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1. Introduction

Cardiovascular disease (CVD) is the leading cause of death among women worldwide. While the
incidence of CVD is much lower in premenopausal women compared with men of similar age, the
CVD rate in women rises steadily after the age of 50 12, Initially, this increase in CVD incidence later in
life was ascribed to the menopausal decline of estrogen levels ®. However, throughout the years,
several observations have brought this theory into question. Studies examining associations between
endogenous estrogen levels and CVD risk factors have vielded conflicting results *° and available
data on CVD events indicate a lack of association "®. Furthermore, in contrast to other estrogen

1,29

related diseases, the CVD rate does not show a sharp rise at time of menopause . In addition,

several trials have failed to demonstrate a beneficial effect of estrogen replacement therapy in

postmenopausal women ***?

, further weakening the estrogen protection hypothesis.

Due to the controversial role of estrogens in women’s cardiovascular health, recent research has
gradually turned more focus to the potential effects of androgens. Indirect evidence for a role of
androgens comes from findings of clinical studies showing an unfavourable cardiovascular risk profile

1

in hyperandrogenic conditions such as hirsutism ** and the polycystic ovary syndrome (PCOS) *.

Several studies in postmenopausal women have also demonstrated a positive correlation between

testosterone and various CVD risk factors >***’

. These findings have raised concerns about the safety
of testosterone administration to postmenopausal women ‘2. However, reverse associations between
testosterone and markers of atherosclerosis have been reported as well **?°. This review aims to

summarize the current evidence on the role of endogenous testosterone in cardiovascular health in

postmenopausal women and to highlight potential adverse effects of testosterone therapy.

2. Search strategy and selection criteria

For this review we searched for English language articles in PubMed and EMBASE using the key

words “androgens”, “sex hormones”, “sex steroids”, “testosterone”, “sex hormone-binding globulin” in
combination with “cardiovascular” and “women”. In addition, we checked reference lists of retrieved
articles. To exclude confounding by postmenopausal hormone therapy (HT), we excluded

observational studies that included postmenopausal women on HT. For reviewing the association

between hormones and cardiovascular risk factors, we further focused on studies that excluded



subjects with prevalent metabolic and cardiovascular conditions (e.g. diabetes, heart disease and

stroke) or studies that adjusted for these conditions in their analyses.

3. Testosterone production in women

In women, testosterone circulates in levels that are about 5% of those observed in men. There are
three main sources of testosterone production in women: 1. the ovary, 2. the adrenal cortex, 3.
peripheral conversion of androgen precursor hormones (androstenedione, dehydroepiandrosterone
(DHEA), dehydroepiandrosterone sulphate (DHEA-S)). The secretion of testosterone from the ovary is
stimulated by luteinizing hormone (LH), with estradiol exerting negative feedback. In the adrenal
cortex, the secretion of testosterone is stimulated by adrenocorticotropic hormone (ACTH) with
negative feedback by cortisol. In premenopausal women, 25% of testosterone is derived from the
ovary, 25% from the adrenals and 50% is produced by peripheral conversion. These 3 sources of
circulating testosterone are slightly redistributed in postmenopausal women, due to the menopause

and age-related atrophy of the adrenal cortex 2

Figure 1. Testosterone production in postmenopausal women.
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Abbreviations: ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; DHEA, dehydroepiandrosterone; DHEA-S,
dehydroepiandrosterone sulphate. +, stimulatory; -, inhibitory.
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With the follicular depletion during menopause, estradiol production decreases rapidly, leading to a
loss of negative feedback at the pituitary. The resulting increase in LH levels drives the ovarian

22,23

production of testosterone . Despite the persistent ovarian activity in naturally postmenopausal

women, testosterone levels decrease gradually 2425

due to the age-related atrophy of the adrenal
cortex which causes a decline in adrenocortical secretion of testosterone and androgen precursor
hormones. This explains the lower proportion of testosterone that is derived from the adrenal cortex

(10%) and peripheral conversion (40%) in postmenopausal women (Figure 1).

4. Measuring testosterone levels

Given the low circulating levels of testosterone, highly sensitive and accurate assays are required to
obtain reliable measurements. Mass spectrometry is the gold standard for measurement of total
testosterone (TT). Nowadays, direct immunoassays are widely used across laboratories. While being
more rapid and economical, their reliability in female samples has been questioned because of their

26,27

high imprecision in the lower end of the testosterone range . Direct immunoassays assays often

suffer from calibration and specificity problems, which generally result in an overestimation of TT

26

levels in women Specificity problems can be partly solved by adding an extraction or

chromatography step prior to the immunoassay, which removes some of the interferences by cross-
reacting substances 2829,

For economic and logistic reasons, most researchers use single blood samples for testosterone
analyses. Although this may cause a larger degree of measurement error (due to diurnal variation), a
single measure obtained by extracted immunoassays is thought to be reliable for ranking
postmenopausal women in epidemiological studies ***.

In the circulation, testosterone is specifically bound to SHBG (~66%) and non-specifically to albumin
(~33%), leaving only a small fraction unbound (~1-2%). Unbound free testosterone is considered to be
the bioactive fraction able to diffuse across cellular membranes. However, bioactive roles for albumin
and even SHBG bound testosterone have also been suggested by studies showing cellular uptake of

bound testosterone fractions ***

. Since SHBG is present in such a large excess in postmenopausal
women, free testosterone levels are primarily driven by SHBG. The hepatic production of SHBG is

positively regulated by estradiol and negatively regulated by testosterone. Therefore, increased TT



levels in hyperandrogenic conditions not only raise free testosterone levels directly, but also indirectly
by lowering SHBG levels.

Accurate measurements of free testosterone and bioavailable testosterone (free and albumin bound
testosterone) rely on the accuracy of TT assays. Equilibrium dialysis and the ammonium sulphate
precipitation technique are the gold standards for measurement of free testosterone (FT) and
bioavailable testosterone (BT). Both methods are not routinely used as they are time-consuming and
expensive. As an alternative, several algorithms based on the law of mass action (Sodergard ** and
Vermeulen *) have been proposed to calculate FT and BT using concentrations of total testosterone,
SHBG and albumin. These algorithms have been shown to correlate well with FT and BT measured by

35,36

the gold standards . Free testosterone can also be measured directly using radioimmunoassay.

The reliability of this assay, however, is uncertain due to its lack of accuracy and precision 3536
Another way to estimate bioavailable testosterone (BT) is the free-androgen index (FAI) which
represents the ratio of total testosterone (nmol/L) to SHBG (nmol/L). In contrast to men, this index is a

reliable indicator of the amount of bioavailable testosterone in women 2%’

5. Cardiovascular risk factors and disease

Over the past years, several observational studies have examined the relationship between
endogenous testosterone and cardiovascular disease and its risk factors. Tables 1 - 5 summarize the
reported associations of TT, SHBG, BT and FT with various indicators of cardiovascular disease risk.
It is important to emphasize the limitations of the observational studies being summarized here. Study
populations were heterogeneous and selection criteria diverse. For example, the type of menopause
(surgical, natural or mixed) varied between study populations. Furthermore, adjustment for potential
confounding factors was not always adequate. The majority of studies did not adjust for estradiol (E2),
which could be a potential confounder because postmenopausal estradiol is mainly derived from
peripheral aromatization of testosterone. Another limitation is that most studies used direct
immunoassays (without extraction) which are suboptimal for the measurement of TT levels in
postmenopausal women. Furthermore, the selection of poorly matched controls may have introduced
bias in case-control studies because cardiovascular disease patients are more likely to be on

medication and to have modified their lifestyle. Finally, atherogenic changes may cause a decline in



serum testosterone levels in patients with cardiovascular disease, increasing the likelihood of spurious

associations in case-control studies.

5.1 Body composition and blood pressure

Obesity and hypertension are important predictors of cardiovascular morbidity and mortality in

339 Cross-sectional findings on the relationship between TT and markers of

postmenopausal women
obesity are somewhat conflicting with either an increase or no change in body mass index (BMI), waist
circumference and waist to hip ratio (WHR) with increasing TT levels (Table 1). None of the studies,
however, suggested that high TT levels were associated with decreased obesity. Associations with
SHBG, BT and FT seem to be more consistent: increased BMI, waist circumference and WHR are
related to an increase in BT and FT levels, and a decrease in SHBG levels. It has been suggested that

testosterone and SHBG are more strongly related to abdominal obesity than general obesity “%**. |

n
the study of Kaye et al. “°, the association between SHBG and WHR remained significant after
adjusting for BMI.

Since all studies used a cross-sectional design, the causal direction of the reported associations
cannot be ascertained. The reversal direction, for instance, is supported by studies showing a
decrease in testosterone levels following weight and body fat loss in overweight women “**.
Furthermore, adipose tissue, with its 17p-hydroxysteroid dehydrogenase activity, has been suggested

44,45

to be an important site of peripheral testosterone production . On the other hand, androgen

treatment has been reported to increase visceral fat in healthy obese postmenopausal women “®,
Likewise, high doses of exogenous testosterone increase BMI and visceral fat mass in female
cynomolgus monkeys " Recent findings from the study of Zang et al. 8 also support a causal role for
testosterone in postmenopausal obesity. In this study testosterone was found to down-regulate
hormone sensitive lipase expression in subcutaneous adipose tissue. Additionally, testosterone
increased the expression of phosphodiesterase-3B, an enzyme involved in the anti-lipolytic action of
insulin in adipocytes.

The relationship between androgenicity and blood pressure has been studied less frequently and with
less consistent results (Table 1). Two large cross-sectional studies failed to demonstrate an

association between testosterone and blood pressure. In contrast, Haffner et al. *’ found a positive

association of TT with systolic and diastolic blood pressure. Furthermore, high FT and low SHBG
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levels have been reported in postmenopausal women with hypertension *°,°°. Testosterone may

17,49

influence blood pressure through induction of obesity. However, several studies have

demonstrated that the association between testosterone and blood pressure is independent of BMI,
suggesting a direct effect on the renin-angiotensin-aldosterone system (RAAS). Experimental data

also support a direct effect of testosterone. In female rats, testosterone treatment increases renin

51,52

activity and angiotensinogen expression Moreover, high testosterone levels have been

53

associated with increased vasoconstriction in sucrose fed female rats and increased levels of

endothelin, a potent vasoconstrictor *°.

Table 1. Associations of endogenous testosterone and SHBG levels with body composition and blood pressure:
results from observational studies.

BMI Waist circumference WHR DBP SBP
TT T [15,41,54—57] T [15,41,54] 54 T [15,17] 15,17,62]
- [40,58—61] - [55,59,60] - [40,58—60] = [5,59] - [5,59]
SHBG l« [41,50,54-58,60,61,63-68] l [40,41,54,55,60,63,64] l« [40,54,58,60,63,64,67,69] l« [5,17] l« [5]
- [65] - [70] - [17,70]
BT 0 [54,58,59,65,68] 0 [54,59] 0 [54,58,59,65] 0 [59] — [5,59]
_ 5
FT 1 [55,56,60] 0 [55] - [60] ; %1]7] 0 [49,62]

=59 = [%9] =[]

Abbreviations: TT, total testosterone; SHBG, sex hormone-binding globulin; BT, bioavailable testosterone; FT, free testosterone;
BMI, body mass index; WHR, waist to hip ratio; DBP, diastolic blood pressure; SBP, systolic blood pressure. 1, positive
association; |, negative association; =, no significant association.

5.2 Glucose and insulin metabolism

Table 2 summarizes the cross-sectional and longitudinal studies that examined the association
between testosterone, SHBG and markers of glucose and insulin metabolism. In most studies no
significant association with TT was found. Some of these studies, however, may have been limited by
a small sample size and lack of control for confounders. Lambrinoudaki et al. ® observed an
independent association between TT and insulin resistance in a large study of 598 postmenopausal
women. Similarly, another study including a large number of incident diabetes cases showed a
significant association between TT and type 2 diabetes after multivariable adjustment *. Unlike TT,
SHBG and bioactive fractions of testosterone show stronger associations with markers of glucose and

insulin metabolism. BT, FT and SHBG have repeatedly been associated with type 2 diabetes,



although one study failed to demonstrate an association with SHBG °°. This study may have been
underpowered (n = 49) to detect an association.
The underlying nature of the observed associations appears to be complex. The associations may in

part be mediated by obesity. Although the associations of SHBG with insulin sensitivity and type 2

16,50,61,63

diabetes seem to be independent , data on the independence of associations with BT and FT

59,71,75

are less consistent. In several studies associations of BT and FT with type 2 diabetes and

5,59,61

insulin resistance remained significant after controlling for measures of obesity (e.g. BMI, waist

circumference), whereas others could not demonstrate an independent association **">.

Table 2. Associations of endogenous testosterone and SHBG levels with measures of glucose and insulin
metabolism: results from observational studies.

Fasting glucose Fasting insulin Insulin resistance HbAlc Type 2 diabetes
T - [16,58,59,72,73] - [58,59,61,73] 5 - [17,74] 0 [71*
- [16,58,59,61,73] - [16,59,62,65,75]

SHBG | [16,58,66,70,72] | [58,61,66,67,70] | [5,16,58,61,68] | [17,74] l [16,50,63,65,75]

— [63] — [63] - [50] - [62
BT 0 [58,59,65,72] 0 [58,59,73] 0 [5,16,58,59,61,73,76] 0 [74] 0 [16,59,65,75]

- [16,59,73] - [59,61]
kT =[] 117 117 = [*'] 1%

=% =%

Abbreviations: TT, total testosterone; SHBG, sex hormone-binding globulin; BT, bioavailable testosterone; FT, free
testosterone.; HbAlc, glycated hemoglobin. 1, positive association; |, negative association; =, no significant association; *,
longitudinal study.

The temporal nature of the associations is also not completely resolved. Longitudinal studies support a
causal role for testosterone and SHBG in glucose and insulin metabolism. Androgen administration to
healthy women reduces insulin sensitivity ” and peripheral glucose uptake in female to male
transsexuals '°. Likewise, anti-androgen therapy partially improves insulin sensitivity in

79,80

hyperandrogenic women . In addition, rat experimental data show that testosterone impairs insulin-

mediated glucose uptake at the skeletal muscle by reducing the expression of glycogen synthase 8182
There is, however, also some evidence that hyperinsulinemia could give rise to increased androgen
levels. Insulin inhibits hepatic SHBG production in vitro 8, Simultaneously, insulin stimulates ovarian
testosterone production ® and LH release from pituitary cells ®. Furthermore, suppression of insulin

levels by metformin therapy reduces androgen levels in PCOS women % These observations suggest

that the association of androgenicity with insulin resistance and type 2 diabetes may be an



epiphenomenon, with insulin determining circulating levels of SHBG and testosterone. Remarkably,
none of the studies relating testosterone or SHBG to type 2 diabetes adjusted for this potential
confounding effect of insulin. However, in middle aged women lower SHBG levels have been
associated with type 2 diabetes risk independent of fasting insulin levels ¥ Recent findings from a
mendelian randomization study show an association between SHBG polymorphisms and type 2

diabetes, further supporting a causal role of SHBG in glucose and insulin metabolism %,

5.3 Lipid profile

Results from observational studies do not support a major role for TT in lipid metabolism. A few
studies reported an inverse association of TT with high-density lipoprotein cholesterol (HDL-C) and a
positive association with total cholesterol, low-density lipoprotein cholesterol (LDL-C) and trigylcerides,
but in most studies no significant correlation between TT and lipid parameters was found (Table 3). In
contrast, low levels of SHBG have consistently been associated with a pro-atherogenic lipid profile,
namely increased triglyceride and decreased HDL-C levels. The mechanisms behind these
associations are not completely understood, but there are some indications for a direct regulatory
effect of SHBG on hepatic and lipoprotein lipases.

Hepatic lipase (HL) and lipoprotein lipase (LPL) are involved in the regulation of plasma triglycerides
and HDL-C with opposing effects: LPL activity is associated with a decrease in triglycerides and an
increase in HDL-C, whereas HL activity increases triglyceride and decreases HDL-C levels. In the
HERITAGE family study % a strong inverse association between SHBG and HL activity was found. In
the same study, high SHBG levels were found to be associated with increased LPL activity.

The relationship of SHBG with triglycerides and HDL-C may also be mediated indirectly through their
associations with obesity. Yasui et al. " found that associations of SHBG with HDL-C and triglycerides
were no longer significant after controlling for BMI. In another study, a similar lack of independence
was observed for the association with HDL-C . Conversely, in several studies associations between
SHBG and triglycerides 266989 and HDL-C cholesterol **’ persisted after adjustment for BMI or WHR.

Another possible mediator is insulin. Insulin is known to exert a direct regulatory effect on hepatic

92,93 6,67,70

lipase (HL) and lipoprotein lipase (LPL) . Interestingly, only a few studies adjusted for the
effect of insulin. Mudali et al. ® demonstrated that adjustments for insulin, BMI and other covariates did

not significantly influence associations of SHBG with HDL-C and triglycerides. On the other hand,
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Soler et al. ®” found that associations between SHBG and triglycerides were lost after controlling for
WHR, insulin and estradiol. In the study of Haffner et al ° the association of SHBG with HDL-C was
independent of fasting insulin levels, but the relationship with triglycerides lost significance after

adjusting for insulin.

Table 3. Associations of endogenous testosterone and SHBG levels with plasma lipids: results from observational
studies.

Total cholesterol LDL cholesterol HDL cholesterol Trigylcerides

TT T [5,17,62] T [5,62] l« [5,59] 5

— [6,54,67,69,73,88] — [6,54,69,73,88,89] — [6,17,54,67,69,73,88,89] — [6,59,67,69,73,88,89]
SHBG l [6,17] l [6,50] T [5,6,17,50,54,67,69,70,73,89,90] l [5,6,50,67,69,70,73,89]

— [5,54,69,70,73,90] — [5,54,69,70,73,89,90] — [90]
BT T[> 1 >%% L[> 1%

- [6,73] - [73] — [6,59,73] - [6,59,73]
FT 0 [62] - [73,89] l [17] - [67,73,89]

- [17,67,73] - [67,73,89]

Abbreviations: TT, total testosterone; SHBG, sex hormone-binding globulin; BT, bioavailable testosterone; FT, free testosterone;
LDL cholesterol, low density lipoprotein cholesterol; HDL cholesterol, high density lipoprotein cholesterol. 1, positive association;
|, negative association; =, no significant association.

5.4 Other cardiovascular risk factors

Besides traditional risk factors, a growing number of studies have started to examine associations with
other markers of cardiovascular risk such as C-reactive protein (CRP), fibrinogen and white blood cell
count (WBC) (Table 4). CRP is an inflammatory marker and independent predictor of cardiovascular
events in postmenopausal women *. In several studies, higher BT levels and lower SHBG levels
2054959 have been associated with an increase in CRP levels. In addition, a positive association

between TT and CRP has been reported in healthy postmenopausal women 1554

. Conversely, Joffe et
al. ¥ found an opposite association in women referred to coronary angiography, with low testosterone
levels being associated with an increase in CRP levels. Interestingly, this inverse association with
testosterone was not present in women who remained CVD-free. These findings suggest that the
association between testosterone and CRP depends on CVD status, with a potential confounding
effect of subclinical cardiovascular disease. Early atherogenic changes may affect testosterone

production by the ovaries and adrenals through restriction of the blood supply. This may explain the

presence of the reverse association among women with subclinical CVD.

-10-



Data on the association between testosterone and the clotting factor fibrinogen are inconclusive. In

5% TT levels were not related to plasma fibrinogen levels. However, in a larger

two small studies
study including 317 postmenopausal women %, fibrinogen levels were approximately 10% higher in
highest TT quartile compared with the lowest quartile, but no association between SHBG and

fibrinogen was found. Interestingly, high TT levels in this study were also associated with an increase

in WBC, another promising marker for cardiovascular disease.

Table 4. Associations of endogenous testosterone and SHBG with C-reactive protein, fibrinogen and white blood
cell count: results from observational studies.

C-reactive protein Fibrinogen White blood cell count
T 1% 1% 1 [%]
l« [97] - [15,98]
- [89,95,96]
SHBG l [54,95—97] - [96] = [96]
BT T [95,97]
FT =%

Abbreviations: TT, total testosterone; SHBG, sex hormone-binding globulin; BT, bioavailable testosterone; FT, free testosterone.
1, positive association; |, negative association; =, no significant association.

5.5 Atherosclerosis

Studies investigating the relation between testosterone and atherosclerotic indices (carotid, aortic,
coronary and peripheral atherosclerosis) have yielded contradictory results (Table 5).

Phillips et al. *

examined the correlation between testosterone and the degree of coronary
atherosclerosis in a cross-sectional design among 60 patients with coronary artery disease (CAD). In
this study, increasing FT levels were associated with CAD severity, independent of estradiol, BMI and
other cardiovascular risk factors. In the WISE study 100 positive associations of TT and FT with CAD
turned significant after adjustment for estradiol levels. Ouyang et al. *** focused on a population of
postmenopausal women without clinically evident CVD and found that high TT and BT levels and low
SHBG were associated with subclinical atherosclerosis. The associations with TT and BT were
independent of age, BMI and cardiovascular risk factors, but the association with SHBG lost

significance after adjustment for HDL and LDL cholesterol. In the Rotterdam Study 102

, higher levels of
TT also tended to be associated with atherosclerosis in postmenopausal women, although this

association was diluted after adjustments for cardiovascular risk factors.
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On the other hand, several studies have reported opposite results. Bernini et al. *° demonstrated an
inverse association between FT and carotid intima media thickness (cIMT) in 44 postmenopausal

® who found that cases with carotid

women. Similar findings were reported by Debing et al. 2
atherosclerosis had lower levels of FT than atherosclerotic free controls. In another case-control study
193 carotid atherosclerosis was also found to be more common in women in the lowest TT quartile than
in the highest TT quartile. However, results from this latter study need to be interpreted with caution,
as extreme outliers in hormone levels (which are likely to result from measurement errors) were not
removed from analyses and may have caused spurious relations. Furthermore, it should be noted that
reverse causality is a bigger issue in case-control studies. Atherosclerosis may affect testosterone
production by impairing the blood flow to androgen producing organs. This could partly explain the
discrepancy in results. Alternatively, the contradictory findings may indicate the presence of a U-
shaped relationship in which very low testosterone levels (below the physiological range) and high
testosterone levels compromise arterial function. This theory is supported by studies showing impaired
endothelial function in postmenopausal women with low testosterone levels ** and increased carotid
atherosclerosis and endothelial dysfunction in PCOS women with supraphysiological testosterone

105,106
levels =777,

Table 5. Associations of endogenous testosterone and SHBG levels with indices of atherosclerosis: results from
observational studies.

Carotid atherosclerosis  Aortic atherosclerosis Coronary atherosclerosis Peripheral atherosclerosis
0 02* 00 — 10
i T[iglz]0103 1 [1%%] T[Zg] =[]
L =[]
SHBG — [19,20] — [99] — [107]
: [igleS] 102* 107
BT T[] =[] =[]
20 99,100
Fr LI I

Abbreviations: TT, total testosterone; SHBG, sex hormone-binding globulin; BT, bioavailable testosterone; FT, free testosterone.
1, positive association; |, negative association; =, no significant association; *, longitudinal study.

Results from experimental studies show a similar pattern. Bruck et al ' demonstrated an increase in
plaque size following testosterone treatment in female rabbits on an atherogenic diet. This increase
was independent of changes in plasma lipids. Similarly, testosterone treatment doubled the extent of

coronary atherosclerosis in female cynomolgus monkeys fed an atherogenic diet for 24 hours Y n
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addition, testosterone has been reported to increase vasoconstriction and to decrease vasodilatation
in surcrose fed female rats, suggesting an adverse effect of testosterone on endothelial function % In

vitro data further suggest that testosterone may increase monocyte adhesion to the vascular

109

endothelium ~. On the other hand, testosterone has been reported to induce relaxation in rabbit

110

coronary artery and aorta rings . In addition, administration of physiological testosterone levels to

androgen deficient female rats improves the vasodilatory reserve of the vascular endothelium H

5.6 Cardiovascular events and mortality

Relatively few data are available on the relationship between endogenous testosterone and
cardiovascular events and mortality in postmenopausal women, which may indicate publication bias.
In the Rancho-Bernardo Study ®, TT and BT levels did not differ between cases with and without CVD
at baseline and did not predict cardiovascular mortality over a 19-year follow-up. Although the number
of cardiovascular deaths was relatively high in this study (n = 176), stratification for estrogen
replacement therapy may have reduced power to detect an association. Contrary to the data on CVD

risk factors, Haffner et al. 12

found that diabetic women in the lowest TT quartile had an increased risk
of ischemic heart disease (IHD) mortality, although this association was no longer significant in
multivariable adjusted analyses. As the authors pointed out, the lack of a positive association may
result from a plateau effect in which variations in testosterone levels may not contribute to IHD
mortality in diabetic women who are already androgenized. In contrast, in a large nested case-control
study ! higher BT levels were associated with an increased risk of cardiovascular events, although this
association was not independent of BMI, hypertension and diabetes. Data on the relationship between
SHBG and CVD are also mixed. Haffner et al. *** failed to demonstrate an association between SHBG
and IHD mortality in diabetic women. In the Gothenburg Study **°, a U-shaped association between
SHBG and myocardial infarction was found, with a high incidence of myocardial infarction (Ml) in the
lowest decile of SHBG. However, this study did not adjust for BMI. In the Rancho Bernardo study ***,
which adjusted for BMI, no significant association between SHBG and CVD mortality was found,;
however, women with higher SHBG levels had slightly lower CVD and IHD mortality rates. Similarly,

Rexrode et al.” found that low SHBG levels increased the risk of CVD events, although this

relationship was not independent of BMI.
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6. Testosterone replacement therapy

There is increasing interest in the use of testosterone as part of postmenopausal hormone therapy. In

several studies addition of testosterone to estrogen therapy has been reported to have beneficial

115,116

effects on sexual function and bone mineral density in postmenopausal women . In some of

these studies, possible adverse effects of this combination therapy were also examined. Overall, the
cardiovascular effects of testosterone supplementation appear to depend on the route of
administration and duration of exposure (Table 6). No significant change in lipid parameters has been

115,117-120

observed after co-administration with testosterone patches or implants , whereas oral methyl-

121-123 124

testosterone and testosterone undecanoate therapies " have been associated with a decrease

in HDL-cholesterol levels. In addition, an increase in fibrinogen levels has been reported with methyl

125

testosterone therapy “°°. These differential effects may be attributed to a first-pass liver effect, which is

bypassed by implants and transdermal patches. Interestingly, oral preparations of methyltestosterone

121123125 " an effect which is not observed with

cause a favourable decrease in triglyceride levels
transdermal testosterone and testosterone undecanoate. Available data on body composition are

mixed. An increase in lean body mass and decrease in fat mass have been reported after co-

116 | 126

administration with oral methyltestosterone *** and testosterone implants **°. In contrast, Leao et al
described an increase in body weight and visceral fat mass after the addition of 1.25 mg methyl-
testosterone to percutanous estradiol.

In long-term studies including naturally postmenopausal women more adverse effects have been

reported. In the study of Penotti et al. 124

8-month supplementation of 40 mg testosterone undecanoate
counteracted the beneficial effect of estrogen on cerebral vascular reactivity, by increasing the
pulsatile index (PI) of the middle cerebral artery. In a retrospective study, Hak et al. ¥’ found an
adverse effect of long-term, high dose intramuscular estrogen-testosterone therapy on aortic
atherosclerosis. These findings indicate that high dose testosterone replacement may affect naturally
postmenopausal women more adversely than surgically postmenopausal women.

Despite the large number of studies examining the side effects of testosterone co-administration, the
long-term cardiovascular safety of testosterone supplementation is not well established. The follow-up
period in most studies was less than 6 months. Furthermore, the co-administration with estrogens may

have counteracted possible adverse effects of exogenous testosterone. Estrogen therapy causes an

increase in SHBG levels and a decrease in testosterone levels by suppressing luteinizing hormone
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128,129

(LH) secretion . For this reason, the effects of combined estrogen and testosterone use may not

adequately represent the individual testosterone-related risks. Only recently, the effect of single

testosterone administration was investigated in the APHRODITE study **

. In this study, no difference
in lipid profiles and carbohydrate metabolism was observed between women treated with 150 and 300

Mg transdermal testosterone compared with placebo.

Table 6. Trials examining the effect of exogenous testosterone on cardiovascular risk parameters in healthy
postmenopausal women.

Trial Menopause Drug Route Dose Follow-up Cardiovascular effect

Co-administered with estrogen/progesterone replacement therapy

Shifren et al, 2000 " Surgical T Transdermal 150/300 12 weeks -
(patch) ug/day
Buster et al, 2005 Surgical T Transdermal 300 pg/day 24 weeks -
(patch)
Braunstein et al, 2005 **° Surgical T Transdermal 150/300/450 24 weeks -
(patch) ug/day
Simon et al, 2005 Surgical T Transdermal 300 pg/day 24 weeks -
(patch)
Davis et al, 2006 *** Surgical T Transdermal 300 pg/day 24 weeks -
(patch)
Shifren et al, 2006 '*° Natural T Transdermal 300 pg/day 24 weeks -
(patch)
Davis et al, 2006 ** Surgical T Transdermal 2mg 16 weeks -
(gel)
Nathcl)srést-Boost etal, Natural T Transdermal 10 mg 3 months -
2006 (gel)
Burger et al, 1987 ** Natural/ T Implant 50 mg 6 weeks -
Surgical
Davis et al, 1995 ¢ Natural/ T Implant 50 mg 24 months | fat mass
Surgical
Hickok et al, 1993 ** - MT Oral 1.25 mg/day 6 months | HDL-C
Watts et al, 1995 *** Surgical MT Oral 2.5 mg/day 24 months | HDL-C, triglycerides
Basaria et al, 2002 **# Natural/ MT Oral 2.5 mg/day 16 weeks | HDL-C, triglycerides
Surgical 1 fibrinogen
Dobs et al, 2002 *# Natural/ MT Oral 2.5 mg/day 16 weeks | HDL-C, triglycerides,
Surgical fat mass
Lobo et al, 2003 '** Natural/ MT Oral 1.25 mg/day 16 weeks | HDL-C, triglycerides
Surgical
Warnock et al, 2005 % Surgical MT Oral 1.25 mg/day 8 weeks | HDL-C, triglycerides
Leao et al, 2006 '*° Surgical MT Oral 1.25 mg/day 12 months | HDL-C
1 visceral fat mass
Penotti et al, 2001 ** Natural TU Oral 40 mg/day 8 months | HDL-C,

1 pulsatile index

Without estrogen/progesterone replacement therapy

Davis et al, 2008 " Natural/ T Transdermal 150/300 52 weeks -
Surgical (patch) ug/day

Abbreviations: T, testosterone; MT, methyltestosterone, TU, testosterone undecanoate; HDL-C, high density lipoprotein-
cholesterol; CRP, C-reactive protein. 1, positive association; |, negative association.
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7. Conclusions

Studies reviewed in this thesis suggest that increased androgenicity (increased testosterone and
decreased SHBG levels) has a neutral to adverse effect on cardiovascular health in postmenopausal
women. Most studies, however, have been limited by a cross-sectional design and therefore no firm
conclusions on the temporal association can be drawn. Furthermore, studies examining potential
adverse effects of exogenous testosterone are often restricted by a short follow-up period. Since
testosterone replacement therapy is increasingly being used for the treatment of sexual dysfunction in
postmenopausal women, its long-term effects on cardiovascular risk markers need to be studied more
thoroughly.

The observed associations between increased androgenicity and cardiovascular disease raise
guestions about the mechanisms through which testosterone and SHBG contribute to CVD risk.
Epidemiological and experimental data support both direct and indirect effects of testosterone and
SHBG. Part of the observed associations may also be mediated through estrogens, as testosterone is
the primary source of postmenopausal estradiol. Research into non-traditional CVD risk factors is
growing and may help identify alternative pathways through which androgens affect cardiovascular
health.

Of particular interest is that SHBG is often more strongly related to CVD risk than testosterone itself.
Although this may imply an important contribution of SHBG to the observed associations, this could
also reflect the reliability of the current testosterone assays being used. Increasing the accuracy and
sensitivity of direct testosterone assays remains a challenge, and as long as the use of direct
immunoassays has not been validated in women, reliable measurements rely on mass spectrometry
methods. Moreover, despite the strong inverse associations between SHBG and cardiovascular risk,
the precise role of SHBG remains uncertain. SHBG may influence CVD risk indirectly by modulating
the biologic effects of testosterone or exert more direct effects through its own SHBG receptor.

In conclusion, more large-scale longitudinal studies are required to determine the temporal relationship
between testosterone, SHBG and cardiovascular risk and to ascertain the safety of testosterone
replacement in postmenopausal women. In addition, mendelian randomization studies may help to
determine the likelihood of causality. Finally, further elucidation of the underlying mechanisms is
needed to clarify why postmenopausal women are more prone to CVD risk than their premenopausal

counterparts, and to indicate potential means of prevention and intervention.
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8. Abstract

Cardiovascular disease (CVD) affects men and women differently with women having a lower
incidence and later onset of disease. Research has recently refocused interest into the cardiovascular
role of androgens. The purpose of this review is to summarize the evidence available on the
association between testosterone and cardiovascular health in postmenopausal women. Published
studies relating testosterone and sex-hormone binding globulin (SHBG) levels to cardiovascular
disease and its risk factors were reviewed. Studies included in this review suggest that increased
androgenicity, characterized by high testosterone and low SHBG levels, has a neutral to adverse
effect on cardiovascular health in postmenopausal women. However, long-term data on cardiovascular
effects of endogenous and exogenous testosterone are scarce and many studies are limited by the
use of insensitive and inaccurate testosterone assays. Large-scale, longitudinal studies relating
testosterone and SHBG levels to cardiovascular risk factors and endpoints are needed to determine
the temporal relationship between androgenicity and cardiovascular risk and to ascertain the efficacy

and safety of testosterone therapy in postmenopausal women.

-17 -



9. References

10.

11.

12.

13.

14.

15.

16.

17.

Stampfer MJ, Colditz GA, Willett WC. Menopause and heart disease. A review. Ann N Y Acad Sci 1990;
592: 193-203.

Tunstall-Pedoe H. Myth and paradox of coronary risk and the menopause. Lancet 1998; 351: 1425-1427.

Gorodeski Gl. Impact of the menopause on the epidemiology and risk factors of coronary artery heart
disease in women. Exp Gerontol 1994; 29: 357-375.

Kuller LH, Gutai JP, Meilahn E, Matthews KA, Plantinga P. Relationship of endogenous sex steroid
hormones to lipids and apoproteins in postmenopausal women. Arteriosclerosis 1990; 10: 1058-1066.

Lambrinoudaki I, Christodoulakos G, Rizos D, Economou E, Argeitis J, Vlachou S et al. Endogenous sex
hormones and risk factors for atherosclerosis in healthy Greek postmenopausal women. Eur J
Endocrinol 2006; 154: 907-916.

Mudali S, Dobs AS, Ding J, Cauley JA, Szklo M, Golden SH. Endogenous postmenopausal hormones
and serum lipids: the atherosclerosis risk in communities study. J Clin Endocrinol Metab 2005; 90: 1202-
12009.

Rexrode KM, Manson JE, Lee IM, Ridker PM, Sluss PM, Cook NR et al. Sex hormone levels and risk of
cardiovascular events in postmenopausal women. Circulation 2003; 108: 1688-1693.

Barrett-Connor E, Goodman-Gruen D. Prospective study of endogenous sex hormones and fatal
cardiovascular disease in postmenopausal women. BMJ 1995; 311: 1193-1196.

Bush TL. The epidemiology of cardiovascular disease in postmenopausal women. Ann N Y Acad Sci
1990; 592: 263-271.

Herrington DM, Reboussin DM, Brosnihan KB, Sharp PC, Shumaker SA, Snyder TE et al. Effects of
estrogen replacement on the progression of coronary-artery atherosclerosis. N Engl J Med 2000; 343:
522-529.

Grady D, Herrington D, Bittner V, Blumenthal R, Davidson M, Hlatky M et al. Cardiovascular disease
outcomes during 6.8 years of hormone therapy: Heart and Estrogen/progestin Replacement Study
follow-up (HERS I1). JAMA 2002; 288: 49-57.

Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers WJ et al. Effects of hormone
replacement therapy and antioxidant vitamin supplements on coronary atherosclerosis in
postmenopausal women: a randomized controlled trial. JAMA 2002; 288: 2432-2440.

Wild RA, Grubb B, Hartz A, Van Nort JJ, Bachman W, Bartholomew M. Clinical signs of androgen excess
as risk factors for coronary artery disease. Fertil Steril 1990; 54: 255-259.

Talbott E, Guzick D, Clerici A, Berga S, Detre K, Weimer K et al. Coronary heart disease risk factors in
women with polycystic ovary syndrome. Arterioscler Thromb Vasc Biol 1995; 15: 821-826.

Maturana MA, Breda V, Lhullier F, Spritzer PM. Relationship between endogenous testosterone and
cardiovascular risk in early postmenopausal women. Metabolism 2008; 57: 961-965.

Golden SH, Dobs AS, Vaidya D, Szklo M, Gapstur S, Kopp P et al. Endogenous sex hormones and
glucose tolerance status in postmenopausal women. J Clin Endocrinol Metab 2007; 92: 1289-1295.

Haffner SM, Newcomb PA, Marcus PM, Klein BE, Klein R. Relation of sex hormones and
dehydroepiandrosterone sulfate (DHEA-SO4) to cardiovascular risk factors in postmenopausal women.
Am J Epidemiol 1995; 142: 925-934.

-18-



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

Shufelt CL, Braunstein GD. Safety of testosterone use in women. Maturitas 2009; 63: 63-66.

Bernini GP, Moretti A, Sgro M, Argenio GF, Barlascini CO, Cristofani R et al. Influence of endogenous
androgens on carotid wall in postmenopausal women. Menopause 2001; 8: 43-50.

Debing E, Peeters E, Duquet W, Poppe K, Velkeniers B, Van den Brande P. Endogenous sex hormone
levels in postmenopausal women undergoing carotid artery endarterectomy. Eur J Endocrinol 2007; 156:
687-693.

Vermeulen A. Plasma androgens in women. J Reprod Med 1998; 43: 725-733.

Adashi EY. The climacteric ovary as a functional gonadotropin-driven androgen-producing gland. Fertil
Steril 1994; 62: 20-27.

Vermeulen A. The hormonal activity of the postmenopausal ovary. J Clin Endocrinol Metab 1976; 42:
247-253.

Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen levels in adult females: changes with
age, menopause, and oophorectomy. J Clin Endocrinol Metab 2005; 90: 3847-3853.

Cappola AR, Ratcliffe SJ, Bhasin S, Blackman MR, Cauley J, Robbins J et al. Determinants of serum
total and free testosterone levels in women over the age of 65 years. J Clin Endocrinol Metab 2007; 92:
509-516.

Taieb J, Mathian B, Millot F, Patricot MC, Mathieu E, Queyrel N et al. Testosterone measured by 10
immunoassays and by isotope-dilution gas chromatography-mass spectrometry in sera from 116 men,
women, and children. Clin Chem 2003; 49: 1381-1395.

Wang C, Catlin DH, Demers LM, Starcevic B, Swerdloff RS. Measurement of total serum testosterone in
adult men: comparison of current laboratory methods versus liquid chromatography-tandem mass
spectrometry. J Clin Endocrinol Metab 2004; 89: 534-543.

Kane J, Middle J, Cawood M. Measurement of serum testosterone in women; what should we do? Ann
Clin Biochem 2007; 44: 5-15.

Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H. Position statement: Utility, limitations, and pitfalls in
measuring testosterone: an Endocrine Society position statement. J Clin Endocrinol Metab 2007; 92:
405-413.

Cauley JA, Gutai JP, Kuller LH, Powell JG. Reliability and interrelations among serum sex hormones in
postmenopausal women. Am J Epidemiol 1991; 133: 50-57.

Hankinson SE, Manson JE, Spiegelman D, Willett WC, Longcope C, Speizer FE. Reproducibility of
plasma hormone levels in postmenopausal women over a 2-3-year period. Cancer Epidemiol Biomarkers
Prev 1995; 4: 649-654.

Hammes A, Andreassen TK, Spoelgen R, Raila J, Hubner N, Schulz H et al. Role of endocytosis in
cellular uptake of sex steroids. Cell 2005; 122: 751-762.

Manni A, Pardridge WM, Cefalu W, Nisula BC, Bardin CW, Santner SJ et al. Bioavailability of albumin-
bound testosterone. J Clin Endocrinol Metab 1985; 61: 705-710.

Sodergard R, Backstrom T, Shanbhag V, Carstensen H. Calculation of free and bound fractions of
testosterone and estradiol-17 beta to human plasma proteins at body temperature. J Steroid Biochem
1982; 16: 801-810.

Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods for the estimation of free
testosterone in serum. J Clin Endocrinol Metab 1999; 84: 3666-3672.

-19-



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Miller KK, Rosner W, Lee H, Hier J, Sesmilo G, Schoenfeld D et al. Measurement of free testosterone in
normal women and women with androgen deficiency: comparison of methods. J Clin Endocrinol Metab
2004; 89: 525-533.

Kapoor P, Luttrell BM, Wiliams D. The free androgen index is not valid for adult males. J Steroid
Biochem Mol Biol 1993; 45: 325-326.

Hsia J, Margolis KL, Eaton CB, Wenger NK, Allison M, Wu L et al. Prehypertension and cardiovascular
disease risk in the Women's Health Initiative. Circulation 2007; 115: 855-860.

Tanko LB, Bagger YZ, Qin G, Alexandersen P, Larsen PJ, Christiansen C. Enlarged waist combined with
elevated triglycerides is a strong predictor of accelerated atherogenesis and related cardiovascular
mortality in postmenopausal women. Circulation 2005; 111: 1883-1890.

Kaye SA, Folsom AR, Soler JT, Prineas RJ, Potter JD. Associations of body mass and fat distribution
with sex hormone concentrations in postmenopausal women. Int J Epidemiol 1991; 20: 151-156.

Baglietto L, English DR, Hopper JL, Maclnnis RJ, Morris HA, Tilley WD et al. Circulating steroid hormone
concentrations in postmenopausal women in relation to body size and composition. Breast Cancer Res
Treat 2009; 115: 171-179.

Moran LJ, Noakes M, Clifton PM, Wittert GA, Belobrajdic DP, Norman RJ. C-reactive protein before and
after weight loss in overweight women with and without polycystic ovary syndrome. J Clin Endocrinol
Metab 2007; 92: 2944-2951.

McTiernan A, Tworoger SS, Rajan KB, Yasui Y, Sorenson B, Ulrich CM et al. Effect of exercise on serum
androgens in postmenopausal women: a 12-month randomized clinical trial. Cancer Epidemiol
Biomarkers Prev 2004; 13: 1099-1105.

Quinkler M, Sinha B, Tomlinson JW, Bujalska IJ, Stewart PM, Arlt W. Androgen generation in adipose
tissue in women with simple obesity--a site-specific role for 17beta-hydroxysteroid dehydrogenase type
5. J Endocrinol 2004; 183: 331-342.

Corbould AM, Bawden MJ, Lavranos TC, Rodgers RJ, Judd SJ. The effect of obesity on the ratio of type
3 17beta-hydroxysteroid dehydrogenase mRNA to cytochrome P450 aromatase mRNA in subcutaneous
abdominal and intra-abdominal adipose tissue of women. Int J Obes Relat Metab Disord 2002; 26: 165-
175.

Lovejoy JC, Bray GA, Bourgeois MO, Macchiavelli R, Rood JC, Greeson C et al. Exogenous androgens
influence body composition and regional body fat distribution in obese postmenopausal women--a clinical
research center study. J Clin Endocrinol Metab 1996; 81: 2198-2203.

Adams MR, Williams JK, Kaplan JR. Effects of androgens on coronary artery atherosclerosis and
atherosclerosis-related impairment of vascular responsiveness. Arterioscler Thromb Vasc Biol 1995; 15:
562-570.

Zang H, Ryden M, Wahlen K, Dahiman-Wright K, Arner P, Linden Hirschberg A. Effects of testosterone
and estrogen treatment on lipolysis signaling pathways in subcutaneous adipose tissue of
postmenopausal women. Fertil Steril 2007; 88: 100-106.

Phillips GB, Jing TY, Laragh JH. Serum sex hormone levels in postmenopausal women with
hypertension. J Hum Hypertens 1997; 11: 523-526.

Ding EL, Song Y, Manson JE, Hunter DJ, Lee CC, Rifai N et al. Sex Hormone-Binding Globulin and Risk
of Type 2 Diabetes in Women and Men. N Engl J Med 2009; Aug. 5.

Chen YF, Naftilan AJ, Oparil S. Androgen-dependent angiotensinogen and renin messenger RNA
expression in hypertensive rats. Hypertension 1992; 19: 456-463.

Ellison KE, Ingelfinger JR, Pivor M, Dzau VJ. Androgen regulation of rat renal angiotensinogen
messenger RNA expression. J Clin Invest 1989; 83: 1941-1945.

-20-



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Perez-Torres |, El Hafidi M, Infante O, Banos G. Effects of sex hormone levels on aortic vascular
reactivity and variables associated with the metabolic syndrome in sucrose-fed female rats. Can J
Physiol Pharmacol 2008; 86: 25-35.

Stork S, Bots ML, Grobbee DE, van der Schouw YT. Endogenous sex hormones and C-reactive protein
in healthy postmenopausal women. J Intern Med 2008; 264: 245-253.

Bezemer ID, Rinaldi S, Dossus L, Gils CH, Peeters PH, Noord PA et al. C-peptide, IGF-I, sex-steroid
hormones and adiposity: a cross-sectional study in healthy women within the European Prospective
Investigation into Cancer and Nutrition (EPIC). Cancer Causes Control 2005; 16: 561-572.

Lukanova A, Lundin E, Zeleniuch-Jacquotte A, Muti P, Mure A, Rinaldi S et al. Body mass index,
circulating levels of sex-steroid hormones, IGF-I and IGF-binding protein-3: a cross-sectional study in
healthy women. Eur J Endocrinol 2004; 150: 161-171.

Key TJ, Appleby PN, Reeves GK, Roddam A, Dorgan JF, Longscope C et al. Body mass index, serum
sex hormones, and breast cancer risk in postmenopausal women. J Natl Cancer Inst 2003; 95: 1218-
1226.

Kalish GM, Barrett-Connor E, Laughlin GA, Gulanski BI; Postmenopausal Estrogen/Progestin
Intervention Trial. Association of endogenous sex hormones and insulin resistance among
postmenopausal women: results from the Postmenopausal Estrogen/Progestin Intervention Trial. J Clin
Endocrinol Metab 2003; 88: 1646-1652.

Oh JY, Barrett-Connor E, Wedick NM, Wingard DL; Rancho Bernardo Study. Endogenous sex hormones
and the development of type 2 diabetes in older men and women: the Rancho Bernardo study. Diabetes
Care 2002; 25: 55-60.

McTiernan A, Wu L, Chen C, Chlebowski R, Mossavar-Rahmani Y, Modugno F et al. Relation of BMI and
physical activity to sex hormones in postmenopausal women. Obesity (Silver Spring) 2006; 14: 1662-
1677.

Lee CC, Kasa-Vubu JZ, Supiano MA. Androgenicity and obesity are independently associated with
insulin sensitivity in postmenopausal women. Metabolism 2004; 53: 507-512.

Phillips GB, Tuck CH, Jing TY, Boden-Albala B, Lin IF, Dahodwala N et al. Association of
hyperandrogenemia and hyperestrogenemia with type 2 diabetes in Hispanic postmenopausal women.
Diabetes Care 2000; 23: 74-79.

Goodman-Gruen D, Barrett-Connor E. Sex hormone-binding globulin and glucose tolerance in
postmenopausal women. The Rancho Bernardo Study. Diabetes Care 1997; 20: 645-649.

Haffner SM, Katz MS, Dunn JF. Increased upper body and overall adiposity is associated with decreased
sex hormone binding globulin in postmenopausal women. Int J Obes 1991; 15: 471-478.

Andersson B, Marin P, Lissner L, Vermeulen A, Bjorntorp P. Testosterone concentrations in women and
men with NIDDM. Diabetes Care 1994; 17: 405-411.

Preziosi P, Barrett-Connor E, Papoz L, Roger M, Saint-Paul M, Nahoul K et al. Interrelation between
plasma sex hormone-binding globulin and plasma insulin in healthy adult women: the telecom study. J
Clin Endocrinol Metab 1993; 76: 283-287.

Soler JT, Folsom AR, Kaye SA, Prineas RJ. Associations of abdominal adiposity, fasting insulin, sex
hormone binding globulin, and estrone with lipids and lipoproteins in post-menopausal women.
Atherosclerosis 1989; 79: 21-27.

Yasui T, Tomita J, Miyatani Y, Yamada M, Uemura H, Irahara M et al. Associations of adiponectin with
sex hormone-binding globulin levels in aging male and female populations. Clin Chim Acta 2007; 386:
69-75.

-21-



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Svendsen OL, Hassager C, Christiansen C. Relationships and independence of body composition, sex
hormones, fat distribution and other cardiovascular risk factors in overweight postmenopausal women.
Int J Obes Relat Metab Disord 1993; 17: 459-463.

Haffner SM, Dunn JF, Katz MS. Relationship of sex hormone-binding globulin to lipid, lipoprotein,
glucose, and insulin concentrations in postmenopausal women. Metabolism 1992; 41: 278-284.

Ding EL, Song Y, Manson JE, Rifai N, Buring JE, Liu S. Plasma sex steroid hormones and risk of
developing type 2 diabetes in women: a prospective study. Diabetologia 2007; 50: 2076-2084.

Khaw KT, Barrett-Connor E. Fasting plasma glucose levels and endogenous androgens in non-diabetic
postmenopausal women. Clin Sci (Lond) 1991; 80: 199-203.

Yasui T, Uemura H, Irahara M, Arai M, Kojimahara N, Okabe R et al. Associations of endogenous sex
hormones and sex hormone-binding globulin with lipid profiles in aged Japanese men and women. Clin
Chim Acta 2008; 398: 43-47.

Page-Wilson G, Goulart AC, Rexrode KM. Interrelation between sex hormones and plasma sex
hormone-binding globulin and hemoglobin Alc in healthy postmenopausal women. Metab Syndr Relat
Disord 2009; 7: 249-254.

Korytkowski MT, Krug El, Daly MA, Deriso L, Wilson JW, Winters SJ. Does androgen excess contribute
to the cardiovascular risk profile in postmenopausal women with type 2 diabetes? Metabolism 2005; 54:
1626-1631.

Larsson H, Ahren B. Androgen activity as a risk factor for impaired glucose tolerance in postmenopausal
women. Diabetes Care 1996; 19: 1399-1403.

Diamond MP, Grainger D, Diamond MC, Sherwin RS, Defronzo RA. Effects of methyltestosterone on
insulin secretion and sensitivity in women. J Clin Endocrinol Metab 1998; 83: 4420-4425.

Polderman KH, Gooren LJ, Asscheman H, Bakker A, Heine RJ. Induction of insulin resistance by
androgens and estrogens. J Clin Endocrinol Metab 1994; 79: 265-271.

Ibanez L, Valls C, Ferrer A, Ong K, Dunger DB, De Zegher F. Additive effects of insulin-sensitizing and
anti-androgen treatment in young, nonobese women with hyperinsulinism, hyperandrogenism,
dyslipidemia, and anovulation. J Clin Endocrinol Metab 2002; 87: 2870-2874.

Moghetti P, Tosi F, Castello R, Magnani CM, Negri C, Brun E et al. The insulin resistance in women with
hyperandrogenism is partially reversed by antiandrogen treatment: evidence that androgens impair
insulin action in women. J Clin Endocrinol Metab 1996; 81: 952-960.

Holmang A, Larsson BM, Brzezinska Z, Bjorntorp P. Effects of short-term testosterone exposure on
insulin sensitivity of muscles in female rats. Am J Physiol 1992; 262: E851-855.

Rincon J, Holmang A, Wahistrom EO, Lonnroth P, Bjorntorp P, Zierath JR et al. Mechanisms behind
insulin resistance in rat skeletal muscle after oophorectomy and additional testosterone treatment.
Diabetes 1996; 45: 615-621.

Plymate SR, Jones RE, Matej LA, Friedl KE. Regulation of sex hormone binding globulin (SHBG)
production in Hep G2 cells by insulin. Steroids 1988; 52: 339-340.

Barbieri RL, Makris A, Randall RW, Daniels G, Kistner RW, Ryan KJ. Insulin stimulates androgen
accumulation in incubations of ovarian stroma obtained from women with hyperandrogenism. J Clin
Endocrinol Metab 1986; 62: 904-910.

Adashi EY, Hsueh AJ, Yen SS. Insulin enhancement of luteinizing hormone and follicle-stimulating
hormone release by cultured pituitary cells. Endocrinology 1981; 108: 1441-1449.

-22 -



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Nestler JE, Jakubowicz DJ. Lean women with polycystic ovary syndrome respond to insulin reduction
with decreases in ovarian P450c17 alpha activity and serum androgens. J Clin Endocrinol Metab 1997;
82: 4075-4079.

Lindstedt G, Lundberg PA, Lapidus L, Lundgren H, Bengtsson C, Bjorntorp P. Low sex-hormone-binding
globulin concentration as independent risk factor for development of NIDDM. 12-yr follow-up of
population study of women in Gothenburg, Sweden. Diabetes 1991; 40: 123-128.

Cauley JA, Gutai JP, Kuller LH, Powell JG. The relation of endogenous sex steroid hormone
concentrations to serum lipid and lipoprotein levels in postmenopausal women. Am J Epidemiol 1990;
132: 884-894.

Bell RJ, Davison SL, Papalia MA, McKenzie DP, Davis SR. Endogenous androgen levels and
cardiovascular risk profile in women across the adult life span. Menopause 2007; 14: 630-638.

Noyan V, Yucel A, Sagsoz N. The association of androgenic sex steroids with serum lipid levels in
postmenopausal women. Acta Obstet Gynecol Scand 2004; 83: 487-490.

Desmeules A, Couillard C, Tchernof A, Bergeron J, Rankinen T, Leon AS et al. Post-heparin lipolytic
enzyme activities, sex hormones and sex hormone-binding globulin (SHBG) in men and women: The
HERITAGE Family Study. Atherosclerosis 2003; 171: 343-350.

Perret B, Mabile L, Martinez L, Terce F, Barbaras R, Collet X. Hepatic lipase: structure/function
relationship, synthesis, and regulation. J Lipid Res 2002; 43: 1163-1169.

Mead JR, Irvine SA, Ramji DP. Lipoprotein lipase: structure, function, regulation, and role in disease. J
Mol Med 2002; 80: 753-769.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of inflammation in
the prediction of cardiovascular disease in women. N Engl J Med 2000; 342: 836-843.

Crandall C, Palla S, Reboussin B, Hu P, Barrett-Connor E, Reuben D et al. Cross-sectional association
between markers of inflammation and serum sex steroid levels in the postmenopausal
estrogen/progestin interventions trial. J Womens Health (Larchmt) 2006; 15: 14-23.

Folsom AR, Golden SH, Boland LL, Szklo M. Association of endogenous hormones with C-reactive
protein, fibrinogen, and white blood count in post-menopausal women. Eur J Epidemiol 2005; 20: 1015-
1022.

Joffe HV, Ridker PM, Manson JE, Cook NR, Buring JE, Rexrode KM. Sex hormone-binding globulin and
serum testosterone are inversely associated with C-reactive protein levels in postmenopausal women at
high risk for cardiovascular disease. Ann Epidemiol 2006; 16: 105-112.

Meilahn EN, Cauley JA, Tracy RP, Macy EO, Gutai JP, Kuller LH. Association of sex hormones and
adiposity with plasma levels of fibrinogen and PAI-1 in postmenopausal women. Am J Epidemiol 1996;
143: 159-166.

Phillips GB, Pinkernell BH, Jing TY. Relationship between serum sex hormones and coronary artery
disease in postmenopausal women. Arterioscler Thromb Vasc Biol 1997; 17: 695-701.

Braunstein GD, Johnson BD, Stanczyk FZ, Bittner V, Berga SL, Shaw L et al. Relations between
endogenous androgens and estrogens in postmenopausal women with suspected ischemic heart
disease. J Clin Endocrinol Metab 2008; 93: 4268-4275.

Ouyang P, Vaidya D, Dobs A, Golden SH, Szklo M, Heckbert SR et al. Sex hormone levels and
subclinical atherosclerosis in postmenopausal women: the Multi-Ethnic Study of Atherosclerosis.
Atherosclerosis 2009; 204: 255-261.

Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A, Pols HA. Low levels of endogenous
androgens increase the risk of atherosclerosis in elderly men: the Rotterdam study. J Clin Endocrinol
Metab 2002; 87: 3632-3639.

-23-



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Golden SH, Maguire A, Ding J, Crouse JR, Cauley JA, Zacur H et al. Endogenous postmenopausal
hormones and carotid atherosclerosis: a case-control study of the atherosclerosis risk in communities
cohort. Am J Epidemiol 2002; 155: 437-445.

Montalcini T, Gorgone G, Gazzaruso C, Sesti G, Perticone F, Pujia A. Endogenous testosterone and
endothelial function in postmenopausal women. Coron Artery Dis 2007; 18: 9-13.

Kravariti M, Naka KK, Kalantaridou SN, Kazakos N, Katsouras CS, Makrigiannakis A et al. Predictors of
endothelial dysfunction in young women with polycystic ovary syndrome. J Clin Endocrinol Metab 2005;
90: 5088-5095.

Luque-Ramirez M, Mendieta-Azcona C, Alvarez-Blasco F, Escobar-Morreale HF. Androgen excess is
associated with the increased carotid intima-media thickness observed in young women with polycystic
ovary syndrome. Hum Reprod 2007; 22: 3197-3203.

Price JF, Lee AJ, Fowkes FG. Steroid sex hormones and peripheral arterial disease in the Edinburgh
Artery Study. Steroids 1997; 62: 789-794.

Bruck B, Brehme U, Gugel N, Hanke S, Finking G, Lutz C et al. Gender-specific differences in the effects
of testosterone and estrogen on the development of atherosclerosis in rabbits. Arterioscler Thromb Vasc
Biol 1997; 17: 2192-2199.

McCrohon JA, Jessup W, Handelsman DJ, Celermajer DS. Androgen exposure increases human
monocyte adhesion to vascular endothelium and endothelial cell expression of vascular cell adhesion
molecule-1. Circulation 1999; 99: 2317-2322.

Yue P, Chatterjee K, Beale C, Poole-Wilson PA, Collins P. Testosterone relaxes rabbit coronary arteries
and aorta. Circulation 1995; 91: 1154-1160.

Cooper BC, Gokina NI, Osol G. Testosterone replacement increases vasodilatory reserve in androgen-
deficient female rats. Fertil Steril 2007; 87: 422-425.

Haffner SM, Moss SE, Klein BE, Klein R. Sex hormones and DHEA-SO4 in relation to ischemic heart
disease mortality in diabetic subjects. The Wisconsin Epidemiologic Study of Diabetic Retinopathy.
Diabetes Care 1996; 19: 1045-1050.

Lapidus L, Lindstedt G, Lundberg PA, Bengtsson C, Gredmark T. Concentrations of sex-hormone
binding globulin and corticosteroid binding globulin in serum in relation to cardiovascular risk factors and
to 12-year incidence of cardiovascular disease and overall mortality in postmenopausal women. Clin
Chem 1986; 32: 146-152.

Goodman-Gruen D, Barrett-Connor E. A prospective study of sex hormone-binding globulin and fatal
cardiovascular disease in Rancho Bernardo men and women. J Clin Endocrinol Metab 1996; 81: 2999-
3003.

Shifren JL, Davis SR, Moreau M, Waldbaum A, Bouchard C, DeRogatis L et al. Testosterone patch for
the treatment of hypoactive sexual desire disorder in naturally menopausal women: results from the
INTIMATE NM1 Study. Menopause 2006; 13: 770-779.

Davis SR, McCloud P, Strauss BJ, Burger H. Testosterone enhances estradiol's effects on
postmenopausal bone density and sexuality. Maturitas 1995; 21: 227-236.

Shifren JL, Braunstein GD, Simon JA, Casson PR, Buster JE, Redmond GP et al. Transdermal
testosterone treatment in women with impaired sexual function after oophorectomy. N Engl J Med 2000;
343: 682-688.

Buster JE, Kingsberg SA, Aguirre O, Brown C, Breaux JG, Buch A et al. Testosterone patch for low
sexual desire in surgically menopausal women: a randomized trial. Obstet Gynecol 2005; 105: 944-952.

Braunstein GD, Sundwall DA, Katz M, Shifren JL, Buster JE, Simon JA et al. Safety and efficacy of a
testosterone patch for the treatment of hypoactive sexual desire disorder in surgically menopausal
women: a randomized, placebo-controlled trial. Arch Intern Med 2005; 165: 1582-1589.

=24 -



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Simon J, Braunstein G, Nachtigall L, Utian W, Katz M, Miller S et al. Testosterone patch increases sexual
activity and desire in surgically menopausal women with hypoactive sexual desire disorder. J Clin
Endocrinol Metab 2005; 90: 5226-5233.

Lobo RA, Rosen RC, Yang HM, Block B, Van Der Hoop RG. Comparative effects of oral esterified
estrogens with and without methyltestosterone on endocrine profiles and dimensions of sexual function
in postmenopausal women with hypoactive sexual desire. Fertil Steril 2003; 79: 1341-1352.

Warnock JK, Swanson SG, Borel RW, Zipfel LM, Brennan JJ; ESTRATEST Clinical Study Group.
Combined esterified estrogens and methyltestosterone versus esterified estrogens alone in the treatment
of loss of sexual interest in surgically menopausal women. Menopause 2005; 12: 374-384.

Dobs AS, Nguyen T, Pace C, Roberts CP. Differential effects of oral estrogen versus oral estrogen-
androgen replacement therapy on body composition in postmenopausal women. J Clin Endocrinol Metab
2002; 87: 1509-1516.

Penotti M, Sironi L, Cannata L, Vigano P, Casini A, Gabrielli L et al. Effects of androgen supplementation
of hormone replacement therapy on the vascular reactivity of cerebral arteries. Fertil Steril 2001; 76: 235-
240.

Basaria S, Nguyen T, Rosenson RS, Dobs AS. Effect of methyl testosterone administration on plasma
viscosity in postmenopausal women. Clin Endocrinol (Oxf) 2002; 57: 209-214.

Leao LM, Duarte MP, Silva DM, Bahia PR, Coeli CM, de Farias ML. Influence of methyltestosterone
postmenopausal therapy on plasma lipids, inflammatory factors, glucose metabolism and visceral fat: a
randomized study. Eur J Endocrinol 2006; 154: 131-139.

Hak AE, Westendorp IC, Pols HA, Hofman A, Witteman JC. High-dose testosterone is associated with
atherosclerosis in postmenopausal women. Maturitas 2007; 56: 153-160.

Casson PR, Elkind-Hirsch KE, Buster JE, Hornsby PJ, Carson SA, Snabes MC. Effect of
postmenopausal estrogen replacement on circulating androgens. Obstet Gynecol 1997; 90: 995-998.

Simon J, Klaiber E, Wiita B, Bowen A, Yang HM. Differential effects of estrogen-androgen and estrogen-
only therapy on vasomotor symptoms, gonadotropin secretion, and endogenous androgen bioavailability
in postmenopausal women. Menopause 1999; 6: 138-146.

Davis SR, Moreau M, Kroll R, Bouchard C, Panay N, Gass M et al. Testosterone for low libido in
postmenopausal women not taking estrogen. N Engl J Med 2008; 359: 2005-2017.

Davis SR, van der Mooren MJ, van Lunsen RH, Lopes P, Ribot C, Rees M et al. Efficacy and safety of a
testosterone patch for the treatment of hypoactive sexual desire disorder in surgically menopausal
women: a randomized, placebo-controlled trial. Menopause 2006; 13: 387-396.

Davis SR, Goldstat R, Papalia MA, Shah S, Kulkarni J, Donath S et al. Effects of aromatase inhibition on
sexual function and well-being in postmenopausal women treated with testosterone: a randomized,
placebo-controlled trial. Menopause 2006; 13: 37-45.

Nathorst-Boos J, Floter A, Jarkander-Rolff M, Carlstrom K, Schoultz B. Treatment with percutanous
testosterone gel in postmenopausal women with decreased libido--effects on sexuality and psychological
general well-being. Maturitas 2006; 53: 11-18.

Burger H, Hailes J, Nelson J, Menelaus M. Effect of combined implants of oestradiol and testosterone on
libido in postmenopausal women. Br Med J (Clin Res Ed) 1987; 294: 936-937.

Hickok LR, Toomey C, Speroff L. A comparison of esterified estrogens with and without
methyltestosterone: effects on endometrial histology and serum lipoproteins in postmenopausal women.
Obstet Gynecol 1993; 82: 919-924.

Watts NB, Notelovitz M, Timmons MC, Addison WA, Wiita B, Downey LJ. Comparison of oral estrogens
and estrogens plus androgen on bone mineral density, menopausal symptoms, and lipid-lipoprotein
profiles in surgical menopause. Obstet Gynecol 1995; 85: 529-537.

-25.-



