0021-972X/94/7804-0855$03.00/0
Joumnal of Clinical Endocrinology and Metabolism
Copyright © 1994 by The Endocrine Society

Vol. 78, No. 4
Printed in US.A.

Physiological Levels of Estradiol Stimulate Plasma High
Density Lipoprotein, Cholesterol Levels in Normal Men*

CARRIE J. BAGATELL, ROBERT H. KNOPP, JEAN E. RIVIER,

AND WILLIAM J. BREMNER

Medical Service, Seattle Veterans Affairs Medical Center, and the Department of Medicine and Population
Center for Research in Reproduction, University of Washington School of Medicine,

Seattle, Washington 98108; Northwest Lipid Research Center, University of Washington,

Seattle, Washington 98104; and The Salk Institute, La Jolla, California 92037

ABSTRACT

Premenopausal women have a lower risk of coronary artery disease
than men or postmenopausal women; estrogens are thought to contrib-
ute to this lower risk. Administration of exogenous estrogen to post-
menopausal women increases plasma high density lipoprotein (HDL)
cholesterol and may reduce mortality from coronary disease in users.
Although many investigations have examined the roles of estrogen in
the regulation of lipoproteins in women, little attention has been
directed to estrogen regulation of lipids in men. We designed a paradigm
to study the role of physiological levels of estradiol (E;) on plasma
lipoproteins in healthy men. We used a GnRH antagonist, Nal-Glu, to
suppress endogenous steroid hormones in healthy men. We then ad-
ministered testosterone (T) enanthate (100 mg, im, weekly) to restore
T levels to the baseline range, and we administered an aromatase
inhibitor, testolactone (Teslac), to prevent the normal conversion of T
to E,, thereby producing a selective estrogen deficiency state in normal
young men. As controls, we administered Nal-Glu and T along with
placebo Teslac to a separate group of men; a third group of men

received all placebo medications.

We found that in men who received Nal-Glu plus T plus Teslac, E,
levels were profoundly suppressed during treatment, whereas T levels
remained in the baseline range. Plasma HDL cholesterol, particularly,
the HDL, fraction, decreased significantly in response to the low serum
E, level. Plasma apoprotein-Al levels also decreased significantly.
Plasma LDL and triglyceride levels did not change. All hormone and
lipoprotein parameters returned to baseline within 4 weeks after treat-
ment ended. In men who received Nal-Glu plus T, plasma HDL and
apoprotein-Al decreased, but these decreases did not achieve statistical
significance. Only a small decrease in HDL, cholesterol was seen in
these men. There were no hormonal or lipid changes in the placebo
group. We conclude that in men, physiological levels of E, are important
in maintaining plasma levels of HDL cholesterol, especially the HDL,
fraction. These observations suggest that estrogen, in the amount
normally produced in men, may offer some degree of protection against
cardiovascular disease in males, as they do in women. (/ Clin Endocrinol
Metab 78: 855861, 1994)

N GENERAL, the risk of coronary artery disease (CAD) in
premenopausal women is lower than that in men; how-
ever, risk of CAD increases considerably in women after
menopause (1, 2). As menopause is associated with loss of
ovarian function and, consequently, a dramatic decrease in
serum estradiol (E,), estrogens have been postulated to confer
a protective effect against the development of atherosclerosis.
This protection is probably mediated both directly, via effects
on arterial walls, and indirectly, via effects on a variety of
circulating factors, including plasma lipoproteins. In partic-
ular, estrogens are associated with increased levels of high
density lipoprotein (HDL) cholesterol, which, in turn, are
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associated with decreased cardiovascular risk (3, 4). Some,
but not all, studies show a decrease in HDL in postmenopau-
sal E,-deficient women compared to levels in premenopausal
women (5-7); however, administration of exogenous estro-
gen to women results in increased plasma HDL cholesterol
(2, 8-10), and decreased cardiovascular mortality may be
associated with the use of postmenopausal estrogen replace-
ment (9, 11, 12).

Although the effects of exogenous and endogenous estro-
gens on plasma lipids in women have been well studied, the
role of estrogens in regulating lipids in men has received
considerably less attention. The administration of supra-
physiological doses of estrogen to men with prostate cancer
increases HDL cholesterol and triglycerides and decreases
low density lipoprotein (LDL) cholesterol (13, 14); in this
setting, a deficiency of testosterone (T) is also induced. Fried!
et al. (15) showed that the administration of high dose T to
normal men did not significantly suppress plasma HDL, but
when the normal conversion of T to E; was blocked by
administration of an aromatase inhibitor, HDL levels did
decrease significantly. These data demonstrate that estrogens
can play a role in the regulation of plasma lipids in meq as
well as in women; however, E, levels in these studies were
greatly supraphysiological. We hypothesized that the small
quantity of E, that circulates in normal men also regulates
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plasma HDL cholesterol levels. To test this hypothesis, we
required a model in which we could induce a selective
deficiency of plasma E, in healthy men while at the same
time serum T levels remained unchanged. We used an an-
tagonist of GnRH, which causes immediate and sustained
inhibition of gonadotropin and gonadal steroid secretion and
thereby induces profound reversible hypogonadism, to create
such a model. We have previously studied the GnRH antag-
onist, Nal-Glu ([Ac-p2Nal',04CIPhe?,p3Pal’ Arg’,pGlu®-
(AA),pAla']GnRH), in healthy men (16-18) and have con-
firmed its effectiveness in suppressing gonadotropin and
gonadal steroid levels. We administered this agent in com-
bination with physiological amounts of T replacement to one
group of healthy men; in a separate group of men, we
administered Nal-Glu together with T and testolactone (Tes-
lac), an oral inhibitor of the aromatase enzyme complex that
normally converts T to E;. A third group of men served as
placebo controls. Using this paradigm, we have demon-
strated that physiological levels of E, in men play a role in
the regulation of HDL cholesterol, particularly in regulation
of the HDL, density subfraction.

Materials and Methods

Subjects

Thirty healthy men, aged 20-40 yr, were recruited by advertisement
in the community. All were of normal body weight and had normal
blood chemistries and fasting lipid profiles (i.e. HDL cholesterol, 20.91
mmol/L; LDL cholesterol, <4.16 mmol/L; triglycerides, <2.82 mmol/L).
None of the men took regular medications, smoked, or abused alcohol.
Several men exercised regularly, but none was an elite athlete. All men
signed a consent form approved by the University of Washington
Human Subjects Committee.

Experimental protocol

It was necessary to administer the GnRH antagonist Nal-Glu and T
enanthate together with Teslac to create a selective deficiency of E;. Had
we administered only Teslac to some of the men, a selective E; deficiency
would have resulted temporarily. However, in a man with an intact
pituitary-gonadal axis, a decrease in E; would have led to an increase in
gonadotropins, resulting in an increase in serum T. Thus, a new equilib-
rium, with increased T and decreased E; levels, would have occurred,
and it would have been impossible to distinguish the effects of decreased
E; from the effects of increased T. By administering the GnRH antago-
nist, we prevented a compensatory increase in serum gonadotropins and
were able to maintain T levels relatively constant by administering a
dose of T that kept serum T levels very close to the baseline range.

The study consisted of a 4-week pretreatment phase, a 6-week
treatment period, and a 4-week recovery period. During the treatment
period, each man was randomly assigned to one of the following
experimental regimens (n = 10 in each group): 1) Nal-Glu plus T plus
Teslac: 75 ug/kg Nal-Glu, sc, daily plus T enanthate (100 mg in 1 mL
sesame oil, im, weekly; 1 mL, im, weekly; Schoen Pharmaceuticals, Port
Washington, NY), plus Teslac (250 mg, orally, four times daily; Bristol-
Meyers-5quibb, New Brunswick, NJ); these men were selectively E,
deficient during the treatment period; 2) Nal-Glu plus T: 75 pg/kg, Nal-
Gluy, sc, daily plus T enanthate (100 mg in 1 mL sesame oil, im, weekly,
plus placebo Teslac capsules four times daily); these men had normal
levels of T and E; during the treatment period; and 3) placebo control:
NaCl vehicle (0.9 mL; 150 mmol/L, sc, daily), sesame oil placebo (1 mL,
im, weekly), plus placebo Teslac capsules four times daily. Intramuscular
injections were administered by the nursing staff at the University of
Washington Clinical Research Center. Each subject self-administered his
sc injection daily during the treatment period. Teslac capsules were
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dispensed weekly during the treatment period; to ensure compliance,
empty bottles were returned at each weekly visit.

The study was double blind. Serum T and E; were measured twice
during the pretreatment period, on day 3 of treatment, at the end of
each week of treatment, and weekly during the posttreatment period.
Total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides
were measured twice during the pretreatment period, at weeks 1, 3, 5,
and 6 of the treatment period, and weekly during the posttreatment
period. HDL; and HDL; subfractions and apoprotein-Al (Apo-Al) were
measured once during the pretreatment phase, on weeks 3 and 6 of the
treatment period, and on the last day of the posttreatment period. Blood
samples were collected between 0700-1000 h, after a minimum of 10 h
of fasting. All samples were drawn with the subjects in a seated position.
During the treatment period, blood samples were collected immediately
before the daily and weekly injections were administered.

All subjects were weighed weekly and completed a 3-day food record
during each phase of the study. The intake records were analyzed for
calories, nutrients, and minerals using version 13 of the University of
Minnesota Nutrition Coordinating Center data base (19). Subjects were
asked to maintain their usual diet and exercise habits throughout the
course of the study. Each subject was interviewed weekly by one of the
investigators. Changes in diet, exercise habits, physical health, and side-
effects were assessed during these interviews. Subjects were examined
at the end of each phase of the study.

GnRH antagonist preparation

The antagonist was supplied by the NICHHD Contraceptive Devel-
opment Branch. It was dissolved in bacteriostatic water containing 4%
mannitol, diluted to a concentration of 10 mg/mL, and then, under
sterile conditions, passed through a 0.2-um filter into sterile vials and
stored at —20 C until use. Subjects received a new vial of antagonist
each week and refrigerated each vial between injections.

Lipoprotein and hormone assays

HDL cholesterol and HDL subclasses were measured by dextran
sulfate-magnesium precipitation using the method of Warnick et al. (20,
21). Total cholesterol and triglycerides were measured enzymatically
(22) using an ABA 200 biochromatic instrument (Abbott Laboratories,
North Chicago, IL). LDL cholesterol was calculated indirectly, using the
formula, LDL cholesterol = total cholesterol — (HDL cholesterol +
triglycerides/5) (23). These calculations were made before the data were
converted to System International units. Apo-Al was measured by
nephelometry using a Behring Nephelometer Analyzer (Behring Diag-
nostics, Marburg, Germany). T was measured by RIA, as described
previously (24). E; was measured by RIA using a kit purchased from
ICN Biomedicals, Inc. (Diagnostics Division, Carson, CA). In our labo-
ratory, the limit of detectability of the assay is 18.3 pmol/L.

Statistical analysis

Total cholesterol, HDL cholesterol, and triglycerides are known to
exhibit day to day variability (25, 26). Therefore, in the analysis of these
lipid parameters, we determined the means of pretreatment values,
treatment week 5 and 6 values, and posttreatment week 3 and 4 values
for each subject and used these means for statistical analyses. Gonadal
steroids were measured weekly, and we used the means of pretreatment
values, treatment week 5 and 6 values, and posttreatment week 3 and
4 values for each subject and used these means for statistical analyses
as well. Single samples of HDL;, HDL;, and Apo-Al from the end of
the pretreatment, treatment, and posttreatment periods were compared
statistically. To facilitate comparison of changes in total plasma HDL in
relation to changes in the HDL; and HDL, subfractions, mean levels of
plasma HDL in samples in which HDL; and HDL, were measured are
also presented. For each parameter, between-group differences were
assessed using two-way analysis of variance with time and treatment as
dependent variables, followed by paired Student's t tests where appro-
priate. Within each experimental group, the mean pretreatment, end of
treatment, and posttreatment values of each parameter were compared
using one-way analysis of variance with repeated measures along with
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Dunnett’s multiple range test. All data are expressed as the mean and
associated 95% confidence interval; P < 0.05 was considered significant.

One man in the placebo group gained more than 7 kg during the
study. This man’s HDL cholesterol levels fluctuated considerably during
the study as well. For these reasons, data from this man were excluded
from the analysis.

Results
Steroid hormones (Fig. 1)

In the men who received Nal-Glu plus T plus Teslac, E;
levels were profoundly suppressed during the treatment
period; mean serum E; decreased from 125 + 21 to 43 + 13
pmol/L (P <0.05). After Teslac administration ended, normal
E; production resumed, and serum E; levels were at their
baseline level by the end of the posttreatment period. Nadir
serum E; levels were slightly, but not significantly, decreased
in men receiving Nal-Glu plus T; E, levels did not change in
the placebo group. In men who received Nal-Glu, T, and
Teslac or Nal-Glu plus T, mean serum T levels 3 days after
the first T injection were 2-3 nmol/L greater than the re-
spective baseline levels. At the end of each week of treat-
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FiG. 1. Mean levels of serum E; and T before, during, and after
treatment in men who received Nal-Glu (NG) plus T plus Teslac (n =
10), Nal-Glu plus T (n = 10), or placebo (n = 9). During the treatment
period, blood samples were always drawn immediately before injections,
except during week 1, when a sample was also obtained on day 3.

ment, serum T levels in these men were slightly, but not
significantly, below the respective baseline levels. In men
who received placebo, serum T levels remained constant
throughout the study.

Lipoproteins

HDL cholesterol (Figs. 2 and 3 and Table 1). In men receiving
Nal-Glu plus T plus Teslac, the mean plasma HDL choles-
terol level decreased by 8 + 3% (P < 0.05) by the end of the
treatment period. This decrease was due primarily to the
decrease in plasma HDL, cholesterol levels, which fell from
0.36 + 0.03 to 0.19 + 0.02 mmol/L (76 *+ 5% of baseline; P
< 0.05) by week 6 of treatment. The decrease in HDL; was
generally greater in men whose baseline HDL, level was 0.26
mmol/L or higher. HDL; cholesterol levels did not change
during the study in these subjects (mean decrease, 0.02 +
0.05 mmol/L). When the treatment period ended, total HDL
cholesterol and HDL, cholesterol levels returned to baseline.
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F1G. 2. Mean levels of HDL cholesterol during the study in men who
received Nal-Glu (NG) plus T plus Teslac (top panel; n = 10), Nal-Glu
plus T (middle panel; n = 10}, or placebo (bottom panel; n = 9).
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F1G. 3. Mean levels of HDL, cholesterol during the study in men who
received Nal-Glu (NG) plus T plus Teslac (top panel; n = 10), Nal-Glu
plus T (middle panel; n = 10), or placebo (bottom panel, n = 9).

In men who received Nal-Glu plus T, mean plasma HDL
decreased by 5 + 3% by the end of the treatment period (P
= NS). Mean plasma HDL, decreased by 9 + 5% (P = NS),
whereas mean plasma HDL, decreased only very slightly
(mean decrease, 0.04 = 0.06 mmol/L). There were no
changes in HDL cholesterol or in the HDL, or HDL, subfrac-
tions during the course of the study in men who received
placebo.

Apo-Al (Table 1). Mean Apo-Al decreased by 7 + 3% (range,
19% decrease to 6% increase) during the treatment period in
men who received Nal-Glu plus T plus Teslac (P < 0.05);
baseline values were reestablished by the end of the post-
treatment period. Mean Apo-Al levels decreased by 5 + 4%
(range, 22% decrease to 25% increase) in men receiving Nal-
Glu plus T, but this decrease did not reach statistical signifi-
cance. Apo-Al levels did not change in the placebo group.

Total cholesterol, LDL cholesterol, and triglycerides (Table 1).
Mean levels of total cholesterol, LDL cholesterol, and triglyc-
erides did not change during the treatment period in any of
the groups. During the posttreatment period, mean levels of
total cholesterol, LDL, and triglycerides were unchanged in
men who had received Nal-Glu plus T or placebo. In the
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TABLE 1. Mean levels of HDL cholesterol, HDL subfractions,
Apo-Al, total and LDL cholesterol, and triglycerides (mean + SE)
during the baseline period, the last 2 weeks of treatment, and the last
2 weeks of the posttreatment period

Baseline Treatment trel::::;n ¢
HDL cholesterol (mmol/L)
Nal-Glu + T + Teslac 1.31+0.06 1.21 +£0.09° 1.29+0.09

{n =10)
(1.33 £ 0.07) (1.23 + 0.08)°*(1.33 + 1.0)

Nal-Glu + T (n = 10) 1.26 £0.07 1.19+0.06 1.28 +0.06
(1.27 £ 0.08) (1.20 = 0.06) (1.30 + 0.06)
Placebo (n = 9) 1.25+0.07 1.26+0.06 1.22+0.04
(1.22 £ 0.07) (1.25 + 0.06) (1.24 + 0.06)

HDL, cholesterol (mmol/L)

Nal-Glu + T + Teslac 0.26 £ 0.03 0.19 + 0.02° 0.28 + 0.04

Nal-Glu+ T 027+0.03 0.24 £0.03 0.27 £0.04

Placebo 0.24 £003 0.23 £0.03 0.21 +0.03
HDL; cholesterol (mmol/L})

Nal-Glu + T + Teslac 1.07+0.05 1.04+006 1.03+0.06

Nal-Glu+ T 1.02+£0.05 097 +£0.04 1.03 +0.04

Placebo 1.00 £0.05 103005 1.02+0.04
Apo-Al (mg/dL)

Nal-Glu + T + Teslac 1386+ 5.3 1304 +7.2° 1416+ 72

Nal-Glu+ T 1406 £ 69 130.7x44 1378 +5.0

Placebo 1352+179 1339+62 1376 +6.3
Total cholesterol (mmol/L)

Nal-Glu + T + Teslac 441 +0.19 4.37+0.18 4.60+0.19°

Nal-Glu+ T 433 +0.23 422+020 4.28+0.13

‘Placebo 429 +0.18 4.27+0.17 4.15+0.20
LDL cholesterol (mmol/L) :

Nal-Glu + T + Teslac 271 +£0.16 2.641+024 2.84+0.13

Nal-Glu+ T 252+0.19 251+016 2.47+0.17

Placebo 2.556+0.15 244+013 2.36+0.16
Triglycerides (mmol/L)

Nal-Glu + T + Teslac 082+0.11 0.88+0.12 1.20+0.22

Nal-Glu+ T 1.11£0.02 1.06 £0.17 1.14 +0.18

Placebo 0.84 £0.07 0.97+0.13 0.92+0.12

During each phase of the study, the mean plasma levels of HDL
cholesterol in the sample analyzed for HDL, and HDL; are shown in
parentheses. To convert to milligrams per dL, multiply cholesterol by
38.7 and triglycerides by 88.5.

* P < 0.05 compared with baseline and posttreatment values.

b P < 0.05 compared with end of treatment value.

group that had received Nal-Glu plus T plus Teslac, plasma
LDL increased in 7 of the 10 men, and the mean plasma
LDL level increased slightly, although significance was not
achieved. Two men in this group had substantial increases
in triglycerides during the posttreatment period (81% and
215%); dietary cholesterol, but not total caloric intake or
body weight, also increased in these men. Because of the
values in these 2 men, mean plasma triglycerides increased
by 40 + 24% (P = NS) during the postireatment period. As
a consequence of the increases in plasma levels of LDL
cholesterol and triglycerides, mean total cholesterol in men
who had received Teslac increased by 4.0 + 2.0% above the
baseline value (P < 0.05 compared to the end of treatment
value; P = NS compared to pretreatment value).

Body weights and caloric intake (Table 2). Body weights did
not change significantly in any of the groups. There was a
trend toward consumption of fewer calories in all of the
groups during the course of the study, but these decreases
did not reach statistical significance. Daily consumption of
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TABLE 2. Mean body weights and caloric intakes in the study
subjects (mean + SE) during the baseline, treatment, and
posttreatment periods

Baseline Treatment  Posttreatment

BW (kg)

Nal-Glu + T + Teslac 74.6 + 3.1 75.1 £ 3.0 75.7 = 3.0

Nal-Glu + T 782+ 25 792+ 22 78.6 £ 2.3

Placebo 83.1%55 83.5+ 5.5 83.5 £ 5.6
Calories {Cal/day)

Nal-Glu + T + Teslac 2829 + 234 2409 + 161 2234 + 155

Nal-Glu + T 2967 + 342 2708 £178 2424 + 188

Placebo 3054 £ 224 2598 + 140 2607 * 214

cholesterol and percentage of calories consumed as fat did
not change in any group throughout the study.

Side-effects

All men were able to self-administer the daily injections
without difficulty. Most of the men receiving Nal-Glu expe-
rienced some local irritation and/or erythema at the site of
injection; these effects disappeared within a few hours. A
nontender sc nodule developed at the injection site in most
of these men and was most apparent in the leaner men.
These nodules regressed within 2 weeks after injection and
did not hinder the daily activities of any of the men. None
of the men reported major changes in libido or behavior
during the course of the study.

Discussion

We created selective deficiency of estradiol in healthy men
for 6 weeks by administering a GnRH antagonist together
.with T replacement and Teslac, an inhibitor of aromatization.
During the treatment period, these men were selectively E;
deficient, and they had significantly lower levels of HDL
cholesterol than in the baseline and posttreatment phases of
the study. This decrease was manifested primarily in the
HDL, density fraction. Plasma levels of Apo-Al decreased in
parallel to the decrease in plasma HDL. In contrast, in men
who received antagonist and T replacement, but no Teslac
(and whose E; levels did not change), there were no signifi-
cant changes in plasma lipids. These data demonstrate that
the small quantity of E, that normally circulates in men has
a role in the regulation of plasma HDL cholesterol in men,
especially the HDL, fraction.

In previous studies of the role of estrogens in regulating
lipoproteins in men, E; levels were greatly supraphysiologi-
cal, and in some cases, T deficiency was present as well. In
these studies, estrogens caused an increase in HDL choles-
terol (13-14, 27) and Apo-Al (27); the effects of the treatment
on the HDL density subfractions were not reported. Our data
are consistent with these reports. They are also consistent
with the work of Friedl et al. (15), who showed that aroma-
tization of exogenous T to E; is important in limiting the
decrease in HDL cholesterol observed when exogenous T
enanthate is administered, and with the recent data of Zmuda
et al. (28), who showed that the combination of high dose T
plus Teslac produced a greater decrease in the HDL, density
fraction than in the HDL; fraction. Our finding of a selective

effect of gonadal steroids on the HDL, density fraction is
also in agreement with studies of estrogen administration to
women; in many of these studies, HDL; increased to a greater
degree than did HDL; (8-10).

Hepatic lipase hydrolyzes HDL cholesterol particles, par-
ticularly particles in the HDL, density fraction (29, 30); this
enzyme is stimulated by androgens and suppressed by estro-
gens (29, 30). We did not measure hepatic lipase activity in
this study, but our data are consistent with the hypothesis
that selective suppression of E, in the men who received
Teslac led to an increase in hepatic lipase activity and a
resultant decrease in plasma HDL,. This hypothesis is sup-
ported by the data of Friedl et al. (15) and Zmuda et al. (28);
in these studies, hepatic lipase activity rose more in men who
received T plus Teslac than in men who received only T.

We found no change in calculated LDL levels in men who
received Teslac, whereas orally administered estrogens have
been shown to decrease plasma LDL in men (13, 14, 31),
primarily through enhanced catabolism (31). The postulated
mechanism of increased LDL catabolism is through increased
expression of hepatic LDL receptors; it is likely that the first
pass effect of oral estrogens accounts for the majority of the
stimulation of LDL receptor synthesis. Our data suggest that
small changes in circulating E, in men have little effect on
the LDL receptor. The significance of the small increase in
mean plasma LDL during the posttreatment period is not
clear; it occurred in 7 of the 10 men, but was unrelated to
changes in serum E; levels or changes in body weight or
dietary habits. Similarly, although oral estrogen administra-
tion frequently results in an increase in plasma triglycerides,
we observed essentially no change in triglycerides during the
E,-deficient period in the men who received Teslac. The
increase in mean plasma triglyceride levels during the post-
treatment period in these men resulted primarily from
marked increases in plasma triglycerides in two of the men;
in these two men, plasma E; levels during the study were no
different from those in the other men, whereas their dietary
cholesterol intakes increased after the completion of treat-
ment. Thus, in these men, dietary, rather than hormonal,
factors may have caused their higher triglyceride levels.

Mean baseline T and E; levels were not different among
the three groups in the baseline state. Based on T levels
achieved on day 3 of treatment, serum T levels in both
groups were most likely a few nanomoles per L greater than
baseline on the first few days after each T injection, whereas
at the end of each week, T levels were slightly, but not
significantly, lower than baseline. In the men who received
Nal-Glu plus T, serum E; levels were at baseline on day 3 of
treatment. At the end of each week of treatment, mean E,
levels in these men were slightly below the mean baseline
level, but the decrease was not statistically significant. In
contrast, men who received Nal-Glu plus T plus Teslac had
E; levels that were in the hypogonadal range on day 3 of
treatment and at the end of each treatment week, demon-
strating the effectiveness of Teslac as an inhibitor of periph-
eral aromatization.

In men who received Nal-Glu, T, and Teslac, total HDL
cholesterol and Apo-Al levels fell significantly during the
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treatment period. In the men who received Nal-Glu and T
(but no Teslac), there was a trend toward a decrease in these
parameters as well, although the decreases were not statisti-
cally significant. In this group of subjects, the observed
decreases in total HDL and in Apo-Al may have resulted
from the slight elevations in serum T levels that occurred in
the first few days after each T injection. Although we did
not measure T levels in the first few days after injection
during weeks 2-6 of the treatment period, we found that in
men receiving Nal-Glu in combination with exogenous T,
peak serum T levels after T injection were similar from week
to week (unpublished data). Thus, serum T levels were most
likely 2-3 mmol/L above the baseline level during the first
part of each treatment week.

At the end of the treatment period, mean HDL; levels
were suppressed by similar amounts in both groups of men
who received Nal-Glu. At the same time, mean HDL, in men
who received Nal-Glu plus T were slightly, but not signifi-
cantly, lower than the baseline level, again presumably as a
result of the small elevation in serum T levels that occurred
during part of each week. However, the data show that in
men who received Nal-Glu plus T plus Teslac, lowering of
serum E; resulted in significant suppression of HDL,, an
effect that can clearly be distinguished from the effects of T.
Thus, at normal male levels, the primary effect of E; appears
to be to maintain circulating levels of the HDL; density
subfraction.

Several studies (32-34) have demonstrated that low levels
of HDL cholesterol independently predict increased mortality
from coronary artery disease. Jacobs et al. (32) found that
cardiovascular mortality resulting from a decrease in HDL
cholesterol of 0.26 mmol/L was approximately equal to an
increase in LDL cholesterol of 0.78 mmol/L. In other studies
(35, 36), coronary risk decreased by 2-3% for each increment
in plasma HDL of 0.026 mmol/L. In our study, plasma HDL
in men who received Teslac decreased by 0.10 mmol/L
during the period of E. deficiency. By extrapolation, if
suppression of E, were maintained over a period of years,
the risk of CAD in these men might increase by 10-12%. In
addition, HDL; has been shown to have a greater inverse
correlation with risk of CAD than does HDL; (37-39). Taken
together, the epidemiological and interventional data suggest
that in males, physiological levels of E; offer some degree of
coronary protection. However, supraphysiological E, levels
in men are unlikely to be cardioprotective. Several studies in
which high doses of oral estrogens were administered to men
have showed increased morbidity and/or mortality in treated
patients compared to controls (40-42), presumably due to an
increased thrombotic tendency.

In summary, we created a model of selective E, deficiency
in healthy men by administering a GnRH antagonist in
combination with a physiological replacement dose of T and
an inhibitor of aromatization. After 6 weeks, men receiving
this regimen showed significant decreases in total HDL cho-
lesterol, especially the HDL, density fraction, and in Apo-
Al There was only a small decrease in HDL, cholesterol in
men who received antagonist and T along with nonsignifi-
cant decreases in HDL and Apo-Al. These data suggest that
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the levels of E; present in serum of normal men may protect
against cardiovascular disease, analogous to the protective
effects of estrogen in women.
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