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ORIGINAL

An assessment of correlations between endogenous sex
hormone levels and the extensiveness of coronary heart
disease and the ejection fraction of the left ventricle in males
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Abstract: This clinical study investigated the possible associations of male sex hormone
with the extensiveness of coronary artery lesions, coronary heart disease risk factors and
ejection fraction of the heart. Ninety six Caucasian male subjects were recruited, 76 with positive
and 20 with negative coronary angiograms. Early morning, prior to haemodynamic examination
all of them had determined levels of total testosterone, free testosterone, free androgen index
(FAI), sex hormone-binding globulin (SHBG), oestradiol, luteinizing hormone, follicle-stimulating
hormone, plasma lipids, fibrinogen and glucose. The ejection fraction and the extensiveness
of coronary lesions of each subject was assessed on the basis of x-ray examination results
using Quantitative Coronary Angiography (QCA) and Left Ventricular Analysis (LVA) packages
on the TCS™ Acquisition workstation, Medcon.

Men with proven coronary heart disease had significantly lower levels of total testosterone
(11.9 vs 21.2 nmol/l), free testosterone (45.53 vs 86.10 pmol/l), free androgen index (36.7 vs
47.3 1U) and oestradiol (109.4 vs 146.4 pmol/l. The level of testosterone was negatively associated
with the DUKE Index(1). The most essential negative correlation was observed between SHBG
and atherogenic lipid profile (low high-density lipoprotein, high triglycerides). Ejection fraction
was substantially lower in patients (51.85 vs 61.30) (without prior myocardial infarction) with
low levels of free-testosterone (23.85 vs. 86.10 pmol/l) and FAI (28.4 vs 47.3 1U). A negative
correlation was observed between total testosterone, free testosterone, FAI and blood pressure,
especially with diastolic pressure.

Men with proven coronary atherosclerosis had lower levels of endogenous androgens than
the healthy controls. For the first time in clinical settings it has been demonstrated that low
levels of free-testosterone was characteristic for patients with low ejection fraction. Numerous
hypothesies for this action can be proposed but all require a proper evaluation process. The
main determinant of atherogenic plasma lipid was low levels of SHBG suggesting its main
role in developing atheroscerotic lesions. J. Med. Invest. 50 : 162-169, 2003
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remains a major cause of mortality amongst people
over 45 years. It has been confinned that some factors
such as cigarette smoking, diabetes mellitus, hyper-
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tension, hyperlipideamia promote atherosclerosis.
Androgens and especially testosterone are considered
responsible for the much higher rate of coronary
artery disease in men (2). Several findings appear
to support this. The male gender is an independent
coronary artery disease risk factor (3, 4). There have
been some reports concerning deaths of young body-
builders overdosing with synthetic androgens (5).
These stereotyped opinions on the role of androgens
in cardiology had to be changed according to more
recent findings published within the past 5 years.

In rats, castration per se resulted in a significant
increase in aortic atherosclerosis (6). An adverse correla-
tion between endogenous testosterone levels and
the extensiveness of coronary atherosclerosis has
been demonstrated in just one study (7). Some findings
indicate that endogenous androgens play a protective
role mostly by modulating some risk factors such as
lipid profile, hypertension, insulin resistance, fibrinolysis
and modulating cytokin levels (8-10).

Previous studies suggested that testosterone may
improve symptoms and postexercise ST depression
in patients suffering from angina pectoris (11, 12).
The vasodilator properties of endogenous male sex
hormone have been demonstrated in animal studies
(13-15). In humans, testosterone enhances relaxation
of the brachial artery (16) and in the coronary artery
bed, it produces dilatation and increases blood flow
(17, 18). These effects are apparent even with low-
doses of testosterone (19).

There are only few laboratory findings suggesting
the positive effects of testosterone on left ventricular
function. Ejection fraction reduction, diastolic dysfunction
develop following gonadodectomy in male rats (20).

In the present study, we investigated the associations
between endogenous sex hormone levels and the
extensiveness of coronary atherosclerosis, left ventricle
ejection fraction and coronary heart disease risk
factors.

METHODS

Study design. Included in the study were100 Caucasian
men who had had X-ray coronary angiography with
left venticulography performed at The Invasive Cardiology
Department. Our research was approved by the Local
Bioethics Commission.

Before angiographic evaluation blood samples were
drawn between 8 a.m. and 10 a.m. All had determined
total testosterone, free testosterone, free androgen
index (FAI), sex hormone-binding globulin (SHBG),

oestradiol, luteinizing hormone, follicle-stimulating
hormone, total cholesterol, high-density lipoprotein, low-
density lipoprotein, triglycerides, partial thromboplastin
time, prothrombin time, fibrinogen, glucose. Blood
samples were then centrifuged and frozen below
-200 .

The following variables were noted during the
examination:age, history of hypertension, diabetes
mellitus, cigarettes smoking, behaviour pattern A
(interviewed by a psychologist), hyperlipideamia,
medications (statin therapy), family history of coronary
heart disease, previous myocardial infarction.

Weight, height, systolic and diastolic blood pressures
(mean of 5 consecutive measurements) were estimated.
The same physician performed all measurements. Body
Mass Index was calculated using the formula BMI=
weight (kg)/height (m?).

Participants: 100 men aged 32-72 years, mean 54,
were recruited. The inability of proper data collection
resulted in the exclusion of 4 men. Elimination criteria
were : taking medication influencing sex hormone
levels, past history of hypogonadism, thyrotoxicosis,
hypothyroidism, restrictive cardiomyopathy, congenitive
dyslipidaemia, myocardial infarction within one month
before the investigation, homocysteinaemia, pacemaker,
previous coronary angioplasty and bypass surgery,
valvular heart disease.

Quantative Coronary Angiography module of MDQM
Medcon was used to evaluate the extensiveness of
coronary lesions. The patients were divided into two
groups on the basis of atherosclerosis extensiveness
according to the Duke Prognostic CAD Index. It is
a prognostic measure related to the anatomic extent
and severity of the atherosclerotic involvement of the
coronary tree. It was designed to overcome some of
the deficiencies of the number of diseased vessels
classification. Duke Index is labelling the patient with
the worst category applicable upon the estimation of
the prognostically important data about lesion severity
and its localization. The final index ranges front 0 to
100.”

In the patient group (Group I) 76 patients had at
least a 50 percent lesion of at least one vessel (Duke
Indext 19%).

In the control group (Group [ ) there were 20 patients
without any lesions in the coronary arteries (Duke
Index 0). Those patients had positive exercise test
results, non-characteristic chest pains and the normal
velocity of blood flow within the coronary arteries.

Left ventricle ejection fraction was calculated in
ventriculography for every single patient using Left
Ventricular Analysis module of MDQM Medcon on
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the TCS™ Acquisition workstation, Medcon In the
group with lesions were categorized in accordance
with the guidance of the American Heart Association
Classification of lesion type (21).

Laboratory techniques : All tests were performed
at The Local Municipal Hospital.

Serum sex hormone binding globulin (inter-assay
coefficient of variation 10.6% and 8.9% at 5.2 nmol/L
and 73nmol/L), sensitivity 0,23 nmol/L, oestradiol
(variation of 14.8% at 191 pmol/L and 8.1% at 2830
pmol/L) with a sensitivity of 16 pmol/L, free (with
an inter-assay coefficient of variation 5.2% at 15.6 pmol/
L and 3.1% at 143 pmol/L), with a sensitivity of 12 pmol/
L and total testosterone (inter-assay coefficient of variation
7.8% and 5.6% at 3.3 nmol/L and 16.9 nmol/L, respectively)
with sensitivity of 0.23 nmol/L levels were measured by
chemiluminescence in enzyme-immuno-assays (Bayer
ACS-180, The Chiron Diagnostics ACS : 180 Automated
Chemiluminescence Systems).

The enzymatic method was used to assess lipid
levels (KoneLab 30, Bio-Merie). All patients had their
free androgen index calculated (total testosterone/
sex hormone binding globulin (100). Fibrinogen levels
were assessed ons a CAM-MTX apparatus (Organon).

Statistical analyses : Values are expressed as mean+
1SD or percentages where appropriate. Pearson’s
linear correlation coefficient was calculated to test
correlations and significance of variables. In the case
of a nonlinear value of variables the Spearman correlation
test was performed. The Kologorov-Smirnov test was
used to evaluate the data distribution. Groups comparison
was performed using t test when the data were normally
distributed and the Mann-Whitney U nonparametric
test when they were not. Chi-square Pearson test for
an unpaired model was used to evaluate the statistical
correlation of the data shown in Table 1.

Assessment of a statistical correlation between
left ejection fraction and sex hormone levels was made
after excluding patients with MI (Mann-Whitney U
test) (Table 3).

Statistical analyses were performed using the SPSS
package, release 8.0.0pl (SPSS. Chicago, IL), with a
level of significance of 5%.

RESULTS

Baseline clinical characteristics of the two groups
are given in Table 1. Mean age and Body Mass Index
were higher in the patient group, however, they were

Table 1. Coronary heart disease risk factors comparison
between patients and controls.

patients (nOJ0 controls (nO0O p
Age [SD](Min-Max) IIIIOMN MO0 MDDOoCmMo 0mmod
Behaviour patternA [ 0 m{ninng|
BMI [SD](Min-Max)  [DIMMMmMOMT M0 MIIMIOM M0 Omso
MI history m 0 m{ninng|
Diabetes mellitus M d O
Hypertension m M mjninng|
Hipercholesterolaemia [T O mjninng|
Cig. smoking M 0 m{ninnn|
Statin therapy i 0 m{ninng|

BMI-Body Mass Index

Cig. smoking-Cigarette smoking

MI history-Myocardial infarction history
Max-maximum value

Min-minimum value

p-statistical significance

SD-standard deviation

not significantly different. Only cigarette smoking and
hypercholesterolaemia as coronary artery disease risk
factors were significantly different, whereas other factors
(diabetes mellitus, hypertension, age, behaviour pattern
A) were not. A past history of myocardial infarction
was characterised only in subjects with coronary heart
disease.

Seventy-two percent of the men in group 1 were
current smokers. Total testosterone and SHBG varied
significantly in the current smokers, whereas free-
testosterone and FAI did not. In the smokers cohort
the means of total testosterone, SHBG and oestradiol
were 17.3 nmol/L, 41.9 nmol/L, 118.8 pmol/L, whereas
the corresponding means in the non-smokers (11 cases)
were 15.5 nmol/L (p<0.005), 36.8 nmol/L (p<0.05),
111.6 pmol (p<0.05).Smokers had significantly higher
levels of total testosterone, SGBH and oestradiol.

After adjustment for age and cigarette smoking only
the levels of total testosterone, free-testosterone, FAI
and oestradiol were significantly lower in the patients
group (Table 2).

There were no significant differences in the levels
of total cholesterol or LDL between the groups. Subjects
with CAD (coronary artery disease) had lower HDL
levels, whereas levels of TG were higher.

Subjects from within CAD cohort had higher SBP, DBP,
and significantly lower left ventricular ejection fraction
(Table 2). After excluding the cases with myocardial
infarction and after adjustment for confounders : age,
hypertension, cigarette smoking, and the difference in
ejection fraction became lower but were still significantly
different (cases 51.85 [SD 8.22] vs controls 61.30 [23.37]
(Table 3). The same trend was observed with hormone
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(o

Tabled . Comparison of laboratory findings between patients Tabled . Differences in laboratory findings between patients
and controls. without Ml and controls
Patients nO0J Controls nOJ p casesUM] controlsOJ p
[SD] [SD] [SD] [SD]
(Min Max) (Min Max) (Min Max) (Min Max)
Total testosterone Mmomo Mmoma 000D Total testosterone MOmomo Mmoma 00mo
(NRIIE (DM hmol/L - DOIE DO DO MmO (NROE Mmhmol/L DO MmO O MmO
Free testosterone MmO [MMmmmo 00mm Free testosterone Mmoo IO 00mm
(NROD ODMpmol/L) 0MIC MO0 OO (DO00 (NROT 0 Mpmol/L) O (00 0MIC Mo
Freeandrogenindex  [DIIIIO Mmoo iy Free androgenindex ~ [DMIOMO Mmoo 00mD
(NRT}TIU) 0m Mo 0 mo (NRT2 (DIV) 0m Mo 0mmo
Oestradiol DI mmo Dmmmo jiinn Oestradiol minuafins (OO 0omm
(NRODpmol/L) 0MEODmMO0 DM ODmo (NROTpmol/L) IDEODD0 OMEODoo
SHBG (DD DmO (DODDOI O SHBG (Mmoo mn]iniii{an]ials njiiinnn
(NRT3 [Mnmol/L) 0D Do b mo (NRT3 [nmol/L) 0 0 0m Mo
LH 0Imomo OMmomio Ol LH OImomo 0Imomoo njiiinn
(NROMH OMIU/L) 000G OO0 OOM3 D000 (NROM} OMIU/L) 00m 0mo n[n]ineyufuin]
FSH 0momo OImmomIo e FSH Ommomo OMmomIo jinn
(NROMR [Omu/L) 000 MIo0 - 0005 0000 (NRODB COmIU/L) 00 0moo 00z DOO0
Total cholesterol 0Imomo OIImmo mjninnn EF Mmmomid MIMmmo 0omd
(NROOMDmmol/L)  OOMGOOD0  DOMZ D000 (NROO O 0m M0 0MIE Mo
LDL e HmOM0 DI EF-gjection fraction NR-normal range
(NRODTmmol/L) N0 D0 HOM D0 FSH-ollicle stimulating hormone ; LH-luteinizing hormone
TG OMmomo OMmomIog nfinnan . AR
(NROOMmmol/L)  OOMROMD  OOMD0IOO Max maximum value; Mirminimurn valve - o
HDL R — R — L) Siztt?:ﬁzcal significance ; SD-standard deviation ; SHBG-sex hormone binding
(NROOmmmol/L) ] O e Y 0
SBP mmHg IDIIDIND OOmDOOoo fiinn
OO 000 00D 000
DBP mmHg (DODMIND Mmoo 0o with triglycerides, while SHBG negatively. FAI and
OO0 O o free-testosterone negatively associated with SBP, DBP
EF MODMINI  MIDOOoO 00mm L .
(NRDTI0 0 e and fibrinogen. Free testosterone levels were negatively
Fibrinogen DIDOIO  ODOO0 00D associated with the degree in the Duke Index whereas
(NRID DDmg/L) OO0 00O 003000 none of the hormones correlated with lesion type
DBP-Diastolic blood pressure (Spearman correlation coefficient) (data not shown).
EF-gjection fraction

FSH-follicle stimulating hormone
HDL-high-density lipoprotein
LDL-low-density lipoprotein
LH-luteinizing hormone
Max-maximum value
Min-minimum value

NR-normal range

p-statistical significance
SBP-systolic blood pressure
SD-standard deviation
SHBG-sex hormone binding globulin
TG-triglycerides

levels, which were slightly lower in cases without
MI compared with controls.

In haematological examination, only fibrinogen
was essentially higher in CAD patients (Table 2).

In both groups FAI and free-testosterone were
negatively associated with HDL, while SHBG and
oestradiol were positively associated with HDL (Table
4). FAI and free-testosterone were positively associated

DISCUSSION

In the present study, men with coronary heart
disease were found to have significantly lower levels
of endogenous sex hormones than males without
any atherosclerotic lesions in the coronary bed.

Two groups of patients were investigated. Group 1
consisted of men with lesions documented in angiograms,
with a Duke Index greater than 19%. Patients with no
evidence of atherosclerotic lesions were included in
group 2. Not surprisingly these groups differed from
each other significantly by several coronary risk factors
(see Table 1). However, after adjustment for confounders,
endogenous sex hormone levels remained essentially
lower in men with proven coronary heart disease (table
2). Moreover, free testosterone levels were negatively
correlated with the extensiveness of atherosclerosis in the
coronary bed (5). Several prior studies investigating the
possibilities of such associations have reported conflicting
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results. English et al. did not find any correlation between
sex hormone levels and the intensity of atherosclerotic
lesion (7). A different method used in assessing the
extensiveness of atherosclerosis may have caused this
inconsistency in the results. The present study was
an observational one and experimental and clinical
human studies are clearly needed to verify the validity
of these present findings. Future investigations should
include a much larger group of patients. A major action
of statins is to inhibit the synthesis of cholesterol in
different cells. Theoretically, lowering the cholesterol
levels can disrupt the steroid hormone synthesis. Such
an affect was not demonstrated in numerous clinical
trials. In the 4S examination, the rate of male impotency
was similar in the groups receiving statin treatment
and placebo.

Statin therapy was more frequently used by coronary
heart patients but simultaneously total cholesterol
levels were higher than in the control group. Based
on this, the assumption that statin therapy decreases
endogenous testosterone precursor levels is groundless.
In addition, in clinical studies it has been shown that
such treatment did not affect steroidogenesis and
therefore does not influence testosterone levels (22).
Androgens in general are widely suggested to have
positive effects on atherogenic lipid profile by reducing the
levels of total cholesterol, LDL, VLDL and apolipoprotein
Al (8,23, 24). Inthe present study SHBG and endogenous

S Dobrzycki etal. Androgens and coronary heart disease

sex hormone levels were significantly correlated with
HDL and TG, respectively, but not with LDL and total
cholesterol levels. Unfortunately VLDL levels were
not considered because only 50% of the cases had been
measured.

SHBG correlated positively with HDL levels, and
negatively with TG levels (Table 4). Similar associations
were found with total testosterone but they did not
reach statistical significance. The opposite correlations
were observed in the case of free testosterone and FAI,
which correlated negatively with HDL and positively
with TG levels (Table 4). Most clinical studies assess
the influence of total, free testosterone on plasma lipids
underestimating the role of SHBG. Only in three studies
(25-27) have decreased levels of HDL and SHBG after
exogenous testosterone supplementation been reported.
Pugeat et al. suggested that SHBG increase HDL levels
through an effect on hepatic lipoprotein lipase biosynthesis
(27). As suggested by Gyllenborg et al., another possible
mechanism for SHBG influencing HDL metabolism is by
some unidentified receptor. In the present investigation,
atherogenic lipid profile was associated with low levels
of SHBG and high levels of free testosterone. However
FAI and free testosterone levels were significantly
negatively associated with fibrinogen levels (Table 4).
This observation parallels findings from previous studies.
Bioavailable testosterone positively modifies coronary
heart disease risk profile by its direct effect on endothelium

Tablel . Correlations between sex hormone levels and variables
cases=Rp[p] Total Free androgen index Free-testosterone SHBG Oestradiol
controls=Rp[p] testosterone
HDL -0Mmomoa -0mmomoa -0Mmomo Ommomo OmmOmmo
O- 0Momm O-00momom O- 0[MmoooT O0momOm  00mMmoomom
TG OMmmommo Ommomo OMmmommOa -IOmomoo -IOmomnoo
O0OINoMOom O0Omomuom O0Omomom O-0OmomOm  O- 0mmOmo
EF’ Ommommoa Ommommmo OMmomoa -0momOd OMmomoa
O0OmomOm O00dmommmaom O0Mmomom 00Omomom  00Mmdomo
SBP -0mommo - 0Mmommrmo -0Imomma gJomomma - 0mommmo
0-0Jmorom  O0- 00 O 0- OO 00O - OO M
DBP -0Mmomoo -0Mmommo -0Mmomoo Ommomo Ommomo
O-00moMOom O-00moMom  O- 0[momo OMomm OMmOom4m
Fibrinogen -0Omomnmo -0momOo -IOmommo OMmOoooOd OMmOomOo
O-00NoMOom O-U0momom  O- 0[momm O0OmomOm  00MmomoT
Duke Index -0momod -0momnOo -0RODIOomoao -IOmommo -0momog
“cases nO0

EF-ejection fraction

DBP-diastolic blood pressure
HDL-high-density lipoprotein
p-statistical significance
SBP-systolic blood pressure
SHBG-sex hormone binding globulin ; TG-triglycerides
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and fibrinolysis (18, 29). Thus, it can be suggested that
endogenous sex hormone levels slow lesion progression
by influencing other, than plasma lipid, risk factors.
All this should be confirmed in well designed, double -
blind studies. Further investigations are necessary (30).

SHBG is a glycoprotein synthesised by hepar that
specifically binds approximately 60% of testosterone,
almost all 5a-dihydrotestosterone (DHT) and less then
40% of 17 B-oestradiol. Transporting sex hormones in
the blood vessels is not the sole function of SHBG. It
is responsible for the proper recognition of the destination
cells and for the weakening of the biologic activity of
sex hormones. The high level of testosterone inhibits
the synthesis of SHBG, while oestradiol and thyroid
hormones act oppositely.

Levels of SHBG and oestradiol increase, whereas
levels of total and free testosterone decrease with
age. SHBG levels are higher in women than in men
of corresponding age. These differences diminish over
65 years old (31). Taking all this into consideration the
conclusion can be drawn that plasma lipid profile is
affected in a positive way by a rise in SHBG levels and
negatively by an increase in free testosterone levels.

In the present study, a significant difference was noted
in the ejection fraction measurements between the
two groups. A comparison of cohorts was performed
after the exclusion of patients with Ml. In the analyses
after adjustment for confounders (age, cigarette smoking,
and hypertension) the levels of total free testosterone
and oestradiol remained lower in coronary heart disease
patients (Table 3). There is no consensus on the effect
of endogenous sex hormones on ejection fraction. There
is no clinical trial findings concerning the effects of
testosterone on the left ventricular function. In rats,
testosterone, when administered intramuscularly
increases peak myocardial oxygen consumption and
attenuates sarcomers shortening thus improving the heart
function (20). Castration results in reduced ejection
fraction and diastolic dysfunction of the left ventricle.
LeGross et al. found that testosterone analogues taken
orally cause diastolic dysfunction of the heart (32). Clinical
trials are needed to evaluate the effects of androgen
on the contractility of the heart.

In the present investigation endogenous sex hormone
levels negatively correlated with the extensiveness
of coronary atherosclerosis. This effect was multi-
dimensional and its aspects are not fully investigated.
Previous findings lack an unambiguous opinion on
the role of male sex hormones on the development
of the coronary atherosclerotic lesions. In the present
investigation endogenous sex hormones modified
several coronary heart disease risk factors. SHBG

levels negatively correlated with atherogenic plasma
lipid profile. Free testosterone levels correlated positively
with both, low fibrinogen levels and high ejection fraction
of the heart. Patients with higher levels of endogenous
sex hormones had significantly lower blood pressures,
with the strongest positive correlation between free
testosterone levels and diastolic blood pressure.
In conclusion, the results of the present investigation
suggest that :
1) SHBG may play a dominant role in influencing the
progression of lesions via the plasma lipid profile;
2) higher levels of free testosterone and FAI improve
the ejection fraction ;
3) higher levels of male sex hormones were associated
with patients with no atherosclerotic lesions ;
4)androgen replacement therapy can be useful in certain
male patients, especially elderly.

For some time, a renewal of interest in sex hormones
as cardioactive substances can be observed in the
world literature. The results of various studies are
slowly changing the views of male sex hormones
as a major coronary risk factor.
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