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ABSTRACT

Broussard, Jamie. The effect of fat on lipid profile in the
abdominally obese postmenopausal woman, A Dissertation,
Department of Nutrition and Food Sciences, Texas Woman's
University, Denton, Texas, August 1994.

Thirty-three postmenopausal women with abdominal obesity
participated in a weight reduction study. The purpose was to
determine if a low-fat, reduced kcalorie diet would improve
the lipid profile in abdominally obese postmenopausal women
when compared to a reduced kcalorie normal-fat diet.
Subjects were randomly assigned to either a control group or
to one of two weight reduction (1200 kilocalorie) diets: one
having a normal fat level and the other being low in fat,
for six weeks. The low calorie, normal-fat diet contained
20% protein, 30-35% fat and 40-50% carbohydrate, whereas the
low-fat diet contained 20% protein, 20-25% fat and 55-60%
carbohydrate. Fasting serum total cholesterol, HDL-
cholesterol and triglyceride were measured initially and at
the end of 6 weeks. Weight loss regimens improved two
parameters significantly (p < 0.001), by decreasing waist-
to-hip ratio (WHR) and body mass index (BMI) (p < 0.001) in
all experimental subjects. Total serum cholesterol decreased
significantly (p < 0.004) in the group consuming the low-fat
diet. However, cholesterol levels in the control group and
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the group consuming the normal-fat diet did not change
significantly. Triglyceride levels and HDL-cholesterol
levels did not change significantly in any of the diet
groups. Due to an increased caloric intake by the low-
calorie, normal-fat diet group, data were reorganized into a
post-hoc control diet group and a reduced-fat diet group.
Statistical analysis of the reorganized data confirmed that
significant (p < 0.01) decreases in body weight and BMI
occurred in the reduced-fat diet group. A significant
decrease (p < 0.01) in WHR occurred in both the post-hoc
control diet group and the reduced-fat diet group. However,
the reduced-fat diet group was the only group to experience
any significant (p < 0.01) decrease in blood lipid
concentrations. These findings suggest that an energy-
restricted, reduced-fat diet may be necessary to
successfully decrease cholesterol concentrations in

abdominally obese postmenopausal women.
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CHAPTER I

INTRODUCTION

Obesity represents a major avoidable contribution to
the costs of illnesses in the United States. Obesity is a
major risk factor for many chronic diseases such as
cardiovascular disease (CVD) and non-insulin dependent
diabetes (NIDDM) (1). It also constitutes a greater risk for
developing hypertension, hypertriglyceridemia, gall bladder
disease, gout, and some types of cancers (2). Although it is
accepted that obesity has an important role in the
development of CVD, its exact definition in the causal
sequence of events is still unclear (3). However, the
American Heart Association has implicated nutritional
factors in the etiology, pathology and treatment of CVD (4).
Although level of energy balance is one of the main factors
affecting body fat deposition, other factors include:
gender, age, diet composition, level of physical activity,
and a variety of social factors (5).

Obesity has traditionally been regarded simply as
excess adipose tissue, with little attention being paid to
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its anatomic location (6). However, recent studies suggest
that morbidity and mortality are considerably affected by
the regional distribution of body fat, particularly android
or abdominal obesity (5). The android phenotype, as measured
by the waist-to-hip ratio (WHR), in women (WHR > .80) and in
men (WHR > 1.0), is associated with an increased risk for
non-insulin dependent diabetes mellitus, heart disease,
stroke and premature death (7-10). Android fat distribution,
the location of fat in and around the abdominal area, has
been related directly to an increase in the development of
CVD as well as indirectly through lipid profiles associated
with CVD risk whereas gynoid fat has not (11-12).
Hypertriglyceridemia, decreased high-density-lipoprotein
(HDL) cholesterol, increased low-density-lipoprotein (LDL)
cholesterol, and increased very-low-density-lipoprotein
(VLDL) are just a few changes in lipid profiles often
evident in android obesity (9, 13).

Due to changes in metabolism and physical activity
that occur with aging, lean body mass typically decreases
while fat mass increases (14-15). Because of these changes
the prevalence of overweight increases with advancing age
until about age 50 for men and age 70 for women (16-17).
According to Flegal et al. (18), the U.S. population is
unlikely to get leaner any time in the near future. Overall,

obesity is more prevalent among women than men and is more
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common among non-Hispanic blacks and Mexican Americans than
among non-Hispanic whites (19-20). These statistics have led
the U.S. Department of Health and Human Services to
prospectively target these special at risk groups through
preventive education (17). The postmenopausal woman is one
subgroup that is potentially at risk for the development of
CVD (21).

Differences in regional fat metabolism exist and are
sex dependent. Sex differences in regional fat metabolism
may in part explain the well-documented sex differences
associated with the incidence of cardiovascular risk (22).
Upper body fat, independent of total body fat, has been
shown to be related to increased blood pressure, glucose,
insulin, and lipid concentrations in both men and women (23-
26). However, mean total and LDL-cholesterol have been shown
to be lower in premenopausal women and higher in
postmenopausal women than men of comparable age (27). Women
with android obesity are also at greater risk for the
development of breast, ovarian and endometrial carcinomas as
well as CVD and NIDDM (28-29).

The onset of menopause has been suggested to be a risk
factor for cardiovascular disease in women (30). Menopause
is also associated with the disappearance of the female
characteristics common to adipose tissue deposition, which

now allows fat to accumulate without regional preference



(31-33). This is believed to be caused by problems in the
liver that deal with the clearance of triglycerides which in
turn causes the accumulation of abdominal fat. Android fat
distribution is greater in postmenopausal women than in
premenopausal women and is greater still in men than in
postmenopausal women, a pattern that mirrors the increasing
incidence of CVD seen for these groups (34).

Studies have demonstrated that android body-fat
distribution is associated with diabetes, where increased
very-low-density-lipoprotein (VLDL) cholesterol, low-
density-lipoprotein (LDL) cholesterol, insulin, and blood
pressure are more prevalent (35-38). These factors are all
known to be associated with an increased risk of developing
CVD. In non-diabetics, android-body-fat distribution has
also been reported to be linked directly with
hyperinsulinemia, insulin resistance and adverse lipid
profiles, metabolic factors that are all thought to increase
the risk of CVD (12, 39-41). The changes in plasma
lipoproteins that are observed after menopause are partially
due to the reduction of the protective effect of endogenous
estrogens (33, 42).

Changes in the hormonal activity are responsible for
the enlargement of subcutaneous abdominal adipose cells
which is thought to contribute to the increased flux of

plasma free fatty acids (FFAs) in the portal and systemic



circulations (43-45). This increase results in a natural
flow towards the liver thereby exposing the liver to
extremely high concentrations of free fatty acids and in
turn increasing hepatic secretions from the liver (7).

The knowledge of the effects of a low-fat diet on lipid
profiles may be useful in understanding the physiologic
effects of diets in postmenopausal abdominally obese women.
Low-fat diets have demonstrated positive changes by
improving lipid profiles which are commonly associated with
abdominal obesity. Few diet intervention studies have been
conducted on the effects of diet in postmenopausal

abdominally obese women who are disease free (46-48).

Purpose of the Study

The purpose of this study was to determine if a low-fat
reduced kcalorie diet will improve the lipid profile in
abdominally obese postmenopausal women when compared to a
normal-fat diet. Specific objectives of the study were:

1. To design a normal-fat diet containing 1200
calories with approximately 20% protein, 30-35% fat, and 45~
50% carbohydrate.

2. To design a low-fat diet containing 1200 calories

with approximately 20% protein, 20-25% fat, and 55-60%

carbohydrate.



3. To compare concentrations of serum total
cholesterol, HDL-cholesterol and triglycerides of subjects
with no intervention (the control group) and those on
normal- and low-fat diets.

Hypotheses

The null hypothesis of the study was there are no
significant differences in metabolic lipid profiles of the
three treatment groups (control, normal-fat diet, and low-

fat diet) on all parameters over a six week period.



CHAPTER II

REVIEW OF LITERATURE

Despite attempts to change the public's consumption of
excess calories and fat intake, obesity is steadily
increasing in the United States. A conservative estimate of
the economic costs attributable to obesity was $39.3
billion, or 5.5% of the costs of illness in 1986 (1).
Obesity is associated with increased risk of NIDDM,
hypertension, CVD, gallbladder disease and cholecystectomy,
and colon and postmenopausal breast cancer (49-53).

Observations indicate that factors other than body
weight may be involved in the expression of health risks
associated with obesity (54). Many disease risk factors are
related to body composition rather than body weight (55).

Individuals differ with respect to the location of fat
(56). Men tend to have more abdominal fat, giving them the
android or male pattern of fat distribution. Women, however,
tend to have greater amounts of gluteal fat and thus have
larger hip circumferences, giving them the gynoid
or female pattern of fat distribution. The relative
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preponderance of one pattern or the other may be expressed
by the abdominal-gluteal, android-gynoid, as determined by
the waist-to-hip circumference/ratio (WHR) (8).

Even though the android pattern of obesity is more
common in males, it may also occur in females. In both men
and women, upper body fat, independent of total body fat,
has been shown to be related to blood pressure and to lipid,
glucose, and insulin concentrations (2, 7, 24, 26, 57).
Moreover, individuals with upper body obesity, as assessed
by the WHR, are at greater risk for developing
cardiovascular disease (58, 59), diabetes mellitus (60), and
breast, ovarian, and endometrial carcinomas (28, 29).

The recognition of abdominal obesity or abdominal
distribution of adipose tissue as a clinical entity
associated statistically with increased risk of disease
seems to be a significant advance in the field of obesity
research (61). In the fifties, J. Vague reported the
relationship between upper trunk android obesity and the
prevalence of diabetes mellitus, lipid disturbances and
hypertension (35). More recent studies (62-64) confirmed
Vaque's original findings.

The relationship between regional fat distribution and
health has come clearly into focus within the past ten

years. During this time span, several prospective



epidemiological studies strongly suggested that in addition
to total body fat, the location of that fat plays an
important role in the risks of cardiovascular disease and in
the risks of developing diabetes, hypertension, gallbladder
disease, stroke, and overall mortality (5).

A recent review by Emery et al. (65) of 73 studies
showed a significant association between distribution of
body fat to the abdominal region, especially intra-abdominal
fat, and increased risk of cardiovascular disease, breast
cancer, endometrial cancer, and overall mortality. Kissebah
et al. (62), Depres et al. (66) and Lundgren et al. (67)
showed that abdominal fat distribution or upper-body obesity
was a better predictor of cardiovascular disease, diabetes,
and metabolic disorders than was overall obesity. However,
Bonithan-Kopp et al. (68) showed that body mass index (BMI),
which reflects overall adiposity, was more strongly
associated with blood lipids, except for triglycerides, than
was WHR which reflects body-fat distribution. A subsequent
study reported a positive association with both BMI and WHR
and all blood lipids that were studied in 209 French women
(69). The relations between diet, abdominal obesity and the
occurrence of cardiovascular disease among women have been
limited. This review of literature will address the

metabolic consequences of abdominal obesity as well as
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current uses of fat intake as a mode of possible diet

therapy for the abdominally obese.

Obesity and Cardiovascular Disease

The death rate attributable to cardiovascular disease
(CVD) rose steadily through most of the twentieth century
until the 1960's, when it then began to level off and start
declining. Since 1968 the death rate (on an age adjusted
basis) has been declining between two to three percent per
year. From 1968 to 1985, the rate decreased 35%. Although
reasons for the decrease are indistinct, some possible
factors are believed to be: increased exercise, improved
detection and treatment, better diets along with certain
dietary supplements, and less smoking (70).

However, even considering past improvements, CVD still
represents the single largest cause of death in the United
States (71). The cost is enormous; over 12 million potential
yvears of life are lost each year from these premature
deaths. In terms of dollars and cents, it is estimated that
the economy lost well over 59 billion dollars in
productivity due to illness and premature deaths attributed
to CVD (72).

The importance of body weight, body mass and other

measurements of adiposity in the prediction of CVD has been
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the subject of long-standing debate. Many studies (73-75)
have shown that the incidence of certain types of CVD,
particularly coronary heart disease and stroke, is greater
in heavier persons.

Observations indicate that factors other then body
weight may be involved in the expression of health risks
associated with obesity (54). CVD risk factors relate to
body compostion rather than body weight (55). Recent studies
(11, 58, 59, 76) suggest that the distribution of body fat
may be a stronger predictor of coronary heart disease (CHD)
than the total amount of body fat. Distribution of body fat
has been found to be an independent predictor of metabolic
aberrations including cardiovascular morbidity and mortality
(59).

Results of a study by Dennis and Goldberg (77) affirmed
the deleterious effects of upper-body regional fat
distribution in obese women on lipoprotein risk factors for
cardiovascular disease. In a study by Bjorntorp (61),
obesity was examined without the influence of body fat
distribution, just as an increase of body fat mass, usually
measured as body mass index (BMI). Similarly, distribution
of fat was analyzed as a seperate factor, independent of
obesity, as measured as the waist-over-hip circumference
ratio (WHR). WHR was found to be positively associated with

the incidence of myocardial infarction, stroke, and death
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from all causes in both men and women, after adjusting for
BMI. Recent studies indicate that an increased WHR, an
indirect index of visceral fat distribution, may be
particularly hazardous to health (59).

BMI and WHR, although convenient for epidemiological
work, are by no means perfect measurements of either obesity
or abdominal distribution of fat. WHR has a unique power as
a predictor of various diseases and symptoms which is better
than other more elaborate measurements. For example, all of
the three strongest risk factors for CVD (hypertension,
cholesterol, and smoking) have been found to be associated
with the WHR independently of the BMI (61).

Studies currently available (11, 59, 76) consistently
found a correlation between the WHR and show stronger
correlations to other measurements of central obesity than
BMI or CVD. Most of these studies concern middle-aged
populations where CVD is a large part of the mortality.
Therefore, it is not surprising that the WHR is also a

strong predictor for premature deaths (61).

Lipids and Lipid Metabolism
Obesity is a problem of nutrient imbalance whereas more
foodstuffs are stored as fat than are used for energy and
metabolism (78). When an individual consumes more food or

energy than he or she expends, this additional energy is
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stored in the form of fat. A gain of approximately 3,500
kilocalories of energy usually results in the storage of
one pound of fat. The body's fat mass has a large storage
capacity; and, therefore, fat supplies approximately two-
thirds of the body's ongoing energy needs. Most fat is
stored in adipocytes (fat cells) in the form of
triglycerides: however, a small amount is also stored in
muscle cells (3, 79).

Lipids, or fats, are generally defined as substances
that are insoluble in water but soluble in organic solvents.
Fat in foods occurs in greatest proportion as
triacylglycerol (triglyceride). Other lipids in food are
sterols, fat-soluble vitamins (A, D, E, and K),
phosphoglycerides (phospholipids) and sphingolipids, and
some waxes and other minor complex lipidic components (78).
To comprehend the effect of fats on the human body, it is
pertinent to understand their physical properties and
nomenclature (3).

Due to the fact that lipids are not soluble in water,
they have to be complexed with other materials in order to
be transported by the blood. Absorbed lipids are therefore
made water soluble by their incorporation into lipoproteins.
Apoproteins, which are various proteins that are made by the
liver and small intestines, are combined with lipids to form

lipoproteins (3, 70, 78-79). The many different lipoproteins
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are classified according to the following densities: very
low density lipoprotein (VLDL); low density lipoprotein
(LDL); and high density lipoprotein (HDL). LDL contains much
more lipid than does HDL, in fact, there is so little fat
and cholesterol carried by HDL that few cardiologists paid
attention to it until Miller and Miller's historic paper in
1975. Miller and Miller (80) brought impressive
epidemiological evidence together to demonstrate that an
elevated HDL protected against CVD and that a reduced level
of HDL was a risk factor. HDL seems to carry cholesterol
from peripheral tissue back to the liver for degradation and
excretion. This is an important mechanism due to the fact
that ordinary cells cannot remove, degrade or excrete
cholesterol and once cholesterol invades the arterial wall,
the only way it can be removed is to have it transported
back to the liver by HDL. HDL is currently recognized as a
powerful protective factor with greater risk predictive
value than serum cholesterol (3, 68, 76). Low density
lipoprotein (LDL) transports lipids from the liver to
peripheral tissues including the arterial wall and, because
of this, has an opposite relationship to heart disease than
does HDL. LDL correlates directly with CVD risk and appears

to accelerate atherosclerosis. Serum cholesterol (the amount
of cholesterol found in all lipoproteins) is usually

elevated when LDL is elevated (70).
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Fat Distribution, Abdominal Adipocytes
and Hyperlipidemia

A variety of determinants influence total body fat and
its distribution. Factors affecting the percent body fat
include age, gender, level of energy balance, composition of
the diet, level of physical activity, and a variety of
social factors including smoking and alcohol (5). The
distribution of adipose tissue on and within the adult body
has been associated with sex hormone levels, glucose and
insulin metabolism, the type of lipid stored, the size and
number of adipocytes and their metabolic activity (24).

As stated previously, the distribution of adipose
tissue can range from central to peripheral. A central or
android pattern of fat distribution is one in which there
are greater amounts of adipose tissue on and within the
trunk than the extremities (24). Many of the same factors
including age, gender, total body fat, level of energy
balance, adipose tissue lipoprotein lipase, and lipolytic
activity also influence the amount of subcutaneous truncal-
abdominal fat (%).

The regional distribution of body fat has
considerable effects on mortality and morbidity. No matter
what the index used for the measurement of the distribution
of fat, there is a clear and robust association of increased

abdominal or upper-body fat with overall mortality (5).
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The enlargement of central, abdominal adipose tissue is
closely associated with disease, while enlargement of
peripheral adipose tissue does not show such associations to
the same degree. Specifically, CVD, cerebrovascular disease,
and NIDDM are closely associated with abdominal obesity.
However, only varicose veins and joint problems have been
found to be positively related to gluteal-femoral obesity.
The latter form of obesity also carries an increased risk of
development of NIDDM, although less marked than in the case
of abdominal obesity (37).

Android or upper body obesity predicts higher
concentrations of cholesterol, triglycerides and insulin and
lower concentrations of HDL-cholesterol (65, 81-86). Other
abberations may include: increased VLDL triglycerides and
LDL- cholesterol, reduced HDL-cholesterol, and raised blood
pressure (13). High concentrations of total cholesterol,
triglycerides and LDL-cholesterol and low levels of HDL-
cholesterol are significantly associated with the occurrence
of CVD and increased risk of death (58, 43-45).

Among other factors, regional fat distribution is also
related to steroid hormone concentrations. For example, in
patients with Cushing's disease or hyperadrenocorticism
there is an increased central fat deposition associated with
an increased activity of lipoprotein lipase in the abdominal

fat cells (5). Hormonal changes help to determine the
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disturbances in lipid and lipoprotein metabolism observed in
the abdominally obese. Changes in the hormonal activity are
responsible for the enlargement of subcutaneous abdominal
adipose cells which is thought to contribute to the
increased flux of plasma free fatty acids (FFAs) in the
portal and systemic circulations (43-45).

Intra-abdominal adipose tissues have specific metabolic
characteristics. In particular, those tissues drained by the
portal circulation have an extremely sensitive free fatty
acid mobilizing system (87). When the central adipose tissue
has a substantial mass, free fatty acid mobilization into
the portal vein will be considerable (88). An increase in
free fatty acids results in a natural flow towards the liver
thereby exposing the liver to extremely high concentrations
of free fatty acids. Exposure of the liver to high
concentrations of FFAs is known to cause increased hepatic
secretion of very low density lipoproteins (VLDL) (7).
Recent studies have shown that the synthesis and secretion
of VLDL are requlated by the availability of FFAs (89).
Consequently, VLDL is secreted from the liver in proportion
to elevated portal FFA levels, thus increasing the risk of
increased concentrations of circulating low density
lipoproteins (LDL) as well (7).

In two separate studies, Dennis and Golberg (77) and

Kissebah (45) compared two age and and weight-matched
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subgroups of obese women with either android or gynoid fat
distribution. Results from both studies showed that the
women with android fat distribution developed higher
triglyceride levels and had larger adipose cells than the
gynoid group. The gynoid group presented with smaller
abdominal fat cells. Based on the results from his study,
Kissebah (45) proposed the following hypothesis: that large
adipocytes from the abdominal region of android type women
exhibited higher rates of lipolysis than the same cell
location in gynoid obese women. The increased adipose cell
size may indirectly cause a higher rate of lipolysis
resulting in an increase of fatty acids into the
circulation. The increased plasma free fatty acids might
stimulate hepatic secretion of triglycerides which would
lead to hypertriglyceridemia. Therefore, the presence of the
hypertrophied abdominal fat cells in the android type of
obesity could be a significant factor in their
susceptibility to hypertriglyceridemia. Dennis and Goldberg
(77) concluded that although weight loss improved CVD risk
factors regardless of BMI or WHR, the magnitude of the
increase in levels of plasma HDL-C and the decrease in
levels of triglycerides in women with an upper-body fat
distribution suggest that these women should be the primary
target for nutrition and dietary intervention because they

are likely to benefit the most in the prevention of CVD.



19

An increased VLDL production and a reduced catabolism
of triglyceride-rich lipoprotein, the result of high plasma
VLDL levels, may be associated with an increased exchange of
VLDL-TG for cholesterol esters that have been derived from
HDL-cholesterol and LDL-cholesterol (90). Depres et al. (90)
stated that the previously mentioned exchange can eventually
lead to a TG enrichment of LDL and HDL and can reduce the
plasma HDL-cholesterol and the formation of small "dense"
LDL particles which have been recognized as significant risk
factors for the development of CVD.

Landin (91) examined the importance of obesity and
regional fat distribution with regards to plasma lipid
levels, blood pressure, glucose tolerance, and insulin.
Landin found that plasma triglycerides were higher in the
abdominally obese women than in the lean women. It was
therefore concluded that in this study the amount of body
fat by itself is more important than the WHR.

Disturbances in lipid metabolism have been found to be
related to body fat distribution and abdominal obesity (64).
Folsom et al. (28), Lanroth (40) and Chumlea et al. (92) all

found increased lipolysis in the abdominal subcutaneous fat
aggravating an accessible supply of free fatty acids into

the area of the abdomen. In a study by Van Gaal et al. (93),

variations in apolipoprotein concentrations were examined in

male and female obese adults with both gynoid and android



20
obesity. Results confirmed that WHR was a significant
indicator for most lipid profiles in men and women.
According to Kissebah et al. (94), women with abdominal
obesity had significantly higher fasting plasma triglyceride
concentrations than those women with gynoid obesity. The
individuals with lower body obesity had serum triglyceride
concentrations that were within the range of the non-obese
controls. Fujioka et al. (63) found that subjects with a
high ratio of intra-abdominal visceral fat to subcutaneous
fat (V/S Ratio) had significantly higher concentrations of
fasting serum triglycerides and total cholesterol than did
subjects with a lower ratio. The subjects with the higher
ratio had serum triglycerides of 177 mg/dL and total
cholesterol levels of 232 mg/dL as compared to subjects with
lower ratios whose serum triglycerides were 106 mg/dL and
total cholesterol levels were 189 mg/dL. In a study by
Krotkiewski et al. (64), WHR was found to be a better
predictor of increased triglyceride concentrations than was
epigastric fat cell weight for both men and women. Zamboni
et al. (95) compared body fat distribution and metabolic
variables in both pre- and postmenopausal women. However in
contrast with other investigators, the data gathered by
7zamboni failed to show any significant difference between
the pre- and postmenopausal groups with regard to WHR. Yet,

blood cholesterol values were significantly higher in
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postmenopausal women. Zamboni et al. concluded that visceral
abdominal adipose tissue increased with age and that
metabolic abnormalities are related more to these tissue
areas than to actual body weight.

The following are normal ranges for the various blood
lipid measurements: cholesterol: 140-200 mg/dl; HDL-
cholesterol: 35-86 mg/dl; and triglyceride: 35-135 mg/dl
(96) .

Weight Loss and Anthropometric
Characteristics

The multitude and variety of eating disorders that
afflict the United States' society stand as a striking
testimony to the enormous problem that confronts the medical
and public health communities today (97). However of all of
the eating disorders that affect our society, obesity has
become the one topic that is constantly being discussed. The
definition of obesity has been and still remains a
controversial issue (7). Also included in this controversial
issue is the debate as to how obesity should be evaluated.
There is also the lack of agreement on a classification
system based on body fat and distribution especially
regarding terminology that should be used (8).

Due to the fact that few laboratories have the

facilities to use direct measurements of body fat and such
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measurements can be very complex (7), several methods are
now widely used to measure regional fat distribution
indirectly (98). The most common methods include the body
mass index (BMI) and the waist-to-hip circumference (WHR)
(98). The BMI attempts to approximate to the logical
variable, the total mass of body fat (7). WHR, however, has
become a popular index for quantitatively describing adipose
tissue distribution.

To determine WHR, the waist circumference is measured
at the level of the umbilicus which is midway between the
lowest rib margin and the iliac crest. The subject should be
supine and breathing out normally. Hip circumference is the
measure that yields the maximum diameter over the buttocks.
WHR has been found to be equally as effective as more time-
consuming and difficult procedures (43). Waist-to-hip
ratios >.80 are generally considered indicative of a
masculine or central distribution of fat. Men having
WHR > 1.0 are considered to be abdominally obese. Women with
WHR > .80 are significantly at increased risk for
cardiovascular disease, NIDDM and hormone related cancers
(28, 92, 95, 99). According to Johnston et al. (100), the

WHR was found to be the best indirect predictor of upper

body fat patterning.
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Both genetic and environmental factors appear to
contribute to upper body fat. Smoking, low amounts of
exercise, and stress have been associated with upper body
fat distribution (101-104). Upper body fat obesity is also
strongly associated with body weight: previous studies show
correlations between WHR and BMI (104-105). Several studies
(66-67, 98) reported BMI, which is a reflection of overall
adiposity, to be more strongly associated with blood
pressure, blood lipids (except for triglycerides) than WHR,
which is an indicator of body fat distribution.

In a study by Kopp-Bonithan et al. (69), longitudinal
data were collected on changes in overall adiposity and
regional fat distribution using WHR and BMI. No significant
associations were found between changes in BMI or WHR, age,
menopausal status, educational level or changes in sports
activity. Results suggested that the pattern of body fat
distribution and weight changes may be more important
determinants of subsequent changes in WHR than were
behavioral variables. The rates of changes in waist
circumference were significantly more pronounced in android
women than were in gynoid women, whereas the rates of
changes in hip circumferences were approximately the same in
both groups. Due to the fact that android women changed
their waist circumference when they changed their BMI, a

significant association between changes in BMI and changes
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in WHR were found. Also, changes in BMI were positively
associated with changes in triglyceride, total cholesterol
and blood pressure whereas changes in WHR were associated
with changes in triglyceride and diastolic blood pressure.

The measurement of central adipose tissue distribution
poses multiple problems (24). However, circumference
measurements are thought to be more reliable than skinfold
thickness measurements (106). Skinfold thicknesses are
direct measurements of skin and adipose tissue, but they can
only measure variation in the distribution of subcutaneous
adipose tissue. There is growing evidence that central fat
distribution also involves increases in deep, intra-
abdominal adipose tissue which are more active metabolically
than subcutaneous adipose tissue. Indices of central fat
pattern based on circumferences, such as the WHR, may
capture some variation in deep abdominal adipose tissues,
but circumferences are also influenced by variation in
muscle and bone (24). According to Ley et al. (34), the
significance of the concept of android and gynoid-body-fat
distribution has been based on indirect measures. BMI is an
index, not a direct measure, of body fat. In addition, the
use of BMI has recently attracted some criticism (107-108).
Garn et al. (108) suggested that BMI may be stature
dependent over at least a part of the age range, affected by

leg length, and may reflect both lean and fat tissue to a
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comparable degree. In the study by Ley et al. (34), BMI in
men reflected a greater lean tissue mass whereas the higher
BMI in postmenopausal than in premenopausal women reflected
a greater fat mass.

In a study by Lapidus et al. (59), waist-to-hip ratios
are claimed to be better than measures of skinfold thickness
especially as predictors of cardiovascular risk. However,
according to Ley et al. (34), both types of measurements are
indirect and include tissue other than fat. Because of this,
they provide only a qualitative assessment of regional fat
mass and distribution. Ley continues by stating that hip-
girth measurements reflect not only fat but also known
differences between male and female pelvic structures and
therefore overestimates sex differences in fat distribution.
The study by Ley et al. (34) confirmed that there was a
significant difference in fat distribution in women after
menopause and the pattern of distribution approaches that of
men. Postmenopausal women had a 20% greater fat mass than
premenopausal women. The proportion of android fat was
significantly lower in premenopausal women (38.3%) than
postmenopausal women (42.1%).However, Ley's results
conflicted with those of Lanska et al. (6) who failed to

show any change in fat distribution on postmenopausal women.
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In Lanska's study, menopausal status was not found to be
related to body-fat distribution. According to Ley, the
contrast may be related to study design.

In a study by Landin (91), the importance of obesity
and regional fat distribution on glucose tolerance, insulin,
blood pressure, and plasma lipids was analyzed. Results
showed that the amount of body fat is by itself far more
important than the WHR. Plasma triglycerides were higher in
obese women with abdominal fat distribution than in lean
women.

The relationship between diet and disease seems
positively correlated. Because of this, the National Academy
of Sciences and the National Research Council (NAS/NRC) has
reviewed the impact of dietary patterns in the etiology of
diseases and assessed the potential for reducing their
frequency and severity (109). Researchers (110) have
recently proposed a relationship between the distribution of
morbidity and mortality from cardiovascular diseases and the
eating habits of populations of different geographical
areas. According to the Seven Countries Study (110), the
Mediterranean countries where CVD morbidity and mortality
are low, have low serum cholesterol levels compared to
Finland and/or the United States. The authentic
Mediterranean diet of the 60s is defined as a diet high in

cereal (more than 60%), excluding alcohol and low total fat
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(less than 30%, with moderate amounts of fats, predominantly
olive o0il (representing more than 70% of total lipids).
However, at the present time there is insufficient
information to provide proper definition of the
Mediterranean diet, either in terms of foods or in terms of
defined chemical compounds. This definition does not
consider the presence, amount, or interation of the many
non-nutrients that are likely contained in a high proportion
of plant foods in this region. Also, today's Mediterranean
diet varies depending upon the region that is studied.

The Nationwide Food Consumption Survey, which observed
dietary practices and changes in the United States between
1977 to 1987, recorded that intakes of high-fat beef and
pork, whole milk and white bread decreased while intakes of
low-fat beef, pork, poultry, fish, low-fat milk and whole-
grain breads increased. From 1960 to 1980, reductions in
serum cholesterol concentrations and fat intake were
reported for adults aged 20-74 years of age (11l1l). Onme
possible cause in this decrease could be due to the past
years' increase in public health awareness concerning
nutrition and disease.

The public's health as a social movement has become a
significant force in the U.S. (112). Of all of the health

topics to be considered, the topic of weight loss is one
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that is constantly being discussed and practiced. In 1984,
the National Health Interview Survey (113) reported that 46%
of women were dieting at the time of the survey, and girls
are beginning to diet at younger ages than ever before
(114). At any one time, approximately 20-24% men and 33-40%
women are trying to lose weight while 28% in both groups are
trying to maintain their weight (115). Even though weight
loss practices have been occurring for many years, it is
only recently that the behavioral, metabolic, and health
consequences for women undergoing repeated bouts of weight
loss and regain (weight cycling) are being explored (116).
Improving self image, overall health and well-being as well
as gaining acceptance are the primary objectives for weight
reduction. Dietary and exercise changes are the most common

strategies used (48).

Dietary Fat Intake
There is great popular interest in nutrition
particularly in relation to dietary fat because of
implications for obesity, heart disease, and more recently,
cancer. These concerns are accompanied by interest in the
more complex aspects of cardiovascular disease,
hypertension, immune system, aging, and cancer by health

professionals. Current knowledge is reaching a state of
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better understanding of all of these conditions and a
consensus toward recommendations for dietary fat
consumption (76). However, the appropriate diet composition
to alleviate the common disturbances in lipid metabolism
which are apparent in the abdominally obese has not yet been
developed. Debate still exists on the definition of an
optimal diet regimen for obese individuals (117). Not
debatable is the fact that overconsumption of dietary fat
increases an individual's susceptibility to cancer; fat and
cholesterol may both contribute to heart and coronary artery
disease (3). Epidemiological data suggest that there is a
causal relationship between the consumption of dietary
saturated fat and the eventual development of coronary heart
disease (118-120). Due to the fact that such data does
exist, the American Heart Association (AHA) recommends a
dietary strategy of no more than 30% of total calories being
derived from fat with no more than 10% of total calories
being derived from saturated fats (121). However, even with
the recommendations of the AHA and the data to confirm the
advantages of decreasing fat intake, very few Americans are
practicing this dietary strategy.

Food disappearance and diet studies have both produced
the same finding: people today are eating approximately 40

to 50 percent of their kcalories as fat. This percentage is
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even more than the amount eaten as fat at the turn of the
century and is definitely much more than needed (3).

Even though there is an awareness concerning the
reduction of fat intake, a controversy exists about which
type of diet should be recommended to the general population
for the optimalization of serum lipid levels (122).
Brussaard et al. (123) reported the effects of diets
differing in type and amount of dietary fat on serum
lipoproteins in healthy volunteers over a 5-week period. HDL
cholesterol (HDL-C) was lowered and total serum
triglycerides and VLDL concentrations increased, when
polyunsaturated fat was replaced by carbohydrates. However,
Antonis and Bersohn (124) reported that the increase in
serum triglycerides on carbohydrate-rich diets subsided
after 3-4 months on this diet, and therefore both the
changes in VLDL and HDL observed previously could have been
temporary only.

As evident from the above statements, the composition
of plasma lipids in man and animals is a reflection of the
type and amount of dietary lipids consumed. Lipid metabolism
is also endogenously controlled by pancreatic, pituitary,
and adrenal hormones. Furthermore, the levels of these
hormones appear to regulate lipid metabolism in different
metabolic conditions such as obesity and diabetes (125).

Changes in blood lipid patterns are often taken to reflect
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alterations in the quantitative and qualitative nature of
dietary fat (126).

However, most research involving changes in the dietary
fat and the resultant effects on blood lipids has involved
adult men at risk for heart disease due to elevated serum
cholesterol. These studies led to the general
recommendations that increasing the ratio of polyunsaturated
to saturated fatty acids (P:S ratio) of dietary fat along
with concomitant decrease in intake of total fat and
cholesterol would decrease plasma cholesterol and thereby

reduce the risk of heart disease (127).

Exercise

In the complex and often uncertain world of obesity
research, one fact can be stated with authority: exercise is
associated with weight loss (128). Correlational studies
(129-133) have consistently found that exercise is
associated with successful weight loss and maintenance.
Exercise is a factor also thought to improve lipid profiles
and should be considered a major component of any long term
cardiovascular fitness program (134). In actuality, exercise
training may be a nonpharmacological method for favorably
altering lipid profiles (135). Slow weight reduction and

mild exercise has shown to raise HDL-C and lower LDL-C and

triglyceride levels (134, 136).



32

Blumenthal et al. (135) examined the effects of aerobic
exercise on lipid levels in premenopausal and postmenopausal
women. Fifty healthy middle-aged women were randomly
assigned to 12 weeks of either aerobic exercise or
nonaerobic strength training. Pre- and post-menopausal women
in both groups experienced slight reductions in high-density
lipoprotein cholesterol and total cholesterol over the 12-
week study period.

Johnson and Greenland (136) investigated the effects of
dietary cholesterol intake changes on plasma lipids in
normolipidemic healthy men that exercised regularly and
consumed a moderately fat-restricted, low saturated fat
diet. In this group, mean plasma triglycerides and high-
density lipoproteins did not change significantly.
Therefore, Johnson and Greenland suggested that restriction
of dietary cholesterol may be justifiable even when other
lifestyle and dietary measures are undertaken to minimize
blood cholesterol levels.

Doshi et al. (137) tested a multidisciplinary nutrition
education and fitness training program for its effectiveness
in lowering lipid profiles of elderly clients. The program
served 31 free-living, predominantly female, black elderly
aged 56-88 years. Dietary, anthropometric, biochemical, and
fitness assessments were performed before and after a ten-

week, biweekly program. Significant decreases (p < 0.05)
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were seen in waist circumference, total cholesterol, low-
density lipoproteins, and total cholesterol to high-density-
lipoprotein cholesterol ratio. These finding suggest that a
ten-week, biweekly program can be effective in producing
both significant, as well as favorable changes, in
atherogenic lipids in elderly black subjects.

The response of plasma lipids to dietary fat intake in
groups other than high-risk males remains unclear. Until
recently, studies with women have been particularly scarce
(126). It was observed during this review of literature that
no study had examined the present fat intake and serum lipid
levels of postmenopausal, abdominally obese women nor had
any study investigated the effects of a general low-fat diet
on blood lipid levels in this particular population. Due to
the above reasons, dietary fat intake and the metabolic
effects of this intake will be investigated in

postmenopausal, abdominally obese women.



CHAPTER III
PROCEDURES

This study received the approval of the Human Subjects
Review Committee at Texas Woman's University. A copy of the
approval letter can be found in Appendix A. All subjects
were asked to read either Consent Form 1, 2 or 3 (Appendix
B), and an oral description of procedures was provided by
the investigator. After reading the Consent Form, all
subjects were asked to sign, and a copy was provided to them

while an original was retained in each file.

Subject Recruitment

During January of 1994, thirty-six postmenopausal women
who met the study criteria were recruited through
advertisement in the local newspaper of the Mid-county area
of Jefferson County, Texas (Appendix C).

Respondents were screened by telephone regarding
current weight, height, medications presently being taken,
and preexisting disease states, and date since last menses.
Respondents were screened by telephone for initial
eligibility.

Each subject completed an extensive health

34
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questionnaire (Appendix D) in order to assess medical
histories. After reviewing the completed health
questionnaire, appointments were scheduled for the second
phase of the screening.

Inclusion criteria included the following: female,
postmenopausal, ambulatory, a WHR > .80, BMI > 27 kg/m?, no
personal history of diabetes mellitus or cardiovascular
disease, no hormone therapy and not taking any medications
which might interfere with lipid metabolism. Once subjects
were weighed and measured, BMI and WHR were calculated. Body
mass index was calculated as: weight in kg divided by height
in meters squared. Waist-to-hip ratio was calculated as:
waist measurement divided by hip measurement.

During the second screening, the health questionnaires
were intently reviewed with each subject by emphasizing
laboratory values. If a physician's release was warranted
prior to admission in the study, appropriate calls were made
to a subject's personal physician and a written release was
obtained. All possible risks and benefits were provided
orally during the second screening sessions and written
consent was obtained.

Attendance at weekly meetings was also addressed during
the second phase of screening. Subjects were informed as to

the importance of adhering to the specified dietary regimen,
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preparation of detailed dietary records and dates scheduled

during week 0 and 6 for blood sampling.

Experimental Design

After subjects were recruited, each was randomly
assigned into one of three diet groups during week 0 of the
study. Refer to Table 1 for characteristics of study
population for control, 30% and 20% fat diets. One group was
not to have any intervention during the six-week period
(control); the second group was to follow a 30% calories as
fat diet and attend nutrition counseling sessions for six
weeks; and the third group was to follow a 20% calories as
fat diet and also attend nutrition counseling sessions for

six weeks. The study design can be found in Figure 1.

Body Measurement

Weight was assessed during week 0, week 3 and week 6 of
the study. Body weight was measured in kg to the nearest 0.1
kg using a beam balance scale. Height, waist and hip
circumferences were assessed using a flexible measuring
tape. Height was measured by affixing an accurate tape
measure to the wall. Subjects were measured to the nearest
centimetre in bare feet with back to the wall. Waist
measurements were méde between the last rib and the iliac
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