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Abstract

The role of androgens and estrogens in cardiovascular disease is a subject of ongoing studies. Therefore, we aim to explore the asso-
ciation of testosterone (T), estradiol and their ratio with cardiovascular risk factors and severity of cardiac ischemia in male patients
with acute coronary syndrome. (ACS) n = 72 and controls (n = 35) Lower values of both total and free T were found in the ACS group
compared to controls (8.97 vs. 10.98 nmol/l, p = 0.001 for total T and 0.189 vs. 0.223 nmol/l, p = 0.006 for free T). Patients with myo-
cardial infarction with ST-elevation had significantly lower T fractions compared to ACS without ST-elevation. The T to estradiol ra-
tio was significantly lower in the ACS group compared to controls and is lowest in those with STEMI. Also, all testosterone fractions
- free, bioavailable, and free T, are lower in patients with ACS compared to controls. Based on these observations a conclusion can
be drawn that amore estrogenic environment is associated with ST-elevation and correlates with the severity of ACS in male patients.
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Introduction observational studies have shown an association between
low endogenous testosterone levels and mortality in coro-
nary heart disease (Araujo et al. 2011).

On the other hand, there is no conclusive evidence of

The well-known association of male sex with increased
cardiovascular disease is attributed to the androgens, the

principal one being testosterone (T) (Kappert et al. 2012).
Even so, there is conflicting data on the effect of testoster-
one on the development of cardiovascular disease (CVD)
(Gencer and Mach 2016). On the one hand, testosterone is
associated with beneficial effects, i.e., vasodilation and re-
duction of infarct zone size. On the other hand, adverse ef-
fects, i.e., the induction of inflammation and activation of
signaling pathways related to apoptosis were also report-
ed (Oskui et al. 2013; Herring et al. 2022). Furthermore,

CVD safety with androgen-replacement therapy. Higher
cardiovascular risk has been suspected in some of the past
trials (Snyder et al. 2018). Newer data provide evidence
about safety in terms of cardio-vascular outcomes but sug-
gests that higher incidence of venous thromboembolism
or acute kidney injury may be an issue (Lincoff et al. 2023).

In a study Pesonen et al. propose the hypothesis that the
decline in T levels during the acute period of acute coro-
nary syndrome (ACS) is an adaptive mechanism providing
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better survival. In contrast, a number of investigators pres-
ent evidence of increased mortality with low baseline T
during ACS (Pesonen et al. 2016; Gencer et al. 2021).

Besides androgens, estrogens are also relevant to the
cardiovascular system. Their involvement in the patho-
genesis of atherosclerotic cardiovascular disease has been
suggested (Wu and Von Eckardstein 2003). Therefore, a
method allowing the simultaneous consideration of hor-
mones that are assumed to be functionally dependent is
increasingly sought. Such an attempt to objectify hor-
mone interactions and balance is sought through hor-
mone ratios, i.e. an index that is viewed as an indicator of
the balance between two endocrine systems (Maninger et
al. 2009).

In the current study our aim is to explore the associa-
tion of testosterone, estradiol and their ratio with cardio-
vascular risk factors and severity of the cardiac ischemia
in male patients with acute coronary syndrome.

Materials and methods
Study population and design

Our research was performed as a cross sectional study of
male patients with acute coronary syndrome, with or with-
out known CVD (n = 72). Subjects were recruited in the
cardiology clinics in “St. Marina” Varna, Bulgaria. Age and
BMI matched controls (n = 35) were recruited from the
general population. The group ACS consists of patients with
myocardial infarction (MI) with ST-elevation (STEMI),
Non-ST-elevation myocardial infarction (NSTEMI) and
unstable angina pectoris (UAP) (Thygesen et al. 2018).
Mean patients’ age was 56.75 (£9.73) years, mean control
age was 54.22 (£7.23) years. Exclusion criteria were the
presence of decompensated endocrinopathies, cancer, che-
mo and radiotherapy in the past three months, and testos-
terone replacement therapy. Chronic exacerbated kidney,
pulmonary insufficiency, acute comorbidities not related to
the ACS and psychiatric medications were also part of the
exclusion criteria. Information on patients’ comorbidities
was acquired from the hospital database. For the control
subject a history of cardiovascular, endocrine, or other sys-
temic chronic disease qualified as exclusion criteria.

Laboratory analyses

Blood samples were drawn in the morning between 8:00 h
- 9:00 h for both patients and control subjects. For pa-
tients the samples were taken 36 to 48 hours after the onset
of the ACS. Free testosterone concentration was calculat-
ed based on total testosterone, SHBG and albumin using
Vermeulen formula (Vermeulen et al. 1999). Testosterone,
estradiol and SHBG is determined using the Siemens IM-
MULITE 2000 system. The estradiol essay has analytical
sensitivity of 55 pmol/L with male reference ranges up to
146 pmol/l. SHBG assay has an analytical sensitivity of
0.02 nmol/Lwth reference ranges for male 10-57 nmol/L

Troponin was measured with the same assay with report-
able range between 0.2 to 180 ng/mL Albumin levels were
determined by Siemens Advia 1800 system. In the current
study low testosterone was defined based as total testos-
terone less than 9.2 nmol/l or free testosterone less than
0.220 nmol/l (Bhasin et al. 2018; Yeap et al. 2022).

Statistical analysis

Statistical analysis was done using SPSS 26 statistical pack-
age. Methods used to compare mean was analysis of vari-
ance and parametric analysis — Student’s t independent
samples (Independent t-test). For variables not meeting the
criteria for normal distribution Mann-Whitney non-para-
metric analysis was applied. The testosterone to estradiol
ratio was calculated as total testosterone divided by estradi-
ol both in units nmol/l. Lower values of the aromatization
index are coherent with a more estrogenic environment and
higher denominator value in mathematical terms. Spear-
man nonparametric correlation coefficient was used to de-
termine the strength of association between two variables.

Ethical considerations

The ethical commission in Medical University Varna
approved the study. All patients provided written in-
formed consent.

Results
Clinical characteristics

In both the patients and the control group age, BMI and
smoking did not differ statistically. The control group
did not include patients with a history of cardiovascular
comorbidities or the intake of medications. Concerning
the ACS group mixed dyslipidemia and diabetes type two
were the most common comorbidities in 100% and 22.5%
respectively (Table 1).

Testosterone in ACS

Among the patient group low total testosterone
(<9.2 nmol/l) was present in 52.78% (n = 38) of cases while
in the control group the percentage is 29.41% (n = 10). As
absolute value in the ACS group mean total T was 8.97
compared to 10.98 nmol/l for controls, the difference be-
tween groups is statistically significant (p = 0.001). The
same tendency for lower values in the ACS group is present
for both free and bioavailable T with 0.189 vs. 0.223 nmol/l
(p=0.006) and 4.14 vs. 5.63 nmol/l (p = 0.001) respective-
ly. (Table 2.) If a criterion for free T less than 0.220 nmol/l
is used the rate of hypotestosteronemia for ACS and con-
trols is 65.28% and 45.71% respectively.

Additional subgroup analysis was conducted to de-
termine the differences in androgen levels between pa-
tients with ACS with ST-elevation (STEMI) and ACS
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Table 1. Baseline characteristics.

Table 3. Mean concentrations of hormones and T/E ratio in
ACS with or without ST-elevation.

Parameter ACS (N =72) |Controls (N =35)| P-value
Age 56.12 £9.73 54.22 +£7.23 ns Parameter ACS with ACS without | p-value
(53.73-58.51) | (51.61-56.83) ST-elevation ST-elevation
BMI 28.54 £4.37 28.98 £ 3.52 ns (n=52) (n=20)
(27.4-29.62) (27.7-30.25) Testosterone (nmol/l) 8.1674 + 3.8 10.94 + 4.13 0.024
Troponin (ng/ml) 58.9 + 69.2 n/a (7.12-9.22) (8.89-12.99)
(42.71-75.22) Estradiol (pmol/1) 185.87 + 81.56 | 182.94+61.47 | 0.833
Smoking 51 (72.9%) 23 (65.7%) ns (163.39-208.35) | 152.37-213.51
Comorbidities free T (nmol/l) 0.176 + 0.09 0.226 + 0.078 0.034
Diabetes N =16 (22.5%) n/a (0.151-0.200) (0.187-0.265)
dyslipidemia N =72 (100%) n/a bioavailable T (nmol/l) 4.05+2.2 536 +1.72 0.013
heart insufficiency 8 (11.27%) n/a (3.44-4.65) (4.51-6.22)
other atherosclerotic 9 (12.85%) n/a SHBG (nmol/l) 30.65 + 10.8 30.183 +11.3 0.876
disease (27.651-33.63) | (24.56-35.81)
Medications use T/E 4691 +2896 | 64.18+2641 | 0.014
ACEi 23 (32.4%) oa (38.93-54.89) | (51.052-77.314)
diuretic 16 (22.5%) n/a ACS without ST-elevation includes NSTEMI and UAP. Data is given as
beta-blocker 29 (40.3%) n/a mean value +SD and 95% CI. P-values denote significance between sub-
statin 19 (26.8%) n/a groups. T - testosterone, T/E - total testosterone to total estradiol ratio,
Ca-channel blocker 17 (23.9%) n/a SHBG - sex hormone binding globulin.

Data is presented as mean +SD and 95% CI in brackets. Comorbidities
and medications are exclusion criteria for control group, therefore are
not available. ACS - acute coronary syndrome; STEMI Non-ST-eleva-
tion myocardial infarction; UAP - unstable angina pectoris; ACEi - ACE
inhibitors; ns - no statistical significance p > 0.05.

Table 2. Mean values of hormone concentration are patients
with ACS and controls.

Parameter ACS (n=72) controls (n =35) | p-value
total T (nmol/l) 8.97 +4.11 10.98 £ 2.17 0.001
(8.0065-9.9379) | (10.16-11.81)
Estradiol (pmol/l) 185.34 + 76.04 163.49 + 40.08 0.07
(167.473-203.208) | (148.24-178.73)
free T (nmol/l) 0.18993 + 0.09 0.223 £0.038 0.006
(0.16878-0.21108) |  (0.209-0.238)
bioavailable T 441 +2.15 5.63 +0.90 0.001
(nmol/l) (3.9016-4.9123) (5.29-5.97)
SHBG (nmol/l) 30.71 £10.89 31.55+10.46 0.706
(28.15-33.27) (27.96-35.14)
T/E 51.7 £29.151 71.71 £ 25.98 <0.001
(44.850-58.550) (61.83-81.59)

Data is given as mean value +SD and 95% CI in brackets. P-values denote
significance between subgroups. T - testosterone, T/E - total testoster-
one to total estradiol ratio, SHBG - sex hormone binding globulin.

without ST-elevation (NSTEMI and UAP). These results
are shown in Table 3. All fractions of testosterone were
lower in the STEMI subgroup: for total T 8.17 vs. 10.9
nmol/l (p = 0.02); free T 0.176 vs. 0.226 nmol/l (p = 0.03);
bioavailable T 4.05 vs 5.36 nmol/l (p = 0.01).

No difference in SHBG levels was established between
ACS and controls or between STEMI and non-ST ACS
(p =0.706 and p = 0.876 respectively).

In the ACS group no correlation between BMI and ei-
ther total T (r,=-2.05,p= 0.099), bioavailable T (r,=-0.220,
p =0.076) and free T (r, = -0.188, p = 0.130) was observed.

Weak negative correlation was established between bio-
available T (r,=-0.293, p = 0.012) and troponin and between
free T and troponin (r,= -0.266, p = 0.024). Similar was the
correlation coefficient for total T and troponin (r = -0.217)
but this did not reach statistical significance (p = 0.067).

Estradiol and estradiol to testosterone
ratio

Concerning estradiol concentration, no statistically sig-
nificant difference was found between ACS and control
groups or between STEMI and ACS without ST-eleva-
tion subgroups.

The testosterone to estradiol ratio, on the other hand,
was significantly lower in the ACS group compared to the
control subjects. The patient group had a mean value of
51.7 compared to 71.7 in the controls. (p<0.001). (Table
2) The same tendency is valid when comparing ACS with
ST-elevation to ACS without ST-elevation with lower val-
ue in the STEMI subgroup (49.9 vs. 64.1, p = 0.014).

In the ACS group higher BMI was associated with
higher T/E ratio. (r = -0.277, p = 0.024).

Discussion

The important findings of this study are that middle-aged
male patients with ACS have lower aromatization index
compared to age and BMI matched controls. Bioavailable
and free, but not total testosterone concentrations cor-
relate negatively with troponin values and all T fractions
are lowest in the STEMI subgroup compared to ACS with-
out ST-elevation (NSTEMI and UAP).

We determined that the ACS group is not homogenous
in terms of T levels. As evident from Table 2, patients with
ST-elevation MI had the lowest levels of T. Similar results
concerning T levels and the type of ACS subtype are de-
scribed by Hu et al. (Hu et al. 2011). An explanation can
be found in the severity of the acute coronary syndrome.
Here we can assume the ST elevation as a sign of a bigger
necrotic section of the myocardium. It is also associated
with worse short-term prognosis (Khan et al. 2020).

Despite the sensitivity of troponin assay up to 180 ng/
ml the negative correlations presented allows us to think
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that free T and bioavailable T better reflect the ACS severi-
ty compared to total T. Support for this claim can be found
in the work of other researchers (Sapin et al. 1991; Hu et al.
2011; Gencer et al. 2021). The average total T level in the
ACS group is 8.97 nmol/l. This value is in the gray zone
between hypo- and eugonadism where free testosterone
calculation is required. In the present research this is veri-
fied by the increase of hypogonadal subjects using the free
testosterone measurement. Therefore, the increase in low
T incidence using free T, rather than total T support the
idea that the biologically active T fraction (free T) better
reflects the functional state of the gonadal system in ACS.

The rationale behind this can be found in the fact that
most of the T is albumin and SHBG bound, and the free
fraction can be most susceptible to rapid changes. The
changes in bioavailable and free T cannot be attributed to
SHBG alterations by the ACS as there is no significant dif-
ference in the protein concentration between patients and
controls in our study. No changes in SHBG during acute
illness have been described in other studies.

Contradictory is the issue of T concentrations with sta-
ble angina pectoris. Some investigators find correlation
(Phillips et al. 1994; Rosano et al. 2007) and others not
(Semerdzhieva 2015).

There is no correlation between BMI and any of the T
fractions in the ACS group and STEMI subgroup. We hy-
pothesize that the lack of this association with BMI, is due
to the decline in T that occurred over the course of the
ACS (Wang et al. 1978; Wang et al. 2018).

Concerning total testosterone to total estradiol (T/E)
ratio a difference was found when comparing STEMI with
non-ST-elevation ACS (NSTEMI and UAP) - with a low-
er aromatization index in STEMI. Because no statistical-
ly significant difference in total estradiol or free estradiol
levels was found between the ST-elevation ACS (STEMI)
and non-ST-elevation ACS (NSTEMI+UAP) groups,
we assumed that the differences in T/E between the two
groups were primarily on account of a relative change in
E versus T and a change in the absolute value of T. On the
basis of these observations, we can assume an increase in
aromatization in more severe myocardial injury, leading
to a decrease in the T/E ratio. Another possibility is that
the relatively greater decrease in T in STEMI is responsi-
ble for the shift in the ratio in favor of E. It is possible that
both causes contribute in varying degrees to the shift in
the T/E ratio.

Estrogens have beneficial effects on the neovasculariza-
tion of ischemic tissues. They have been shown to play a
role in the recruitment of endothelial progenitor cells, and
improve the process of myocardial recovery after isch-
emia/reperfusion (Hamada et al. 2006; Yuan et al. 2018).

References

Araujo AB, Dixon JM, Suarez EA, Murad MH, Guey LT, Wittert GA (2011)
Clinical review: Endogenous testosterone and mortality in men: a sys-
tematic review and meta-analysis. The Journal of Clinical Endocrinolo-
gy and Metabolism 96: 3007-3019. https://doi.org/10.1210/jc.2011-1137

In view of these effects, increasing aromatization makes
physiological sense. In a 2006 study, Spratt et al. provid-
ed evidence of an increase in peripheral aromatization of
androgens in the setting of acute systemic disease (Spratt
et al. 2006). In this case, the study was done in patients
undergoing aorto-coronary bypass grafting. In that study
a decline in T levels, similar to our cohort, was described.

Our observations, supported by the literature review,
suggest that the decreased T/E ratio may be a specific re-
sponse to acute physiological stress (the ACS) rather than
a casual observation. However, the cause of the increased
aromatization could not be determined with our available
data. No difference in SHBG was established, therefore we
can conclude that differences in free and bioavailable T are
solely due to changes in total T concentrations.

Conclusion

In conclusion, our study demonstrates a significant cor-
relation between the levels of testosterone and estradi-
ol to testosterone ratio, and the severity of ACS in male
patients. These results underscore the pivotal role of sex
hormones in the pathophysiology of acute coronary syn-
drome. Potentially sex measurement of androgens may be
utilized in the risk stratification and management of male
patients with this condition. Further research is impera-
tive to elucidate the mechanisms driving these associa-
tions and to assess the clinical relevance of sex hormone
measurements in acute coronary syndrome management.

Funding disclosures

The research is supported by “Science fund” project
No. 19017.

Author contributions

All authors listed have made substantial, direct, and
intellectual contribution to the work, and approved it
for publication.

Ethics considerations

All subjects have given their written informed consent
before taking part in the study. No minors or incapaci-
tated subjects were included. The design of the study is
approved by the institution’s ethics committee.

Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, Matsumoto
AM, Snyder PJ, Swerdloff RS, Wu FC, Yialamas MA (2018) Testos-
terone therapy in men with hypogonadism: An endocrine society*

clinical practice guideline. The Journal of Clinical Endocrinology


https://doi.org/10.1210/jc.2011-1137

Pharmacia 71: 1-5

& Metabolism 103: 1715-1744. https://doi.org/10.1210/jc.2018-
00229

Gencer B, Mach F (2016) Testosterone: A hormone preventing car-
diovascular disease or a therapy increasing cardiovascular events?
European Heart Journal 37: 3569-3575. https://doi.org/10.1093/eu-
rheartj/ehv439

Gencer B, Vuilleumier N, Nanchen D, Collet T-H, Klingenberg R, Réber
L, Auer R, Carballo D, Carballo S, Aghlmandi S, Heg D, Windecker
S, Luscher TE, Matter CM, Rodondi N, Mach F (2021) Prognostic
value of total testosterone levels in patients with acute coronary syn-
dromes. European Journal of Preventive Cardiology 28(2): 235-242.
https://doi.org/10.1177/2047487319853343

Hamada H, Kim MK, Iwakura A, Ii M, Thorne T, Qin G, Asai J, Tsutsumi
Y, Sekiguchi H, Silver M, Wecker A, Bord E, Zhu Y, Kishore R, Losor-
do DW (2006) Estrogen receptors a and 3 mediate contribution of
Bone Marrow-Derived endothelial progenitor cells to functional
recovery after myocardial infarction. Circulation 114: 2261-2270.
https://doi.org/10.1161/CIRCULATIONAHA.106.631465

Herring MJ, Oskui PM, Hale SL, Kloner RA (2022) Testosterone and the
cardiovascular system: A comprehensive review of the basic science
literature. Journal of the American Heart Association 2: e000271.
https://doi.org/10.1161/JAHA.113.000271

Hu X, Rui L, Zhu T, Xia H, Yang X, Wang X, Liu H, Lu Z, Jiang H (2011)
Low testosterone level in middle-aged male patients with coronary
artery disease. European Journal of Internal Medicine 22: e133-e136.
https://doi.org/10.1016/j.ejim.2011.08.016

Kappert K, Bchm M, Schmieder R, Schumacher H, Teo K, Yusuf S,
Sleight P, Unger T (2012) Impact of sex on cardiovascular outcome
in patients at high cardiovascular risk. Circulation 126: 934-941.
https://doi.org/10.1161/CIRCULATIONAHA.111.086660

Khan R, Zarak MS, Munir U, Ahmed K, Ullah A (2020) Thrombolysis
in Myocardial Infarction (TIMI) Risk score assessment for complica-
tions in acute anterior wall ST elevation myocardial infarction. Cu-
reus 12(6): e8646. https://doi.org/10.7759/cureus.8646

Lincoff AM, Bhasin S, Flevaris P, Mitchell LM, Basaria S, Boden WE,
Cunningham GR, Granger CB, Khera M, Thompson IM, Wang Q,
Wolski K, Davey D, Kalahasti V, Khan N, Miller MG, Snabes MC,
Chan A, Dubcenco E, Li X, Yi T, Huang B, Pencina KM, Travison TG,
Nissen SE (2023) Cardiovascular safety of testosterone-replacement
therapy. New England Journal of Medicine 389: 107-117. https://doi.
org/10.1056/NEJMoa2215025

Maninger N, Wolkowitz OM, Reus VI, Epel ES, Mellon SH (2009) Neu-
robiological and neuropsychiatric effects of dehydroepiandrosterone
(DHEA) and DHEA sulfate (DHEAS). Frontiers in Neuroendocri-
nology 30: 65-91. https://doi.org/10.1016/j.yfrne.2008.11.002

Oskui PM, French WJ, Herring MJ, Mayeda GS, Burstein S, Kloner RA
(2013) Testosterone and the cardiovascular system: A comprehensive
review of the clinical literature. Journal of the American Heart Asso-
ciation 2: €000272. https://doi.org/10.1161/JAHA.113.000272

Pesonen E, Pussinen P, Huhtaniemi I (2016) Adaptation to acute cor-
onary syndrome-induced stress with lowering of testosterone: A
possible survival factor. European Journal of Endocrinology 174:
481-489. https://doi.org/10.1530/EJE-15-0757

Phillips GB, Pinkernell BH, Jing TY (1994) The association of hypotes-
tosteronemia with coronary artery disease in men. Arteriosclerosis
and Thrombosis: A Journal of Vascular Biology 14: 701-706. https://
doi.org/10.1161/01.ATV.14.5.701

Rosano GMC, Sheiban I, Massaro R, Pagnotta P, Marazzi G, Vitale C,
Mercuro G, Volterrani M, Aversa A, Fini M (2007) Low testosterone
levels are associated with coronary artery disease in male patients
with angina. International Journal of Impotence Research 19: 176
182. https://doi.org/10.1038/s].ijir.3901504

Sapin R, Schlienger JL, Gasser F, Chambron J (1991) Changes in serum
testosterone levels after myocardial infarction. Journal of Nuclear Bi-
ology and Medicine 36: 20-25.

Semedzhieva N (2015) Sex determined charactersistics of acute coro-
nary syndromes: role of steroid hormones, oxidative stress and in-
flammation. PhD Thesis, Medical University Sofia, Sofia, Bulgaria.

Snyder PJ, Bhasin S, Cunningham GR, Matsumoto AM, Ste-
phens-Shields AJ, Cauley JA, Gill TM, Barrett-Connor E, Swerdloff
RS, Wang C, Ensrud KE, Lewis CE, Farrar JT, Cella D, Rosen RC,
Pahor M, Crandall JP, Molitch ME, Resnick SM, Budoff M, Mohler
III ER, Wenger NK, Cohen HJ, Schrier S, Keaveny TM, Kopperdahl
D, Lee D, Cifelli D, Ellenberg SS (2018) Lessons from the testoster-
one trials. Endocrine Reviews 39: 369-386. https://doi.org/10.1210/
er.2017-00234

Spratt DI, Morton JR, Kramer RS, Mayo SW, Longcope C, Vary CPH
(2006) Increases in serum estrogen levels during major illness are
caused by increased peripheral aromatization. American Journal of
Physiology-Endocrinology and Metabolism 291: E631-E638. https://
doi.org/10.1152/ajpendo.00467.2005

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
White HD (2018) Fourth universal definition of myocardial in-
farction. Circulation 138: e618-e651. https://doi.org/10.1161/
CIR.0000000000000617

Vermeulen A, Verdonck L, Kaufman JM (1999) A critical evaluation of
simple methods for the estimation of free testosterone in serum. The
Journal of Clinical Endocrinology & Metabolism 84: 3666-3672.
https://doi.org/10.1210/jcem.84.10.6079

Wang A, Arver S, Flanagan J, Gyberg V, Ndsman P, Ritsinger V, Mell-
bin LG (2018) Dynamics of testosterone levels in patients with new-
ly detected glucose abnormalities and acute myocardial infarction.
Diabetes & Vascular Disease Research 15: 511-518. https://doi.
org/10.1177/1479164118802543

Wang C, Chan V, Tse TE, Yeung RTT (1978) Effect of acute myocardial
infarction on pituitary-testicular function. Clinical Endocrinology 9:
249-253. https://doi.org/10.1111/j.1365-2265.1978.tb02207.x

Wu FCW, Von Eckardstein A (2003) Androgens and coronary artery
disease. Endocrine Reviews 24: 183-217. https://doi.org/10.1210/
er.2001-0025

Yeap BB, Marriott RJ, Antonio L, Raj S, Dwivedi G, Reid CM, Anawalt
BD, Bhasin S, Dobs AS, Handelsman DJ, Hankey GJ, Haring R,
Matsumoto AM, Norman PE, O’Neill TW, Ohlsson C, Orwoll ES,
Vanderschueren D, Wittert GA, Wu FCW, Murray K (2022) Asso-
ciations of serum testosterone and sex hormone-binding globulin
with incident cardiovascular events in middle-aged to older men.
Annals of Internal Medicine 175: 159-170. https://doi.org/10.7326/
M21-0551

Yuan Z, Kang L, Wang Z, Chen A, Zhao Q, Li H (2018) 17B-estradiol
promotes recovery after myocardial infarction by enhancing hom-
ing and angiogenic capacity of bone marrow-derived endothelial
progenitor cells through ERa-SDF-1/CXCR4 crosstalking. Acta Bio-
chimica et Biophysica Sinica 50: 1247-1256. https://doi.org/10.1093/
abbs/gmy127


https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1093/eurheartj/ehv439
https://doi.org/10.1093/eurheartj/ehv439
https://doi.org/10.1177/2047487319853343
https://doi.org/10.1161/CIRCULATIONAHA.106.631465
https://doi.org/10.1161/JAHA.113.000271
https://doi.org/10.1016/j.ejim.2011.08.016
https://doi.org/10.1161/CIRCULATIONAHA.111.086660
https://doi.org/10.7759/cureus.8646
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1016/j.yfrne.2008.11.002
https://doi.org/10.1161/JAHA.113.000272
https://doi.org/10.1530/EJE-15-0757
https://doi.org/10.1161/01.ATV.14.5.701
https://doi.org/10.1161/01.ATV.14.5.701
https://doi.org/10.1038/sj.ijir.3901504
https://doi.org/10.1210/er.2017-00234
https://doi.org/10.1210/er.2017-00234
https://doi.org/10.1152/ajpendo.00467.2005
https://doi.org/10.1152/ajpendo.00467.2005
https://doi.org/10.1161/CIR.0000000000000617
https://doi.org/10.1161/CIR.0000000000000617
https://doi.org/10.1210/jcem.84.10.6079
https://doi.org/10.1177/1479164118802543
https://doi.org/10.1177/1479164118802543
https://doi.org/10.1111/j.1365-2265.1978.tb02207.x
https://doi.org/10.1210/er.2001-0025
https://doi.org/10.1210/er.2001-0025
https://doi.org/10.7326/M21-0551
https://doi.org/10.7326/M21-0551
https://doi.org/10.1093/abbs/gmy127
https://doi.org/10.1093/abbs/gmy127

	Testosterone, estradiol and their ratio in male patients with acute coronary syndrome
	Abstract
	Introduction
	Materials and methods
	Study population and design
	Laboratory analyses
	Statistical analysis
	Ethical considerations

	Results
	Clinical characteristics
	Testosterone in ACS
	Estradiol and estradiol to testosterone ratio

	Discussion
	Conclusion
	Funding disclosures
	Author contributions
	Ethics considerations
	References

