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Sex hormone ratio changes in men and postmenopausal
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Abstract
Objective: The goal of this study was to investigate the potential role of sex hormones in coronary
atherosclerosis in both men and postmenopausal women.
Design: A total of 258 male and 236 female postmenopausal participants with angiographically defined stable
coronary artery disease (CAD) were enrolled. We measured the levels of estradiol (E2), progesterone (P),
testosterone (T), follicle-stimulating hormone, and luteinizing hormone in the participants and in 156 male and
132 female disease-free and age-matched controls using commercially available radioimmunoassay kits.
Results: In the male study participants and control subjects, the levels of E2 and P differed slightly in opposing
directions; however, these differences were not significantly different, nor were there significant differences in T.
However, the ratio of E2 to P in participants was significantly (P G 0.01) lower (even after adjustments for age
and body mass index) than in the control subjects (mean T SEM: 70.2 T 56.4 vs 90.7 T 59.5, respectively). In the
postmenopausal women, a slight decrease in E2 and increases in P and T in participants were not significantly
different from levels in the control group. However, the E2 to P and E2 to T ratios were significantly (P G 0.01)
lower (before and after adjustments for age and body mass index adjustments) in the participants relative to the control
subjects (38.7 T 28.4 vs 49.6 T 36.3 and 46.5 T 37.6 vs 60.6 T 40.8, respectively). Correlation analyses demonstrated
that the sex hormone ratio changes in both men and postmenopausal women were related with atherogenic blood
lipoprotein changes. In both the male and female groups, levels of follicle-stimulating hormone and luteinizing
hormone did not differ significantly between the participants and controls, and correlation analyses revealed no
association between these hormones and the ratio of E2 to P in males and the ratios of E2 to P and E2 to T in
females (r G 0.2, P 9 0.05). Multiple regression analyses demonstrated that age and the presence of CAD were
significantly and independently associated with the E2-to-P ratio in men and the E2-to-P and E2-to-T ratios in
women and that E2-to-P ratio and low-density lipoprotein cholesterol level were significant independent predictors
of CAD in males; E2-to-P and E2-to-T ratios and low-density lipoprotein cholesterol level were significant
predictors of CAD in women.
Conclusions: In both men and postmenopausal women with angiographic CAD, there were significant
differences (relative to age-matched control subjects) in sex hormone ratios, suggesting an abnormality that could
influence coronary health. A lower E2-to-P ratio may be associated with the male disposition to coronary
atherosclerosis, whereas lower E2-to-P and E2-to-T ratios may be associated with the same condition in females.
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oronary artery disease (CAD) is a leading cause of
death among both men and women in most industrialized countries. Premenopausal women have a far
lower incidence of CAD than men of the same age. After

C

menopause, however, the incidence in women increases
rapidly and approaches that in men. The timing of this
change suggests that alterations of sex hormone levels and/
or ratios may play a key role in the development of the disease.1,2

Received March 22, 2006; revised and accepted July 25, 2006.
From the 1Department of Cardiology, Qilu Hospital, University of
Shandong, Jinan, China; 2Institute of Clinical Molecular Biology,
University of Shandong, Jinan, China; and 3Institute of Neurology, Ruijin
Hospital (affiliated with Shanghai Jiao Tong University), Shanghai, China.
Drs. He and Yang contributed equally to this article and Dr. Liu served
as tutor.
Funding/support: This work was supported in part by a Grant-in-Aid
for Scientific Research from The Ministry of Education, P. R. China

(2004.527), a Grant-in-Aid for China-Japan Sasagawa Researchers
from The Ministry of Health, P. R. China (083), and a grant for project
research from the Department of Science and Technology, Jinan City,
Shandong Province (60143).
Financial disclosure: None reported.
Address correspondence to: Hong He, MD, Department of Cardiology,
Qilu Hospital, Shandong University, No. 107 Wenhuaxilu, Jinan
250012, P.R. of China. E-mail: hehong@medmail.com.cn.

Menopause, Vol. 14, No. 3, 2007

Copyright @ 2007 The North American Menopause Society. Unauthorized reproduction of this article is prohibited.

385

HE ET AL

Estrogen, a major sex hormone for females, was previously believed to play a central role in atheroprotection.
Numerous in vitro and in vivo studies have identified at least
a dozen estrogen effects that would be expected to prevent
or delay CAD.3<5 However, recent clinical trials have failed
to demonstrate any beneficial effects of hormone therapy
with estrogen and progestin when these were administered
for the primary and secondary prevention of CAD in
postmenopausal women.6<8 In the majority of observational
studies, unopposed estrogen was used, whereas clinical trials
such as the Heart and Estrogen/progestin Replacement Study
and Women’s Health Initiative used a combination of
estrogen and progestin. Although the role of progestin
remains poorly defined according to data until now,9 it is
possible that progestin may have some influence on the
cardiovascular effect of estrogen. However, the primary
focus of studies investigating the role of sex hormones on
CAD has been limited to estrogen. The role played by
another female sex hormone, progesterone, especially its
influence on estrogen, has been mostly overlooked.
In the case of the male hormone androgen, observational
data suggest testosterone levels are associated with atherogenic profiles in lipid metabolism.10 Although male gender
is believed to be one of the classic risk factors for CAD,11
some investigators have reported, for example, that testosterone may have some beneficial cardiovascular effects,
such as inhibiting the calcium channel of smooth muscle
cells and suppressing activation of proinflammatory cytokines.12,13 The vascular properties of the principal mammalian androgen testosterone are complex, and the precise role
it plays in atherosclerosis remains unclear.
We conducted a study to investigate the potential role of
sex hormones in the development of coronary atherosclerosis. Our results showed both men and postmenopausal
women with CAD had significant differences in sex
hormone ratios when compared to age-matched control
subjects.
METHODS
Participants
The participants were enrolled prospectively in the study
as follows: (1) The male participant group consisted of 258
individuals undergoing clinically ordered coronary angiography for suspected ischemia (but without unstable myocardial ischemia) who had at least one atherosclerotic luminal
narrowing (950% diameter stenosis) on angiography. The
male control group consisted of 156 age-matched healthy
participants who, after a complete medical history and
physical examination before the investigation, indicated no
history of CAD and had a normal electrocardiogram. (2) The
female participant group included 236 postmenopausal
women with stable angina pectoris who had no menstrual
period for at least 1 year and had one or more atherosclerotic
luminal narrowings on angiography. The female control
group included 132 age-matched healthy postmenopausal
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women who had no history of CAD and also had a normal
electrocardiogram. Written informed consent was obtained
from all participants before entry into the study, and the
study protocol was approved by the institutional review
committee of the University of Shandong. Exclusion criteria
included chronic hepatic, renal, or endocrine diseases and a
recent history of taking medication that influenced sex
hormones or plasma lipid levels. Furthermore, because
diseases such as hypertension and diabetes mellitus were
reported to promote abnormal sex hormone levels,14<16
participants with these conditions were also excluded from
the study.
Sex hormone and lipoprotein analyses
Blood samples were drawn with the subject at rest from a
large antecubital vein at 7 AM after overnight fasting and
were immediately centrifuged for 20 minutes at 4-C. The
serum was separated into aliquots and stored at j80-C
before analysis. Estradiol (E2), progesterone (P), testosterone
(T), follicle-stimulating hormone (FSH), and luteinizing
hormone (LH) concentrations were determined by their
specific immunoassays (Diagnostic Products Corp, Los
Angeles, CA) according to the manufacturer`s instructions.
Total cholesterol, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and triglyceride concentrations were determined by conventional enzymatic methods.
Data analyses
Means with their SEM values of baseline characteristics
were presented for the participant group and control group.
Differences between the participant and control groups were
tested using the independent Student`s t test for continuous
data. The frequency of current smokers in the participant and
control groups was compared with a standard W2 test. Ratios
of E2 to P and E2 to T were calculated for each participant
and control subject. Concentrations of sex hormones and
the ratios of E2 to P and E2 to T were logarithmically
transformed to produce approximately normal distributions.
To make the results easily interpretable, the means were
transformed back to their original scale, resulting in geometric means. Geometric mean levels were calculated for
each sex hormone (FSH, LH, E2, P, T) and the E2-to-P and
E2-to-T ratios. Comparisons of sex hormone levels and the
ratios of E2 to P and E2 to T between the participant and
control groups were performed using the independent t test.
Correlation analyses were performed to investigate the
association between the sex hormone ratios of E2 to P and
E2 to T and blood lipoprotein levels and to determine
whether the changes in E2/P and E2/T were thalamic in
origin. Stepwise multiple regression analysis was used to
identify the independent determinants of the sex hormone
ratios, and stepwise logistic regression analysis was used
to model CAD as a function of the sex hormone ratios
and other cardiovascular risk factors. All analyses were
* 2007 The North American Menopause Society
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TABLE 1. Clinical characteristics of study participants
Men
Variable

Participant

Postmenopausal women

Control

No. of participants
258
Age (y)
61.5 T 9.84
Time since menopause (y)
Y
Current smoker (%)
25
25.1 T 2.4
Body mass index (kg/m2)
Total cholesterol (mg/dL)
198 T 36
LDL-C (mg/dL)
126 T 30
HDL-C (mg/dL)
40 T 10
Trigycerides (mg/dL)
127 T 53
Data are mean T SEM or percentage. NS, not significant
cholesterol.

P

Participant

Control

P

156
236
132
61.3 T 11.2
NS
64.7 T 7.5
62.4 T 6.8
NS
Y
Y
12.1 T 6.3
11.8 T 7.2
NS
21
NS
8
6
NS
23.8 T 1.76
NS
24.9 T 2.4
23.6 T 2.5
NS
177 T 32
G0.01
195 T 38
175 T 34
G0.01
107 T 26
G0.01
134 T 29
110 T 27
G0.01
49 T 11
G0.05
42 T 11
50 T 12
G0.05
121 T 50
NS
130 T 55
128 T 56
NS
(P 9 0.05); LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

performed using SAS software (version 6.12). A P value
of 0.05 or less was considered statistically significant
(two sided).
RESULTS
Both men and postmenopausal women tended to have a
slightly higher body mass index (BMI) and smoking rate
than the control subjects, although the differences were not
significant (Table 1). Participants had significantly higher
total cholesterol and LDL-C levels. HDL-C levels were
significantly lower in the participant groups.
In male participants, levels of FSH, LH, and P were
somewhat higher than in the control subjects, whereas E2
and T were lower, although none of these differences were
significant (Table 2). P and T were higher in female
participants, and FSH, LH, and E2 were lower, although, as
in men, these differences were not significant. Accordingly,
the ratios of E2 to P in both male and female participant
groups were significantly lower than in the control groups.
In postmenopausal women, the E2-to-T ratio was also
significantly lower in participants; the ratio was not significantly different in men. Significant differences between the
participant and control groups were still present after adjustment was made for age and BMI (data not shown).
Correlation analyses were performed to investigate the
relationship between sex hormone ratios and blood lipoprotein levels. In men, significant negative correlations
were found between the E2-to-P ratio and total cholesterol
(r = j0.47, P G 0.01) and LDL-C (r = j0.60, P G 0.05)

levels. A moderate positive correlation was found between
the E2-to-P ratio and HDL-C level (r = 0.35, P G 0.05). In
postmenopausal women, significant negative correlations
were found between both the E2-to-P and E2-to-T ratios
and total cholesterol (E2-to-P ratio: r = j0.45, P G 0.01; E2to-T ratio: r = j0.37, P G 0.05) and LDL-C (E2-to-P ratio:
r = j0.62, P G 0.01; E2-to-T ratio: r = 0.51, P G 0.01) levels
and positive correlations were found between these ratios
and HDL-C level (E2-to-P ratio: r = 0.38, P G 0.05; E2-to-T
ratio: r = 0.40, P G 0.05). Correlation analyses demonstrated
no relationship between FSH and LH levels and the E2-to-P
ratio in men, as well as E2-to-P and E2-to-T ratios in postmenopausal women (r G 0.2, P 9 0.05).
Independent variables initially included in the multivariate model to predict sex hormone imbalance were age,
BMI, blood lipids, smoking, and the presence or absence of
CAD. In men, only age (P G 0.01, regression coefficient =
0.0062, adjusted R2 = 0.027) and the presence of CAD (P G
0.05, j0.046, 0.010) were significant predictors of the logtransformed E2-to-P ratio after the model was reduced
through stepwise regression. In postmenopausal women,
age (E2-to-P ratio: P G 0.01, 0.0058, 0.026; E2/T ratio: P G
0.01, 0.006, 0.021) and the presence of CAD (E2-to-P ratio:
P G 0.01, j0.031, 0.014; E2-to-T ratio: P G 0.01, j0.027,
0.012) also showed significant and independent associations
with the log-transformed E2-to-P and E2-to-T ratios. In a
separate multivariate model to predict CAD, age, time since
menopause (in postmenopausal women), BMI, current
smoking, blood lipids, and sex hormones and their ratios

TABLE 2. Sex hormone levels in study participants
Men
Variable

Participant

FSH (mIU/mL)
LH (mIU/mL)
E2 (pg/mL)
P (ng/mL)
T (ng/mL)
E2-to-P ratio (1,000)
E2-to-T ratio (1,000)
Data are mean T SEM. NS, not
T, testosterone.

14.2 T 8.1
11.2 T 6.1
85.6 T 43.7
1.48 T 1.14
7.32 T 2.96
70.2 T 56.4
12.5 T 7.8
significant (P 9 0.05);

Control

Postmenopausal women
P

13.5 T 7.7
NS
10.7 T 5.8
NS
92.7 T 35.2
NS
1.27 T 1.06
NS
7.4 T 1.92
NS
90.7 T 59.5
G0.01
13.1 T 7.6
NS
FSH, follicle-stimulating hormone; LH,

Participant

Control

P

65.5 T 26.2
66.7 T 24.3
NS
42.7 T 20.5
45.6 T 20.2
NS
52.7 T 35.8
58.2 T 34.5
NS
1.5 T 1.02
1.29 T 0.93
NS
1.12 T 0.87
0.95 T 0.61
NS
38.7 T 28.4
49.6 T 36.3
G0.01
46.5 T 37.6
60.6 T 40.8
G0.01
luteinizing hormone; E2, estradiol; P, progesterone;
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TABLE 3. Significant predictors of coronary artery disease
Men
OR
E2-to-P ratio
E2-to-T ratio
LDL-C
R2 = 0.42 in men; R2 = 0.46
cholesterol.

CI

P

OR

CI

P

5.4
2.1-16.7
G0.01
5.7
1.8-17.4
G0.01
Y
Y
Y
4.6
1.56-15.8
G0.01
4.8
1.69-17.2
G0.01
5.1
2.2-16.4
G0.01
in postmenopausal women. OR, odds ratio; E2, estradiol; P, progesterone; T, testosterone; LDL-C, low-density lipoprotein

were evaluated initially. In men, E2-to-P ratio and LDL-C
were the only remaining significant predictors after the
model was reduced through stepwise logistic regression;
E2-to-P and E2-to-T ratios and LDL-C were the only
remaining significant predictors in postmenopausal women
(Table 3).
DISCUSSION
We measured and compared the levels of serum E2, P, T,
FSH, and LH levels in men and postmenopausal women
with angiographically proven CAD and age-matched control
subjects with no clinical evidence of atherosclerosis. Our
main observations were as follows: (1) There were significant differences in sex hormone ratios in both men and
postmenopausal women with angiographically proven CAD.
The ratio of E2 to P in the male CAD group was significantly
lower than in the control group; in the case of postmenopausal women, the ratios of both E2 to P and E2 to T were
significantly lower in the CAD group. The differences were
still significant after adjustments for confounding variables.
(2) In both men and postmenopausal women, the sex
hormone ratio changes were associated with atherogenic
profiles in lipid metabolism and especially highly related
with LDL-C level. (3) Age and the presence of CAD were
significant independent variables in determining the E2-to-P
ratio in men as well as the E2-to-P and E2-to-T ratios in
postmenopausal women. The E2-to-P ratio and LDL-C were
significant independent predictors of CAD in men, and the
ratios of E2-to-P and E2-to-T, as well as LDL-C, were
significant predictors of CAD in postmenopausal women. (4)
The sex hormone ratio changes were not thalamic in origin.
No significant correlation was found between FSH and LH
levels and the E2-to-P ratio or the E2-to-P and E2-to-T ratios
in men and women, respectively.
Estrogen is widely regarded as protective against atherosclerosis. The beneficial effects induced by estrogen are well
described and include reductions in LDL, lipoprotein (a),
plasma fibrinogen and plasminogen activator inhibitor
activity, an increase in HDL, decreased LDL oxidation,
enhanced glucose metabolism, and enhanced insulin
sensitivity.17<19 In the arterial wall, estrogen increases nitric
oxide synthase activity and the secretion of nitric oxide,
inhibits the secretion of endothelin-1, and decreases calcification and the secretion of a number of inflammatory
cytokines, including fibroblast growth factor, intercellular
adhesion molecule, and vascular cell adhesion molecule;
estrogen reduces atherosclerosis itself in animal models.20<22
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The effects of progesterone often counter those of estrogen in multiple physiological systems, including cardiovascular health. Progesterone can down-regulate the E2 receptor
in the arterial wall. In plasma, under the influence of
progesterone, LDL levels are increased as a result of the
down-regulation of LDL receptor activity, HDL levels
decrease in association with increased hepatic lipase activity,
LDL oxidation is enhanced, and plasma levels of glucose,
insulin, and fibrinogen tend to increase.23,24 In addition, it
has been reported that progesterone is antagonistic to
estrogen effects in nitric oxide formation and arterial
vasodialation.25 In animal models, combined progesterone/
estrogen treatment is associated with reduced protection
against arterial atherosclerosis.26
The effects of testosterone on cardiovascular health are
complex and gender specific. Under the influence of
testosterone, beneficial, neutral, and detrimental effects on
vascular reactivity have been observed. Testosterone influences cardiovascular risk factors by decreasing serum levels
of HDL-C, plasminogen activator type 1 (apparently
deleterious), lipoprotein (a), fibrinogen, insulin, and leptin
(apparently beneficial). Relative to macrophage function,
testosterone exerts proatherogenic effects by facilitating the
uptake of modified lipoproteins and an antiatherogenic
effect by stimulating efflux of cellular cholesterol to
HDL.27,28 Bruck et al29 demonstrated that in castrated male
and female rabbits fed an atherogenic diet, testosterone
treatment increased plaque size in female but not male
rabbits. Similarly, in female ovariectomized cynomolgus
monkeys fed an atherogenic diet for 24 months, the extent of
coronary atherosclerosis doubled in the testosterone-treated
group compared with the intact and untreated ovariectomized controls.30 Data from clinical studies have not shown
an association between endogenous testosterone levels and
coronary events in men. Although some studies have
reported lower levels of testosterone in male participants
with CAD compared to healthy control subjects, others have
found no difference.31<34 In women, however, observational
studies indicate that androgen replacement may exacerbate
existing hypertension, increase the risk of cardiovascular
events, or promote atherogenesis; women with polycystic
ovarian syndrome have high endogenous T levels and
potentially increased CAD risk.35,36
In our study, however, individual sex hormone levels did
not differ significantly between the participants with angiographic CAD and control subjects in both genders. However,
the E2-to-P ratio in men and E2-to-P and E2-to-T ratios in
* 2007 The North American Menopause Society
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women differed significantly according to the status of the
coronary atherosclerosis. These findings demonstrate, for the
first time, the potential significance of the proportion of
estrogen to progesterone in men and the proportions of
estrogen to progesterone and androgen in postmenopausal
women as novel markers for atherogenicity.
Although some observations have been made on the
relationship between sex hormones and atherosclerosis, most
of these are anecdotal or are derived from small-scale
clinical studies with limited information on the effects in
women. One of the potential confounding factors in some
earlier studies was the inclusion of participants with hypertension or diabetes mellitus, which have been reported to
contribute to abnormal sex hormone levels.14<16 In the
current investigation, which to our knowledge is the largest
prospective study that included both men and postmenopausal women simultaneously, participants with hypertension or diabetes mellitus were excluded, thus eliminating the
influence of those diseases. Based on the results of this study
and relying on accumulated knowledge of the effects of sex
hormones on the cardiovascular system, we hypothesize that
the functions of hormone-secreting glands decrease gradually with age, and during this process, fluctuations in sex
hormone levels disrupt normal hormone ratios, especially
estrogen to progesterone and estrogen to androgen, which
may exert a detrimental effect on lipid metabolism and cause
adverse effects on cardiovascular health, even in situations
where individual sex hormone levels do not appear to be
significantly affected. It is possible that progesterone is
atherogenic in men and both progesterone and androgen are
atherogenic in postmenopausal women. However, levels of
peripheral E2 may ameliorate the atherogenicity, possibly as
a result of the antagonistic or synergistic interactions among
sex hormones. In light of data that indicate no benefit of the
estrogen/progestin combination in preventing cardiovascular
events in the Heart and Estrogen/progestin Replacement
Study and the Women_s Health Initiative, it may be prudent
to consider the impact of the use of progestin and changes to
the estrogen-to-progestin ratio.
Correlation analysis of the data obtained in this study
demonstrated no relationship between FSH or LH levels and
the E2-to-P ratio in men, as well as the E2-to-P and E2-to-T
ratios in postmenopausal women. This suggests the abnormal ratios of sex hormones in all study participants are not
thalamic in origin. It is known that FSH and LH levels are
controlled by gonadotropin-releasing hormone which can
also directly control the secretion of estrogen, progesterone,
and androgen. Secretion of ganadotropin-releasing hormone
is influenced by several neurochemical factors, including
dopamine, norepinephrine, and even the cerebral cortex; it is
therefore possible that nervous system disruptions might
influence the proportion of sex hormones. Furthermore, the
genesis of sex hormones can be directly affected in several
ways. For example, cell culture studies have shown that high
doses of prolactin can inhibit progesterone production by
corpus luteum cells.37,38 It is apparent that, given the

influence that multiple factors can have on sex hormone
production, additional research will be necessary to identify
and understand the control mechanisms behind hormone
levels and overall sex hormone balance.
CONCLUSIONS
In conclusion, significant differences in sex hormone
ratios were detected in both male and postmenopausal
female participants with angiographically proven CAD.
Correcting these changes might be beneficial in the
prevention and/or treatment of CAD; however, additional
research is needed to verify the results reported here. Also,
in this study, we could not determine whether altered sex
hormone ratios cause or are the results of CAD; only an
association was supported. Thus, further longitudinal studies
should be done to define the temporal relationships between
the sex hormone ratios and CAD.
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