
sponses to acetylcholine. Although this reference 
group had normal coronary angiograms, referral due 
to chest pain sets these patients apart from a purely 
voluntary group with normal coronary arteries. 

Much has been written about vasodilation of dis- 
eased and “control” human coronary arteries using 
an intravascular Doppler mounted catheter of the 
Millar Velocimeter (Houston, Texas) type.11-14 Be- 
cause of its catheter-based configuration, only prox- 
imal straight segments of the coronary arteries may 
be safely and easily accessed with this technique. 
This technique is also subject to a greater likelihood 
of artifact and poorer signal quality secondary to the 
size and relative inflexibility of the catheter and dif- 
ficulty in ensuring coaxial positioning. With use of 
this technique, endothelium-dependent and endothe- 
lium-independent vasodilation has been reported in 
control subjects defined variou~ly.~‘-‘~ In some 
cases, mild coronary disease in the study vessel and/ 
or severe disease in another vessel were allowed. 
Hypertension, hyperlipidemia, hyperglycemia, and 
current tobacco use are commonly seen in previously 
reported control subjects. 

Our study describes coronary relaxation proper- 
ties in a referral normal population, which we de- 
fined simply as normotensive nondiabetic subjects 
without angiographic coronary artery disease. Our 
study suggests that an optimal intracoronary adeno- 
sine bolus infusion is 16 pg. Similarly, an optimal 
intracoronary acetylcholine infusion rate appears to 
be 30 pglmin. We found that 39% of referral normal 
subjects had evidence of endothelial dysfunction, de- 
fined as reduced endothelium-dependent relaxation 
( < 150% increase in coronary blood flow above 
baseline). 

In a referral normal cardiac population, endo- 
thelium-independent coronary relaxation is nearly 
always normal, but endothelium-dependent relax- 
ation may be depressed in a significant proportion 
of patients. Further study of the natural history of 

referral normal subjects with endothelial dysfunc- 
tion is necessary to assess the potential cardiovas- 
cular risk of this finding in a presumed low-risk 
population. 
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Testosterone Decreases Lipoprotein(a) in Men 
Joseph M. Zmuda, MS, Paul D. Thompson, MD, Roberta Dickenson, BS, Linda L. Bausserman, PhD 

L ipoprotein (a) [ Lp (a)] has recently emerged as 
an important risk factor for atherosclerotic car- 

,diovascular disease.’ Lp (a) levels are largely under 
genetic control and have proved remarkably resistant 
to therapeutic manipulations.’ Of the commonly 
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used lipid-lowering medications, only high-dose ni- 
acin appears to reduce Lp(a) levels.2 Others have 
demonstrated that estrogen 3 and the anabolic-andro- 
genie steroid stanozolo14 reduce Lp (a) concentra- 
tions in postmenopausal women, but to our knowl- 
edge, the effect of androgenic hormone administration 
on Lp(.a) in men has not been examined. Testoster- 
one is normally aromatized to estradiol, and periph- 
eral aromatization of testosterone is the major source 
of circulating estrogen in men.5 We recently exam- 
ined the effect of testosterone aromatization on se- 
rum lipid and lipoprotein levels in men by admin- 
istering testosterone alone or in combination with the 
aromatase inhibitor testolactone.6 Recent reports that 
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estrogen decreases Lp( a)3 prompted us to examine report. Spear-man correlation coefficients were used 
Lp( a) levels from our study to determine the effects to examine the relation between initial Lp( a) values 
of testosterone and its aromatization to estradiol on and its subsequent change. Results are presented as 
Lp (a) levels. mean + SD. 

. . . . . . 
Fourteen healthy nonsmoking male weightlifters 

(aged 27 2 7 years; mean 2 SD) provided written 
informed consent and completed the study.6 Subjects 
weighed 85.4 + 21.0 kg before the study; body fat, 
estimated from the sum of 3 skinfold measurements, 
was 11.0 t 6.0%. All of the men had been weight- 
lifting for 5.7 2 5.6 years and exercised 23 times 
per week. No subject averaged >l alcoholic bever- 
age daily or took regular medications, and all denied 
current and prior use of androgen. Baseline urinal- 
ysis confirmed that the subjects had not recently used 
either anabolic-androgenic steroids or testosterone.6 
The subjects were instructed to maintain their habit- 
ual level of physical activity and avoid altering their 
dietary habits during the study. Subjects were reim- 
bursed for their participation as approved by the Mir- 
iam Hospital Clinical Research Review Board. 

Pretreatment serum testosterone levels were in the 
normal physiologic range for young adult men. Se- 
rum testosterone levels increased by 39% when tes- 
tosterone was given alone and by 105% when tes- 
tosterone and testolactone were combined (p <O.Ol 
for both; Table I). Testosterone also produced a 47% 
increase (p <O.Ol ) in serum estradiol levels, an ef- 
fect that was not observed when testosterone and tes- 
tolactone were administered together. Testolactone 
alone did not significantly change either testosterone 
or estradiol levels. These results indicate that testo- 
lactone inhibited aromatase activity and blocked the 
conversion of exogenous testosterone to estradiol. 

Subjects were randomly assigned to a counter- 
balanced cross-over design involving 3 treatments: 
testosterone enanthate (E.R. Squibb & Sons, Inc, 
Princeton, New Jersey), 200 mg/wk intramuscularly 
(IM) ; oral testolactone (E.R. Squibb & Sons, Inc) , 
250 mg 4 times daily (QID) ; and both testosterone 
enanthate, 200 mg/wk IM and testolactone, 250 mg 
QID. This testosterone dose has been recently stud- 
ied as a male contraceptive’ and is twice the mini- 
mum dose used to treat male hypogonadism.’ Each 
treatment lasted 3 weeks, and treatments were sep- 
arated by a 4-week washout period. Venous blood 
was obtained before and after each 3-week treatment, 
between 6 and 9 A .M ., after a 12-hour fast, and be- 
fore any testosterone injection. Samples were stored 
at -70°C until analysis. 

Average Lp(a) values decreased by 37% during 
treatment with testosterone, by 28% when testoster- 
one and testolactone were combined (p <O.Ol for 
both), but did not change significantly during treat- 
ment with testolactone alone (Table I and Figure 1) . 
Lp( a) levels were similar after the 2 testosterone 
treatments. These results suggest that most of the 
reduction in Lp (a) during testosterone treatment re- 
sulted from an androgenic effect and not from aro- 
matization of testosterone to estradiol. 

The absolute change in Lp(a) levels during tes- 
tosterone and testosterone plus testolactone treat- 
ment was inversely related to initial Lp (a) concen- 
trations (r = -0.77 and r = -0.84, respectively; p 
co.01 for both). Thus, men with the highest initial 
Lp(a) values experienced the greatest reduction in 
Lp (a) during testosterone treatment. Lp (a) concen- 
trations were similar before each treatment, indicat- 
ing that the 4-week washout period was sufficient to 
eliminate any residual drug effect. 

Lp( a) levels were measured in duplicate with an 
enzyme-linked immunosorbent assay (MACRA, 
Strategic Diagnostics, Newark, Delaware). Mea- 
surement techniques for triglycerides and total low- 
density lipoprotein (LDL) cholesterol, and high- 
density lipoprotein (HDL) cholesterol have been 
detailed.(j Interassay variation for all lipid and Lp (a) 
determinations was avoided by analyzing all samples 
for an individual subject in a single assay or autoan- 
alyzer run. Intraassay coefficient of variation for 
Lp(a) was ~5%. Serum testosterone and estradiol 
were assayed in duplicate with radioimmunoassay 
kits (Diagnostic Products Corporation, Los Angeles, 
California). 

As previously reported, ” testosterone treatment 
also reduced HDL by 16%, an effect that was slightly 
but nonsignificantly greater when testosterone and 
testolactone were combined (-20%; p <O.Ol for 

TABLE I Testosterone and Estradiol Levels During Three Drug 

Conditions 

Treatment Baseline Week 3 

Testosterone (nmol/L) 

Data were analyzed with a treatment-by-time re- 
peated measures analysis of variance. When inter- 
action effects were significant, the effect of time for 
each treatment and the differences between treat- 
ments at each measurement point were tested statis- 
tically. A modified Bonferroni procedure was used 
to adjust for multiple comparisons.’ Because Lp( a) 
demonstrated a skewed distribution, statistical anal- 
yses were performed on log-transformed values. 
Nontransformed Lp(a) values are presented in the 

Testosterone 18.7 % 5.5 26.0 t 4.9* 

Testolactone 18.7 2 5.2 22.9 2 4.9 

Testosterone + testolactone 18.4 ? 3.8 37.8 2 ll.l*‘f 

Estradiol (pmol/L) 

Testosterone 133 i 64 195 t 75* 

Testolactone 133+32 118&50+ 

Testosterone + testolactone 130&44 113t22’ 

*Significant (p <O.Ol) difference from baseline within treatment. 

tsignificant (p 10.01) d’ff I erence from testosterone treatment. 

*Significant (p <O.Ol) d’ff k erence horn testolactone treatment. 

These results have been published prev~ously~ and ore included to facilitate 

evaluation of Lp(o) changes. 

Values care expressed as meon -t SD. 
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Lp(4 
mg/dl 

Testosterone 

40r 

Testolactone Testosterone 

Testokctone 

35 

30 

25 

TABLE II Lipid, Lipoprotein, and Lipoprotein(a) Concentrations 
During Three Drug Conditions 

Treatment Boseline Week 3 

Cholesterol (mg/dl) 

Testosterone 176233 
Testolactone 178 _t 29 
Testosterone + testolactone 187225 

LDL Cholesterol (mg/dl) 

Testosterone 108227 
Testolactone 108 2 24 
Testosterone + testolactone 119222 

HDL Cholesterol (mg/dl) 

Testosterone SO? 15 
Testolactone 482 15 
Testosterone + testolactone so-+ 14 

lipoprotein(a) (mg/dl) 

Testosterone 9.4 2 1 1.6 
Testoloctone 7.4 -c 8.8 
Testosterone + testolactone 7.2 t 9.3 

173 % 27 
171 k28 
177+28 

110221 
105 2 22 
118?24 

42+13* 
46115 
40+12*+ 

5.9 k 8.7* 
6.9 + 8.9 
5.2 + 7.9*+ 

*Significant (p < 0.01) difference from baseline within treatment. 

‘Significant (p < 0.01) difference from testolactone treatment. 

Cholesterol, LDL, and HDL results have been published previously6 and ore 

included to allow evaluation of effect of testosterone on overall cardiac risk. 

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

Values are expressed (IS mecm 5 SD. 

both; Table II). Total cholesterol, LDL cholesterol, 
and triglyceride levels did not change significantly 
during any of the drug conditions. 

. . . 
This report adds testosterone to the brief list of 

interventions known to affect Lp( a) levels. Neither 
hydroxymethylglutaryl coenzyme A reductase inhib- 
itors, lo bile acid sequestrants, l1 fibrates, l1 diet, l1 or 
vigorous exercise l2 appear to be effective in reduc- 
ing Lp (a) levels. Recent reports suggest that estro- 
gen3 and high-dose niacin’ lower Lp( a) concentra- 
tions. One prior study reported a 65% decrease in 
Lp (a) in postmenopausal women treated for 6 weeks 

FIGURE 1. Mean and individual 
lipoprotein(a) (LpIal) values dur- 
ing the study. Statistical analyses 
were performed an log-trans- 
formed values. ‘Si nificant (p 
<O.Ol) difference 3 rom baseline 
within treatment. *Significant (p 
<O.Ol) difference from testolac- 
tone. lp(a) values before the 3 
treatments were not different. 

with the nonaromatizable androgen stanozolol.4 
Consequently, it appears that androgens can reduce 
Lp (a) in both men and women. 

The original aim of this study was to examine the 
effects of testosterone, with or without aromatization 
to estradiol, on HDL cholesterol levels.6 The obser- 
vation that estrogen decreases Lp (a) 3 prompted us 
to examine the effects of testosterone, testolactone, 
or the combination on Lp (a) levels. Because supra- 
physiologic doses of testosterone increase estrogen 
levels, the use of testolactone provided an opportu- 
nity to examine the androgenic effects of testoster- 
one with and without its aromatization to estradiol. 
Testosterone alone increased serum estradiol levels 
by 47%, whereas estradiol levels did not change sig- 
nificantly when testosterone and testolactone were 
combined. Lp (a) decreased 37% during testosterone 
and 28% during testosterone and testolactone. These 
decreases were not significantly different, suggesting 
that most of the decrease in Lp(a) is mediated by 
testosterone and not by its conversion to estradiol. 

The decrease in Lp( a) during testosterone and 
testosterone plus testolactone treatment was greatest 
in men with the highest initial Lp(a) levels and 
largely confined to the 7 men with baseline Lp( a) 
levels >5 mg/dl. These results suggest that the effect 
of testosterone may be most pronounced in subjects 
with the highest pretreatment Lp (a) levels. 

The mechanisms by which testosterone treatment 
reduced Lp( a) concentrations are not clear. LDL 
cholesterol levels did not change in the present study, 
suggesting that the effect of testosterone on Lp(a) 
was independent of changes in LDL metabolism. 
Lp (a) synthesis, rather than catabolism, is thought 
to be the primary metabolic determinant of Lp( a) 
concentrations in humans, l3 and testosterone has re- 
cently been documented to reduce ape(a) gene ex- 
pression in a transgenic mouse model expressing the 
human ape(a) gene.14 Thus, it is possible that tes- 
tosterone lowers Lp (a) levels by decreasing apo (a) 
synthesis. 

Androgens have been assumed to increase ath- 
erosclerotic disease risk by reducing HDL-C.6,15 The 
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present results suggest that the effect of testosterone 
on vascular disease risk factors is more complex, and 
that its deleterious effect on HDL cholesterol may 
be offset by potentially beneficial effects on Lp(a). 
Testosterone, like estrogen, l6 may also have favor- 
able effects on coronary vasomotor function, be- 
cause exogenous testosterone decreases exercise-in- 
duced ST segment depression in men with angina 
pectoris I7 and vasodilates rabbit l8 coronary arteries. 
Such results may have important implications for the 
prolonged use of testosterone in hypogonadism” and 
as a male contraceptive,7 
men age.20 

and to prevent fraility as 

In summary, the results of the present study in- 
dicate that testosterone reduces Lp (a) concentra- 
tions in normal men primarily by an androgenic 
effect and not by its conversion to estradiol. 
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Meta-Analysis of the Use of Low-Dose Beta-Adrenergic 
Blocking Therapy in Idiopathic or Ischemic 

Dilated Cardiomyopathy 
Dawn G. Zarembski, PharmaD, Paul E. Nolan, Jr., PharmaD, Marion K. Slack, PhD, 

and Charles Y. Lui, MD 

S everal compensatory neurohormonal systems are 
stimulated in congestive heart failure (CHF) in 

an attempt to maintain cardiac function. The sym- 
pathetic nervous system is activated with resultant 
increases in circulating plasma norepinephrine levels 
that produce tachycardia, vasoconstriction, and in- 
creased force of contraction.1,2 The renin-angioten- 
sin-aldosterone system is also activated, leading to 
sodium and water retention and further increases in 
vasoconstriction secondary to angiotensin II synthe- 
sis.3 Eventually, as the disease progresses these com- 
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pensatory mechanisms become inadequate to main- 
tain ventricular function.’ In addition, the increase in 
plasma norepinephrine levels observed in CHF can 
be directly correlated to severity and mortality of 
CHF.4 Contemporary treatment of CHF is focused 
on altering these neurohormonal systems. Therapy 
aimed at attenuating excess sympathetic nervous sys- 
tem activity through P-adrenergic blocking agents 
has been proposed in a number of small clinical tri- 
als. 5-23 Given the small sample size in each of the 
trials, the ability of these trials to impact medical 
practice has been limited. To optimize the available 
data, we conducted a meta-analysis designed to as- 
sess the ability of p blockers to improve quality of 
life and hemodynamic indexes in patients with idio- 
pathic or ischemic cardiomyopathy. 

. . . 
Prospective, randomized, placebo-controlled trials 

were gathered from a review of the reports. Current 
Contents: Clinical Practice was reviewed and MED- 
LINE files from 1960 to November 1995 were searched. 
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