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Abstract OBJECTIVES: The objectives of this study were to investigate the relationship 
between the incidence of coronary heart diseases in premenopausal women and 
plasma level of total and free testosterone, estrogen, androstenedione and sex hor-
mone binding globulin with coronary risk factors: fasting plasma concentration of 
glucose, triglyceride, total cholesterol, high and low density lipoproteins. 
METHODS: The study was conducted in Faculty of Medicine, Jordanian University of 
Science/Irbid Jordan and Technology and department of cardiology in Queen Alia 
Heart Institute /Amman Jordan during the period from April 2003 to March 2004. 
Serum sex hormones levels were measured in fifty-three premenopausal women; 
25 women with coronary heart disease who had hypertension and / or diabetes 
mellitus and 28 women without coronary heart disease. Ages ranged from 34 to 48 
years. Blood samples were collected just before performing coronary angiography 
and serum was obtained and frozen at –70 °C until use. 
RESULTS: We found that the mean triglyceride, fasting blood sugar total cholesterol, 
and low density lipoprotein concentration were significantly higher in coronary 
heart disease patients than in patients with normal coronaries. We also found that 
the low levels of sex hormone binding globulin and high levels of free testosterone 
are associated with development of coronary heart disease. No significant correla-
tion could be established between other plasma sex hormones level and coronary 
heart disease. 
CONCLUSION: In young women, in the presence of coronary risk factors and normal 
level of serum estrogen, the high levels of serum free testosterone and low levels of 
serum sex hormone binding globulin are associated with development of athero-
sclerosis and increased incidence of coronary heart disease. 
Key words: sex hormones; coronary heart disease; serum lipoprotein; premeno-
pausal women 
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Introduction

Increased risk for myocardial infarction in men more 
than in women is related to differences in unhealthy be-
havior more than inherent sex differences in physiology 
[1,2]. These behaviors include smoking, eating more red 
meat, heavy alcohol and physical hazard. Results from 
the Framingham studies [3,4] found that low-level work 
(e.g. clerical jobs, with subordinate status) and limited 
education were associated with an increased risk for 
myocardial infarction in women. While Barrett-Conner 
observed that the incidence of cardiovascular disease 
differs significantly between men and women, in part 
because of differences in risk factors and hormones [5]. 
The protective effect of estrogen in cardiovascular disease 
remains controversial. Several studies on the estrogen 
therapy in postmenopausal women have provided in-
consistent results. Some studies of hormone replacement 
therapy in postmenopausal women showed a reduction 
in risk of coronary heart disease in women using oral 
estrogen [6–8]. While other studies showed opposite ef-
fect [9–11]. Recently, Herrington et al [12] showed that 
estrogen although produced significant reduction in 
low-density lipoprotein (LDL) and significant increases 
in high-density lipoprotein (HDL) but it did not affect 
the progression of coronary atherosclerosis in women 
with angiographically vitrified coronary disease. On the 
other hand, the incidence of ischemic heart is uncom-
mon in premenopausal women and this is attributed to 
the abundance of the endogenous ovarian hormones 
specially estrogen [13]. The atheroprotective effects of 
estrogen are mainly by its direct action on blood vessel 
[14,15]. Estrogen increases vasodilatation and inhibits 
the response of blood vessels to injury and the develop-
ment of atherosclerosis [8]. Estrogen produces acute 
vasodilatation in healthy post menopausal but not in pa-
tients with vascular dysfunction who have, hypertension, 
diabetes, and atherosclerosis [16,17]. Also estrogens have 
numerous actions on many systems that could influence 
the risk for coronary heart disease. These actions include 
lipid metabolism, Carbohydrate metabolism, coagulation 
parameters and blood pressure [18,19]. Between 25% 
and 50% of the beneficial effect of estrogen in reducing 
coronary heart disease (CHD) development is through 
changes in lipoprotein mainly cholesterol, HDL and LDL 
[20, 21]. Estrogen, particularly when taken orally, lowers 
the levels LDL and raises those of HDL [22]. 

 Although the average age of menopause is about 50 
years, still many young women can have coronary artery 
disease [23]. The effect of endogenous sex hormones 
level on the development and presentation of coronary 
artery disease has been less examined than the effect 
of hormonal use after menopause. However the nurse’s 
health study conducted on more than 35000 menopausal 
women showed that early natural menopause was not a 
risk factor for cardiovascular disease [24]. 

The aim of this study is to explore the relationship of 
endogenous sex hormones levels to the development of 
coronary ischemic heart disease in young women. These 

hormones include estrogen, total testosterone, free tes-
tosterone and androstenedione. Also we look at the level 
of serum total cholesterol, HDL, LDL and triglyceride, 
and glucose level in the presence or absence of coronary 
artery disease risk factors, i.e. hypertension and diabetes 
mellitus. All those values are compared to the values ob-
tained from control group of young women with normal 
coronary arteries. 

Methods
Study population
Premenopausal women with normal regular menses 

presenting with episodes of chest pain were included in 
this study. Fifty-three patients were admitted to the de-
partment of cardiology in Queen Alia Heart Institute for 
diagnostic coronary angiography. Twenty five women, 
aged from 34 to 48 (mean, 43.3; SD±4.2) years, have 
demonstrated stenosis of one or several coronary arteries 
by over 70% on coronary angiography. This group is des-
ignated women with coronary heart disease (CHD). Of 
this group, 18 women (72%) had both hypertension and 
diabetes mellitus, 5 women (20%) had diabetes mellitus 
alone and 2women (8%) had only hypertension.

Twenty eight women aged 35 to 48 (mean, 43.8; 
SD±4.1) years failed on coronary angiography to demon-
strate significant changes in the coronary arteries. This 
group is designated women with normal coronarography 
(NC). Four women of this group (14%) had only diabetes 
mellitus. These patients admitted for cardiac catheteriza-
tion because of frequent attack of chest pain without 
significant ECG changes and found to have normal coro-
naries and they were considered as control group. None 
of the women included in this study reported drinking 
alcohol or using contraceptives. All had normal renal, 
hepatic and thyroid function.

 
Cardiac catheterization procedure
All patients had left heart catheterization and coro-

nary angiography performed from femoral approach. 
Coronary artery disease was defined when there was 
more than 70% diameter stenosis in one or more of 
the major coronary artery as assessed by quantitative 
angiography. For each artery the view showing the most 
severe degree of stenosis was used for analysis. Patients 
with valvular heart disease, congenital heart disease were 
excluded from the study.

Analysis of blood samples
Blood samples were taken after fasting 14 hours and 

before coronary angiographic procedure for determina-
tions of lipoproteins, fasting blood glucose and sex hor-
mones (including total and free testosterone, estrogen, 
androstendion and sex hormone binding globulin). 

Blood samples were withdrawn from all subjects 
between 8 and 9 am. Serum samples for determination 
hormones were frozen at –70 °C until analyzed. Andro-
stenedione, estrogen, both total and free testosterones 
were quantified using coat – a-count radioimmunoassay 
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kits. Sex hormone binding globulin was analyzed using 
immunoradiometric assay (IRMA) – count kits. All kits 
were purchased from diagnostic products corporation, 
Los Angeles, CA. Blood samples were collected in 0.1% 
EDTA tubes, centrifuged for 20 minutes at 1000 × g at 4C 
to obtain plasma for assessment lipid profile and blood 
glucose. 

Statistical analysis
Data are expressed as mean ±SD. Significant test were 

carried out using one-way ANOVA and unpaired student 
t-test for inter group analyses. Statistical significance was 
defined as a P values less than 0.05.

Results

The characteristics of the two groups of study 
participants are shown in Table 1. Women in the two 
groups had similar mean age and other anthropometric 
measures. No significant difference was seen between 
the two groups regarding age, height, weight and body 
mass index (BMI). BMI in both groups was high in both 
groups (< 30 kg/m2). Table 2 shows plasma lipid profile 
and serum hormones concentration in both groups. 
Triglyceride, total cholesterol and LDL concentrations 

in women with CHD were significantly higher than in 
NC patients. Although plasma HDL levels tended to be 
higher in women with NC but this difference was not sta-
tistically significant. Serum hormones levels showed that 
women with CHD compared with those of women with 
NC have higher free testosterone and lower sex hormone 
binding globulin (SHBG). There were no significant dif-
ferences between the two groups of women in relation to 
estradiol, androstenedione and total testosterone. 

Discussion 

Women before menopause have a significantly lower 
incidence of CHD than men of similar age [25]. If the 
main risk factors for CHD; hypertension, smoking, 
obesity, diabetes, and hyperlipidemia are controlled for 
gender, then the most obvious cause for this finding is the 
difference in sex hormone pattern in men and women. 
The hypothesis that endogenous ovarian hormones 
offer a protective effect on the development of CHD is 
supported by epidemiological study that shows women 
suffer coronary heart disease 10 to 20 years later than 
men [26]. In female, sex hormones mainly estrogen has 
specific effects on cardiovascular system, particularly the 
vasculature. It is clear that estrogen reduces atherosclero-

Table 2: Fasting blood sugar, lipid profile and serum hormones in women with coronary stenosis (CHD), 
and in women with normal coronaries (NC). 

Women with CHD Women with 
NC P Value

(n=25) (n=28)

Fasting blood glucose (mg/dl) 210 ± 54 122 ± 38 0.01

Triglyceride  (mg/dl) 221 ± 58 177 ± 24 0.01

Total cholesterol (mg/dl) 236 ± 39 197 ± 37 0.01

High density lipoprotein(mg/dl) 50 ± 12 58 ± 15 NS

Low density lipoprotein(mg/dl) 135 ± 15 116 ± 19 0.03

Total testosterone (ng/ mL) 1.03 ± 0.7 1.07 ± 0.5 NS

Free testosterone (pg/mL) 5.8 ± 2.3 4.4 ± 1.6 0.05

Estradiol (pg/ mL) 103 ± 33 94 ± 7 NS

Androstenedione (ng/ mL) 8.6 ± 1.8 8.5 ± 2 NS

Sex hormone-binding globulin(nmol/
L)

36 ± 11 49 ± 8 0.05

 All values are mean ±SD

Table 1: Characteristics of women participated in the study

Women with CHD Women with NC P Value

(n=25) (n=28)

Age (yr) 43.3 ± 4.2 43.8 ± 4.1 0.7

Height (cm) 157.5 ± 6.2 158.7 ± 5.9 0.47 

Weight (kg) 78.52 ± 5.7 76.41 ± 4.4 0.133

BMI (kg/m2) 31.82 ± 3.6 30.48 ± 2.9 0.136

All values are mean ±SD
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sis through lipoprotein metabolism, which is responsible 
for up to 40% of the cardiovascular protection exerted by 
the estrogen [27]. Estrogen is also a vasodilator and hy-
potensive agent, which can induce vascular relaxation by 
stimulating release of endothelium- derived vasodilatory 
substances (e.g. nitric oxide [NO]) or by acting directly 
on the vascular smooth muscle [28]. In addition, some 
beneficial action of estrogen is mediated through the 
estrogen receptors [29]. In spit of the beneficial effects of 
estrogen on the vasculature, the clinical trials have shown 
that hormone replacement therapy neither reduces the 
risk of coronary disease in postmenopausal women [30] 
nor affects the progression of coronary atherosclerosis 
in women with established disease [12]. The protective 
effects of estrogen seemed to be mainly on healthy blood 
vessels and not in the presence of atherosclerosis [31]. 
Estrogen therapy has no beneficial effect in the treatment 
of unstable angina [32]. Many studies have found low 
level of endogenous estrogen in premenopausal [33] and 
postmenopausal [34] women with CHD compared with 
control women. Also there were more frequent episodes 
of myocardial ischemia associated with low endogenous 
estrogen [35] and post exercise myocardial ischemia was 
more easily induced when estrogen concentration was 
low [36]. In this study we found no significant differences 
in estrogen level between the two groups of women. 72% 
of women in CHD group have diabetes mellitus and 
hypertension. So it seems that normal level of estrogen 
(Table 2) in CHD group does not protect coronary ves-
sels. These findings demonstrate that in premenopausal 
women with normal concentration of estrogen, stenosis 
of one or more coronary arteries can develop in the 
presence of risk factors for ischemic heart disease i.e. 
hypertension and/or diabetes mellitus. This was also 
reported in postmenopausal women by Barrett-Connor 
and Goodman-Gruen [37].

Few studies with no conclusive results have inves-
tigated the relationship between endogenous levels of 
androgens and CHD. Free testosterone and androstene-
dione concentration did not differ significantly in 651 
women with or without history of heart disease and 
did not predict death from ischemic heart disease dur-
ing subsequent 19 years [37]. In contrast, serum levels 
of free testosterone were correlated with the maximum 
percentage reduction of the luminal diameter of coro-
nary arteries in postmenopausal women with chest pain. 
This correlation was independent of age, BMI, systolic 
blood pressure, smoking, or levels of cholesterol, insulin, 
and estradiol [38]. However, Bernini et al found that 
higher free testosterone and androstenedione within the 

physiological range had been correlated with less carotid 

artery atherosclerosis in premenopausal and postmeno-
pausal women [39]. In this study we found that free 
testosterone levels were significantly higher in women 
with CHD compared with women with NC. This finding 
is in agreement with the findings of Sutton-Tyrrell et al 
in 3297 premenopausal and perimenopausal multiethnic 
women [40] and in postmenopausal women [41]. The 
high free testosterone level could be a risk factor for 

coronary atherosclerosis in our premenopausal women 
as in postmenopausal women [38]. 

High serum levels of triglyceride and LDL are known 
risk factors for ischemic heart disease. CHD group, com-
pared with NC group, had higher serum levels of Choles-
terol, LDL. This lipid profile can not attributed to change 
in sex hormones serum level since such profile is more to 
fit with low estrogen level [42] and with administration 
of exogenous anabolic androgen [43] and also such lipid 
profile is not associated with low serum levels of SHBG 
[41]. A major limitation of our study is that the hormone 
levels were not measured at fixed day of menstrual cycle. 
Although the hormones assessments were done during 
follicular phase, nevertheless there may be some fluctua-
tions in the levels of ovarian hormones during different 
days of follicular phase of menstrual cycle. 

Conclusion

Through multiple mechanisms estrogen has beneficial 
effects on cardiovascular system through multifactorial 
mechanisms including effects on serum lipoprotein, NO, 
smooth muscle calcium homeostasis and specific binding 
receptors. Our study showed that these effects act mainly 
in healthy coronary blood vessels but not in the presence 
of risk factors (hypertension, diabetes, hyperlipidemia) 
and CHD. We also found that CHD develop in the pres-
ence of low SHBG and high free testosterone and this 
could explain the possible role of these hormones in the 
development of atherosclerosis in young women. 

  REFERENCES

 1 Waldron I. Why do women live longer than men. Soc Sci Med. 
1976; 10: 349–362.

 2 Wingard DL, Suarez L, Barrett-Connor E. The sex differential in 
mortality from all causes and ischemic heart disease. Am J Epide-
miol. 1983; 117: 165–172.

 3 Haynes SG. Feinleib M. Women, work and coronary heart disease: 
prospective findings from the Framingham Heart Study. Am J 
Public Health. 1980; 70: 133–141.

 4 Eaker ED. Pinsky J. Castelli WP. Myocardial infarction and coronary 
death among women: psychosocial predictors from a 20-year 
follow-up of women in the Framingham Study. AM J Epidemiol. 
1992; 135: 854–864.

 5 Barrett-Connor E. Sex differences in coronary heart disease: why 
are women so superior? The 1995 Aneel Keys Lecture. Circulation 
1997; 95: 252–64.

 6 Walsh BW, Schiff I, Rosner B,Greenberg L, Ravnikar V, and Sacks F 
M, Effects of postmenopausal estrogen replacement on the con-
centrations and metabolism of plasma lipoproteins. N Engl J Med 
1991; 1196–1204.

 7 Stampferd MJ, ColditzG A, Willett WC , Manson JE, Rosner B, Speiz-
er F E, and Hennekens, CH. Postmenopausal estrogen therapy 
and cardiovascular disease. Ten-year follow up from the nurse 
health study. N Engl J Med 1991; 325: 756–762

 8 Mendelsohn ME, Karas RH, The protective effects of estrogen on 
the cardiovascular system. N Engl J Med. 1999; 340: 1801–1811 

 9 9 Wilson PWF, Garrison RJ, Castelli WP. Postmenopausal estrogen 
use, cigarette smoking, and cardiovascular morbidity in women 
over 50: the Framingham Study. N Engl J Med 1985, 313: 1038–
43.

 10 La Vecchia C, Franceschi S, Decarli S, Pampallona S, Tognoni G. 
Risk factors for myocardial infarction in young women.Am J Epi-
demiol.1987; 125: 832–843.



762 Neuroendocrinology Letters Vol.27 No.6, 2006 • Copyright © Neuroendocrinology Letters ISSN 0172–780X  www.nel.edu Online: node.nel.edu

Mohamad Jaffer Mohamad, Mohamad Karayyem, Mukhallad A. Mohammad, Jamil Al-Alami  &  Adulfatah Al-Hader  

 11 Thompson SG, Meade TW, Greenberg G. The use of hormonal 
replacement therapy and risk of stroke and myocardial infarction 
in women. J Epidemiol Community Health.1989; 43: 173–178.

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

 13 Witteman JC, Grobbee DE, Kok FJ, Hofman A, Valkenburg HA. 
Increased risk of atherosclerosis in women after menopause BMJ 
1989; 298: 642–644.

 14 Mendelsohn ME. Karas RH. Estrogen and the blood vessel wall. 
Curr Opin Cardiol 1994; 9: 619–626.

 15 Farhat MY, Lavigne MC, Ramwell PW. The vascular protective 
effects of estrogen. FASEB J 1996; 10: 615–24.

 16 Gilligan DM, Badar DM, Panza JA, Quyyumi AA, Cannon III RO, 
“Acute Vascular Effects of Estrogen in Postmenopausal Woman”. 
Circulation 1994; 90: 786–791.

 17 Schulman SP, Thiemann DR, Ouyang P, Chandra NC, Schulman DS, 
Reis SE et al. Effect of acute hormone therapy on recurrent isch-
emia in postmenopausal women with unstable angina. J Am Coll 
Cardiol.2002; 39: 231–237.

 18 Bush PL, Barrett-Connor E. Noncontraceptive estrogen use and 
cardiovascular disease. Epidemiol Rev. 1985; 7: 80–104.

 19 Barrett-Connor E. Putative complications of estrogen replace-
ment therapy: hypertension, diabetes, thrombophlebitis and 
gallstones. In: Korenman SG, ed. The Menopause. Norwell, Mass: 
Serono Symposia; 1990; 199–209.

 20 Gruchow HW, Anderson AJ, Barboriak JJ, Sobocinski KA. Post-
menopausal use of estrogen and occlusion of coronary arteries. 
Am Heart J. 1988; 115: 954–963.

 21 Bush TL, Barrett-Connor E, Cowan LD, Criqui MH, Wallace RB, 
Suchindran CM et al. Cardiovascular mortality and non-contra-
ceptive estrogen use in women: results from the Lipid Research 
Clinical Program Follow-up Study. Circulation. 1987; 75: 1002–
1009.

 22 Sacks FM. Walsh BW. The effects of reproductive hormones on 
serum lipoproteins: unresolved issues in biology and clinical 
practice. Ann N Y Acad Sci 1990; 592: 272–85.

 23 Charnery P. Coronary Artery disease in Women: what all phy-
sicians need to know Philadelphia: American College of Physi-
cians: 1999.

 24 Hu FB, Grodstein F, Hennekens CH, Colditz GA, Johnson M, 
Manson JE, et al. Age at natural menopause and risk of cardio-
vascular disease. Arch Intern Med. 1999; 159: 1061–6. 

 25 Barrett-Connor E, Bush TL. Estrogen and coronary heart disease 
in women JAMA 1991; 265: 1861–1887.

 26 Kannel WB. The Framingham Study: historical insight on the 
impact of cardiovascular risk factors in men versus women. J 
Gend Specif Med. 2002; 5: 27–37

 27 Rubanyi GM, Johns A, Kauser K. Effect of estrogen on endothe-
lial function Andangiogenesis.Vascular Pharmacology.2002; 38: 
89–98.

 28 28. White RE. Estrogen and vascular function.Vascular Pharmacol-
ogy. 2002; 38: 73–80.

 29 Rubanyi GM, Kauser K, Johns A. Role of estrogen receptors in the 
vascular system.Vascular Pharmacology. 2002; 38: 81–88.

 30 Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B,et al. 
Randomized trial of estrogen plus progestin for secondary pre-
vention of coronary heart disease in postmenopausal women; 
Heart and Estrogen/progestin Replacement Study (HERS) 
Research Group. JAMA. 1998; 280: 605–613.

 31 Anthony MS. Does extent of pretreatment atherosclerosis influ-
ences the effects of conjugated equine estrogens on atheroscle-
rosis progression. J Am Coll Cardiol. 2002; 39: 248A.

 32 Waters DD. Estrogen therapy for unstable angina another bump 
for handwagen. J Am Coll Cardiol.2002; 39: 238–240.

 33 Hanke H, Hanke S, Ickrath O, Lange K, Bruck B, Muck AO et al. 
Estradiol concentration in premenopausal women with coronary 
heart disease. Coro Artery Dis. 1977; 8: 511–515.

 34 Li XP, Zhou Y, Zhao SP, Gao M, Zhou QC, Li YS Effect of endoge-
nous estrogen on endothelial function in women with coronary 
heart disease and its mechanism Clinica Chimica Acta. 2004; 
339: 183–188. 

 35 Kawano H, Motoyama T, Ohgushi M, Kugiyama K, Ogawa H, Yasue 
H. Menstrual cyclic variation of myocardial ischemia in premeno-
pausal women with variant angina Ann Intern Med. 2001; 135: 
977–981. 

 36 Lloyd GW, Patel NR, McGing E, Cooper AF, Brennand-Roper D, 
Jackson G. Does angina vary with the menstrual cycle in women 
with premenopausal coronary artery disease? Heart. 2000; 84: 
189–192.

 37 Barret-Connor E, Goodman-Gruen D. Prospective study of endog-
enous sex hormones and fatal cardiovascular disease in post-
menopausal women. Br Med J.1995; 311: 1193–1196. 

 38 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 

 39 Bernini GP, Sgro M, Moretti A, Argenio GF, Barlascini CO, Cristofani 
R, Salvetti A. Endogenous androgens and carotid intimal-medial 
thickness in women. J Clin Endocrinol Metab 1999; 84: 2008–
2012.

 40 Sutton-Tyrrell K, Wildman RP, Mathews KA, Cha C, Lasley BL, 
Brockwell S et al. Sex hormone–binding globulin and free andro-
gen Index are related to cardiovascular risk factors in multieth-
nic premenopausal and perimenopausal women enrolled in the 
study of women across the nation (SWAN). Circulation. 2005; 
111: 1242–1249. 

 41 Reinecke H, Bogdanski J, Woltering A, G. ünter Breithardt, Ass-
mann G, Kerber S Et al Relation of serum levels of sex hormone 
binding globulin to coronary heart disease in postmenopausal 
women Am of Cardiol 2002; 90: 364–368. 

 42 Stevenson JC, Crook D and Godland F Influence of age and meno-
pause on serum lipid and lipoproteins in healthy women. Ath-
erosclerosis 1993; 98: 83–90.

 43 Hartgens F, Reitjens G, Keizer HA, Kuipers H, Wolffenbuttel BH 
Effects of androgen-anabolic steroids on apolipoproteins and 
lipoprotein (a). Br J Sports Med 2004; 38: 253–239.

 


