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Abstract

A total of 39 postmenopausal women 4070 years of age and undergoing hormone replacement therapy participated in a 6-month weight
reduction program, which consisted of a low calorie diet (5040 KJ/day) and phentermine hydrochloride therapy. Subjects had an average
body mass index of 35.95 + 5.32 kg/m® and 42.20 + 11.0 kg of total fat. Body mass index, plasma lipids, total and trunk fat, and plasma
apoproteins were measured at baseline and after 3 and 6 months of the weight reduction program. Subjects experienced an overall 10%
weight loss during the treatment period (P <0.001). Plasma LDL cholesterol and triglycerides were reduced by 18% and 15% (P <0.01)
respectively, whereas HDL cholesterol was increased by 9% (P <0.01) over the 6-month period. Plasma apoproteins were significantly
affected by weight loss. Plasma apolipoprotein (apo) B concentrations were reduced 6.5% (P <0.01), and apo C-III and apo E were reduced
by 9% over 6 months (P <0.01). The observed decreases in plasma apo B were significantly correlated with the observed changes in plasma
cholesterol (r=0.356, P<0.01) over 3 months. In addition, changes in plasma triglycerides were correlated with changes in both apo C-III
(r=0.436) and apo E (r=0.354) over 6 months. These results suggest that weight loss may have multifactorial effects on lipoprotein
metabolism, resulting in better plasma lipid and apoprotein profiles.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction m?, increasing to 26.9 kg/m? by 1997 [6]. By 2000, the third
National Health and Nutrition Examination Survey (1988—
1994) estimated that 64.5% of US adults were overweight or
obese, with the prevalence of obesity escalating to 30.5% [7].
Abdominal obesity, which increases after menopause, is
commonly associated with lipid abnormalities, insulin
resistance, and increased risk for CHD. These data indicate
that overweight and obesity is a significant problem in
women, specifically in postmenopausal women.

Plasma apolipoproteins (apo) play a major role in the
synthesis, processing, and removal of plasma lipoproteins.
Apo B-100 is a large protein involved in the transport of
cholesterol and triglycerides from the liver to the peripheral
tissues. It is required for secretion of very—low—density
lipoprotein (VLDL) and does not exchange with other
lipoproteins in plasma [8]. In contrast, apo C-III and apo E
are synthesized in the liver, secreted as part of the nascent
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Coronary heart disease (CHD) is the major cause of death
for men and women in the United States [1]. Numerous
factors are associated with increased CHD risk including
obesity, hypertension, elevated plasma cholesterol and
triglyceride concentrations, and low concentrations of HDL
cholesterol (HDL-C) [2,3]. Due to higher levels of plasma
triglycerides, and LDL cholesterol (LDL-C) as well as
increases in body fat, postmenopausal women are at greater
risk for heart disease than are their younger counterparts [4].

In women, the risk of fatal and nonfatal myocardial
infarction is increased by 42% with body mass index (BMI)
>25 [5]. Results from the Minnesota Heart Survey demon-
strated that BMI values have increased significantly over the
last decade. In 1982, the mean BMI for women was 24.8 kg/
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E [12] have been correlated with an increased risk for
coronary heart disease.

In our previous report, postmenopausal women partici-
pating in a weight reduction program had significant
modifications in body composition parameters and benefi-
cial changes in their plasma lipid profiles [13]. The purpose
of this study was to investigate whether weight loss affected
the concentrations of plasma apoproteins, which are related
to increased risk for CHD. We hypothesized that plasma apo
B, apo C-III, and apo E concentrations would decrease after
weight loss, and that this decrease would be correlated with
the observed beneficial effects in body weight and plasma
cholesterol and triglycerides [13].

2. Methods and materials
2.1. Subjects

A total of 49 postmenopausal women of white ethnicity
who were 40—70 years of age and on hormone replacement
therapy (HRT) were recruited to participate in a 6-month
prospective clinical trial to examine the effects of weight
loss on body composition, plasma lipids, and apoproteins.
Of these women, 39 completed the study. A BMI of >30 kg/
m2 or a BMI of 27 kg/m2 plus a cardiovascular risk factor
such as hypertension, diabetes mellitus, hyperlipidemia, or
degenerative joint disease were required for participation in
the study. Exclusion criteria were participation in any
weight control program during the previous 3 months, use
of serotonin reuptake inhibitors, untreated hypertension,
hyperparathyroidism, or use of monoamine oxidase inhib-
itors. All subjects gave written informed consent to
participate. The study protocol was approved by the Loma
Linda University Institutional Review Board.

2.2. Experimental design

Phentermine hydrochloride (Fastin, GlaxoSmithKline
Pharmaceuticals, Philadelphia, PA) at a dose of 15 mg/day
was initially prescribed for study subjects. If a subject did
not experience depressed appetite in response to this dose,
the Fastin dose was increased to 15 mg b.i.d. (8§ AM and 5
PM). In addition to the drug therapy, a low-calorie diet
(5040 KJ/day) was prescribed, and attendance at monthly
support sessions was required. Participants were followed
over a 6-month period.

Food frequency dietary records were collected from all
participants at baseline, and at 3 and 6 months to ascertain
compliance with the low—energy diet and to assess dietary
intakes of total and saturated fat, cholesterol, and fiber. The
Nutrient Profile Plus Program (Well Force Inc., Clackamas,
OR) was used to calculate nutrient consumption. Results from
dietary compliance evaluations are reported elsewhere [13].

2.3. Plasma lipids and apoproteins

Two blood samples were obtained to determine plasma
lipids (total, HDL, and LDL cholesterol, and triglyceride)

concentrations at baseline and at 3 and 6 months for all
subjects. Standardization and quality control for plasma
total cholesterol and triglyceride assays have been main-
tained by participation in the Centers for Disease Control
National Heart, Lung and Blood Institute (CDC-NLBI)
Lipid Standardization Program since 1989. An enzymatic
method [14] was used to determine plasma total cholesterol
against cholesterol standards (Boehringer Mannheim Corp.,
Indianapolis, IN). Plasma HDL cholesterol was measured in
the supernatant after precipitation of apo B-—containing
lipoproteins [15] and LDL-C was calculated as described
by Friedewald et al. [16]. Plasma triglycerides were
determined after adjusting for free glycerol [17]. Apo B
concentrations were measured by an immunoturbidimetric
method in a microplate spectrophotomer at 340 nm [18].
Apo C-III [19] and apo E [20] were measured with a
Hitachi Autoanalyzer 740 using kits from Wako (Rich-
mond, VA).

2.4. Body composition

Total and regional body composition was measured by
DXA using the Hologic QDR—4500A instrument and body
composition analysis software, version 8.21 (Hologic Inc.,
Waltham, MA). Scans were obtained with the subject in the
supine position, wearing only a hospital gown and under-
garment, and with metal and jewelry removed. Whole body
scans were taken and regions of interest were isolated. Scan
time was approximately 3 minutes for each assessment, with
a radiation exposure of 1.5 mrem. DXA scans were obtained
at baseline and at 3 and 6 months for all subjects.

2.5. Statistical analysis

Statistical analyses were calculated using SPSS for
Windows, version 10.05 (SPSS Inc, Chicago, IL) with
significance defined as P<0.05 Data are presented as
mean x SD. Repeated-measures ANOVA was performed to
detect differences over time within subjects in the measures
of plasma lipids and apoproteins. Means and standard
deviation were used to summarize the outcomes at each time
point. Pearson product-moment correlations were performed
to relate trends in plasma lipid profile and body composition
changes with changes in apoprotein concentrations in
plasma.

3. Results
3.1. Characteristics at baseline

Characteristics of the subjects at baseline have been
reported elsewhere [13]. Subjects were postmenopausal
with an average age of 58.4 & 4.7 years. Participants had a
mean weight of 91.5 £ 17.6 kg, and a BMI of 35.95 £5.32
kg/m?. Women experienced significant changes in these
parameters after 3 and 6 months of the weight loss program
[13]. Weight was reduced to 88.5+ 16.0 and 85.4 +15.4 kg
over 3 and 6 months respectively (Table 1), whereas mean
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Table 1

Plasma lipids and apoprotein concentrations in postmenopausal women during the 6-month weight loss treatment

Parameter Baseline 3 Months 6 Months
Weight (kg) 91.5 + 17.6 88.5 £ 16.0 854 £ 154
Cholesterol (mmol/L) 538 + 0.63° 4.84 + 0.95° 476 + 0.83°
Triglycerides (mmol/L) 1.64 + 0.86* 1.45 £ 0.85° 1.40 £ 0.63°
HDL-C (mmol/L) 1.28 + 0.26° 123 + 0.24° 1.40 £ 0.26"
LDL-C (mmol/L) 3.32 + 091° 2.94 + 0.80° 272 + 0.77°
Apo B (mg/L) 540 + 136" 493 + 137° 505 + 121°
Apo C-III (mg/L) 152 + 46 136 + 44° 137 + 39°
Apo E (mg/L) 36.8 + 11.0° 34.6 + 10.5° 333 +82°

Values represent mean = SD for N=39 subjects. Values with in the same row with different superscript letters are significantly different as determined by

repeated-measures analysis of variance and Tukey post hoc test (P <0.01).

Apo = apolipoprotein; HDL = high-density lipoprotein; LDL = low-density lipoprotein.

BMI values were 32.89+5.27 over 3 months and were
32.53+5.33 kg/m? at the end of the study.

3.2. Plasma lipids and apoproteins

There was a significant decrease in total cholesterol,
triglycerides, and LDL-C over 3 and 6 months (Table 1).
Participants experienced a 12% reduction in total and an 8%
reduction in LDL-C, and a 15% reduction in triglycerides
after 6 months of the weight loss program. In contrast, plasma
HDL cholesterol concentrations were 9% higher (P<0.01)
over 6 months.

Plasma apo B concentrations were reduced by 8.7% and
6.5% over 3 and 6 months respectively (P<0.01). In
addition, concentrations of plasma apo C-III and apo E were
10 and 9% lower over 6 months (P<0.01).

Significant correlations were found between changes in
plasma apoprotein concentrations and changes in body
weight, body composition, and total and abdominal fat
(Table 2). Values for total and trunk fat at baseline and over
3 and 6 months have been previously reported [13]. Total
and trunk fat mass were 42.2+11.0 and 20.3£5.7 kg
respectively at baseline, 38.6 £ 10.0 and 18.2+£5.2 over 3
months, and 33.7+9.1 and 16.8 +4.7 over 6 months. The
strongest correlations were found over 3 months when the
most pronounced changes in body composition and weight
occurred. Changes in plasma apo B concentrations were

Table 2

significantly correlated with changes in total cholesterol
(r=0.413), triglycerides (r=0.527), total fat (»=0.531),
trunk fat (»=0.413), weight (»=0.420), and BMI
(r=0.427). Correlations between changes in apo B concen-
trations and these parameters reached significance only with
weight (r=0.496) and with BMI (»=0.453) over 6 months.

Changes in apo C-III and apo E concentrations with
changes in plasma triglycerides were quite consistent over
the whole treatment period (Table 2). There were significant
correlations between apo C-III and triglycerides at 3 months
(r=0.634) and 6 months (r=0.436). Similarly, changes in
apo E were correlated with plasma triglycerides at 3
(r=0.354) and 6 (»=0.352) months.

4. Discussion

In this study, we have demonstrated that weight loss not
only results in an improved lipid profile but it also reduces
the concentrations of apo B, apo C-III, and apo E, which are
associated with atherosclerosis and increased risk for
coronary heart disease.

Apo B is the predominant apolipoprotein in LDL and is
required for the secretion of VLDL. Because both of these
lipoproteins have been associated with increased risk for
heart disease, plasma apo B concentrations constitute an
independent risk factor for CHD [21]. Interestingly, changes

Correlation between changes in total cholesterol (TC), triglycerides (TG), total fat, trunk fat, weight, body mass index (BMI), and plasma apoprotein changes

over 3 and 6 months in study subjects (N=39)

ATC ATG ATotal fat ATrunk fat AWeight ABMI

Apo B

Baseline—3 months 0.413* 0.527° 0.531% 0.413* 0.420%* 0.427*

Baseline—6 months 0.496! 0.4531
Apo C-III

Baseline—3 months 0.6341

Baseline—6 months 0.436
Apo E

Baseline—3 months 0.356* 0.354%*

Baseline—6 months 0.352% 0.465"

Apo = apolipoprotein.
* P<0.05.
I p<0.01.
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in apo B concentrations were significantly correlated with
changes in both body composition and body weight at 3
months, when the most significant decreases in body fat and
weight loss occurred. Studies have shown that abdominal
obesity can be related to increased secretion of VLDL apo B.
Pont et al. [22] compared apo B kinetics in lean women with
those in women with abdominal obesity who were not
hypertriglyceredimic or had type II diabetes (similar to the
subjects in our study). These investigators demonstrated that
obese subjects had increased production of VLDL, Interme-
diate density lipoprotein (IDL), and LDL apo B. The
reduction in apo B concentrations observed in obese
postmenopausal women in the present study could be related
to decreased production of apo B as weight loss progresses.

Apo C-III is the inhibitor for lipoprotein lipase thus
playing a major role in decreasing lipolysis and increasing
the concentrations of plasma triglycerides [23]. In addition,
apo C-III may be a marker for lipoproteins, which have an
increased ability to bind to proteoglycans [11], thus having a
major role in the atherosclerotic process. Proteoglycans are
vascular matrix molecules that contribute to the retention of
lipoproteins in the arterial wall [24]. In this study we
observed a significant reduction of apo C-III over the 6-
month period of weight loss, which was correlated with the
observed decreases in plasma triglycerides.

Apo E is an apoprotein that is secreted by many tissues
and has a variety of physiological roles [25] in addition to its
specific functions related to lipoprotein metabolism. Al-
though apo E is the major ligand for the removal of
chylomicron remnants returning to the liver, it may have a
role in altering plasma triglycerides. It has been demonstrated
that apo E displaces apo C-II in triglyceride-rich lipoproteins,
decreasing the interaction of lipoprotein lipase with its
activator (C-II) and contributing to elevations in plasma
triglycerides [26]. In the present study, plasma apo E and
triglyceride concentrations were decreased in postmenopaus-
al women over the 6 months of weight loss, suggesting that
the lower apo E levels had less of an effect in displacing apo
C-II. In addition, decreases in apo B were significantly
correlated with decreases in plasma triglycerides at 3 and 6
months, suggesting that apo E may have displaced apo C-1l in
VLDL and therefore affected lipoprotein lipase activity, as
has been observed in other studies.

We conclude from these studies that weight loss may
have multifactorial effects on lipoprotein metabolism. The
observed decreases in potentially atherogenic apolipopro-
teins suggest that decreases in body fat, specifically trunk
fat, may be associated with decreased production of these
apolipoproteins.
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