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Hormone replacement therapy has been shown to decrease the risk of coronary heart disease (CHD) in menopausal women. In
this cross-sectional study, we addressed the following question: What effects would combined oral hormone replacement
therapy have on plasma lipid and lipoprotein profiles independent of the other known CHD risk factors? We analyzed the
plasma lipoproteins of two groups of menopausal women who were randomly selected from a large database of individuals.
One group {n = 10} was not taking any hormone replacement therapy (NO HRT), while the second group {n = 8) was taking a
daily dose of 0.625 mg conjugated estrogen and 2.5 mg medroxyprogesterone orally (PremPro, Wyeth-Ayerst, Philadelphia,
PA) for at least 6 months (HRT). The two groups were not different in age, body weight, percent body fat, body mass index
(BMI), waist to hip ratio, blood pressure, or insulin and glucose levels. High-density lipoprotein (HDL}-cholesterol was
significantly higher (P < .05) in the HRT group. The total cholesterol (TC) to HDL-cholesterol ratio was significantly lower for
HRT versus NO HRT (P < .05). Apolipoprotein {apo) A-1, the apo A-1/B ratio, and lecithin:cholesterol acyltransferase {LCAT)
activity were significantly higher in HRT (P < .05). Lipoprotein subclass profiles measured by nuclear magnetic resonance
(NMR) spectroscopy showed an increase in larger HDL subpopulations {H3 and H4) in HRT (P < .05), which are considered
antiatherogenic. No differences were seen in the cholesterol concentration or size of low-density lipoprotein (LDL)
subpopulations in HRT compared with NO HRT. These results indicate that the combined estrogen and progesterone
treatment leads to beneficial effects on plasma lipeproteins. The beneficial effects include (1} increases in HDL-cholesterol and
predominance of HDL;, (2} no adverse effects on LDL subpopulation distribution, and (3) increases in apo A-1 levels and LCAT

activity, which indicate an improvement in reverse cholesterol transport.

Copyright © 1998 by W.B. Saunders Company

HE RISK FOR CORONARY heart disease (CHD) has been
associated with several factors, including elevations in
plasma cholesterol and low-density lipoprotein (LDL)-choles-
terol, decreases in high-density lipoprotein (HDL)-cholesterol,
age, diabetes and insulin resistance, body fat distribution,
smoking, blood pressure, and gender. Males have a higher risk
for CHD than females mainly because of higher plasma
cholesterol and LDL-cholesterol and lower HDIL-cholesterol
levels. However, with menopause, plasma cholesterol and
LDL-cholesterol increase and HDL-cholesterol decreases in
females, and as a result, there is a concomitant increase in CHD
risk in menopausal women.!?

In addition to the association of CHD risk with variations in
plasma lipid levels, studies have shown that alterations in the
stracture and/or composition of plasma lipoproteins have a role
in CHD. Chemical and physical characterization of the lipopro-
teins have shown that the structure and composition among the
subfractions in a given class of lipoprotein particles may differ
among individuals according to the risk for CHD.? It has been
shown, for example, that in patients with documented heart
disease, small and dense LDLs are more prevalent than the
large, more buoyant LDLs.*® Small and dense LDLs have been
shown to be more prone to oxidation,”'° more readily penetrate
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the intima,!! have an altered reactivity to antibodies that
recognize specific epitopes of apolipoprotein (apo) B that bind
to the LDL receptor,'?>'3 and have a longer residence time in
circulation.* Similarly, the larger cholesterol-rich subfraction
of HDL, namely HDL,, which is more responsive to external
interventions than HDL, has a more protective effect on CHD
than the smaller, less buoyant HDL; subfraction. Thus, charac-
terization of the subpopulation distribution of the lipoproteins is
helpful in evaluating CHD risk.

Shifts in the subpopulation distribution of plasma lipopro-
teins, which may be more predisposing to CHD risk, have been
demonstrated in menopausal women. 1516 Lj et al'> reported
that menopausal status was associated with lower levels of
HDL-cholesterol and smaller HDL particle size, and Campos et
al' reported higher LDL-cholesterol levels and smaller LDL
particle size. These changes in the nature and concentration of
plasma lipoproteins may contribute to the increased risk of
CHD associated with menopause. Hormone replacement therapy
has been reported to decrease the risk for CHD by decreasing
plasma cholesterol and LDL-cholesterol levels and increasing
HDL-cholesterol levels.!” However, estrogen replacement
therapy has been shown to have adverse effects on LDL
subfraction distribution. Using polyacrylamide gel electrophore-
sis to analyze the subpopulation distribution of plasma LDL,
Rajman et al'® reported an increase in the concentration of
smaller LDL after 6 weeks of estrogen-only hormone replace-
ment therapy. Thus, in addition to the beneficial effect with
regard to lipids, estrogen replacement therapy also appears to
affect LDL in a detrimental way.

The combined estrogen-progesterone hormone replacement
therapy is more commonly used with postmenopausal women
with intact uteri. However, reports show that this form of
hormone replacement therapy does not produce the same
positive effects on plasma lipid levels as estrogen-alone replace-
ment therapy. In a recent study, evidence was presented
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showing that the combined hormone replacement therapy
resulted in a reduction in large, buoyant LDL., and an increase in
the small, dense LDL subfraction without a change in the
plasma LDL concentration.!” To date, information on the
influence of combined hormone replacement therapy on the
subpopulation distribution of HDL is lacking.

The purpose of this cross-sectional study was to examine the
effects of combined estrogen-progesterone replacement therapy
on plasma lipid and apoprotein levels, the subpopulation
distribution of plasma LDL and HDL, and the activity of
cholesterol ester transfer protein (CETP) and lecithin:choles-
terol acyl transferase (LCAT). One group of menopausal
women who have been on this combined replacement therapy
for at least 6 months were compared with a control group not on
replacement therapy. To minimize the confounding effects of
factors that influence plasma lipid concentrations and the
subpopulations of the lipoproteins, the two groups of subjects
did not differ in age, body weight, fat mass, lean mass, body
mass index (BMI), waist to hip ratio, treadmill time to
exhaustion (a measure of physical fitness), blood pressure, or
fasting plasma glucose and insulin concentrations.

SUBJECTS AND METHODS
Subjects

Twenty-eight middle-aged white women who had not engaged in
exercise in the previous 2 years were enrolled in this study. Subjects
were taken from a database of participants in the Cardiovascular
Disease Risk Factor Identification Program in the Human Performance
Laboratory at East Carolina University. From this subject pool, all
individuals who met the inclusion criteria, which included nonsmokers,
no cardiovascular disease or diabetes, and no current use of medications
that interfere with carbohydrate or lipid metabolism, were considered
candidates for study. Complete data were obtained from 18 subjects.
One group (n = 10) was not taking any hormone replacement therapy
(NO HRT), while the second group (n = 8) was taking a daily dose of
0.625 mg conjugated estrogen and 2.5 mg medroxyprogesterone orally
(PremPro) for at least 6 months (HRT). Alcohol consumption was
limited to social drinking (not more than 4 drinks/wk). The protocol for
this study was approved by the Institutional Review Board for Human
Subject Research of this university before initiating data collection.

Anthropometric Tests

Body density was determined by hydrostatic weighing following
expiration to residual volume as determined by oxygen dilution.”® The
percentage of body fat and fat-free mass was calculated from body
density using the Siri equation.?’ Dry body mass was recorded to the
nearest 0.1 kg and height to the nearest 0.1 cm. The BMI was calculated
as mass in kilograms divided by height in meters squared. Umbilicus,
minimal waist, and maximal hip girths were obtained as described
earlier.”? All circumferences were obtained with a spring-tension,
stretchless Gulick tape (Lafayette Instruments, Lafayette, IN) to the
nearest 1 mm.

Cardiorespiratory Fitness
Time to exhaustion was determined during a standard (Bruce
protocol) incremental treadmill test.

Chemical and Biochemical Analyses

Fasting blood samples were collected and treated with the addition of
sodium azide (0.1 mg/mL} and aprotinin (10 KIU/mL). Plasma was
prepared by centrifugation at 2,800 rpm for 30 minutes at 4°C. Plasma
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samples were aliquotted and stored at —80°C until analyzed. The
estradiol concentration was determined by radioimmunoassay (Diagnos-
tic Systems, Webster, TX). Plasma insulin was determined by micropar-
ticle enzyme immunoassay (IMX; Abbott, Abbott Park, IL), and glucose
was determined spectrophotometrically (16-UV; Sigma, St Louis, MO).
Plasma lipid concentrations were determined by microplate assays
similar to those described by Shireman and Durieux.?? Microassays for
total cholesterol (TC), HDL cholesterol, and total triglycerides (TG)
were modified for use with Sigma Diagnostics Cholesterol and Triglyc-
eride Reagents. All lipid determinations by microplate were made in
quadruplicate with standards and controls recommended by the assay
procedure.

LDL and HDL profiles were determined by nuclear magnetic
resonance (NMR) profiling.>* NMR lipoprofiling allows deconvolution
and calculation of the cholesterol concentration of three LDL (L3 to L1)
and five HDL (H5 to H1) subclasses. The average particle diameter and
the number of particles per unit volume are derived from the NMR
analysis. With this method, larger, less dense particles are denoted by
larger numbers (ie, 1.3 and H5). Diameter ranges (mean = SD) for the
two lipoprotein classes and their subfractions are as follows (in
nanometers): LDL average diameter = 21.1 = 0.5 and subclasses L3
(large LDL) = 22 =+ 0.7, L2 (intermediate LDL) = 20.5 & 0.7, and L1
(small LDL) = 19 = 0.7, HDL average diameter = 9.4 = 0.4 and
subclasses H5 (HDLg,) = 11.5 = 1.5, H4 (HDL,,) = 9.4 = 0.6, H3
(HDL3,) = 8.5 = 0.3, H2 (HDL3,) = 8.0 £ 0.2, and H1 (HDL3.) =
7.5 +0.2.

In addition to the analysis of LDL by NMR, we determined plasma
LDL particle diameter by gel electrophoresis as described by Rajman et
al'® using the Lipoprint LDL System (Quantimetrix, Hawthorne, CA).
The Lipoprint LDL System profiles LDL by size from 25 pL plasma by
polyacrylamide gel electrophoresis. Sample loading and determination
of the relative concentrations of LDL subclasses were performed
according to the recommendations of the supplier. Profiles obtained
with this procedure provide seven “lipoprint” subclasses (Ip 1 to Ip 7),
with the larger, less dense particles denoted by smaller numbers. LDL
scores were calculated from these profiles as described by Rajman et
al,’® which is a modification of the scoring system used by Campos et
al.’ This scoring system allows a comparison of intermediate LDL
patterns, not clearly identified as pattern A or pattern B. Larger scores
indicate a smaller average diameter determined by gel electrophoresis.
We also isolated LDL from the plasma of each patient and determined
the concentration of each of its components. LDL was isolated by
ultracentrifugation in a Beckman Optima TL Ultracentrifuge as previ-
ously described.2’ The isolated LDL was analyzed for free cholesterol,
TC, protein, phospholipids, and TG as described earlier. The cholesterol
ester concentration was calculated from TC and free cholesterol
measurements. Particle diameter was determined using 2% to 16%
polyacrylamide gradient gel electrophoresis (PAGGE) as described
previously.2627

Cholesterol esterification rates (a measure of LCAT activity) were
estimated by the disappearance of free cholesterol from the plasma over
a 4-hour incubation at 37°C.2® CETP activity was measured by
determining the rate of transfer of radiolabeled cholesteryl esters from
exogenously prepared donor to acceptor lipoproteins during an incuba-
tion at 37°C.?° Both donor and acceptor lipoproteins were prepared
from pooled, blood-bank plasma. Donor preparations were labeled with
3H-CE by endogenous LCAT during an incubation at 37°C in the
presence of H-cholesterol (Dupont NEN, Boston, MA). Apo Al and
apo B were determined by turbidometric immunoassays using commer-
cial kits (Incstar, Stillwater, MIN).

Statistical Analyses

Results are presented as the mean * SD for the number of patients
indicated. The results were analyzed by ANOVA (one-way ANOVA
combined with the Fisher protected least-significant difference test for
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determining differences between groups) using Super ANOVA software
(Abacus Concepts, Berkeley, CA). P values less than .05 were accepted
as significant.

RESULTS

Table 1 shows the physical and biochemical characteristics of
the subjects. There were no statistically significant differences
between the two groups of subjects in age, body weight, percent
body fat, BMI, waist to hip ratio, or blood pressure. In addition,
no difference in treadmill time to exhaustion, a measure of
physical fitness, was observed between the two groups. Fasting
plasma insulin and glucose concentrations were similar in the
groups and were in the normal range, indicating the absence of
diabetes. Estradiol levels were significantly higher in the HRT
versus NO HRT group.

Table 2 shows the concentrations of plasma lipids and
apoproteins and the activities of CETP and LCAT in the two
groups. No statistical differences in plasma TC, TG, or LDL-
cholesterol levels were observed between the two groups.
However, HDL-cholesterol was significantly higher (P < .05)
in the HRT group. The TC/HDL-cholesterol ratio was signifi-
cantly lower in the HRT versus NO HRT group. Apo A-1 and
the apo A-1/B ratio were significantly higher in the HRT group
(P < .05). Accompanying these changes in HDL, LCAT activ-
ity was significantly higher (P < .05) in the HRT group, but
CETP activity was not different in the two groups.

Table 3 shows the concentration of cholesterol in plasma
LDL and in each LDL subfraction, LDL average size deter-
mined by NMR and by PAGGE, LDL score derived from the
lipophore system, LDL particle concentration, and chemical
composition of plasma LDL expressed as a percent of weight.
No differences between the two groups were observed in any of
the parameters measured. Furthermore, there were no differ-
ences in the relative concentration of cholesterol in each LDL
subclass when expressed as a percent of cholesterol in the
individual subfractions relative to LDL-cholesterol (data not
shown).

Table 4 shows that HDL-cholesterol was 37% (P <.05)
higher in the HRT group versus the nontreated group. No

Table 1. Physical and Biochemical Characteristics of the HRT and NO

HRT Groups
Characteristic NO HRT HRT

No. of subjects 10 8

Age {yr) 56.3 = 3.2 54.4 + 3.39
Weight {kg) 66.8 * 14 63.0 = 5,09
Fat (%) 29.9 * 6,32 26.7 + 3,68
Fat mass (kg) 209 + 95 17.1 = 3.39
Lean mass (kg) 46.5 £ 6.3 45.9 + 2.83
BMI (kg/m?) 245 + 3.8 23.6 = 1.98
Treadmiil time (s) 804 * 133 888 = 175
Waist to hip ratio 0.89 = 0.09 0.86 = 0.06

Blood pressure {diastolic/systolic)

Sitting 71111 £ 7.3/11 73/117 = 5.1/12

Standing 68/109 + 7.3/8.5 69/115 * 6.2/12
Glucose (mmol/L) 5.72 * 0.41 5.48 = 0.62
Insutin (pmol/L) 63 = 29 63.6 = 17
Estradiol {pmol/L) 34.7 = 24 151 = 110*

NOTE. Values are the mean + SD.
*Significantly different v NO HRT (P < .05).
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Table 2. Enzyme Activity and Lipid and Apoprotein Concentrations
in Plasma of the HRT and NO HRT Groups

NO HRT HRT

Parameter {n =10) {n=8)
TC {mmol/L) 5.22 £ 1.14 5.40 = 1.1
HDL-cholesterol {(mmol/L) 1.14 £ 0.16 1.53 = 0.31*
TG (mg/dL) 133 + 63 122 = 40
LDL-cholesterol (mmol/L) 3.65 = 0.98 3.46 = 0.82
TC/HDL 458 * 1.45 3.53 + 0.62%
Apo A-1 (mg/dL) 136 = 35 166 = 28*
Apo B (mg/dL) 102 = 32 91+ 23
Apo A-1/B ratio 1.33 £ 0.21 1.82 + 0.69*
CETP (nmol/mL/h) 68 = 10 65 = 7.10
LCAT (nmol/mL/h) 12.9 = 3.79 21.9 + 4.67*

NOTE. Values are the mean = SD.
*Significantly different v NO HRT (P < .05).

difference in HDL average particle diameter between the two
groups was observed. The cholesterol content in H4 and H3 in
the HRT group was higher than in the NO HRT group, but no
statistical differences were found in the other classes of HDL.
The five HDL subclasses measured by NMR can be related to
the traditional subfraction designation of HDL, (the sum of H4
and H5) and HDL; (the sum of H1, H2, and H3). The data are
presented in this traditional classification in Fig 1, which shows
that HDL, was 78% (P < .05) higher and HDL; was 12%
higher in the HRT group versus the NO HRT group.

DISCUSSION

In addition to the known CHD risk factors such as age,
diabetes, body fat distribution, smoking, high blood pressure,
and gender, menopause increases CHD risk by adversely
affecting plasma lipid concentrations. The question this study
aimed to address was as follows: What effects would combined
hormone replacement therapy have on plasma lipid and lipopro-
tein profiles independent of the other CHD risk factors? This
was accomplished by comparing the effects of this regimen of

Table 3. Physical Characteristics, Chemical Composition, and
Subpopulation Distribution of LDL in NO HRT and HRT Groups

NO HRT HRT

Parameter (n=10) (n=28)

Physical characteristics
LDL-cholesterol {mmol/L)
LDL size {nm, by NMR}
LDL particle concentration (nmol/L)
LDL score (Lipophore)
LDL diameter (PAGGE)

Chemical composition (%)

3.66 = 0.98 3.46 + 0.82
21.1+032 21.3+0.28
1,486 = 525 1,330 = 231
3.42 +£0.32 3.24 +0.20
25.8 £ 0.73 257+ 0.85

Protein 23.4 =221 24.7 + 6.51
Phospholipids 237411 233+ 481
TG 7.7 =253 8.1=*283
Cholesterol esters 31.7 £ 854 323+7.92
Free cholesterol 13.6 = 6.32 11.5 +4.53
Cholesterol concentration in subfractions
{mmol/L)
IDL 0.18 £ 0.16 0.15 + 0.14
L3 2.03+092 2.29+0.79
L2 0.88 +0.88 0.78 = 0.23
L1 0.55 = 0.564 0.24 + 0.23

NOTE. Values are the mean = SD.
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Table 4. Physical and Chemical Characteristics of HDL of the HRT

and NO HRT Groups
NO HRT HRT
Parameter {n = 10) (n=18)

HDL-cholesterol (mmol/L) 1.14 £ 0.16 1.53 £ 0.31*
HDL size (nm) 9.1 £0.32 9.3 +0.28
Subfraction distribution (mmol/L)

H5 0.27 = 0.13 0.34 = 0.14

H4 0.11 = 0.06 0.33 £ 0.17*

H3 0.25 = 0.09 0.32 = 0.14*

H2 0.32 + 0.13 0.42 + 0.23

H1 0.20 + 0.09 0.11 = 0.14

NOTE. Values are the mean = SD.
*Significantly different v NO HRT (P < .05).

replacement therapy in two groups of subjects in which the
contribution of other CHD risk factors is minimal. Since the two
groups (Table 1) were not obese (BMI < 27) or diabetic (normal
glucose and insulin values), had normal blood pressure, had a
similar pattern of body fat distribution (similar waist to hip
ratio), and were of comparable physical fitness (similar tread-
mill time to exhaustion), the changes in plasma lipids and
lipoproteins observed in the present study most likely resulted
from this regimen of hormone replacement therapy. Neverthe-
less, undetected differences between the two study groups may
have magnified or diminished some of the differences observed
in the present study.

The effects of estrogen-alone replacement therapy on plasma
lipids are fairly well documented and include a decrease in
plasma cholesterol and LDL-cholesterol and increases in HDL-
cholesterol.?%3! In addition to these positive influences, reports
show a preponderance of small LDL particles and an increase in
TG levels in patients receiving this form of therapy. Thus,
estrogen replacement therapy leads to positive effects with
regard to plasma cholesterol and HDL-cholesterol, but may also
be associated with a detrimental effect with regard to the
subpopulation distribution of plasma LDL.

Although the effects of the combined hormone replacement
therapy on plasma lipid concentrations were reported to be
similar to those observed with estrogen replacement, the
magnitude of the changes was attenuated. However, the effects

0O NO HRT
@ HRT

19 % =p <0.05

0.54

HDL cholesterol (mmol/l)

<>

HDL»

HDL3

Fig 1. HDL subfractions in HRT (n = 8) and NO HRT (n = 10)
groups. HDL,, calculated as the sum of H4 and H5 of NMR profiling;
HDL;, calculated as the sum of H1, H2, and H3 of NMR profiling.
Values are the mean =SEM.
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of this regimen of therapy on the subpopulation distribution of
plasma lipoproteins are not clearly established. In patients
treated with estrogen-progesterone for 12 months, van der
Mooren et al*? reported an increase in the small LDL subfrac-
tion when lipoprotein profiles were analyzed by gradient gel
electrophoresis. In a prospective study, Tilly-Kiesi et al!? treated
patients with a regimen consisting of 28-day cycles with patches
delivering 50 g 17B-estradiol combined with oral cyclic medroxy-
progesterone acetate 10 mg/d on days 17 to 28 (E2/MPA).'? In
E2/MPA-treated patients, no decrease in LDL-cholesterol was
observed, although there was a 20% decrease in the cholesterol
content of large LDL. Our results are consistent with their
finding in that the LDIL-cholesterol concentration did not
change in our patients. However, we did not observe shifts in
the subpopulation distribution of LDL even when LDL subpopu-
lation distribution was analyzed by three different methods. The
disparity between the two studies may be due to the following:
(1) our study is a cross-sectional study in which both groups of
patients were matched for various risk factors, whereas the
Tilly-Kiesi study was prospective over a 12-month period; (2)
there are differences in the treatment regimen and mode of
administration of drugs between the two studies; and (3) there
are differences in the methodology used for determination of
LDL subpopulations.

The established effects of estrogen on blood lipids are an
elevation in plasma HDL-cholesterol and a decrease in both TC
and LDL-cholesterol levels. Similarly, the results of this study
showed that the combined hormone replacement therapy was
associated with an increase in plasma HDL-cholesterol greater
than 34% (P < .05; Table 2). This is consistent with other
reports wherein the increase in HDL was reported to be 5% to
26% with combined hormone replacement therapy. However, in
one of the prospective studies, Omu and Al-Qattan®® did not find
any significant changes in HDL levels after 12 months of
combined HRT. But when the results were analyzed in relation
to BMI, subjects who had a BMI less than 26 had a modest
(15%) increase in HDL levels after HRT. In the present study,
the BMI of all subjects was less than 26 (Table 1). In addition to
the increase in HDIL-cholesterol concentration, we also ob-
served a decrease in the TC/HDL-cholesterol ratio (P < .05),
which resulted from a significant increase in HDL-cholesterol
in treated patients. Accompanying these changes in HDL-
cholesterol, there was a significant increase in apo A-1 and a
concomitant increase in the apo A-1/apo B ratio (the athero-
genic index). Similarly, there was a significant increase in
LCAT activity that was indicated by a higher esterification rate
of free cholesterol on HDL particles. This increase in the
esterification rate was manifested by a concomitant increase in
the more buoyant HDL, subfraction (Fig 1). This finding is in
agreement with the prior observation by Walsh et al** of an
increase in HDL,; levels of 36% due to an increase in production
rather than changes in catabolism after 6 weeks of an oral
estradiol regimen. Thus, the increase in HDL-cholesterol con-
centration in HRT subjects along with the increase in the more
antiatherogenic subfraction of HDL, namely HDL,, may pro-
vide added protection against CHD in postmenopausal women
on this regimen of therapy.

The results from this and other studies demonstrate that
estrogen-progesterone replacement therapy in menopausal
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women has favorable effects on lipid and lipoprotein profiles
with respect to cardiovascular disease risk. Even though the
beneficial effects of increasing HDIL-cholesterol while decreas-
ing TC and LDI-cholesterol are not as large as those observed
with estrogen-alone therapy, the combined therapy does not
adversely affect LDL subpopulation distribution in this small
group of subjects. Furthermore, this is the first report that a

VADLAMUDI ET AL

combined hormone replacement therapy increased LCAT activ-
ity along with apo A-1 and HDL,, indicating that the beneficial
process of reverse cholesterol transport may be increased.
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