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testosterone. This decrease is, however, gradual and slow in contrast to the
situation in women where there is a relatively steep decline in estrogen
production coinciding with the onset of menopause.

"I"# $%6&(

Similar to testosterone in men, the production of estradiol in women starts
from cholesterol (I"#$%&). In fertile women, the major part of estradiol is
produced in granulosa cells of ovaries and involves the conversion of
androstenodione into estrone, and the further conversion of the latter into
estradiol. Another form of estradiol production is through the aromatization
of testosterone in adipose tissue. Adrenal glandules also produce estradiol in
minor quantities. The concentrations of estradiol vary during the ovarian
cycle and are involved in ovulation ("#$%&(). In postmenopausal women,
there is a cessation of estradiol production in the ovaries, and the major part
of estradiol is then produced by aromatization of circulating androgens. The
levels of estrogen in postmenopausal women are comparable to the levels of
estrogen in men. However, there are large sex-differences in the levels of
testosterone during the entire lifespan, with 10 times higher testosterone
levels in men compared to women. Even if the levels of testosterone tend to
decrease in women after menopause, the decrease is attenuated as the
production of androgens in stromal tissue of ovaries continues after the
menopause [23], and the production of androgens in the adrenals seems not
to be influenced by the menopause. DHEA and sulphated-DHEA decrease

Estrogen Production in Women
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Figure 4. Estrogen production in women during lifespan.
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with regard to cardiovascular mortality and morbidity are lacking. The
absence of evidence might be attributable to lack of statistical power due to
the rarity of these events in a younger population. Another biological reason
of for findings only in older populations might be differences in the effect of
testosterone in older and younger men, respectively. Aging in the endothelial
tissue might be a cause of vulnerability to cardiovascular disease, in that the
role of testosterone may become more important for the endothelial function
in older than in younger individuals with intact endothelium. Type 2 diabetes
is associated with early vascular aging [39, 40]. Therefore, analyses
comparing the effects of testosterone in men with and without diabetes,
respectively, would represent a good way of modelling the differing effects
of testosterone on cardiovascular endpoints in younger and older men.

Testosterone replacement therapy in men is used if symptoms of
hypogonadism are associated with lower levels of testosterone [41, 42].
Although a good effect is observed in the metabolic syndrome [43],
randomized controlled trials with hard endpoints in individuals with high
risk are still lacking.

I"H$%& ()*

Testosterone is the most important source of estradiol in men [11]. Although
the activity of aromatase increases with age, the concentration of estradiol
remains almost unchanged as testosterone levels decrease. Estradiol is
important in men in the process of the closure of the epiphysis, the control of
the function of pituitary production of luteinizing hormone and in sexual
behaviour. The effect of estradiol with regard to cardiovascular risk in men is
uncertain. Epidemiological prospective studies investigating the effects of
estradiol concentrations in the intima media have yielded contrary results
[44-46]. Also, one prospective study has shown that high levels of
endogenous estradiol levels predict stroke [47]. In the mid-1960s the
Coronary Drug Project tested two doses of exogenous estrogen for the
prevention of heart disease in men. Both estrogen arms were terminated
early due to an excess of adverse events [48]. Similarly, men receiving
estrogen for prostate cancer have been shown to have an increased risk of
CVD [49]. Although epidemiological studies show in general an adverse
effect of exogenous estradiol and an uncertain effect of endogenous
estradiol, the mechanisms underlying these associations remain unexplained.

+,-*.($/(0,*1'0&'02*2)(13)'0*4+5678*

Epidemiological studies have shown an association between low levels of
SHBG and the metabolic syndrome and diabetes mellitus, respectively[17,
18, 25, 50]. In fact, high levels of glucose in subjects with metabolic
syndrome inhibit the production of SHBG[19]. In 2009, Ding et al. could
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Sex hormones and cardiovascular risk in men and women

LT A#S%&()F*++
I"HSHY& H() SV +

After an overnight fast (10h), participants were seen by specially educated
and trained nurses. Participants gave verbal informed consent, and the nurses
measured body weight and height with the participants wearing light
clothing without shoes. Blood pressure was taken in a supine position and
venous blood samples were drawn. The study nurses collected information
regarding medical history and on-going medication with a special focus on
treatment for hypertension and diabetes. All participants also answered a
questionnaire regarding smoking habits, alcohol consumption, and physical
activity [67].

HSH-1" 10)% & H#()$Y* 1%+ %6 20%*, +

Participants were seen in the morning after an overnight fast (10h) and
signed an informed consent form before venous blood samples were drawn.
An oral glucose tolerance test was performed with an intake of a 75 g
standard glucose load. During the two-hour wait for the final blood drawing,
participants filled out a validated lifestyle questionnaire [67]. Participants
also filled out questionnaires regarding psychosocial health, stress, quality of
life, and civil- and socioeconomic status. Approximately two weeks after the
first visit the participants came for a second examination by the nurses. Body
weight and height were measured while participants were wearing light
clothing and without shoes. They also had their blood pressure taken and
provided detailed information on medical history and on-going medication.

3)045#6%7489:$;

*2%<:9=%5:=;%88 information regarding medical history was collected at
baseline according to predefined criteria. The variables included were acute
myocardial infarction, angina pectoris, heart failure, acute stroke,
intermittent claudication, diabetes mellitus, and smoking habits.

'=,845#6%>?#@42#94:2

*2% <:9=% 5:=:$98ffc and diastolic blood pressure in the right brachial
artery was measured in a supine position after 5 minutes rest, as well as in a
standing position after 1 minutes rest, and recorded to the nearest 2 mm Hg.
TricuffTM for automatic adjustment of cuff size to arm circumference was
used and heart rate was registered simultaneously with blood pressure [69].
A pillow supported the arm to be at heart level. Participants were weighed
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Stage 1 140-159/90-99 mmmmp Stage 1
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*QOBHA" &Y% (&, (-I*E%" G 1/ (-&(64/)"*-(."&+&S " *#++=(#5#"+#.+I(
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