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Abstract

To clarify the independent relationships of obesity and over-
weight to cardiovascular disease risk factors and sex steroid
levels, three age-matched groups of men were studied: (i) 8
normal weight men, < 15% body fat, by hydrostatic weighing;
(il) 16 overweight, obese men, > 25% body fat and 135-160%
of ideal body weight (IBW); and (ill) 8 overweight, lean men,
135-160% IBW, but < 15% fat. Diastolic blood pressure was
significantly greater for the obese (mean±SEM, 82±2 mmHg)
than the normal (71±2) and overweight lean (72±2) groups, as
were low density lipoprotein levels (131±9 vs. 98+11 and
98+14 mg/dl), the ratio of high density lipoprotein to total
cholesterol (0.207±0.01 vs. 0.308±0.03 and 0.302±0.03),
fasting plasma insulin (22±3 vs. 12±1 and 13±2 ;U/ml), and
the estradiol/testosterone ratio (0.076±0.01 vs. 0.042+0.02
and 0.052±0.02); P < 0.05. Estradiol was 25% greater for the
overweight lean group (40±5 pg/ml) than the obese (30±3
pg/ml) and normal groups (29±2 pg/ml), P = 0.08, whereas
total testosterone was significantly lower in the obese (499±33
ng/dl) compared with the normal and overweight, lean groups
(759±98 and 797±82 ng/dl). Estradiol was uncorrelated with
risk factors and the estradiol/testosterone ratio appeared to be
a function of the reduced testosterone levels in obesity, not
independently correlated with lipid levels after adjustment for
body fat content. Furthermore, no risk factors were signifi-
cantly different between the normal and overweight lean
groups. Weconclude that (a) body composition, rather than
body weight per se, is associated with increased cardiovascular
disease risk factors; and (b) sex steroid alterations are related
to body composition and are not an independent cardiovascular
disease risk factor.

Introduction

The association between obesity and increased risk for acquir-
ing cardiovascular disease has been well established (1-3), par-
ticularly by recent data from the Framingham study, in which
obesity was shown to be a significant independent predictor for
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cardiovascular disease (4). However, there are several related
issues that remain unclear. One is the specific relationship of
obesity vs. being overweight to cardiovascular disease risk. The
National Health and Nutrition Examination Survey
(NHANES I, 1971 to 1974) suggested that men who were
overweight, determined by relative weight for height, but mus-
cular and not obese, according to triceps skinfold thickness,
had greater risk for acquiring cardiovascular disease than nor-
mal weight men (5-7). In the National Health and Nutrition
Examination Survey population, menwere cross-classified ac-
cording to percentile ranking on body mass index (BMI)1 and
sum of the triceps and subscapular skinfold thicknesses into
the following categories: (a) overweight and obese; (b) over-
weight and not obese; (c) not overweight and obese; and (d)
not overweight and not obese. The incidences of diastolic hy-
pertension (> 95 mmHg)and hypercholesterolemia were 2.5
and 1.7 times greater, respectively, in men who were over-
weight and not obese than in normal weight nonobese men(7).
Other studies have also proposed that a large body build or
muscular somatotype are associated with increased risk for
premature coronary disease (8, 9). However, previous investi-
gations of cardiovascular disease risk factors in relation to
overweight and obesity have lacked rigorous assessment of
body composition by an established technique such as hydro-
densitometry, total body water, or total body potassium.

Another aspect of cardiovascular disease risk that has re-
ceived considerable investigative attention is the relationship
of sex steroids to lipid and lipoprotein levels and other risk
factors. Recent studies have proposed that in men, hyperestro-
genemia may be a predisposing factor for coronary disease and
that an increased ratio of estradiol to testosterone may be re-
lated to the expression of cardiovascular disease risk factors
(10, 11). Obese men have elevated estrogen levels (12), which
have been attributed to an enlarged adipose tissue mass that is
a site for conversion of androgens to estrogens (13). Lindholm
et al. (14) have suggested that the association between coro-
nary heart disease and hyperestrogenemia might be mediated
by obesity, since after adjustment for the correlation between
estradiol levels and body weight no relationships were ob-
served between sex hormone levels and cardiovascular disease
risk factors. In contrast, other investigators (15) have reported
that estrone but not estradiol levels were elevated in patients
who survived myocardial infarction, compared with controls,
and concluded that the abnormal hormone levels were not
related to obesity in view of the fact that neither the patients
nor the control were > 20% above desirable weight. Body
composition was not measured in either of these two studies.

1. Abbreviations used in this paper: BMI, body mass index; LBM, lean
body mass; OGTT, oral glucose tolerance test; SHBG, sex-hormone
binding globulin.
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Thus, the interactions among obesity, being overweight, sex
steroids, and risk factors remain unclear and warrant further
investigation.

The present study was designed to clarify the independent
relationships among body composition, sex steroids, and car-
diovascular disease risk factors in men. This was accomplished
by use of a model in which the putative relationship between
overweight and obesity was uncoupled.

Methods

Subjects. 32 men between the ages of 20 and 35 participated in this
study. Group A (n = 16) was overweight, which was defined as a BMI
between 29 and 35 (16), and obese, which was defined as hydrostatic-
ally determined body fat (see below) > 5%. Group B (n = 8) was
overweight, matched with group A with respect to total body weight
and BMI, but lean, defined as < 15% body fat. Group C (n = 8) was
normal weight and lean, with a BMI of 20 to 22, and had < 15%body
fat. Groups A and C were matched with respect to lean body mass
(LBM), determined by hydrostatic weighing. All three groups were
matched with respect to age and height. All subjects were healthy, with
no personal or family history of cardiovascular disease, diabetes mel-
litus, or other metabolic disease. An oral glucose tolerance test was
administered (see below) to ensure that all subjects were nondiabetic
and had normal glucose tolerance, according to the criteria of the
National Diabetes Data Group (17). To control for a possible inter-
vening effect of level of cardiorespiratory fitness, aerobically trained
men were not accepted into the study. None of the men engaged in
regular aerobic exercise, but some of the men, particularly in group B,
took part in weight lifting, or primarily anaerobic sports such as wres-
tling, football, or power lifting, which do not significantly increase
cardiorespiratory fitness (18). All subjects were weight-stable at the
time of the study with no more than a 2-kg weight loss or gain over the
6 mobefore the study. The subjects were instructed to refrain from any
physical exercise and alchohol consumption and to consume a
weight-maintenance diet containing at least 250 g carbohydrate per
day for at least 3 d before blood sampling. Before acceptance into the
study a dietary history was obtained from each subject. To control for
possible confounding effects of diet on metabolic and hormonal pa-
rameters, men who engaged in unusual dietary practices (vegetarian-
ism, high or low protein diets, amino acid or vitamin supplementation,
or fasting) were excluded from the study. The men were nonsmokers
and were not taking any medications. The subjects were screened for
use of anabolic, androgenic drugs by interview, physical examination,
and plasma steroid analyses. For the men who were accepted into the
study, there was no clinical or biochemical evidence of exogenous
steroid use. The written informed consent was obtained from all sub-
jects and the protocol was approved by the Institutional Review Board
of the St. Luke's-Roosevelt Institute for Health Sciences.

Densitometry. Body fat content and LBM were determined by
densitometry. The subjects were tested in the morning after a 12-h fast.
Body density was determined by hydrostatic weighing in a stainless
steel tank in which a swing seat was suspended from a Chatillon 15-kg
scale. The subjects submerged beneath the surface of the water while
expiring maximally and remained as motionless as possible at the
point of maximal expiration for roughly 5 s, while underwater weight
was recorded. After several practice trials to familiarize the subjects
with the test procedure, 10 trials were performed. The estimated un-
derwater weight was the highest value, and this value was reproduced
three times ( 1 9). Residual lung volume was estimated by means of the
closed-circuit oxygen dilution method of Wilmore (20), with use of a
9-liter spirometer (Warren E. Collins, Braintree, MA) and a nitrogen
analyzer (Fiske Med-Science, St. Louis, MO). Two trials were per-
formed while the subjects assumed a sitting position that duplicated
body position in the tank during underwater weighing. Body density
was calculated from the formula of Goldman and Buskirk (21) and

percent body fat was derived from body density by use of the Siri
equation (22):

percent body fat = 4.95/density - 4.5.

LBMis the difference between total body weight and fat weight, where

fat weight = total body weight X percent body fat.

Blood sampling and assay procedures. A fasting venous blood sam-
ple was obtained in the morning after an overnight (12 h) fast from an
antecubital vein. Plasma estradiol and testosterone were measured by
radioimmunoassay after diethyl ether extraction and Celite chroma-
tography, with minor modifications of previously reported procedures
(23, 24). Sex-hormone binding globulin (SHBG) was determined by
ammonium sulfate precipitation according to the method of Rosner
(25). The percentage of non-SHBG-bound (free and albumin bound)
testosterone was determined by the method of Tremblay and Dube
(26), with the exception that the incubation with labeled steroid was
performed at 370C, instead of at room temperature. The amount of
non-SHBG-bound testosterone was calculated by multiplying the
total testosterone level by the percentage of non-SHBG-bound testos-
terone.

Total cholesterol and high density lipoprotein (HDL) cholesterol
were measured enzymatically according to the procedure described by
Allain et al. (27). Triglycerides were assayed enzymatically based on
the ultraviolet procedure of Buculo and David (28). Low density lipo-
protein (LDL) cholesterol levels were calculated with use of the follow-
ing formula (29): LDL = total cholesterol - (HDL + triglycerides .5).

Oral glucose tolerance test (OGTT). After a fasting blood sample
was drawn, a 75-g oral glucose load (Custom Laboratories, Inc., Balti-
more, MD)was given and venous blood samples were drawn at 30-min
intervals for 2 h. The plasma was separated and analyzed for glucose
and insulin. A glucose analyzer (Beckman Instrument Inc., Fullerton,
CA) was used for measuring plasma glucose (30). Plasma insulin was
measured by radioimmunoassay with charcoal absorption with use of
a human insulin standard (31). The integrated areas under the 2-h
glucose and insulin curves were calculated.

Blood pressure determination. Resting blood pressure was mea-
sured three times with use of an aneroid sphygmomanometer while the
subjects were seated quietly. The same investigator made all blood
pressure measurements.

Aerobicfitness test. Maximal aerobic fitness (VO2 max) was deter-
mined by a continuous multistage exercise test on a cycle ergometer
(Monark-Crescent Ab, Varbeg, Sweden). Before the test, time was
allotted for the subjects to become familiar with cycling on an ergome-
ter at a constant pedalling rate and to breathing through the apparatus
used for metabolic measurements. The subjects began cycling at a rate
of 50 rpm with zero external resistance (unloaded cycling). A metro-
nome was used to assist the subject in maintaining the proper pedalling
rate. The work rate was increased in 25-W increments every 2 min
until volitional exhaustion was reached and the subject refused to
continue despite vocal encouragement or until he was unable to main-
tain the pedalling rate. Ventilatory measurements were made contin-
uously by open-circuit respirometry with use of a Horizon Metabolic
Measurement Cart, which includes a turbine volume transducer, an
OM- 1 I polarographic oxygen (02) analyzer, and an LB-2 non-disper-
sive infrared carbon dioxide (CO2) analyzer. The subjects breathed
through a non-rebreathing valve (Hans Rudolph, Inc., Kansas City,
MO) and used mouthpieces and noseclips. The gas analyzers were
calibrated before and after each aerobic fitness test with 100% nitrogen,
room air, and a gas mixture containing 4%C02 and 16%02. For each
measurement, oxygen consumption, carbon dioxide production, and
minute ventilation were obtained.

Analysis ofdata. One-way analyses of variance were applied to the
data to determine the significance of differences among the three
groups in physical characteristics, sex hormones, lipid and lipoprotein
levels, the OGTTresults, aerobic fitness, and blood pressure levels.
Significant F ratios were followed by posthoc comparisons, with use of
the Duncan's range procedure, to determine the source of differences
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among groups (32). Pearson product-moment correlations were cal-
culated among the lipid, hormonal, risk factor, and body composition
parameters. The similarity of the correlations and regression coeffi-
cients obtained within each individual group were tested statistically
before pooling the data from the three groups to ensure that the as-
sumption of homogeneity of regression across groups was met (32).
Partial correlation analyses were applied to determine the independent
relationships among risk factors, sex hormones, and body composi-
tion, as described in the Results section.

For all statistical analyses the 0.05 level of significance was used.

Results

As shown in Table I, the three groups of menwere similar with
respect to age and height. The obese men (group A) were al-
most threefold fatter than the other two groups but they were
matched to group C with respect to LBM. LBMwas roughly
20 kg greater in group B than in the other two groups. Maxi-
mal oxygen consumption was similar for the three groups ex-
cept when expressed relative to total body weight, in which
case it was significantly greater for group C than for the two
groups of overweight men. Systolic blood pressure was not
different among the three groups, but diastolic blood pressure
was significantly greater for the obese men than for the other
two groups.

The sex steroid data are shown in Table II. Testosterone
was lower and the estradiol/testosterone ratio was significantly
higher for the obese men than in the other two groups. Estra-
diol was higher for group B than for the other two groups, but
this difference did not achieve statistical significance (P
= 0.08). SHBGwas significantly lower in the obese group than
in the two lean groups. The percentage of non-SHBG-bound
testosterone was significantly greater for the obese men than
for the two groups of lean men. The calculated amount of
non-SHBG-bound testosterone was not significantly different
among the three groups. Estradiol was significantly correlated
with LBM(r = 0.39, P < 0.05) but was unrelated to body fat
content (r = -0.09). Body fat content was strongly correlated
with total testosterone (r = -0.62, P < 0.01), SHBG(r =
-0.37, P < 0.05), non-SHBG-bound testosterone (r = 0.45, P
< 0.05), and estradiol/testosterone (r = 0.50, P < 0.01).

Fasting plasma glucose was not different among the three
groups, but fasting plasma insulin and the areas under the 2-h
glucose and insulin curves were significantly higher for the

obese men compared with the two lean groups (see Table III).
As shown in Table IV, the three groups did not differ signifi-
cantly with respect to triglycerides, total cholesterol, and HDL.
Perhaps with larger sample sizes the differences among groups
in triglycerides, total cholesterol, and HDL would have
achieved statistical significance. The power (1-#) to detect dif-
ferences among groups at the a = 0.05 level of significance
was 0.60 for triglycerides, 0.65 for cholesterol, and 0.75 for
HDL. However, the ratio of HDL/total cholesterol was signifi-
cantly lower and LDL was greater in the obese group com-
pared with the two lean groups. Body fat was significantly
correlated with systolic blood pressure (r = 0.60, P < 0.01),
plasma insulin (r = 0.74, P < 0.01), LDL (r = 0.56, P < 0.01),
total cholesterol (r = 0.53, P < 0.01), and HDL/total choles-
terol (r = -0.63, P < 0.01). LBMand total body weight were
uncorrelated with any of these parameters.

Apparent correlations were observed between the estra-
diol/testosterone ratio and both LDL (r = 0.34, P < 0.05) and
total cholesterol (r = 0.37, P < 0.05). To determine the rela-
tionship between estradiol/testosterone and lipids, indepen-
dent of the influence of obesity, partial correlations between
estradiol/testosterone and lipids, controlling for body fat, were
calculated (32). Whenbody fat was partialled out statistically,
the correlations of estradiol/testosterone with cholesterol (r
= 0.14) and with LDL (r = 0.08) were no longer significant.
On the other hand, when the effect of estradiol/testosterone
was controlled for by partial correlation, significant correla-
tions persisted between body fat and cholesterol (r = 0.43, p
< 0.05), LDL (r = 0.48, P < 0.05), HDL(r = 0.39, P < 0.05),
and HDL/total cholesterol (r = 0.63, P < 0.01).

Discussion

In the present study we made use of a new model in which
LBMand total body weight were uncoupled from their usual
positive correlation with body fat; in addition to a nonover-
weight, lean control group we also studied an overweight, lean
control group. While this latter group was matched to the
obese men with respect to total body weight and BMI, an
elevated LBMaccounted for the excess weight of the men in
group B. whereas adipose tissue accounted for the excess
weight in the obese group. Furthermore, groups A and C were
matched with respect to LBM, thus eliminating the possible

Table L Characteristics of Overweight and Obese (Group A), Overweight but Lean (Group B), and Normal Weight, Lean Men (Group C)

Group A Group B Group C P value

Age 26±1 25±1 24±2 NS
Weight (kg) 94±3 95±4* 74±2 P < 0.001
Height (cm) 178±2 181±3 179±3 NS
BMI (kg/r2) 30±1 30±1 23±1 P < 0.001
Percentbodyfat 30±1 10±1 12±1 P<0.001
LBM(kg) 66±2 85±3 65±2 P < 0.001
V02 max (ml/min) 2,920±137 3,341±85 3,387±240 NS

(ml/kg/min) 32±2 36±1 45±3 P < 0.001
Systolic blood pressure (mmHg) 123±3 119±4 117±2 NS
Diastolic blood pressure (mmHg) 82±2 72±2 71±2 P < 0.05

* Values are mean±SEM. * Groups sharing the same underline do not differ significantly.
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Table II. Sex Hormone Levels in Overweight and Obese (Group A), Overweight but Lean (Group B),
and Normal Weight, Lean Men (Group C)*

Group A Group B Group C P value

Testosterone (ng/dl)t 499±33 797±82 759±98§ P < 0.05
Estradiol (pg/ml)t 30±3 40±5 29±2 P = 0.08
Estradiol/testosterone 0.076±0.01 0.052±0.02 0.042±0.01 P < 0.05
SHBG(ug/dl) 0.57±0.03 0.70±0.05 0.69±0.05 P < 0.05
Non-SHBG-bound testosteronet

Percent 55±3 47±3 41±3 P < 0.05
ng/dl 275±25 370±34 311±53 NS

* Values are mean±SEM. To convert to nanomoles per liter, multiply estradiol by 0.0037, and testosterone and non-SHBG-bound testoster-
one by 0.0346. § Groups sharing the same underline do not differ significantly.

effect of the well-documented elevated LBMin obesity (33, 34)
on metabolic and hormonal parameters.

Cardiovascular disease risk factors in relation to over-
weight and obesity. Diastolic blood pressure, fasting plasma
insulin and the insulin response to an oral glucose load, and
LDL were significantly greater while HDL/total cholesterol
was significantly lower for the obese men compared with the
two lean groups. These findings support previous reports that
obesity constitutes an independent risk factor for cardiovascu-
lar disease (1-4). However, no risk factors were found to be
significantly different between the lean, overweight men
(group B) and the normal weight, lean men. Previous sugges-
tions of adverse health implications of being overweight and
nonobese might be attributed to lack of a rigorous method for
assessing adiposity. For example, as Van Itallie has pointed out
(7, 35) in the National Center for Health Statistics report (36),
in which hypertension and hypercholesterolemia were re-
ported to be significantly more prevalent in overweight, non-
obese individuals than in nonoverweight individuals, obesity
was determined by the sum of the triceps and subscapular
skinfold thicknesses, and it is possible that some individuals
whose excess fat was located primarily in other areas of the
body (abdominal, femoral, or gluteal regions), or located pri-
marily internally compared with subcutaneously, were mis-
classified. Furthermore, recent investigations have shown that
the pattern of body fat distribution has important health im-
plications; abdominal accumulation of body fat is associated
with elevated glucose, insulin, triglycerides, and blood pressure
(37, 38). In the absence of whole-body composition assess-
ment, this effect of body fat distribution on cardiovascular
disease risk could have been masked by categorization of obe-
sity based on triceps and subscapular skinfolds. Thus, misclas-

sification of subjects and variation in the pattern of body fat
distribution may explain, in part, the relatively greater fre-
quency of hypertension and hyperlipidemia among the over-
weight, nonobese individuals. Other reports of an association
between elevated muscularity or body build and risk of pre-
mature coronary heart disease are based only on assessment of
somatotype or body frame size, with no control or quantitative
determination of body fat mass (8, 9). The present study fails
to show any association between elevated LBMor being over-
weight per se, independent of obesity, and blood pressure, in-
sulin; or lipid levels.

Sex steroids and body composition. The reduced total tes-
tosterone and SHBGlevels, and higher percentage of non-
SHBG-bound testosterone observed in the obese men com-
pared with the two lean groups confirm previous studies (12,
13). The non-SHBG-bound testosterone, which includes both
free testosterone and albumin-bound testosterone, represents
the biologically available testosterone better than free testos-
terone alone or total testosterone (12, 13). The half-dissocia-
tion time of testosterone from SHBGis relatively slow, so that
it is biologically unavailable to target tissues, whereas albu-
min-bound and free testosterone are largely biologically avail-
able to tissues and are physiologically active. Biologically avail-
able (free and albumin bound) testosterone levels remain un-
changed by obesity, however, because of a concomitant
decrease in SHBGlevels (39). The lower testosterone levels in
obese men have been attributed in part to conversion of an-
drogens to estrogens in adipose tissue (13, 40, 41). Elevated
estradiol levels have also been reported in obese men, but only
when the men exceeded roughly 160% of desirable body
weight, according to the Metropolitan Life Insurance weight-
for-height tables (12). Kley et al. (40) found that conversion of

Table III. Oral Glucose Tolerance Test Results in Overweight and Obese (Group A), Overweight
but Lean (Group B), and Normal Weight, Lean Men (Group C)*

Group A Group B Group C P value

Fasting insulin (AU/ml)t 22±3 13±2 12±1*11 P < 0.05
Fasting glucose (mg/dl)t 86±2 84±2 88±2 NS
Insulin area0 444±18 216±33 265±58 P < 0.05
Glucose areaf 474±18 402±19 399±23 P<0.05

* Values are mean±SEM. * To convert insulin to picomoles per liter multiply by 7.175; to convert glucose values to millimoles per liter multi-
ply by 0.0625. § Integrated over 2 h after a 75-g oral glucose load. "l Groups sharing the same underline do not differ significantly.
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Table IV. Lipid and Lipoprotein Levels in Overweight and Obese (Group A), Overweight
but Lean (Group B), and Normal Weight, Lean Men (Group C)*

Group A Group B Group C P value

Cholesterol (mg/dl)* 196±9 164±18 167±13 NS
HDL(mg/dl) 40±3 49±6 49±2 NS
HDL/cholesterol 0.207±0.01 0.302±0.03 0.308±0.03§ P < 0.005
LDL (mg/dl) 131±9 98±14 98±11 P < 0.05
Triglycerides (mg/dl)t 125±19 89±10 99±23 NS

* Values are mean±SEM. Toconvert to millimoles per liter multiply cholesterol by 0.02586 and triglycerides by 0.01129. § Groups sharing
the same underline do not differ significantly.

androstenedione to estrone and estradiol was significantly
greater in men who were > 160% of desirable weight than in
men who were 90-120% of desirable weight, and concluded
that aromatization of androgens in the increased adipose tissue
mass accounts for the elevated estrogen levels in obese men.
This conclusion is supported by in vitro and in vivo studies of
the conversion of androgens to estrogens in fat tissue (41, 42).
However, the possibility that aromatization of androgens to
estrogens can occur in other tissues, specifically, in muscle,
cannot be ruled out from the studies of Kley et al. (12, 40, 43),
owing to the intercorrelation between muscle mass and body
fat mass, and the fact that LBMincreases with increasing obe-
sity (33, 34). In other words, previous investigations have
drawn conclusions about the conversion of androgens to es-
trogens in adipose tissue from correlations with indices of obe-
sity without regard to the intercorrelations among body com-
position parameters. In the present study, an experimental
model was used in which body composition parameters were
uncorrelated: the correlation between lean mass and fat mass
was not significant (r = -0.26).

In the present study, no difference in estradiol levels be-
tween obese men and lean men of similar LBMwas observed.
Conversely, estradiol levels were 25-30% greater in the overly
muscular group compared with the other two groups, and es-
tradiol was significantly correlated with LBM(P < 0.05), but
not with body fat mass. This supports, indirectly, the finding of
Longcope et al. (42) based on human forearm perfusion stud-
ies, that muscle may be a significant site for conversion of
androgens to estrogens, accounting for roughly 25% of the
total extragonadal aromatization of androgens to estrogens.
The overweight men in the present study were roughly
135-165% of desirable weight. The degree of overweight in the
subjects was constrained by the necessity of matching lean and
obese men with respect to total body weight and degree of
overweight, and matching the obese and normal weight men
with respect to LBM. Wewere unable to recruit menwho were
< 15% fat but > 165% of desirable weight and who met the
other criteria for inclusion in the study. Perhaps if the lean
overweight men had been even more overweight the elevation
in estradiol levels would have achieved statistical significance,
in view of the fact that there appears to be a threshold in
overweight before estradiol levels become abnormally high
(43). Similarly, the obese men probably did not demonstrate
significantly increased estradiol levels because they were not as
fat as the men in previous studies, and therefore their body fat
mass and LBMwere not as high as the levels encountered in
more severe obesity.

Sex steroids in relation to cardiovascular disease risk fac-
tors. The relationship between sex hormones and cardiovascu-
lar disease risk factors is controversial. According to the hy-
pothesis put forth by Phillips (10), hyperestrogenemia in men
is significantly linked with coronary disease, and an elevated
estradiol/testosterone ratio may provoke the expression of car-
diovascular disease risk factors. In contrast, a recent investiga-
tion (44) of sex hormones and lipoproteins in men demon-
strated significant negative correlations between estradiol and
both LDL (r = -0.52) and total cholesterol (r = -0.56). It is
possible that an intervening effect of body fat may explain
these discrepant observations. In the present study, apparent
correlations of the estradiol/testosterone ratio to LDL and
total cholesterol do not reflect a relationship between hyperes-
trogenemia and lipids, but are a reflection of the reduced tes-
tosterone levels in obese men. Significant correlations of the
estradiol/testosterone ratio to LDL and total cholesterol were
eliminated when the influence of body fat was suppressed.
This supports the observation by Lindholm et al. (14) that no
significant relationships existed between sex hormone levels
and lipid levels after adjustment for age and body weight.
However, body fatness was not measured in that study (14).

Thus, total body weight per se is not independently related
to either sex hormone levels or cardiovascular disease risk fac-
tors, whereas the individual body composition parameters (fat
mass and lean mass) are significant determinants of both. In
conclusion, the results of this study, in which a novel approach
was taken to uncouple obesity from body weight and LBM,
demonstrate that excess adiposity, but not elevated total body
weight, is independently related to cardiovascular disease fac-
tors. Furthermore, the documented hyperestrogenemia in obe-
sity may be due to the increase in LBMassociated with obesity
as well as to the increase in adipose tissue, and may be related
to the extragonadal aromatization of androgens to estrogens in
muscle as well as in fat tissue. Independent from the effect of
obesity on total testosterone, the estradiol/testosterone ratio is
uncorrelated with cardiovascular disease risk factors.
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