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Imbalance of testosterone/estradiol promotes
male CHD development
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Abstract. Objective: Testosterone is either neutral or has a harmful effect on the male cardiovascular system. But the role of
imbalance of testosterone (T) and estrogen (E2) (T/E2 ratio) in male CHD has been less studied. This study was carried out
with the purpose of evaluating the relationship between T/E2 ratio and CHD.

Methods: Fifty-five male CHD patients (aged 61.25 ± 3.44) and 60 age-matched controls (aged 59.54 ± 1.44) were selected
in this research.

Results: Compared with control group, levels of both serum T and E2 decreased, but only E2 had statistical significance
(P = 0.001). The normal testosterone (T)/estradiol (E2) ratio is 1.7 ± 0.12, but the ratio of T/E2 (3.28 ± 0.58) changed
significantly in men with CHD group (P < 0.05). With the imbalance of T/E2 ratio in CHD group, we further used a linear
and multiple regression methods to analyze the correlation between sex hormones and CHD risk factors. The results showed
serum T was positively associated with TG (r = 0.439, P < 0.01) and D-dimer (r = 0.258, P < 0.05), but negatively
associated with HDL-C (r = −0.267, P < 0.05) and Hs-CRP (r = −0.214, P < 0.05). However, E2 was highly positive
associated with TG (r = 0.783, P < 0.01) and HDL-C (r = 0.515, P < 0.01), but was negative related with LDL-C
(r = −0.219, P < 0.05), TC/LDL (r = −0.236, P < 0.05) and D-dimer. Multiple linear regression method also showed
the same results between E2 and HDL-C (P = 0.020), LDL-C (P = 0.000), which showed E2’s protective role in cases.
However, T/E2’s effect is more significative than E2’s, and the values between T/E2 and index are HDL-C (r = −0.624,
P < 0.01), LDL-C (r = 0.348, P < 0.01), TC/HDL (r = 0.237, P < 0.05), Hs-CRP (r = 0.248, P < 0.05) and D-dimer
(r = 0.249, P < 0.05). Multiple linear regression method also showed the positive relationship between T/E2 and HDL-C
(P = 0.000), D-dimer (P = 0.000), and negative relationships between T/E2 and TC (P = 0.000), TG (P = 0.000) or
HDL/LDL (P = 0.000).

Conclusion: The balance of T/E2 ratio, rather than the absolute levels of androgens, is crucial in modulating the effect of
androgens on CHD in males.
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1. Introduction

Compared with women of similar age, cardiovascular diseases (CVD) are more prevalent in men [1].
What’s more, men present a greater incidence of coronary heart disease (CHD) [2]. Although androgens
and estrogens are the main sex hormones found in men and women, respectively, it is unlikely that
estrogens are important only in women, nor is it likely that it exert the same effects in men and women.
Sex hormones exert metabolic [3] and hemodynamic effects [4] that might explain gender differences
in the relevance of risk factors in determining cardiovascular risk. However, many studies are uncertain
about the relationship between imbalance of sex hormones and occurrence of CHD.

Both estrogen and testosterone have important roles to play in individuals of either sex [5]. Testos-
terone metabolized by 5α-reductase to the more potent AR ligand, dihydrotestosterone (DHT) [6]. Al-
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ternatively, testosterone is metabolized by aromatase to the primary form of estrogen, 17β-estradiol [7].
Thus, in both males and females, the balance between testosterone and estrogen production through
various life stages influences the function of cardiovascular system. However, the relationship between
sex hormones and the cardiovascular system, in both men and women, remain controversial. In vitro
studies, 17β estradiol at high local concentrations inhibits LDL oxidation and reduces cholesterol ester
formation [8,9], but testosterone does not have the same effect [9], which could further increase the in-
cidence of CHD. There was also a trend for men to have higher LDL-C concentrations than women and
for women to have higher HDL-C concentrations than men. Experimental evidence suggests that andro-
gen deficiency contributes to the onset and progression of CHD in men [10]. Androgen deficiency is
associated with endothelial dysfunction [11], high glucose and adverse lipid profiles [12], inflammatory
responses [13], altered smooth muscle and hypertension [14], which are associated with CHD. However,
in vivo, androgens and estrogens have opposing actions on function of blood vessels [15]. For example,
in ovariectomized female animals, estrogen replacement generally restores cerebrovascular function to
that found in cerebral vessels from intact, untreated females [16–18]. However, in males, the situation
is more complex. Testosterone replacement in castrated male rats does not restore cerebrovascular func-
tion [18,19]. Moreover, certain responses in arteries in males, such as nitric oxide dependent dilation, are
reproduced by estrogen treatment of castrated males [18]. These findings suggest that active androgen
metabolites, which may differ depending on the balance of androgen and estrogen in the cardiovascular
system in males. So we think there must be a normal serum testosterone/estradiol (T/E2) balance in
normal males. Once the T/E2 balance is broken, which may be contribute to the incidence of CHD.

In this work, we first want to observe the normal physiological T/E2 ratio in health old men, and
then to explore the effect of imbalance of T/E2 on the CHD-related risk factors, such as serum lipids,
inflammatory factors and D-dimer in men with CHD.

2. Subjects and methods

2.1. Subjects

Subjects were recruited from the Renmin Hospital of Wuhan University, Hubei Province in China
from November 2010 to March 2011. The healthy old men in control group were selected from health
center (age 45–60, n = 60). All of them had been excluded heart disease, diabetes mellitus, breast
disease or other serious diseases. The similar aged men (age 45–60, n = 55) in case group were selected
from department of cardiology.

2.2. Hormone assays

Samples were analyzed at the department of clinical laboratory of Renmin Hospital of Wuhan Uni-
versity on the ACS-180 automated analyzer (Bayer Diagnostics, France). Testosterone (T) and estradiol
(E2) were measured by the method of competitive immunoassay and used the technology of direct
chemiluminescent immunoanalysis. T assay range was 2–478 ng/dl. E2 was assayed using a rabbit anti-
E2-6 ACS-180 immunoassay (the lower limit of detection to 1.0 pg/ml). T/(10 × E2) was used to make
the resulting ratio [20].

2.3. Biochemical assays

Serum Total cholesterol (TC), HDL-C, LDL-C, triglycerides (TG), glucose, C-reactive protein
(CRP) were assessed by an automatic biochemistry analyzer AU5400 (Olympus, Japan). TC, TG
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and HDL-C were analyzed by enzymatic methods, and LDL-C was calculated using the equation
(LDL-C = (cholesterol-triglycerides)/5-HDL-cholesterol) [21]. Glucose was determined by hexokinase
(HK) method. CRP was quantified using an immune turbidmetric analysis method. D-dimer was mea-
sured by automated coagulation instrument Sysmex CA-7000 (Sysmex, Japan) using an immune tur-
bidmetric analysis method. Linear range: TC: 0.5–18 mM; TG: 0.1–11.3 mM; HDL-C: 0.05–4.65 mM;
LDL-C: 0.26–10.3 mM; glucose: 0.0–22.24 mM; CRP: the lower limit was 0.03 mg/dl; D-dimer: 0–
0.3 µg/ml.

2.4. Statistical analysis

Statistical analysis was performed by use of SPSS 13.0. All data were expressed as mean ± SEM.
Multiple linear regression and Pearson correlations were used. Statistical significance was set at the 0.05
level (∗P < 0.05, ∗∗P < 0.01).

3. Results

3.1. Levels of serum testosterone, estrogen and CHD-related values

Mean age of control group is 59.54 ± 1.44, with a mean body mass index (BMI) 24.28 ± 0.76, and
there were no differences between old male patients with CHD and control males in terms of mean age
(P = 0.332) and BMI (P = 0.344). However, sex hormone as well as its CHD-related values had
huge differences between controls and cases. As shown in Table 1, in control group, the average levels
of testosterone (T) and estradiol (E2) are 611.42 ± 49.24 ng/dl and 36.35 ± 1.85 pg/ml respectively,
however, the levels reduced to 522.44 ± 48.74 ng/dl and 20.73 ± 3.36 pg/ml in men with CHD group.
Compared with control group, E2 levels decreased significantly (P = 0.001), but there was no statis-
tically significance between the T levels’ (P = 0.214). The normal T/E2 ratio is 1.70 ± 0.12, but its
changed significantly (3.28 ± 0.58) in men with CHD group (P = 0.020). In the aspect of lipoprotein

Table 1

The average serum levels of sex hormones and CHD-related risk factors

Character Controls (total n = 60) Cases (total n = 55) P -value
Age 59.54 ± 1.44 61.25 ± 0.99 0.332
BMI 24.28 ± 0.76 25.18 ± 0.58 0.344
T 611.42 ± 49.24 522.44 ± 48.74 0.214
E2 36.35 ± 1.85 20.73 ± 3.36 0.001
T/E2 1.70 ± 0.12 3.28 ± 0.58 0.020
TC 4.24 ± 0.17 4.31 ± 0.17 0.763
TG 0.85 ± 0.06 1.16 ± 0.12 0.035
HDL 1.33 ± 0.05 1.12 ± 0.05 0.009
LDL 2.40 ± 0.13 2.60 ± 0.15 0.319
TC/HDL 3.22 ± 0.15 1.06 ± 0.12 0.000
HDL/LDL 0.53 ± 0.03 0.50 ± 0.05 0.675
HsCRP 2.12 ± 0.18 9.03 ± 2.37 0.011
D-dimer 0.072 ± 0.014 0.21 ± 0.15 0.000

Notes: All the values had been adjusted for age and BMI. P -values from t-test for independent samples.
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profile, in cases group, the level of HDL-C decreased significantly (P = 0.009); TG increased signifi-
cantly (P = 0.035), and LDL-C changed slightly (P = 0.319). But the ratio of TC and HDL (TC/HDL)
was lower (P = 0.000) than the control’s. Both of Hs-CRP and D-dimer levels increased sharply in male
patients with CHD compared with healthy men (P = 0.011, P = 0.000).

3.2. Correlation of the serum sex hormones levels with CHD risk factors in cases

In order to explore the relationship between sex hormone and CHD-related risk factors, we conducted
a linear analysis of the data in case group. As shown in Table 2, the results showed that average serum
level of T was positive associated with TG (r = 0.439, P < 0.01) and D-dimer (r = 0.258, P < 0.05).
On the other hand, T was mainly negative associated with HDL-C (r = −0.267, P < 0.05) and Hs-CRP
(r = −0.214, P < 0.05). Serum E2 was highly positive associated with TC (r = 0.263, P < 0.05),
TG (r = 0.783, P < 0.01) and HDL-C (r = 0.515, P < 0.01), but was negative related with LDL-C
(r = −0.219, P < 0.05) and TC/LDL (r = −0.236, P < 0.05). The ratio of T/E2 was inversely
related with TC (r = −0.376, P < 0.01), and HDL-C (r = −0.624, P < 0.01), but positively related
with LDL-C (r = 0.348, P < 0.01), TC/HDL (r = 0.237, P < 0.05), Hs-CRP (r = 0.248, P < 0.05)
and D-dimer (r = 0.249, P < 0.05).

3.3. The relationship of imbalance of T/E2 with CHD high risk factors-lipoprotein profile in cases

As shown in Table 3, T was significantly positively associated with TG (P = 0.030) and LDL-C
(P = 0.009) in cases group after adjusting for age and BMI. And there were no significant relationship

Table 2

Correlation between sex hormones and lipoprotein in patients
with CHD

T E2 T/E2
TC −0.174 0.263∗ −0.376∗ ∗

TG 0.439∗ ∗ 0.783∗ ∗ −0.110
HDL −0.267∗ 0.515∗ ∗ −0.624∗ ∗

LDL −0.178 −0.219∗ 0.348∗ ∗

TC/HDL 0.088 −0.236∗ 0.237∗

HDL/LDL 0.048 0.142 −0.038
HsCRP −0.214∗ 0.059 0.248∗

D-Dimer 0.258∗ −0.008 0.249∗

Notes: Linear analysis of the data in case group, all values had
been adjusted for age and BMI. ∗P < 0.05; ∗ ∗P < 0.01.

Table 3

Relationship of serum sex hormones levels to lipoprotein profile in patients with CHD

Sex hormone TC TG HDL LDL

β P -value β P -value β P -value β P -value
T 0.426 0.197 2.736 0.030 −1.413 0.074 1.264 0.009
E2 0.564 0.007 −0.458 0.549 1.147 0.020 −1.536 0.000
T/E2 −1.418 0.000 −4.720 0.000 3.005 0.000 0.399 0.033

Note: Multiple linear regression analysis, generalized estimating equation models adjusted for age and BMI.
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between T and TC or HDL. In contrast, E2 mediated lipids profile more effectively in old men with
CHD. E2 had a significantly positive association with TC (P = 0.007) and HDL-C (P = 0.020) and a
negatively association with LDL-C (P = 0.000). According to the result, T/E2 had a strongest associ-
ation with lipids. The positive relationship was observed between T/E2 and HDL (P = 0.000) or LDL
(P = 0.033) and negative relationships between T/E2 and TC or TG, with both P -values were 0.000.

3.4. The relationship of imbalance of T/E2 with other CHD risk factors in cases

As shown in Table 4, we could see T was significantly negatively associated with TC/HDL (P =
0.010), but it was not associated with HDL/LDL (P = 0.102) in case group after adjusting for age and
BMI. However, the effect of E2 is completely different. E2 had a moderately positive association with
TC/HDL and had a negatively association with HDL/LDL (P = 0.000). In addition, we also observed
some other interesting CHD-related risk factors, such as inflammatory factor-Hs-CRP and thrombosis
associated risk factor-D-dimer. From the Table 4, we can see T was significantly negatively associated
with D-dimer (P = 0.002), and was slightly positively associated with Hs-CRP. Nevertheless, E2 was
significantly negatively associated with both Hs-CRP (P = 0.000) and D-dimer (P = 0.000) in case
group. According to the results, T/E2 had a strongest positively association with TC/HDL (P = 0.000)
and D-dimer (P = 0.000). There is no strong relation between T/E2 and Hs-CRP (P = 0.120).

4. Discussion

A common explanation for the greater incidence of CHD in men when compared to women could
be the high levels of serum testosterone in men, which suggests testosterone could promote atheroscle-
rosis or estrogen could protect men from CHD [22]. Whether androgens affect cardiovascular disease
adversely remains a controversial issue, with some data pointing to a deleterious effect of androgens on
lipid profiles [23], but some other studies revealed androgens exerted possible benefits on cardiovascular
function. Many studies examined the relationship between endogenous testosterone and CHD incidence
in men, but failed to get a clear association [24]. Cauley et al. [25] found similar testosterone concentra-
tions in 163 men who had coronary events compared with matched controls. High-density lipoprotein
cholesterol (HDL-C) is an anti-atherogenic factor, but low-density lipoprotein cholesterol (LDL-C) is a
pro-atherogenic risk factor, which is quite harmful to vascular system. D-dimer could promote throm-
bosis. Most of the researches reported E2 have beneficial effects on the male cardiovascular function
by inhibiting proliferation of vascular smooth muscle cells [26] and increasing HDL-C [27] and nitric
oxide synthase activity (NOS), thus promoting vasodilatation [28]. Estrogen should have an important
role to play in individuals of old men, however, with different levels of endogenous androgens, the effect

Table 4

Relationship of serum sex hormones levels to some other cardiovascular risk factors in patients with CHD

Sex hormone TC/HDL HDL/LDL HsCRP D-dimer

β P -value β P -value β P -value β P -value
T −3.725 0.010 1.121 0.102 0.073 0.326 −0.269 0.002
E2 0.392 0.651 −2.093 0.000 −6.161 0.000 −19.788 0.000
T/E2 5.237 0.000 −1.940 0.000 0.045 0.120 1.030 0.000

Note: Multiple linear regression analysis, generalized estimating equation models adjusted for age and BMI.
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of estrogen on cardiovascular system also different. So we suppose the balance of T/E2 ratio will be
exerting more effect on CHD-related risk factors.

An important first step is to make sure whether the cardiovascular function in males is subject to
the imbalance of testosterone and estrogen effects. In this study (Table 1), with no differences of ages
and BMI in control and cases, compared with control, we found the average level of E2 decreased
significantly (P = 0.001), but there was no statistically significance between the T levels’ (P = 0.214),
which indicated the patients with severe CAD had lower E2, but only slightly lower testosterone when
compared with the control. The normal T/E2 ratio was 1.70 ± 0.12, but thus was broken in men with
CHD group with changed ratio (T/E2: 3.28 ± 0.58). Moreover, in cases group, the level of HDL-C
(P = 0.009) and TC/HDL (0.000) decreased significantly; TG, Hs-CRP and D-dimer levels increased
sharply in male patients with CHD compared with healthy men increased significantly (P = 0.035), but
LDL-C changed slightly (P = 0.319). Inflammation, such as Hs-CRP has been used as an important
independent predictor of CHD [29].

Some study found a neutral effect [24,30,31]of T and E2 levels with CHD. In the Tromso study
[31], men aged 59.6 ± 10.2 years followed for up to 13 years, total and free T and E2 levels were not
associated with occurrence of CHD. In order to see the correlation between sex hormones and CHD-
associated risk factors, we conducted a linear analysis of the data in case group. Table 2 results showed
that T level was positively associated with TG (r = 0.439, P < 0.01) and D-dimer (r = 0.258, P <
0.05), but negatively associated with HDL-C (r = −0.267, P < 0.05) and Hs-CRP (r = −0.214, P <
0.05). HDL-C is an anti-artherosclerosis factor, but LDL-C is quite harmful to vascular system. D-dimer
could promote thrombosis. T was positive associated with TG and D-dimer, but negative associated
with HDL-C, which means its harmful effect on vascular function. However, E2 and indexes changed
absolutely. E2 was highly positive associated with TG (r = 0.783, P < 0.01) and HDL-C (r = 0.515,
P < 0.01), but was negative related with LDL-C (r = −0.219, P < 0.05), TC/LDL (r = −0.236,
P < 0.05) and D-dimer. From this result, we could see E2 played a more important role in protection
old men from CHD. The relationship between T/E2 and risk factors is similar to E2’s, but it is more
significative than E2’s effect on HDL-C (r = −0.624, P < 0.01), LDL-C (r = 0.348, P < 0.01),
Hs-CRP (r = 0.248, P < 0.05) and D-dimer (r = 0.249, P < 0.05). Next, we used multiple linear
regression to further analyse the results. From the Tables 3 and 4, we got the same results about the
relationship between T, E2 or T/E2 with CHD risk factors. This result is really very exciting, which
suggested neither single T nor E2 could not take complete responsibility for CHD. Our results showed
that imbalance of serum T/E2 could be the most important reason for CHD in old men.

In conclusion, the present study found serum T/E2 balance is more useful index to reflect the rela-
tionship between sex hormones and CHD incidence. Imbalance of testosterone and estrogen could lead
to hypercholesterolemia, hypertriglyceridemia, hyperglycemia, and hyperuricemia, which contributed to
CHD. The T/E ratio, rather than the absolute levels of androgens or estrogen, is crucial in modulating
the effect of androgens on CHD in males, which provided new ideas for diagnose and treatment of CHD
patients in males.
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