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Males have higher risk of cardiovascular disease (CVD) than premenopausal females. Gonadal steroids are probably involved
in the gender difference in CVD, but previous results have been conflicting. We investigated the associations between CVD
risk factors and sex hormones in a cross-sectional designed study of 508 healthy males, aged 41 to 72 years. We determined
total testosterone (T), sex hormone-binding globulin (SHBG), free androgen index (FAI), and estradiol (E2) and studied their
relationship to body fat mass (BF), blood pressure (BP), aortic compliance, left ventricular mass (LVM), and plasma lipids (total
cholesterol, high-density lipoprotein [HDL], low-density lipoprotein [LDL], very-low-density lipoprotein [VLDL], and triglyc-
erides). In quartile analyses after adjustment for confounders (age, body mass index [BMI], alcohol consumption, and
smoking), SHBG and E2 were positively associated with HDL, while FAI was negatively associated with HDL. T and SHBG
were negatively associated with VLDL and triglycerides, while FAI was positively associated with VLDL and triglycerides. T
and SHBG were negatively associated with BMI and BF, while FAl and E2 were positively associated with BMI and BF. E2 was
negatively associated with LVIVI. No hormone varied with total cholesterol, LDL, BP, and aortic compliance in the adjusted
analyses. In multiple regression analyses, SHBG was the main predictive variable of HDL, VLDL, and triglycerides explaining
12%, 17%, and 17% of the variation, respectively. No other hormones were selected as predictive variables for VLDL and
triglycerides, but E2, T, and FAI were selected in the HDL regression, explaining 3%, 2%, and less than 1%, respectively. Our
regression analyses illustrate the diverging results when investigating associations between gonadal steroids and lipids with
and without SHBG adjustment. Atherogenic lipid profile in males is associated with low SHBG, low T levels, and a high FAI
Males with high E2 levels may have a less atherogenic lipid profile and lower LVIVI. SHBG is a key hormone in the association
between sex hormones and plasma lipids. We suggest that conflicting results of cross-sectional and intervention studies of
sex hormones and lipids, in part, may be explained by interindividual differences or changes in SHBG. Thus, further studies
on the potential role of SHBG in the development of ischemic heart disease (IHD) should be performed.

Copyright © 2001 by W.B. Saunders Company

ALES HAVE A considerably higher risk of cardiovas- reportedt In accordance with these findings, a recent nested case-

cular disease (CVD) in comparison to premenopausalontrol study found a higher prevalence of CVD risk factors in the
females. After menopause, the incidence of CVD in womenlow total T group compared with the normal T grouprospective
increases, diminishing the gender difference in morbidity andfollow-up studies have failed to show any predictive value of basal
mortality from CVD. These observations suggest that sex horsex hormone level on the development of cardiovascular disease
mones may be involved in the pathogenesis of atherosclerosi®r deattf-° In contrast to the cross-sectional studies, interventional
either as independent risk factors or mediated via other riskstudies find that administration of exogenous T to healthy males
factors, such as plasma lipids or insulin levels. leads to decreasing HDL-cholestet®l2 while androgen treat-

During the past decades, several studies on the associatignent therapy in hypogonadal males leads to decreasing total

between androgens and known CVD risk factors, such as plasmgholesterol with no concomitant change in HDL-cholest&tét.
lipids and blood pressure (BP) in males, have been conducted.hus, the association between T and plasma lipids in males is still
However, the results have been conflicting. Most cross-sectionainclear, and the role for endogenous gonadal steroids in the
studies find a less atherogenic lipid profile with increasing endogdevelopment of CVD deserves further attention.
enous total testosterone (T), mainly a positive correlation between Therefore, we determined sex hormone-binding globulin
T and high-density lipoprotein (HDL)-cholesterol (for review, see (SHBG), total T, free androgen index (FAI), and estradiol (E2) in
Barrett-Connor and Tchernof et 8.3 Additionally, an inverse @ random sample of healthy men (aged 41 to 72 years), partici-
relationship between BP levels and endogenous T have bed?@ting in the large population-based study Monitoring of Trends
and Determinants in Cardiovascular Diseases (MONICA). The
aim was to investigate significant relationships between sex hor-
mones and classical CVD risk factors, such as age, BP, plasma
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described elsewheté.In brief, a random sample consisting of 2,656 8.6%, respectively. FAl was calculated as XT100/SHBG). E2 was
Danish men and women from the referral area of Glostrup Countydetermined by radioimmunoassay (Immunodiagnostic Systems,
Hospital participated in the MONI 10 survey. Participants were re- Bolton, UK) with a sensitivity of 18 pmol/L. Intra- and interassay
cruited from the national population register without prior knowledge coefficients of variation were 7.5% and 12.9%, respectively.

of health status. Participants represented 4 age cohorts, 41 to 42 years,

51 to 52 years, 61 to 62 years, and 71 to 72 years. Sex hormones wetatistical Methods

determined in the MONI 10 subpopulation consisting of 518 male - .
subjects. Of these, 10 men were excluded due to hypogonadism with All statistical analyses were performed using the SPSS computer

extemel low toal T levels¢ 2 nmolL), leaving 508 men, aged 41. L 080 SUCY SR SRR B0 e LRI e ves.
to 42 years (n= 137), 51 to 52 years (& 160), 61 to 62 years (& P

130), and 71 to 72 years (a 81) for the present analyses. tigated using analysis of variance (ANOVA) used on risk factors split

. A . - by hormone quartile categories. This statistical approach was chosen
All subjects completed a questionnaire on current and prior disease o . )
%ecause it is more robust and does not assume linearity between the

intake of medication, and an extensive questionnaire on behavioral ris| . . L
factors. Previously diagnosed ischemic heart disease (IHD) or cerebr |pdependent and dependent variable. Due to positively skewed distri-
: Ef)utions, systolic BP, PWV, LVM, LVMI, very—low-density lipoprotein

stroke were reported by 35 men (6.9%), and statistical analyses wer . . : } )
conducted with and without these subjects. R/LDL) cholesterol, triglycerides, E2, and SHBG required log-trans

. - . formation before statistical anal . Adjustment for confounders w.
Blood samples were obtained in the fasting state between A&130 0 on betore sta al analyses. Adj or confounders was

and 12:30pm. Samples were drawn from an antecubital vein, clotted, performed using General Linear Model (GLM), in which age, body

centrifuged, and serum was stored at —20°C until hormone analysesmass index (BMI), and systolic BP were included as continuous co-

which were performed in the subsequent 12-month period. v§riates, while smoking (ves/no) and alcohol (less than 7, 7 te=22] .
drinks weekly) were included as explanatory factors together with

Methods hormone quartile groups. Age was included as a continuous variable
due to the linear relationship between age and CVD risk factors, which

Blood pressure (BP) was measured in the sitting position after Swas assured for every risk factor/age correlation by studying residual
minutes of rest using a standard mercury sphygmomanometer, and thstots.
mean of 2 values for systolic and diastolic pressure was used in the In multiple regression analyses with CVD risk factors as dependent
subsequent analyses. All measurements were performed by the samariables, a forward stepwise method was used with a probabiliy of
nurse, who prior to the study was tested for normal hearing. to enter= 0.05 and probability of to remove= 0.10. Alcohol and

Body fat (BF) mass was determined by bioelectrical impedancesmoking were entered as dummy variables, 2 dummy variables for
using a BIA-103 (RJL-system, Detroit, Ml) analyzer with a 50 KHz, alcohol (1 for low and 1 for high consumption) and 1 dummy variable
800 A device. In brief, BF was estimated using the following multiple for current smoking.
regression equation for BF mass: BF (kg)0.755BW - 0.279 Hi/R - Linear regression was used to test hormone levels versus age and
0.231Ht+ 0.077 Age+ 14.941 (Ht= heigth (cm), R= impedance test was used to test significant variations between hormone quartile
(ohm), BW= body weight [kg]). This equation was previously derived groups regarding current smoking, medication, and medical history.
from a representative sample of participants in the MONICA study andThe effect of smoking on hormones was investigated by comparing
validated by comparison to BF assessment by reference methods. hormone levels in the smoker versus nonsmoker group usiesf.

LVM was determined from a standard M-mode left parasternal Study subjects represented 4 age cohorts: 41 to 42 years, 51 to 52
echocardiographic recording using a Toshiba (Tokyo, Japan) 60Ayears, 61 to 62 years, and 71 to 72 years. These age cohorts are referred
echocardiograph equipped with a 3.5 MHz transducer. Left ventricularo as age 40, 50, 60, and 70 years, respectively, in all results, tables, and
diameters were obtained according to the Penn-cube method as thigyures. The significance level of all statistical tests was chosen-as
mean of 6 determinations (3 in the longitudinal axis and 3 in the short0.05.
axis)1® LVM was calculated according to the equation: LVM (g)
=1.04 (LVIDd + PWTd + VSTdp - (LVIDd)3 - 13.6 (LVIDd = left Ethical Considerations
ventricular internal diameter diastolic [cm], PWTed posterior wall
thickness diastolic [cm], VSTd= ventricular septum thickness dia-
stolic [cm]). All echocardiographic recordings were performed by the
same investigator (S.L.R.).

Left ventricular mass index (LVMI) is defined as LVM in relation-
ship to body surface area, LVM LVM(g)/body surface(rf).

Aortic compliance was estimated as pulse wave velocity (PWV) RESULTS
using transducers placed over the carotid and femoral aré€riréa/V Baseline clinical and metabolic characteristics are given in
is inversely related to aortic compliance (C) according to the formulaTgple 1. Table 2 shows the observed medians of every risk
PWV = /(mxr?C), in whichr* can be considered constant on a factor split by hormone quartile groups. Significant differences
group bas!s'. o . . between groups are shown for the adjusted GLM models.

Serum lipids were determined in venous blood samples obtained in - . % to 2%) were currentl
the fasting state using a commercial assay (CHOD-PAP; Boehringer, A m_lnor .proportlon .O].( the _men .(1 0 70 y
Manheim, Germany). usmg_lnsulln, _o_ral antnjlabetlcs, nitroglycerine, or cholesterol_-

lowering medicine, while 10.6% reported current use of anti-
Hormones hypertensive medicine (angiotensin-converting enzyme [ACE]

. . . inhibitors, diuretics, orp-blocking agents). However, there
SHBG was determined by a time-resolved immunoflurosence assaxv ianificant diff . dication bet il
(Delfia; Wallac Oy, Turku, Finland) with a sensitivity of 0.23 nmol/L. WE'® NO Signiicant difierences in medication between quartile

Intra- and interassay coefficients of variation were 5.8% and 6.4%9roups of any hormone.

respectively. Testosterone was determined by a radicimmunoassay Previously diagnosed IHD was prevalent in 5.1% and cere-
(Diagnostic Products, Los Angeles, CA) with a sensitivity of of 0.23 bral stroke in 2.0% of the men. Median hormone levels in these
nmol/L. Intra- and interassay coefficients of variation were 3.8% andpatients were not significantly different from hormone levels in

The study was approved by the ethics committee for Copenhagen
County (project no. KA 93054) and conducted in accordance with the
Second Helsinki Declaration. All participants gave their written in-
formed consent.
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Table 1. Clinical and Metabolic Characteristics of 508 Male Study Subjects

No. Percentiles

Valid Missing Mean SD 5th 50th 95th
Age (yr) 508 0 53.1 10.4 40.0 50.0 70.0
Height (cm) 508 0 176.0 6.6 166.0 175.5 187.5
Weight (kg) 508 0 82.0 12.5 64.1 81.6 101.9
BMI (kg/m?) 508 0 26.5 3.9 211 26.0 32.8
BF mass (kg) 508 0 21.4 7.6 10.8 20.4 34.3
Lean body mass (kg) 508 0 60.6 6.3 50.5 60.1 71.8
BF (%) 508 0 25.5 5.7 16.1 25.5 34.4
Systolic BP (mm Hg) 508 0 131.8 19.9 105.0 128.5 171.0
Diastolic BP (mm Hg) 508 0 84.3 10.5 69.0 83.0 103.0
PWV (m/sec)* 506 2 11.9 3.3 8.3 11.0 17.9
LVM (g) 470 38 2124 63.6 131.2 201.4 332.7
LVMI (g/m?) 470 38 107.3 31.0 68.6 101.6 168.3
Cholesterol, total (mmol/L) 507 1 6.08 1.02 4.63 5.99 7.84
Cholesterol, HDL (mmol/L) 507 1 1.30 .37 .83 1.25 2.02
Cholesterol, LDL (mmol/L) 496 12 4.08 .95 2.67 4.00 5.73
Cholesterol, VLDL (mmol/L) 496 12 .69 .35 .29 .59 1.40
Triglycerides (mmol/L) 507 1 1.54 .95 .62 1.27 3.29
SHBG (nmol/L) 508 0 43.7 20.3 19.0 40.0 82.6
Testosterone (nmol/L) 508 0 18.1 5.5 10.0 17.4 28.1
FAIl 508 0 46.4 16.7 23.8 43.9 77.3
E2 (pmol/L) 508 0 122.6 39.8 70.0 117.0 195.6

* Aortic compliance is inversely correlated to PWV.

disease-free men. Multiple regression and ANOVA with=n  associated with low SHBG, low total T, and high FAI after
508) and without (n= 473) these subjects gave essentially adjustment for age, BMI, and alcohol. The picture was more
similar results. One percent had a medical history of diabetescomplex for E2. HDL remained fairly constant, while VLDL
and triglycerides increased from the first to the third E2 quartile
group, where after VLDL and triglycerides decreased and HDL
Plasma lipids. Plasma triglycerides, HDL, and VLDL cho- increased markedly in the upper E2 quartile group.
lesterol varied significantly with all hormones in the unadjusted Total cholesterol and LDL did not vary with hormone quar-
analyses. After adjustment for confounders (Table 2), HDL,tiles neither in the unadjusted (except for E2) nor in the ad-
VLDL, and triglycerides retained their high significant associ- justed models.
ation with hormone levels, except for HDL versus total T, Body fatness. BF mass and BMI varied with quartile
which became near significarR & .059). An atherogenic lipid  groups of all hormones studied, achieving significant levels in
profile (low HDL, high VLDL, and high triglycerides) was both ANOVA and adjusted GLM (Table 2). Low BMI and low

Hormones Versus Classical Risk Factors

Table 2. Cardiovascular Risk Factors (medians) Split by Hormone Quartile Groups

SHBG Quartiles T Quartiles FAI Quartiles E2 Quartiles

=25th 25-50th 50-75th >75th =25th 25-50th 50-75th >75th =25th 25-50th 50-75th >75th =25th 25-50th 50-75th >75th

Cholesterol, total (mmol/L)* 6.16 5.78 6.01 5.98 586  6.04 6.19 5.89 6.01 5.90 5.97 6.05 5.71 6.06 6.04 6.12
Cholesterol, HDL (mmol/L)* 1.10 1.22 1.25 1.4290 1.8 1.23 1.30 1.31 1.40 1.27 1.18 1.16# 1.23 1.18 1.19  1.409
Cholesterol, LDL (mmol/L)* 4.09 3.88 4.01 4.00 3.94 3.99 4.03 3.96 3.96  3.99 4.01 4.04 3.92 4.17 411 3.84
Cholesterol, VLDL (mmol/L)*  0.85 0.59 0.56 04790 074 0.61 0.59 0.50**  0.50 0.55 0.60 0.761 0.52 0.59 0.65 0.60#
Triglycerides (mmol/L)* 1.88 1.25 1.21 1.000 1.63 1.32 1.26 1.06**  1.06 1.18 1.30 1.699 1.10 1.25 1.50 1.31**
BMI (kg/m?)t 27.0 26.4 25.7 2449 274 268 25.6 24.69 25.0 26.2 26.4 26.3** 254  26.1 25.9  27.1#
BF mass (kg)t 22.8 214 19.3 17.80 234 226 19.5 18.29 18.6 20.1 21.4 21.8# 195 204 21.0 22.3#
Systolic BP (mm Hg)# 130.0 129.0 1255 130.0 133.0 131.0 126.0 123.0 133.0 132.0 127.5123.0 124.0 125.0 131.56 135.0
Diastolic BP (mm Hg)$ 85.0 86.0 82.0 80.0 87.0 85.0 82.0 80.0 81.0 85.0 85.0 82.0 82.0 820 83.0 85.0
LVM (g)8 210.5 2083 191.7 1956.6 209.2 201.7 199.3 193.4 195.4 209.2 196.3 206.3 202.8 203.7 199.4 200.2#
LVMI (g/m?)§ 102.7 103.1 95.0 103.1 1039 1015 98.3 100.8 102.6 103.8 99.5 99.6 102.7 100.7 99.8 101.6
PWV (m/sec)]| 10.9 10.8 111 11.3 11.3 11.3 10.7 10.9 11.7 11.4 10.8 10.5 10.2 10.8 11.3 120

* Adjusted for alcohol/BMl/age in multivariate model.

1 Adjusted for smoking/alcohol/age in multivariate model.
+ Adjusted for smoking/BMl/age in multivariate model.

8§ Adjusted for sysBP/BMl/age in multivariate model.

|| Adjusted for sysBP/age in multivariate model.

q P < .0005 in adjusted model.

# P < .05 in adjusted model.

** P < 005 in adjusted model.
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BF were associated with high levels of SHBG and total T, pared with 29.5% in the lowest quartile groug’(25.5;P <
whereas the opposite associations applied to E2 and FAI.  .0005). In the smoker group, BMI adjusted means of SHBG, T,
Blood pressure. Systolic BP was negatively associated and E2 were 42.3 nmol/L, 19.3 nmol/L, and 121.3 pmol/L,
with total T and FAI and positively associated with E2 in the respectively, whereas the corresponding means in the non-
unadjusted ANOVA. In the GLM adjusted for current smoking, smoker group were 37.5 nmol/P (< .005), 17.0 nmol/LP <
BMI, and age, all associations between systolic BP and hor-0005), and 113.8 pmol/LF(< .05). No hormone was associ-
mones became nonsignificant. However, after exclusion of memted with cigarette pack-years.
with previously diagnosed IHD or stroke, systolic BP was nega-
tively associated with SHBG and total T in adjusted models.  Hormones Versus LVM and Compliance
Diastolic BP was negatively associated with SHBG and T in_ym
the unadjusted analyses, losing significance in the adjusted
GLM models. Diastolic BP remained negatively associated
with SHBG in adjusted models after exclusion of men with
previously diagnosed IHD or stroke.
Age. Figure 1 shows gonadal hormones in relationship to

age. SHBG levels were lowest in the younger age cohorts wit .
a mean (95% confidence interval [CI]) of 34.9 (32.1 to 36.9) 11.8), 196.3 (187.5 10 205.6), and 200.9 (191.4 t0 210.9) g in

nmollL in the 40-year-old males and 36.7 (34.4 to 39.2)the firs_t, second, third, and fourth _E._2 quartile categories,
nmol/L, 42.5 (39.4 to 46.0) nmol/L and 52.8 (48.6 to 57.4) 'eSPectively B = .03). The association between LVMI
nmoliL in the 50, 60, and 70-year-old males, respectivelyand E2 was near significant after adjustment for confounders
(Pearson’s = .32; P < .0005 when analyzed by linear regres- (P = .06).
sion). total T did not change significantly with age. FAI de-
creased from 55.4 (52.2 to 58.5) in the 40-year-old to 48.0 (45.
to 50.3), 42.0 (39.5 to 44.5), and 35.0 (32.7 to 37.3) at age 50, High PWV (ie, low compliance) was associated with low
60, and 70 years, respectively & -.42; P < .0005). E2 FAIl and high E2 levels, these associations being highly signif-
increased slightly with age (= .11; P = .01). Compared with icant in the unadjusted ANOVA. When adjusted for systolic BP
the youngest age cohort, mean SHBG was 51% higher, mea@nd age, which are the main predictive variables of compliance,
FAIl 37% lower, and mean E2 8% higher in the oldest agePWV versus FAI became nonsignificart & .91) and PWV
cohort. A partial correlation with BMI as covariate resulted in Versus E2 near significar®® (= .061), with higher PWV in the
correlation coefficients of 0.36 (SHBGage), -.42 (FAv age), ~ upper E2 quartile categories. Compliance was not associated
and 0.10 (E2 age);P values remained unchanged. with SHBG or total T.

Smoking. Forty-eight percent of the men were current ) .
smokers, defined as daily or occasionally smoking of any kindVultiPle Regression
of tobacco. total T and SHBG varied significantly with current  To account for the close interrelationship among several of
smoking, whereas FAI did not. E2 varied significantly with the hormones studied, stepwise multiple regression was used
smoking only when adjusted for BMI. In general, current with selected CVD risk factors as dependent variables and
smokers had higher hormone levels. In the upper T quartilehormones plus various confounders as explanatory variables.
group, 62.5% of the men were current smokers compared witiTable 3 summarizes the multiple regression results.
32.5% in the lowest quartile grougd, 26.3;P < .0005). In the Predictors for PWV (ie, aortic compliance) were age, sys-
upper SHBG quartile group, 55.5% were current smokers comtolic BP, and E2, the latter accounting for less than 1% of the

In the unadjusted analyses, LVM and LVMI did not vary
significantly with any hormone. When adjusted for systolic BP,
BMI, and age (the main predictive variables of LVM), LVM
was significantly associated with E2. The estimated means
95% CI) of LVM were 215.8 (206.1 to 225.9), 202.8 (194.1 to
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Table 3. Multiple Linear Regression Models With Selected CVD Risk Factors as Dependent Variables

Dependent Predictive Variables Standardized
Variable in Final Model B (SE) Coefficient B P Value R? Change s R? Excluded Variables
PWV* Age 0.00449 (0.000) 0.444 <.0005 .365 .365 SHBG, T, FAI, Diastolic BP
Systolic BP* 0.638 (0.059) 0.389 <.0005 132 497  BMI, Body fat mass, Smoking,
Alcohol (low), Alcohol (high),
LVM
E2* 0.0613 (0.027) 0.075 .023 .006 .503
LVM* BF mass 0.00575 (0.001) 0.325 <.0005 .140 .140 SHBG, E2, T, FAI, BMI, Age,
Smoking, PWV, Diastolic BP
Systolic BP* 0.495 (0.082) 0.256 <.0005 .057 197
Alcohol (high)t —0.0484 (0.013) —-0.165 <.0005 .016 213
Alcohol (low)t —0.0240 (0.012) —0.093 .039 .007 221
HDL SHBG* 1.247 (0.291) 0.649 <.0005 .120 .120 BMI, Age, Alcohol (high)
Alcohol (low)t —0.135  (0.030) -0.174 <.0005 .044 .164
BF mass —0.0133 (0.002) -0.275 <.0005 .038 .202
E2* 0.623 (0.116) 0.225 <.0005 .031 .233
T —0.0232 (0.007) —0.349 .001 .018 .251
Current smokingt ~ —0.0658 (0.029) —0.089 .025 .008 .259
FAIl 0.00546 (0.003) 0.247 .046 .006 .264
VLDL* SHBG* —0.414  (0.049) -0.371 <.0005 .166 .166  E2, T, FAI, BMI, Alcohol (low),
Alcohol (high)
BF mass 0.00825 (0.001) 0.296 <.0005 .087 .254
Current smoking* 0.0493 (0.017) 0.117 .003 .012 .266
Age 0.00192 (0.001) 0.095 .024 .008 273
Triglycerides* SHBG* —0.442  (0.052) -0.373 <.0005 71 171 E2, T, FAI, BMI, Alcohol (low),
Alcohol (high)
BF mass 0.00858 (0.001) 0.287 <.0005 .080 .251
Current smoking+ 0.0549 (0.018) 0.121 .002 .013 .264
Age 0.00182 (0.001) 0.083 .047 .006 .270

NOTE. Stepwise procedure criteria: Probability of F to enter =0.050 and probability of F to remove =0.100.
* Log-transformed values.

t Dummy variable. Low alcohol (less than 7 drinks/week), high alcohol (=21 drinks/week).

¥ Dummy variable. Current smoking (yes/occasionally).

total variation in PWV. No hormone was included as predictive DISCUSSION
variable for LVM, and the final model consisted of BF mass,

i ; In the present cross-sectional study of 508 healthy males
systolic BP, and alcohol consumption.

aged 41 to 72 years, we found significant associations between

h Iln lthe regressmrt]. mod;lFfor HDL I(E(j;p$ndent)l(',SHBGaalL‘fl'SHBG, several gonadal steroids, and cardiovascular risk fac-
ol (low consumption), mass, £z, 1, sSmoking, an tors, primarily the plasma lipids, HDL, VLDL, and triglycer-

were included as predictors. SHBG was th_e best IorGOIICtIVpides, but no association with total cholesterol and LDL. Athero-
variable, accounting for 12% of the variance in HDL, whereas

E2, T, and FAI explained 3%, 2%, and less than 1% reSpeCgenic lipid profile were correlated with low SHBG, low total T,

tively. Remarkably, the estimated regression coefficient for Tand high FAI, while men in the upper E2 quartile group seemed

was negative, and the estimated regression coefficient for FA‘o haye a more f_avorabl_e lipid profile. Additionally, E2 was
negatively associated with LVM. No other hormone varied

positive, contrary to the GLM results, which suggested a pos-'">" . ) . .
itive association between HDL and T and a negative associa§'gn'f'cantly with LVM or aortic compliance after adjustment
tion between HDL and FAI. Partial correlation showed that thefor confounders. )
correlation coefficient for T versus HDL decreased slightly AS indexes of obesity, we used BF measurement by the
when controlling for E2 alone, but changed substantially fromiMPedance method and BMI. Central body fat distribution
positive ¢ = .17; P < .0005) to negative, nonsignificant (CBF) was not assessed, although previous studies have sug-
—.042; P = .35) when controlling for SHBG alone. gested that CBF was a strong correlate of both plasma lipids
In the regression models for VLDL and triglycerides as and androgen levels in men. Inclusion of CBF in our models
dependent variables, the predictors in both models were SHB@:0uld possibly weaken the association between androgens, SHBG,
BF mass, smoking, and age. SHBG was the best explanatorgnd plasma lipids. However, several studies have shown that the
variable, accounting for 17% of the total variance in VLDL and association between SHBG and HDL-cholesterol remains signif-
triglycerides, which in both models, was considerably more tharicant after adjustment for waist-to-hip-rativ2
BF mass. No other hormone contributed significantly to either Age, BF mass, and smoking were associated with some, but
model. Thus, when controlling for SHBG, the lipids VLDL and not all, sex hormones. We found higher serum levels of total T
triglycerides do not vary significantly with total T, FAI, and E2, in and SHBG, but not of FAI, among current smokers. Several
contrast to the results of GLM not controlling for SHBG. prior studies have reported a similar positive association be-
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tween smoking and SHBG or 323 Additionally, E2 levels inconsistent associations between free T and plasma lipids,
were elevated in current smokers, after adjustment for BMI, inreported in the literature, could rely on limitations in available
accordance with previous repoptszs methods of direct measurement of free T. In accordance with

When analyzed by GLM, the relationship between total Tthe free hormone hypothesi,free T probably reflects the
and plasma lipids was opposite to the relationship between FAbiologically active fraction of circulating T, and bioactive T
and plasma lipids, an observation explained by the interrelamust correlate negatively with SHBG in vivé.Low SHBG
tionship among SHBG, T, and FAI. SHBG correlated posi- (and consequently high free T) are associated with an athero-
tively with total T (r = .58) and negatively with FAIr(= -.70), genic lipid profile, but with respect to other CVD risk factors,
while total T and FAI correlated positively & .11), indicating ~ some evidence points to a beneficial effect of free T directly on
that SHBG is a better predictor of FAI than T. When all coronary artery endothelit#h3s and on the fibrinolytic sys-
hormones were included in stepwise multiple regression asem36.37 These opposing effects might explain the lack of
explanatory variables, SHBG was the best predictor of HDL,prospective evidence for SHBG and T as independent CVD
VLDL, and triglycerides, and SHBG substantially reduced therisk factors, at least in males.
variance in HDL otherwise explained by T and FAlL. The Goodman-Gruen et @found that women younger than 65
regression analyses illustrate the diverging results when invesyears had significantly higher SHBG levels than age-matched
tigating associations between sex hormones and lipids with anchen, while there was no significant gender difference in SHBG
without SHBG adjustment. over the age of 65. A protective role of endogenous E2 is

Most clinical studies of exogenous T administration andanother possible explanation for the gender difference in car-
plasma lipids focus on T and not SHBG. Two studies, reportingdiovascular disease. We found a less atherogenic lipid profile in
decreased HDL levels after peroral T administration, also dethe upper E2 quartile group compared with the 3 lower E2
termined SHBG, and both found significantly depressed SHBGquartiles and a negative association between E2 and LVM,
levels;©-26 while Zgliczynski et &l found no change in either supporting a protective role for E2 on the cardiovascular sys-
HDL or SHBG after parenteral T administration. Indeed, ex-tem. In our study, the majority of men in the upper E2 quartile
ogenous T in supraphysiologic doses and peroral anaboligvere either obese, heavy drinkers, or both (data not shown).
steroids suppress SHBG levéfsput whether the HDL de- Thus, a protective effect of E2 in these men is likely to be
crease is mediated by SHBG or is related directly to T dose andverruled by a deleterious impact on health from other risk
route of administration, remains speculative. If we assumefactors associated with high endogenous E2 in men.
there is a causal relationship between SHBG and HDL choles- E2 and SHBG increased with older age, while FAI decreased.
terol, this may explain the diverging results between cross-secTotal T was not significantly different between age cohorts. Sev-
tional and clinical intervention studies. Endogenous total T corre-eral investigators have reported decreasing free T with age, mostly
lates positively with SHBG (in the present study= .58), and  concomitant with decreasing total T, although the decrease in free
although SHBG is a better predictor of HDL than T, the close T is often more pronounceéd:3°However, these studies, including
correlation between SHBG and total T explain the observed posthe present, share the common weakness of cross-sectional design;
itive association between T and HDL in cross-sectional studiestherefore, not allowing firm conclusions on cause-effect relation-
Conversely, high doses of exogenous T suppress SHBG anghip. In theory, the observed high SHBG and low free T level in
thereby lower HDL-cholesterol levels. Parenterally administeredolder men could be due to a higher probability of surviving into
T in physiologic doses does not reduce HDL, but the effect onold age, perhaps caused by a favorable lipid profile, rather than a
SHBG in this case is less well documented. true age-related hormonal change.

As suggested by Pugeat et?ala possible mechanism for In conclusion, our results from this cross-sectional study of
SHBG-HDL interaction is the effect of sex steroids on hepatic508 randomly selected, healthy males, suggest that: (1) low
lipoprotein lipase biosynthesis. This enzyme, which is centralSHBG, low total T levels, and a high FAI are associated with
in the regulation of HDL, is stimulated by androgens andincreased cardiovascular risks, primarily mediated via an un-
inhibited by estrogens, and by modulating the E2-T balancefavourable plasma lipid profile. (2) Males in the upper E2 quartile
SHBG might regulate the activity of hepatic lipoprotein lipase. group may have a more favorable lipid profile than others, and E2
Another possibility is a direct effect of SHBG on HDL metab- seems to have a protective effect on left ventricular hypertrophy.
olism via an unidentified SHBG receptor. However, it is well (3) SHBG is a key hormone in the observed association between
established that SHBG is associated with glucose metabolisnplasma lipids and sex hormones. We hypothesize a possible causal
and SHBG levels correlate negatively with insulin and fastingrelationship between SHBG and HDL-cholesterol, which may
glucose levels in viv@® Furthermore, it is postulated that explain previous inconsistent findings of studies on gonadal ste-
insulin downregulates SHBG synthesis in vitgfdn theory, the  roids and cardiovascular risk factors.
association between unfavorable lipid profile and low SHBG Focus on SHBG could prove valuable in future investiga-
might reflect an effect of insulin on both. tions of risk factors, accounting for the observed difference in

Various studies, including the present, have found that lowcardiovascular morbidity and mortality between males and
SHBG is associated with unfavorable levels of several stronghremenopausal females.

CVD risk factors in both malé$30 and femaleg2 However,

prospective studies have failed to detect any predictive value of

baseline SHBG on subsequent development of CVD, except for ACKNOWLEDGMENT

postmenopausal femal@sTheoretically, free T could be the  Wwe are grateful for the skilled technical assistance from Kirsten
sex hormone with causal effect on plasma lipids, and thelgrgensen and Ulla Hgjelse.
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