyses of Blood Plasma

Precipitation of Non-high-density Apo-B-associated Lipoproteins

High-density lipoproteins were isolated by combining plasma
with a heparin-manganese reagent, incubating at room temperature and
centrifuging to selectively precipitate non-high-density apo-B
associated lipoproteins. This was followed by measurement of
cholesterol in the supernatant to give an estimation of high-density-
lipoprotein cholesterol in the plasma. The method is derived from
Albers et al. (86) and supported by research from other investigators
(87-92). This is the method of choice used by the Lipid Research
Clinics Program of the National Institute of Health (93).

Reagents. 1. Manganese Chloride Solution 1.06M: 209.78 g

MnC]2'4H20 was weighed out, dissolved in a small

4Beckman Industries, Inc., Fullerton, CA, 32634.
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amount of distilled water, and then diluted to
1 liter volume with distilled water.

2. Sodium Chloride 0.15M: 8.77 g NaCl was we{ghed
out, dissolved in 500 ml of distilled water, and
brought to 1 Titer volume with distilled water.

3. Heparin 40,000 units/ml: heparin purchased con-
tained 159 units/mg; therefore, 0.252 g of heparin
was weighed out and dissolved in 1 ml 0.15M saline
by vortexing. This was prepared fresh for each
run.

4. Combined Heparin-Manganese Reagent: 0.6 ml of
the heparin solution was added to 10 m1 1.06M
MnC12-4H20 and mixed by inversion. This reagent

was prepared fresh for each run.

Method. Plasma samples were allowed to warm to room temperature.
After mixing, 1 ml of plasma was transferred to a 15 ml conical
centrifuge tube using an Oxford Sampler Micro Pipet.5 Duplicates
were run on all samples. One-tenth of a milliliter of the heparin-
manganese reagent was pipetted by graduated glass pipet into each
centrifuge tube. A precipitate formed immediately. Each tube was
vortexed lightly, covered with parafilm and allowed to stand at room
temperature for 10 minutes. The tubes were then centrifuged in the

Beckman Model J-6B Centrifuge at 1500 X g and 4° for 30 minutes.

50xford Laboratories, 1149 Chess Drive, Foster City, CA.
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At this time, a hard pellet had formed in the bottom of the tube.
The supernatant fluid was removed with a Pasteur pipet. High-density-
lipoprotein cholesterol was determined on the supernatant fluid

according to the total cholesterol method described below.

Total Cholesterol Determination

Total cholesterol was measured by direct determination,6
utilizing a chemical reaction based upon the classical Lieberman-
Burchard reaction which involves the C5 double bond in the sterol
molecule (94,95). Although the reaction may be falsely elevated by
bilirubin in excess of 3.0 mg/dl (94), this amount is well above the
normal total serum bilirubin range of 0.2 to 1.4 mg/dl (96). An
abnormal level of bilirubin would not be expected in a population
of healthy subjects.

This same procedure was used on the supernatant derived from the
isolation of high-density lipoprotein described above to determine

high-density-1lipoprotein cholesterol.

Reagents. 1. SR Direct Cholesterol Reagent: a solution (v/v)
of glacial acetic acid (41.5 percent), acetic
anhydride (41.5 percent), sulfuric acid (13.6
percent) and phosphoric acid (3.4 percent).
2. Direct Cholesterol Standards: 200 mg/dl and
400 mg/d1: 0.2 g percent (w/v) and 0.4 g percent

(w/v) cholesterol in glacial acetic acid; diluted

6SR Direct Cholesterol Test Set, Stanbio Laboratory, Inc.,
2930 Houston Street, San Antonio, TX, 78202.
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with acetic acid to obtain standards of 100,
200 and 300 mg/dl for total cholesterol determina-
tions, and 20, 50 and 100 mg/dl for HDL-cholesterol

determinations.

Method. Plasma samples were thawed and allowed to warm to room
temperature. The direct cholesterol reagent was also warmed to room
temperature. Test tubes were appropriately labelled for duplicate
blanks, standards as described above, and samples. One-tenth of a
milliliter of distilled water was pipetted into the blank tubes;

0.1 ml of direct cholesterol standards into the standards tubes; 0.1
ml of plasma into the samples tubes. Six-milliliters of SR Direct
Cholesterol Reagent were then pipetted into all tubes and vortexed.
A1l test tubes were then placed in a 37° water bath for 20 minutes
to allow the color to develop. Upon removal from the water bath,
the contents of the tubes were mixed thoroughly by inversion and the
absorbance of the various solutions was determined using the Beckman

Model 34 Spectrophotometer7 at 625nm against the reagent blank.

Calculations for total cholesterol and HDL-cholesterol. Total

cholesterol and HDL-cholesterol in milligrams per deciliter were

determined according to the following formula:

absorbance of unknown X concentration of standard = mg/dl
absorbance of standard

7Beckman Industries, Inc., Fullerton, CA, 32634.
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Normal values for total cholesterol were accepted as being
between 120 and 230 mg/dl. Normal values for HDL-cholesterol were

accepted as being between 30 and 70 mg/dl (97).
D. Treatment of Data

Prior to the application of statistical tests, new variables
were created from anthropometric data previously collected. The
ponderal index of each subject was calculated according to the
following formula: height (in inches) divided by the cube root of
weight (in pounds). Percent desirable weight was determined by
actual weight divided by desirable weight (according to Metropolitan
Life Insurance Company chartsg) and expressed as relative weight.

An obesity index was assigned to each subject by factorial analysis
of body weight, tricep skinfold, arm circumference and height.

A1l statistical tests were calculated by computer using the
Statistical Analysis System.9 Pearson correlation coefficients (98)
were calculated for HDL-cholesterol values as compared to dietary
saturated fat, polyunsaturated fat and total fat; dietary sucrose
and total carbohydrate; dietary starch and fiber; dietary protein,
including animal and vegetable protein; smoking; systolic and diastolic
blood pressure values; total cholesterol values; anthropometric

measures, including body weight, tricep skinfold, arm circumference,

8Metropoh’tan Life Insurance: New weight standards for men and
women. Stat Bull Metropolitan Life Insurance 40, 1-4, 1959.

9SAs Institute, Inc., P. 0. Box 10066, Raleigh, NC, 27605.
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relative weight, obesity index and ponderal index. Spearman correla-
tion coefficients (98) were calculated for HDL-cholesterol levels as
compared to activity level and alcohol consumption. Analysis of
variance (98) was calculated for HDL-cholesterol versus oral contra-
ceptive use and for HDL-cholesterol versus race. Tukey's method

(98) was applied to total cholesterol data collected on these subjects
at ages 9, 10, 11 and 16 to compare differences among mean values

for those ages.



CHAPTER IV

RESULTS

A. High-Density-Lipoprotein Cholesterol Levels

The mean levels of high-density-lipoprotein cholesterol (HDL-C),
total cholesterol (TC), and the ratio of HDL-C to total cholesterol
(HDL-C:TC) are reported for both races studied in Table 1. An analysis
of variance was performed to test the effect of race on mean levels
of HDL-C. The results indicated that the means were not significantly
different. In the total population, 32 subjects demonstrated HDL-C
values above the normal range of 30 to 70 mg/dl, while none of the
subjects had HDL-C values below this range. Total cholesterol values
were below the normal range of 120 to 230 mg/dl for 12 of the subjects,
while none of the girls had values above this range. A comparison
for the percentiles for HDL-C and TC between the present research
population and that of the Princeton Family Lipid Program is shown

in Table 2.

B. Intakes of Dietary Variables and Mean Values for Blood Pressure

and Anthropometric Measurements

Mean values for dietary intakes of the nutrients investigated in
this research are displayed for both races in Table 3. An analysis of
variance was performed on each dietary variable to determine if there

were significant differences between dietary intake between whites
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TABLE 1

Means of HDL-cholesterol, total cholesterol,
and HDL-cholesterol:total cholesterol for
black and white girls 16 years of age
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Race
Black White
Indices (n=49) (n=29)
mg/d1 mg/d1
HDL-cholesterol (HDL-C) 63.88 + 2.52'  67.66 + 4.72
Total cholesterol (TC) 149.45 + 4.39 148.27 + 5.73
HDL-C:TC, % 44.04 + 2.00 47.35 + 3.54

1

Mean + SEM



TABLE 2

Comparison of percentiles for HDL-cholesterol and total cho1estero] of the research group
with those of the Princeton Family Lipid Program for
black and white girls 16 years of age

HDL-cholesterol Total cholesterol
White Black White Black
Percentile uT Princeton ut Princeton uT Princeton uT Princeton
mq/dl mq/dT mg/dl mg/dl
5th 35 37 36 37 101 126 102 129
10th 37 39 41 41 114 130 106 139
50th 64 51 65 57 138 159 146 165
90th 102 65 85 72 190 189 180 193
95th 110 72 92 75 195 201 212 204

]Morrison et al. (1978) Pediatric 62, 990-995,

L2



TABLE 3

Mean dietary intakes of selected nutrients for black
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and white girls 16 years of age

Black White

Dietary variable (n=49) (n=29)

g g
Total protein 73.69 + 3.75' 68.62 + 6.03
Animal protein Pe.7d % 3.10 46.60 + 4.63
Vegetable protein 9.3 4 0.92 20:52 + 1.87
Total carbohydrate 256.82 + 12.94 238.61 + 18.78
Starch 79.98 + 4.70 77.42 + 7.49
Crude fiber 2,69 + 0.21 pes s 0.27
Total sucrose 162,12 + 7.12 91.19 + 8.66
Total fat 88.92 + 5.29 89.40 + 7.05
Polyunsaturated fat 14.80 + 0.99° 18.26 + 1.33
Saturated fat 32.81 + 2,19 31.81 + 3.06
Cholesterol 0.38 + 0.03 0.32 + 0.04

]Means + SEM

aMeans between races are

significantly different (p<0.05).
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and blacks. Polyunsaturated fat was the only dietary variable in which
there was a significant difference in dietary intakes between the
races. Table 4 shows mean values for systolic and diastolic blood
pressures and anthropometric measurements collected for this popula-

tion.

C. Relationship of HDL-C to Dietary Variables

Correlation coefficients (r) for HDL-C values and the dietary
variables investigated are shown in Table 5. A probability level of
<0.05 was considered significant. At this probability level, there
was a significant negative correlation between HDL-C values and the
following dietary variables: total protein, animal protein, vegetable
protein, total carbohydrate, and starch. Although the r value was
not significant, HDL-C levels were more negatively correlated with
dietary intake of saturated fatty acids than with polyunsaturated
fatty acids. As expected, there was no significant correlation
between total dietary fat or dietary cholesterol and HDL-C. The
ratio of HDL-C to TC was not significantly correlated with any of

the dietary variables considered.

D. Relationship of HDL-C to Anthropometric Measures and Blood

Pressure

The values of HDL-C were not significantly correlated with any
of the obesity indices studied, as shown by the correlation coefficients

reported in Table 6. However, of all the obesity indices investigated,



TABLE 4

Mean values for systolic and diastolic blood pressures and
anthropometric measurements for black and white girls
16 years of age
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Black White
Variable (n=49) (n=29)
Systolic blood pressure, mm Hg 120.16 + 1.54 116.21 + 2.32
Diastolic blood pressure, mm Hg 75.53 + 1.15 75.83 + 1.03
Ponderal index 12.52 + 0.10 12:88 % 0.13
Body weight, kg 58.90 + 1.52 56.53 + 2.03
Height, cm 159/89 + 0.39 162.70 + 1.19
Tricep skinfold, mm 18.18 + 1.01 17.59 * 6,98
Arm circumference, cm 26.26 *+ 0.48 25.64 + 0.50
Relative weight MT3%"% 278 104.76 + 3.38
Obesity index 154.68 + 2.61 151.69 + 3.22

TMeans + SEM



TABLE 5

Pearson correlation coefficients (r) for HDL-cholesterol
(HDL-C) and HDL-cholesterol:total cholesterol
(HDL-C:TC) values as compared to
dietary variables for girls
16 years of age

Variable
(n=78) HDL-C HDL-C:TC

Total fat -0.075 0.016
Saturated fat -0.204 -0.043
Polyunsaturated fat -0.075 -0.016
Total protein -0.256° -0.152
Animal protein -0.229° -0.111
Vegetable protein -0.253% -0.218
Cholesterol -0.110 -0.081
Total carbohydrate -0.305b -0.141
Starch -0.283° -0.217
Crude Fiber -0.082 -0.217
Total sucrose -0.159 0.056

84p<0.05

b

p<0.01



32

TABLE 6

Pearson correlation coefficients (r) for HDL-cholesterol
(HDL-C) and HDL-cholesterol:total cholesterol
(HDL-C:TC) values as compared to
obesity indices and systolic
and diastolic blood pressure
for girls 16 years of age

Variable

(n=78) HDL-C HDL-C:TC
Ponderal index -0.081] -0.004
Body weight 0.058 0.006
Tricep skinfold -0.166 -0.180
Arm circumference 0.004 -0.032
Relative weight 0.079 -0.001
Obesity index -0.016 -0.053
Systolic blood pressure 0.053 -0.002
Diastolic blood pressure 0.018 -0.047

]All r values were nonsignificant (p>0.05).
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HDL-C was most negatively correlated with tricep skinfold measure-
ment. Table 6 also gives the r values for systolic and diastolic
blood pressure. Neither of these parameters were significantly
related to HDL-C levels. Correlation coefficients were also deter-
mined for the ratio of HDL-C:TC and all obesity indices, systolic

and diastolic blood pressures. None of these parameters were found
to be significantly correlated with the ratio. As with HDL-C levels,
the ratio was most negatively correlated with tricep skinfold than

with any other obesity measurement.

E. Biochemical Relationships

No significant correlation was found between HDL-C and TC
values. However, there was an expected significant negative correla-

tion (p=0.0002) between HDL-C values and the ratio of HDL-C:TC.

F. Relationship of HDL-C with Other Factors

No significant correlations were found between HDL-C levels
and smoking frequency, alcohol consumption and physical activity
level, as reported in Table 7. According to analysis of variance,
there was no significant difference in HDL-C values between those

subjects who used oral contraceptives and those who did not.

G. Comparison of Longitudinal Total Cholesterol Data

Table 8 displays the mean values for TC for the original study
population from 9 to 11 years of age and for the current study

population at 16 years of age. The mean value for 11-year-olds was



TABLE 7
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Correlation coefficients (r) of HDL-cholesterol values as compared
to activity level, smoking frequency and alcohol
consumption for girls 16 years of age

Variable n HDL-cholesterol
Activity Tevel 75 _0.12412
Smoking frequency 9 ~0.215°
Alcohol consumption 7 0.182°

]a11 r values were nonsignificant (p>0.

aSpearman correlation coefficient.

bPearson correlation coefficient.

05).



TABLE 8

Mean values for plasma total cholesterol of girls
at 9, 10, 11 and 16 years of age

Age Mean (mg/d1) n
9 + 0.5 147.49° 110
10 + 0.5 144.06° 113
11 +0.5 172.32° 108
16 + 0.5 149,042 78

8Means with the same letter are not significantly different.



significantly different from mean values for the other three years.
Mean values for 9-year-old, 10-year-old and 16-year-old girls were

not significantly different from one another.
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CHAPTER V

DISCUSSION

A. High-Density-Lipoprotein Cholesterol Levels

Contrary to results found in other studies, the means of black
and white subjects were notsignificantly different in the present
population. The Lipid Research Clinics (LRC) Prevalence Study (75)
found both total plasma cholesterol and HDL-C to be higher among
blacks than whites of 16 years of age. However, there were some dietary
differences between the LRC population and the present research sample.
In the LRC group, the mean intakes of total fat and saturated fat
were lower in blacks than white, and the polyunsaturated:saturated fat
(P:S) ratio was higher in blacks. The trend in the present sample
was towards a lower fat intake for blacks, but with a slightly higher
intake of saturated fat among blacks than among whites (see Table 3).
The P:S ratio in the present population was considerably lower for
blacks (.45) than for white (.56). As demonstrated in Table 2, there
were differences between the Princeton Family Lipid Program (76)
population and the one presently studied. Black and white subjects
in the present group tended to have lower total cholesterol values
than those in the Princeton group. HDL-C levels in both groups were
comparable below the 50th percentile, but were considerably higher
for the present group at the 50th percentile and above. Overall,

blacks in the Princeton study demonstrated higher TC and HDL-C values

37
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than whites. In the Bogalusa Heart Study (74), the mean value for
HOL-C (68 mg/d1) was more similar to that of the present population
(65 mg/d1).

Some of the diversity between the current study and others may
be partially explained by examining the parameters investigated.
Black subjects in this population evinced higher obesity indices
(except ponderal index) than white subjects. Statistical analysis
showed tricep skinfold to be weakly negatively correlated (p=0.10)
with HDL-C. Blacks also had slightly higher systolic blood pressure
and higher dietary intakes of total protein, animal protein, total
carbohydrates and total sucrose, all of which have been reported in
the literature as having a negative effect on HDL-C (62-64, 66, 72).
As stated earlier, total protein, animal protein and total carbohydrate

showed significant negative correlations with HDL-C among this population.

B. Relationship of HDL-C to Dietary Variables

Most researchers agree that the dietary intake of cholesterol
is not associated with either TC or HDL-C (49, 51-53). The latter
assumption was verified in the present study by the lack of a
significant correlation between HDL-C and cholesterol intake. While
there was no significant relationship of HDL-C with any other 1ipid
investigated, it is interesting to note that saturated fat was found
to be more negatively correlated with HDL-C than polyunsaturated fat,
since several investigators have reported that an increase in the
P:S ratio will result in an improvement in the 1ipid profile, including

an increase in HDL-C (56, 68, 70). Blacks in this population consumed
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38 percent of their kilocalories as fat, while the total fat consumption
of white girls was responsible for 40 percent of their kilocalorie
intake.

There was a negative but nonsignificant correlation between
HDL-C and sucrose in this study population, and a significant inverse
relationship between HDL-C and starch. Hostmark (61), working with
rats, found that feeding sucrose as the source of carbohydrate
decreased HDL-C more than when starch was fed as the source of
carbohydrate. Macdonald (63) and Yudkin et al. (62) found similar
results feeding sucrose to young human subjects. Population dissimilarity
may account for differences in results between these two studies and
the present one. Also, the studies cited above were conducted under
controlled conditions, while the 24-hour dietary recall was the measure
of nutrient intake in the present study.

The finding of a negative correlation between total carbohydrate
and HDL-C demonstrated by the current research population is in
agreement with results reported by Khaltaen et al. (72). While Cham
et al. (64) did not find a change in HDL-C levels when a low
carbohydrate diet was fed to human subjects, they did report cholesterol
to be redistributed predominantly in LDL. The percentage of kilocalories
consumed as carbohydrate for the present group was 48 percent for blacks
and 47 percent for whites.

The effects of fiber on HDL-C have not been fully explored.
Anderson et al. (71) found oat bran ingestion lowered TC and LDL,
but did not alter HDL-C. In the present study, no relationship was

found between crude fiber and HDL-C.
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A negative association between HDL-C and protein intake has been
reported by several authors. Animal studies have demonstrated
differences in HDL-C levels according to the source of the protein
(65, 66). However, in humans the source of the protein appears to
be nonsignificant (67-69). The results of the present investigation
are consistent with those reported in the literature, since both
animal and vegetable protein, as well as total protein was significantly
inversely related to HDL-C. The percentage of the kilocalories consumed

as protein was 14 percent for black girls and 13 percent for white girls.

C. Relationship of HDL-C to Anthropometric Measures and Blood Pressure
Although many investigators have consistently found an inverse

association between obesity and HDL-C, none of the obesity indices

explored in this research showed a significant relationship with HDL-C.

Frerichs et al. (21) reported a negative correlation between HDL-C

and obesity and sexual maturity in both sexes. The sample consisted of

children who were younger (5 to 14 years) than those studied currently.

Another researcher (26) described results similar to those of Frerichs

et al. (21) among a group of young adults, as did Glueck et al. (20) from data

on both childrenand adults. Several investigators have published

results indicating that HDL-C levels increase after weight reduction
(23, 24). In much of the research on the relationship between obesity
and HDL-C grossly obese (relative weight up to 183 percent) subjects
have been used. In the population examined in the present study, 19.2
percent had relative weights equal to or greater than 120 percent.

Disparity in sample size between the present population (n=78) and
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those referred to above (n=3,000 to 7,000) may serve to account for
differences in results. Garn et al. (99) emphasized the importance
of adequate sample size when ascertaining relationships between
fatness and lipid levels.

Berchtold et al. (19) investigated the effects of suspected
cardiovascular risk factors on HDL-C levels and found the most
important risk factor to be diastolic hypertension, and systolic
hypertension the second most important risk factor. A review by Lewis
& Naito (15) stressed the interactions of hypertension, 1lipids and
lipoproteins, and their implications for atherosclerosis. Other
investigators found HDL-C to be inversely related to systolic and
diastolic blood pressure (14, 74). No significant relationship between
HDL-C and diastolic or systolic blood pressure was detected in the
group of adolescents currently studied. Although 19 percent of the
girls had blood pressure readings above the normal range for either
systolic or diastolic presssure, or both, most of these differed from
the norm by less than five mm Hg. The mean diastolic blood pressure
among this sample was 76, and the mean systolic blood pressure was 119,
values well within the normal range for this age group (31). Thus,
it was not possible to ascertain any effect of hypertension on HDL-C

for this population.

D. Biochemical Relationships
The literature regarding the relationship of HDL-C to TC is

conflicting. While Williams et al. (14) reported HDL-C to be directly
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related to TC in their investigation of normal men, Khaltaen et al.
(72) found no such relationship in another group of normal men.
Similarly, there was no significant correlation between HDL-C and

TC among the present group of adolsecent females. The dissimilarity
among these populations as to age and sex makes it difficult to

compare results.

E. Relationship of HDL-C to Physical Activity and Other Factors

Investigations of the effect of exercise and physical activity
on levels of HDL-C have consistently detected a positive correlation
between these variables. Vigorous exercise such as running and power
training has been shown to significantly increase HDL-C levels (29, 30,
34, 99). Nikkila et al. (35) concluded from their data on long-distance
runners that endurance training is associated with an adaptive increase
of lipoprotein lipase activity in skeletal muscle and adipose tissue.
Men employed in occupations requiring vigorous physical activity
demonstrate higher HDL-C levels (32, 33). Huttunen et al. (31) detected
an increase in HDL-C levels in subjects even after mild exrcise.
Although Weltman et al. (28) did not find increased HDL-C in men after
mild exercise, they did find a decrease in LDL-C without an effect on
HDL-C, contributing to a more favorable LDL:HDL ratio. For the sample
investigated in the present research, no significant correlation was
found between HDL-C and physical activity. It should be pointed out
that the literature cited above involved controlled conditions rather

than the use of a questionnaire, which was employed in the current study.
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Alcohol consumption is another factor that has been consistently
positively correlated with HDL-C levels. Barboriak et al. (37)
concluded from their studies using chronic alcoholics that the dose-
effect relationship between alcohol intake and HDL-C levels extends
over a large range of alcohol intake. Other investigators have
reached similar conclusions (36, 38). Although no significant correlation
was found between alcohol consumption and HDL-C values in the present
group, the sample size may have been too small to detect any effect.
Less than 10 percent of the population consumed any alcohol, with most
of these subject using minimal amounts. The lack of a significant
negative correlation between smoking and HDL-C may also be related
to small sample size since only 11 percent of the population was
using tobacco. There was, however, a negative though nonsignificant
correlation (p=0.531) between HDL-C and smoking. Other investigators
have reported strong negative correlations between these two variables
(14-16). Due to the small sample size for alcohol consumption and
smoking, it is inappropriate to state conclusions regarding these
two variables.

Although a relationship between HDL-C and the use of oral
contraceptives was detected by Bradley et al. (41), no significant
difference was found in this group of adolescents between those who
use oral contraceptives and those who did not. In the current
population, 17 percent of the subjects were either currently using

oral contraceptives or had used them in the past year.
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F. Comparison of Longitudinal Plasma Total Cholesterol Data

An attempt was made to ascertain a lipid profile of this group
by evaluating plasma total cholesterol data collected in three previous
years, 1974, 1975 and 1976, when the population consisted of nine-,
ten- and eleven-year olds, respectively, and that collected in 1981,
at sixteen years of age. The mean values for these years were compared
to determine any significant differences among ages. The mean value
for eleven-year olds was significantly different from the other three
ages. It is interesting to note that the mean value for plasma total
cholesterol rose considerably from 1975 when the girls were approximately
10 years of age, to 1976 when they were approximately 11 years of age.
By 1981, when the girls were adolescents, the TC mean value had fallen
significantly. Tamir et al. (75) reported a similar decrease in total
cholesterol during this age period, as did Berenson et al. (74). Thus,
the trend in total cholesterol levels in the present population is
consistent with that described in other populations of the same age

and sex.

G. Conclusions

Mean levels of high-density-lipoprotein cholesterol in this
group of adolescent females were within the normal range, although 41
percent demonstrated individual values above the normal range. These
levels were inversely related to total protein, animal protein,

vegetable protein, total carbohydrate and starch. They were not related
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to any of the indices of obesity investigated, nor were they significantly
associated with systolic and diastolic blood pressures, physical

activity level, smoking, alcohol consumption or use of oral contraceptives
(although the sample size of the last three variables was considered

too small for conclusive remarks). Dietary fat was not related to

HDOL-C values. Mean values for HDL-C were not significantly different
between races. The ratio of HDL-C to TC, which is considered by many

to be the best indicator of coronary heart disease risk, was not
significantly correlated with any of the factors studied. There

was no significant correlation between HDL-C and TC values. Longitudinal
TC data indicated a pattern of rising TC levels until adolescence,

when it fell sharply.



CHAPTER VI

SUMMARY

A biracial sample of 78 16-year-old females was evaluated for
high-density lipoprotein status and its relationship to several
dietary variables, blood pressure, obesity indices, smoking frequency,
physical activity, alcohol consumption and use of oral contraceptives.
Plasma total cholesterol values of the subjects at four difference ages
were examined for the existence of a trend in the lipid profile of
the population.

Mean values for high-density-lipoprotein cholesterol were near
the upper end of the normal spectrum for both races, while
mean values for total cholesterol were near the lower end of the
normal range. There was no significant difference in mean plasma
HDL-C values between the races.

Dietary variables which were significantly inversely related to
HDL-C included total protein, animal protein, vegetable protein,
total carbohydrate and starch. None of the other factors investigated
were significantly associated with HDL-C values.

Plasma total cholesterol data collected on the population at
four different ages revealed a trend of rising total cholesterol
levels until adolescence. During this age period, total cholesterol
levels fell considerably.

The implications of the role of high-density lipoprotein as

a protective factor against atherosclerosis and coronary heart

46
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disease indicate the importance of further research on this transporter
of cholesterol. As evinced in past investigations, as well as the
current one, nutrient intake has consistently been associated with
the level of high-density lipoprotein. Elucidation of these
interrelationships is imperative if multifactor risk prevention
is to be successful. The study of 1ipid and lipoprotein profiles
at several stages during the 1ife span may add another dimension,
along with genetic information, medical history and psychological
profile, to health evaluation. Preventative medicine is a wholistic
approach to health, which requires current data about all facets

of human well-being.



LITERATURE CITED



10.

The

12.

LITERATURE CITED

Wilson, D. E. & Lees, R. S. (1972) Metabolic relationships
among the plasma lipoproteins. J. Clin. Invest. 51, 1051-1057.

Brown, M. S., Kovanen, P. T. & Goldstein, J. L. (1981) Regulation
of plasma cholesterol by lipoprotein receptors. Science 212,
628-635.

Tall, A. R. & Small, D. M. (1978) Plasma high-density lipoproteins.
New Engl. J. Med. 299, 1232-1236.

Swartz, C. C., Hallaran, L. H., Vlahcenic, Z. R., Gregory, D. H. &
Sewell, L. (1978) Preferential utilization of free cholesterol
from high-density lipoproteins for bilary cholesterol secretion

in man. Science 200, 62-64.

Eaton, P. R. (1978) High density lipoprotein--key to anti-atherogenesis.

J. Chron. Dis. 31, 131-135.

Saudek, C. D., Frier, B. M, & Lui, G. D. K. (1978) Plasma squalene:
lipoprotein distribution and kinetic analysis. J. Lipid Res. 19,
827-835.

Gordon, T., Castelli, W. P., Hjortland, M. C., Kannel, W. B. &
Dawber, T. R. (1977) High density lipoprotein as a protective
factor against coronary heart disease. Am. J. Med. 62, 707-714.

Miller, N. E. (1978) The evidence for the antiatherogenicity of
high density lipoprotein in man. Lipids 13, 914-919.

Miller, N. E., Thelle, D. S., Forde, 0. H. & Mjos, 0. D. (1977)
The Tromso Heart Study. High density lipoprotein and coronary
heart-disease: a prospective case-control study. Lancet 1,
965-967.

Gordon, T., Castelli, W. P., Hjortland, M. C., Kannel, W. B. &
Dawber, T. R. (1977) High density lipoprotein as a protective
factor against coronary heart disease. The Framingham Study.
Am. J. Med. 62, 707-714.

Milne, J.R., Stone, D. L., Banin, S. 0., Galton, D. J. & Rees,

R. S. 0. (1981) High-density lipoprotein and other risk factors
for coronary artery disease assessed by angiography. Br. Med. J.
282, 1274.

Barboriak, J. J., Anderson, A. J., Rimm, A. A. & Tristani, F. E.
(1978) Coronary artery occlusion -and high-density lipoprotein
cholesterol. Fed. Proc. 37, 801.

49



134

14.

15.

16.

17.

18.

19.

20+

2ls

22.

295

24,

50

Lewis, L. A. & Naito, H. K. (1978) Relation of hypertension,
lipids, and lipoproteins to atherosclerosis. Clin. Chem. 24,
2081-2098.

Williams, P., Robinson, D. & Bailey, A. (1979) High density
lipoprotein and coronary risk factors in normal men. Lancet 1,
72-75.

Hulley, S. B., Cohen, R. & Widdowson, G. (1977) Plasma high-density
lipoprotein cholesterol level: influence of risk factor inter-
vention. Am. Med. Assn. J. 238, 2269-2271.

Hulley, S. B., Ashman, P., Kuller, L., Lasser, N. & Sherwin, R.
(1979) HDL-cholesterol levels in the Multiple Risk Factor
Intervention Trial (MRFIT) by the MRFIT research group. Lipids 14,
119-125.

Yaari, S., Even-zohor, S., Goldbourt, U. & Neufield, H. N. (1981)
Associations of serum high density lipoprotein and total
cholesterol with total, cardiovascular, and cancer mortality

in a 7-year prospective study of 10,000 men. Lancet 1, 1011-1015.

Albrink, M. J., Krauss, R. M., Lindgren, F. T. & Vonder Groeben,
J. (1980) Intercorrelations among plasma high density lipoprotein,
obesity and triglycerides in a normal population. Lipids 15,
668-676.

Berchtold, P., Berger, V. J., Daweke, C., Chantelau, E., Gries,
F. A. & Zimmerman, H. (1981) Cardiovascular risk factors and
HDL-cholesterol levels in obesity. Int. J. Obes. 5, 1-10.
Glueck, C. J., Taylor, H. L., Jacobs, D., Morrison, J. A. &
Beaglehole, R. (1979) High density lipoprotein cholesterol and
measurements of body mass. Circulation 60, 53.

Frerichs, R. R., Webber, L. S., Srinivasan, S. R. & Berenson,

G. S. (1978) Relation of serum 1ipids and lipoproteins to obesity
and sexual maturity in white and black children. Am. J. Epidemiol.
108, 486-496.

Goldstein, J. L. & Brown, M. S. (1977) The low-density lipoprotein
pathway and its relation to atherosclerosis. Ann. Rev. Biochem.
46, 897-930.

Weisweiller, P. & Schwandt, P. (1981) Lipoprotein and apolipoprotein
changes in obesity after a short-term fast. Int. J. Obes. 5, 11-14.
Streja, D. A., Boyko, E. & Rabkin, S. W. (1980) Changes in plasma
high density lipoprotein cholesterol concentration after weight
reduction in grossly obese subjects. Br. Med. J. 281, 770-772.



25.

26.

ai.

28.

2%

30.

31.

32.

33

34.

35.

36.

51

Thompson, P. D., Jeffery, R. W., Wing, R. R. & Wood, P. D. (1979)
Unexpected decrease in plasma high density lipoprotein cholesterol
with weight lToss. Am. J. Clin. Nutr. 32, 2016-2021.

Garrison, R. J., Wilson, P. W., Castelli, W. P., Feinleib, M.,
Kannel, W. B. & McNamara, P. M. (1980) Obesity and lipoprotein
cholesterol in the Framingham Offspring Study. Metabolism 29,
1053-1060.

Gordon, T. & Kannel, W. B. (1973) The effects of overweight on
cardiovascular disease. Geriatrics 28, 80-88.

Weltman, A., Matter, S. & Stamford, B. A. (1980) Caloric
restriction and/or mild exercise: effects on serum lipids
and body composition. Am. J. Clin. Nutr. 35, 1002-1009.

Berg, A., Keul, J. Ringwald, G., Deus, B. & Wybital, K. (1980)
Physical performance and serum cholesterol fractions in healthy
young men. Clinica Chimica Acta 106, 325-330.

Donaldson, D. R. & Kester, R. C. (1980) High density lipoproteins
and exercise. Br. J. Sports Med. 14, 219-224.

Huttunen, J. K., Lansimies, E., Voutilainen, E., Ehnholm, C.,
Hietanen, E., Pentilla, I., Sutonen, 0. & Rauramaa, R. (1979)
Effect of moderate physical exercise on serum lipoproteins.
Circulation 60, 1220-1229.

Berry, M. A., Squires, W. G. & Jackson, A. S. (1980) Fitness
variables and the lipid profile in United States astronauts.
Aviation, Space, & Environmental Medicine 51, 1222-1226.

Lehtonen, A. & Viikari, J. (1978) The effect of vigorous physical
activity at work on serum lipids with a special reference to
serum high-density lipoprotein cholesterol. Acta. Physiol.
Scand. 104, 117-121.

Hartung, G. H., Squires, W. G. & Gotto, A. M. (1981) Effect of
exercise training on plasma high-density lipoprotein cholesterol
in coronary disease patients. Am. Heart J. 101, 181-184.

Nikkila, E. A., Taskinen, M., Rehunen, S. & Harkonen, M. (1978)
Lipoprotein lipase activity in adipose tissue and skeletal muscle
of runners: relation to serum lipoproteins. Metabolism 27,
1661-1671.

Castelli, W. P., Gordon, T., Hjortland, M. C., Kagan, A., Doyle,
J. T., Hames, C. G., Hulley, S. B. & Zukel, W. J. (1977) Alcohol
and blood lipids. Lancet 2, 153-155.



37

38.

L)

40.

41.

42.

43.

44

45,

46.

47.

48.

49,

52

Barboriak, J. J., Herrington, R. E., Jacobson, G. R. & Anderson,
A. J. (1979) Increased blood levels of high density lipoprotein
cholesterol in chronic alcoholics. Fed. Proc. 38, 447.

Glueck, C. J., Hogg, E., Allen, C. & Gartside, P. S. (1980) Effects
of alcohol ingestion on 1lipids and lipoproteins in normal men:
isocaloric metabolic studies. Am. J. Clin. Nutr. 33, 2287-2293.

Masarei, J. R. L. & Lynch, W. J., (1977) Lowering of HDL-cholesterol
by androgens. Lancet 2, 827-828.

Solyom, A. (1972) Effect of androgens on serum lipids. Lipids 7,
100-105.

Bradley, D. D., Wingerd, J., Petitti, D. B., Krauss, R. M. &
Ramcharan, S. (1978) Serum high-density-lipoprotein cholesterol
in women using oral contraceptives, estrogens, and progestins.
New Engl. J. Med. 299, 17-20.

Berenson, G. S., Srinivasan, S. R., Cresanta, J. L., Foster, T. A.
& Webber, L. S. (1981) Dynamic changes of serum lipoproteins in
children during adolescence and sexual maturity. Am. J. Epidemiol
113, 157-170.

Miller, G. J. & Miller, N. E. (1975) Plasma-high-density-1ipoprotein
concentration and development of ischaemic heart disease. Lancet 1,
16-19.

Ononogber, I. C. (1977) High density lipoproteins in ischaemic
heart disease. Experientia 33, 1063-1064.

Nikkila, E. A. & Hormila, P. (1978) Serum 1ipids and lipoproteins
in insulin-treated diabetes. Diabetes 27, 1087-1085.

Michael, B., Camejo, M., Jacobs, J., Parker, J., St. Cry, M. &
Raderman, N. B. (1979) HDL in diabetes. Lancet 1, 155.

Kennedy, A. L., Lappin, T. R. J., Lavery, T. D., Hadden, D. R.,
Weaver, J. A. & Montgomery, D. A. D. (1978) Relation of high-density
lipoprotein cholesterol concentration to type of diabetes and its
control, Brit, Med. J. 2, 1191-1194.

Vaugh, W. J., Lindgren, F. T., Whalen, J. C. & Abraham, S. (1978)
Serum lipoprotein concentrations in cystic fibrosis. Science 199,
783-786.

Kushwaha, R. S., Hazzard, W. R. & Engblom, J. (1978) High density
lipoprotein in normolipidemic and cholesterol fed rabbits.
Biochemica et Biophysica Acta 530, 132-143.



50.

5.

52,

§8.

54,

85+

56.

82

58.

°9.

53

Ershow, A. G., Nicolosi, R. J. & Hays, K. C. (1981) Separation
of the dietary fat and cholesterol influences on plasma lipoproteins
of rhesus monkeys. Am. J. Clin. Nutr. 34, 830-840.

Flaim, E., Ferreri, L. F., Thye, F. W., Hill, J. E. & Ritchey,

S. J. (1981) Plasma 1ipid and lipoprotein cholesterol concentrations
in adult males consuming normal and high cholesterol diets under
controlled conditions. Am. J. Clin. Nutr. 34, 1103-1108.

Slater, G. G. & Alfin-Slater, R. B. (1978) Effect of dietary
cholesterol on plasma cholesterol, HDL cholesterol, and
triglycerides in human subjects. Fed. Proc. 37, 630.

Hi11, J. E., Flaim, E., Thye, F. W. & Ritchey, S. J. (1979) Effect
of whole egg consumption on serum cholesterol, HDL cholesterol and
triglycerides in exercising and non-exercising males. Fed. Proc.
38, 550.

Mahley, R. W., Innerarity, T. L., Bersot, T. P., Lipson, A. &
Margolis, S. (1978) Alterations in human high-density lipoproteins,
with or without increased plasma-cholesterol, induced by diets

high in cholesterol. Lancet 2, 807-809.

Lin, D. S. & Conner, W. E. (1980) The long term effects of dietary
cholesterol upon the plasma lipids, lipoproteins, cholesterol
absorption, and the sterol balance in man: the demonstration of
feedback inhibition of cholesterol biosynthesis and increased

bile acid excretion. J. Lipid Res. 21, 1042-1052.

Tan, M. H., Dickinson, M. A., Albers, J. J., Havel, R. J., Cheung,
M. C. & Vigne, J. L. (1980) The effect of a high cholesterol and
saturated fat diet on serum high-density lipoptotein-cholesterol,
apoprotein A-I, and apoprotein E levels in normolipidemic humans.
Am. J. Clin. Nutr. 33, 2559-2565.

Craig, F. H., Phillips, P. J., Lloyd, J. V., Watts, S., Bracken,
A. & Read, R. (1980) Effect of modified fat diets on LDL/HDL
ratio. Lancet 2, 799.

Hjermann, I., Enger, S. C., Helgeland, A., Holme, I., Leren, P.
& Trygg, K. (1979) The effect of dietary changes on high density
lipoprotein cholesterol. Am. J. Med. 66, 105-109.

Shepherd, J., Packard, C. J., Patoch, J. R., Gotto, A. M. &
Tauton, D. 0. (1978) Effects of dietary polyunsaturated and
saturated fat on the properties of high density lipoproteins and
the metabolism of apolipoprotein A-I. J. Clin. Invest. 61,
1582-1593.



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

54

Jackson, R. L., Glueck, C. J., Mathur, S. N. & Spector, A. A.
(1980) Effect of diet and high density lipoprotein subfractions
on the removal of cellular cholesterol. Lipids 15, 230-235.

Hostmark, A. T. & Gronnerod, 0. (1979) Plasma lipoprotein
distribution in rats fed sucrose or starch diets. Nutr.
Reports International 19, 445-449.

Yudkin, J., Kang, S. S. & Bruckdorfer, K. R. (1980) Effects of
high dietary sugar. Br. Med. J. 281, 1396.

Macdonald, I. (1978) The effects of dietary carbohydrates on
high density lipoprotein levels in serum. Nutr. Reports
International 17, 663-668.

Cham, B. E., Roeser, H. P., Warrel, A., Linton, I. & Gaffney, T.
(1981) Effect of a high energy, low carbohydrate diet on serum

levels of lipids and lipoproteins. Med. J. Austr. 1, 237-240.

Portman, 0. W., Alexander, M., Neuringer, M., I1lingworth, D. R.
& Alam, S. S. (1981) Effects of long-term protein deficiency on
plasma 1ipoprotein concentrations and metabolism in rhesus monkeys.
J. Nutr. 111, 733-745.

Czarnecki, S. & Kritchensky, D. (1980) Effects of dietary protein
on lipoprotein metabolism and atherosclerosis in rabbits. Fed.
Proc. 39, 342.

Flynn, M. A., Nolph, G. B., Naumann, D., Heine, B. & Krause, G.
(1980) Serum lipids in humans consuming beef vs. chicken vs. pork.
Am. J. Clin. Nutr. 33, 934.

Milner, A. N., Jones, J. & Hume, F. (1980) Comparative effect of
dietary protein (cottonseed vs. beef) on serum 1ipids of young
college women. Fed. Proc. 39, 652.

0'Brien, B. C. & Reiser, R. (1980) Human plasma 1ipid responses
to red meat, poultry, fish and eggs. Am. J. Clin. Nutr. 33,
2573-2580.

Hermann, W. J., Ward, K. &. Faucett, J. (1979) The effects of
tocopherol on high-density lipoprotein cholesterol. Am. J. Clin.
Path. 72, 848-852.

Anderson, J. W., Kirby, R. W. & Rees, E. D. (1980) Oat-bran
ingestion selectively lowers serum low-density lipoprotein
cholesterol concentrations in men. Am. J. Clin. Nutr. 33, 915.

Khaltaen, N. G., Zadoya, A. A., Titov, V. N., Khaltaeva, E. D.,
Glazunov, I. S., Scherbakova, I. A., Suchkova, S. N. & Mazar,
N. A. (1978) Nutritional factors and alpha-lipoproteins.
Terapevticheskii Arkhin 50, 125-129.



135

74.

79

76.

7l

78.

79

80.

81.

82.

55

Nicholson, J., Gartside, P. S., Siegel, M., Spencer, W.,
Steiner, P. M. & Glueck, C. (1979) Lipid and lipoprotein
distributions in octo- and nonagenarians. Metabolism 28,
Bil=585.

Berenson, G. S., Srinivasan, S. R., Frerichs, R. R. & Webber,

L. S. (1979) Serum high density lipoprotein and its relationship
to cardiovascular disease risk factor variables in children--the
Bogalusa Study. Lipids 14, 91-98.

Tamir, I., Heiss, G., Glueck, C. J., Christensen, B., Kwiterovich,
P. & Rifkind, B. M. (1981) Lipid and lipoprotein distributions

in white children ages 6-19 years. The Lipid Research Clinics
Program Prevalence Study. J. Chron. Dis. 34, 27-39.

Morrision, J. A., deGroot, I., Edwards, B. K., Kelly, K. A.,
Mellies, M. J., Khoury, P. & Glueck, C. J. (1978) Lipids and
lipoproteins in 927 schoolchildren, ages € to 17 years.
Pediatrics, 62, 990-995.

Prewitt, E., Haynes, S., Waldman, G., Glueck, C., Kwiterovich,
P. &. Tyroler, H. (1981) Black-white differences in nutrient
intake and lipoproteins in the Lipid Research Clinics (LRC)
Prevalence Study. Proceedings of the XII International Congress
of Nutrition, p. 75, S. Karger, New York.

Rifkind, B. M., Tamir, I., Heiss, G., Wallace, R. B. & Tryoler,
H. A. (1979) Distribution of high density and other lipoproteins
in selected LRC Prevalence Study populations: a brief survey.
Lipids 14, 105-112.

Laskarzewski, P., Kelly, K. A., Mellies, M. J., Morrison, J. A.,
Khoury, P., Tillett, S. &. Glueck, C. J. (1980) Interrelationships
of lipids, lipoproteins, and clinical chemistry measurements of
1605 schoolchildren, ages 6-17: The Princeton Schoolchildren Study.
Metabolism 29, 916-923.

Morrison, J. A., deGroot, I., Kelly, K. A., Edwards, B. K.,
Mellies, M. J., Tillet, S., Khoury, P. & Glueck, C. J. (1979)
High and low density lipoprotein cholesterol levels in
hypercholesterolemic school children. Lipids 14, 99-104.

Mitchell, S. C., Blount, S. G., Blumenthal, S., Hoffman, J.,
Jesse, M. J., Laver, R. M. & Weidman, W. H. (1975) The pediatrician
and hypertension. Pediatrics 36, 3-5.

Taylor, J. L., Jacobs, D. R., Schucker, B., Knudsen, J., Leon,
A. S. & Debaker, G., (1978) A questionnaire for the assessment of
leisure time physical activities. J. Chron. Dis. 31, 741-755.



83.

84.

854

86.

81.

88.

89.

90.

) 1%

92,

93

94.

95

56

Guthrie, H. A. (1975) Introductory Nutrition, pp. 97-98, The
C. V. Mosby Company, St. Louis.

Pike, R. L. & Brown, M. L. (1975) Nutrition: An Integrated
Approach, p. 839, John Wiley & Sons, Inc., New York.

Whitney, E. N. & Hamilton, E. N. (1977) Understanding Nutrition,
p. 531, West Publishing Company, St. Paul.

Albers, J. J., Warnick, G. R. & Cheung, M. C. (1978) Quantitation
of high density lipoproteins. Lipids 13, 926-952.

Burstein, M., Scholnick, H. R. & Morfin, R. (1970) Rapid method
for isolation of lipoproteins from human serum by precipitation
with polyanions. J. Lipid Res. 11, 583-595.

Warnick, G. R. & Albers, J. J. (1978) A comprehensive evaluation
of the heparin-manganese precipitation procedure for estimating
high density lipoprotein cholesterol. J. Lipid Res. 19, 65-76.

Scrinivasan, S. R., Radhakrishnamurthy, B. & Berenson, G. S.
(1975) Studies on the interaction of heparin with serum
lipoproteins in the prsence of Ca2t, Mg2*, Mn2*. Arch. Biochem.
Biophys. 170, 334-340.

Mao, S. J. T. & Kottke, B. A. (1980) Determination of high-density
lipoprotein cholesterol by heparin-MnCl, precipitation. Clin.
Chem. 26, 1369.

Ishikawa, T. T., Brazier, J. B., Steiner, P. M., Stewart, L. E.,
Gartside, P. S. &. Glueck, C. J. (1976) A study of the heparin-

manganese chloride method for determination of plasma alpha-1ipoprotein

cholesterol concentration. Lipids 11, 628-633.

Lindgren, F. T., Silvers, A., Jutagir, R., Layshot, L. & Bradley,
D. D. (1977) A comparision of simplified methods for lipoprotein

quantification using the analytic ultracentrifuge as a standard.

Lipids 12, 278-282.

Manual of Laboratory Operations, Lipid Research Clinics Program,
vol. 1, Lipid & Lipoprotein Analysis, DHEW Publication No. (NIH)
75-628, Washington, D.C., U.S. Government Printing Office, 1974,
pp. 56-57.

Abell, C. L. & Levy, B. B. (1958) Cholesterol in serum. Std.
Methods Clin, Chem. 2, 26-33.

Kaser, M. M. (1953) Total and free cholesterol. Std. Methods
Clin, Chem. 1, 43-54.



9.

CyA

98-

2 c 8

100.

Lagua, R. T. Claudio, V. S. & Thiele, V. J. (1974) Nutrition
and Diet Therapy, p. 322., The C. V. Mosby Company, St. Louis.

American Dietetic Association (1980) Handbook of Clinical
Dietetics, Yale University Press, New Haven, p. E27.

Skokal, R. R. & Roh1f, F. J. (1969) Biometry, pp. 494-543,
299-337, W. H. Freeman and Company, San Francisco.

Garn, S. M., Bailey, S. S. & Block, W. D. (1979) Relationships
between fatness and lipid level in adults. Am. J. Clin. Nutr.
32, 733-735.

Lopez-S, A., Stone, M. H., Johnson, C. & Bell, L. (1980) Effect
of resistive training on serum lipids and lipoprotein of middle
age sedentary men, Am. J. Clin. Nutr. 33, 938.

57



VITA

Marilyn Julie Bush was born in Atlanta, Georgia on February 6,
1946, and attended elementary schools in Austria, Virginia and Florida.
She was graduated from Cocoa High School in 1964. The following
September she entered The University of Florida, and in March 1968
she received a Bachelor of Science degree in Physical Education. She
then taught in public and private schools in Florida for several years.

In June 1979, she was accepted into the Graduate School at The
University of Tennessee, Knoxville. During her graduate studies, she
was employed as a research assistant by the Tennessee Agricultural
Experiment Station. In March 1982 she received the Master of Science
degree with a major in nutrition science.

She is married to Larry Bush and has two children, Jennifer and

Jesse Bush.

58



	High-Density Lipoprotein Status of Adolescent Females and Its Relation to Diet and Selected Cardiovascular Risk Factors
	Recommended Citation

	tmp.1473952829.pdf.7okNG

