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In recent decades a significant raise in the incidence of
myocardial infarction among young women has been
recorded. It is presumed that, apart from the classical
risk factors, other reasons exist for premature athero-
sclerosis in young women, related to the homeostasis of
gonadal hormones. The aim of the study was to analyze
the levels of gonadal hormones (estradiol, progesterone,
follicle-stimulating hormone, luteinizing hormone, testo-
sterone and dehydroepiandrosterone) measured in the
luteal phase, in 65 normally menstruating women post
myocardial infarction (MI) and to investigate a possible
relationship between the hormone profile and selected
coronary artery disease (CAD) risk factors. The levels
of gonadal hormones: estradiol, progesterone, follicle-
stimulating hormone, luteinizing hormone, testoster-
one and dehydroepiandrosterone were measured in the
luteal phase. All examined women had normal mean
levels of gonadal hormones. In the post MI patients
leading a sedentary life style, a significantly lower mean
progesterone concentration was observed (16.29+9.11
versus 29.43+21.14 nmol/l, p<0.05) and significantly
higher mean testosterone concentration (2.34+0.98
versus 1.76+1.09 nmol/l, p<0.05) when compared to
patients from the same group, but leading a more ac-
tive life. In obese post Ml women (BMI=30 kg/m?) a
lower mean concentration of progesterone was detected
(18.02+8.12 versus 26.16+14.72 nmol/l, p<0.05), than in
slimmer patients from the same group. In post Ml wom-
en with a positive family history for CAD, a significantly
higher mean concentration of testosterone was detected
(2.31+1.22 versus 1.67 £0.74 nmol/l, p<0.05) than in pa-
tients with no family history. The results suggest a corre-
lation between levels of gonadal hormones and classical
CAD risk factors.
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INTRODUCTION

Although premenopausal women are less prone to
developing coronary artery disease (CAD) compared to
men of the same age, cardiovascular diseases are the
cause of 24.8% deaths among women aged 25-54 (Bro-
da ez al., 2000).

In the last 2-3 decades in Western countries a signifi-
cant raise in the incidence of myocardial infarction (MI)
among young women has been recorded (Doughty e7 al,
2002; Arciero et al., 2004; Ergin et al., 2004).

It is presumed that, apart from the classical risk fac-
tors such as arterial hypertension, hypercholesterolemia,
diabetes mellitus, smoking, obesity, genetic predisposi-
tion, also other factors are responsible for premature
atherosclerosis in young women, namely unbalanced lev-
els of gonadal hormones (Smielak-Korombel e a/., 1986;
Ostadal ez al., 2009).

So far the role of endogenous gonadal hormones in
pathogenesis of MI in young women and their relation-
ship with classical CAD risk factors is not very well es-
tablished.

The aim of the project was to analyze the levels of
gonadal hormones in normally menstruating women post
MI and to investigate a possible relationship between the
hormone profile and selected CAD risk factors.

MATERIAL AND METHODS

The study included 65 regularly menstruating women
aged 33-48 years (mean age 43+ 5.4 years), that had MI
6—24 months eatlier — group 1. Group II consisted of
30 healthy volunteering women of similar age (mean
42+ 4.8 years). The inclusion critetion was the presence
of regular menstrual cycles. Women using oral contra-
ceptives or other hormonal treatment were excluded
from the study. Also women with diabetes, connective
tissue diseases, kidney failure or thyroid diseases were
excluded.

The study was approved by the Bioethics Committee
of the Medical University of Warsaw.

The levels of gonadal hormones: estradiol, progester-
one, follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), testosterone and dehydroepiandrosterone
(DHEA) were measured in the luteal phase, between day
21 and 23 of the cycle.

History of CAD risk factors such as hyperlipi-
demia, arterial hypertension, smoking, family history,
low physical activity was collected. Group I women
reported on the life style and risk factors before MI.

He-mail: krzysztofjankowski@hotmail.com

Abbreviations: BMI, body mass index; CAD, coronary artery dis-
ease; CH, cholesterol; DHEA, dehydroepiandrosterone; FSH, follicle-
stimulating hormone; LH, luteinizing hormone testosterone; MI,
myocardial infarction; TG, triglycerides
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Table 1. Incidence of selected CAD risk factors prior to Ml in group | and group Il

CAD risk factors Group | n=65 (%) Group Il n=30 (%) p
Arterial hypertension 20 (30.7) 0 -
Hyperlipidemia 22 (33.8) 0 -
Diabetes mellitus 0 0 -
Cigarette smoking 55 (84.6) 13 (43.3) p<0.001
BMI (kg/mz) mean+S.D. (range) 259+3.1 (17.1-32.5) 22.8+2.9 (16.9-31.9) p<0.001

18.5-24.9 19 (29.2) 15 (50) NS*

25-29.9 14 (21.5) 11 (36.7) NS

=30 32 (49.2) 4(13.3) p<0.01
Family history of CAD 35(53.8) 6 (20) p<0.01
Sedentary life style 29 (44.6) 11 (36.7) NS

*not significant

The diagnosis of hypertension was established when
the measured arterial pressure values exceeded 140/90
mmHg. Values for lipid measurements were consid-
ered pathological for: total cholesterol (CH-T) >190
mg/dl, LDL cholesterol (LDL-CH) >115 mg/d],
HDL cholesterol (HDL-CH) < 45 mg/dl, triglycerides
(TG) >150 mg/dl. BMI was calculated for every pat-
ticipant. Obesity was diagnosed in women with BMI
>30 kg/m?2.

Physical activity was assessed according to the
WHO MONICA protocol. Low physical activity was
recognized when a physical effort of at least 30 min-
utes was performed less than twice a week. A sed-
entary type of work was performed by those women
who spent more than 50% of working time sitting
(WHO Monica Project, 1987).

Hormone levels were estimated using fluoroim-
munometric methods (TR-FIA) using kits by Delfia
(Farmacia LKB, Finland). Lipid concentrations were
estimated by the use of common commercial kits. Pa-
tients from group I had the statin treatment withheld
for 2 weeks before the blood draw. The treatment
was resumed immediately after the blood draw.

Table 2. Sex hormone levels in groups | and Il

Mean levels of hormones were compared between the
group of post MI women and the control group. In the
first group an analysis was performed comparing mean
levels of gonadal hormones in patients with the presence
of CAD risk factors with the levels in patients without
the risk factor.

For statistical analysis Statistica software was used.
The differences between the analyzed parameters were
estimated using non-parametric tests Chi> and Fischer
exact test. The obtained differences were assumed statis-
tically significant for p<0.05.

RESULTS

Table 1 presents the incidence of classic CAD risk
factors in both examined groups.

Smoking was significantly more common in the
group of post MI women, as was the incidence of
obesity and a positive family history. A trend towards
a higher proportion of women with low physical ac-
tivity was observed, but it did not reach statistical sig-
nificance. In the control group there were no women

with  arterial  hypertension
or hormonal abnormalities,

Hormone Group | (n=65)

Group Il (n=30) p

while these risk factors were
present in 30% of the post

MI group.

range 0.11-1.2 0.15-0.41 All examined women had
Estradiol (nmol/l) NS* normal mean levels of gonadal
mean +S.D. 031+022 031£0.11 hormones (Table 2).
range 5.2-61.0 7.5-67.0 The values of lipid param-
Progesterone NS eters are presented in Table 3.
(nmol/l) mean+S.D. 2215+16.86 27.02 +17.74 In the group of women
post MI (group I), a relation-
FSH range 0.1-2.7 0.5-38 NS ship between hormone con-
(ng/ml) mean +S.D. 1.54+0.77 1.82+1.44 centrations and selected CAD
risk factors, such as arterial
LH range 0.2-3.0 0.2-4.3 \ hypertension, hyperlipidemia,
(ng/mb) Mean +S.D. 1.19%1.02 0.99+091 cigarette _smoking, obesity,
CAD family history, sedentary
Testosteron range 0.4-4.5 0.2-4.1 way of living was analyzed
(nmol/) NS (Tables 4-06). .
mean +S.D. 2.02+1.07 1.68+0.96 In the group of examined
range 0.6-2.7 0.5-2.7 post MI women there were no
DHEA (umol/l) NS significant differences in the
mean +S.D. 1.49+0.65 1.46+0.65 mean Concentrarjons Qf estra-

*not significant

diol, FSH, LH and DHEA.
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Table 3. Lipid parameters in group | and Il DISCUSSION
Lipid parameters (mg/dl) Group | (n=60) Group Il (n=30) p

CH-T range 160-349 142-237 p<0.0001 The  higher risk — of

symptomatic ~ CAD  in

mean £SD. 24362 +4632  19587+2293 postmenopausal sersus pre-

LDL-CH range 71-263 82-174 p <0.0001 menopausal Womeﬂ sug-

mean £5D.  167.63+4388  123.39+25.07 gests a protective cffect

of endogenous female

HDL-CH range 27-86 37-82.0 p<0.01 gonadal hormones. Estro-

mean +S.D. 47.61+11.27 58.87+13.27 gens are known to modify

the levels of lipid frac-

TG range 60-352 37-108 p<0.01 tions, retarding the devel-

mean +S.D. 141.58£62.41 70.87+18.77 opment of atherosclerotic

plaques, ameliorating en-

However, in the post MI patients leading a sedentary
life style, a significantly lower mean progesterone con-
centration was observed (16.29+9.11 versus 29.43 £21.14
nmol/l, p<0.05) and significantly higher mean testostet-
one concentration (2.34+0.98 versus 1.76 £1.09 nmol/],
»<0.05) when compared to patients from the same
group, but leading a more active life. In the control
group lower progesterone levels were observed in wom-
en with low physical activity, but the difference was not
statistically significant. There was no difference in testo-
sterone levels between physically and non-active women
in group II. In obese post MI women (BMI=30 kg/
m?) a lower mean concentration of progesterone was de-
tected (18.02+8.12 zersus 26.16+14.72 nmol/l, p<0.05)
when compated to slimmer (BMI<30 kg/m? patients
from the same group. In group II this difference was
not statistically significant. In post MI women with posi-
tive family history for CAD, a significantly higher mean
concentration of testosterone was detected (2.31+1.22
versus 1.67%0.74 nmol/l, p<0.05) than in patients with
no family history. In the control group a trend towards
higher values of testosterone was seen among women
with positive family history for coronary artery disease,
but it was not statistically significant.

dothelial ~ function and

stimulating the synthesis

of nitric oxide. In experi-
mental models estrogen relaxes the endothelin-induced
vessel contraction, augments the synthesis of prosta-
cyclin in smooth muscle cell cultures and possibly di-
rectly inhibits calcium channels causing vessel relaxa-
tion (Rosano et al, 1993; Mendelsohn & Karas, 1999;
Binko & Majewski, 1998). The estrogens reduce inflam-
matory state zza modulation of expression of adhesion
molecules, they also participate in myocardial protec-
tion (ischemic preconditioning). Klosiewicz-Wasek ez
al. (2008) described a negative correlation between the
concentration of endogenous estrogens and the thick-
ness of intima-media complex in premenopausal wom-
en (Caulin-Glaser, 1998; Lee ef al, 2002; Tsun Ming ef
al., 2003). Progesteron reduces the anti-atherogenic ef-
fect of estrogens on lipid metabolism iz impairment
of lipoprotein lipase activity and stimulation of hepatic
lipase activity. On the other hand, it has been demon-
strated that progesterone inhibits migration of macro-
phages and slows down intracellular lipid turn-over,
thus exerting atheroprotective effects (Mc Crohon ez 4/,
1999). Both hormones inhibit smooth muscle cell pro-
liferation and relax coronary vessels vz calcium channel
inhibition (Lee e# al., 1997).

Table 4. Relationship between estradiol (nmol/l) and progesterone (nmol/l) concentrations and the presence of CAD risk factors

Estradiol (mean +S.D.)

Risk factor Patients with the risk factor Patients without the risk factor p

1. 2. 3. 4.
Arterial hypertension n (%) 0.31+0.20; 20 (30.8) 0.2+0.27; 45 (69.2) NS*
Hyperlipidemia n (%) 0.9£0.18; 55 (84.6) 0.33£0.18; 10 (15.4) NS
Cigarette smoking n (%) 0.24%0.20; 55 (84.6) 0.32+0.22; 10 (15.4) NS
Obesity n (%) 0.32+0.21; 31 (47.7) 0.29+0.23; 34 (52.3) NS
CAD family history n (%) 0.31+0.16; 35 (53.8) 0.31+0.26; 30 (46.2) NS
Sedentary life style n (%) 0.28+0.22; 29 (44.6) 0.34%0.22; 36 (55.4) NS

Progesterone (mean £S.D.)

1. 2. 3. 4.
Arterial hypertension n (%) 23.48+9.12; 20 (30.8) 19.16£10.79; 45 (69.2) NS
Hyperlipidemia n (%) 19.51+7.57; 55 (84.6) 23.12+9.17; 10 (15.4) NS
Cigarette smoking n (%) 16.72+8.21; 55 (84.6) 23.14+15.31; 10 (15.4) NS
Obesity n (%) 18.02+8.12; 31 (47.7) 26.16+14.72; 34 (52.3) p<0.05
CAD family history n (%) 21.63+13.73; 35 (53.8) 22.59+11.63; 30 (46.2) NS
Sedentary life style n (%) 16.29£9.11; 29 (44.6) 29.43%+21.14; 36 (55.4) p<0.01

*not significant
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Table 5. Relationship between FSH (ng/ml) and LH (ng/ml) concentrations and the presence of CAD risk factors

FSH (ng/ml) (mean+S.D.)

Risk factor

Patients with the risk factor

Patients without the risk factor

1.

2.

3. 4.

Arterial hypertension n (%)

1.59+0.80; 20 (30.8)

1.44+0.73; 45 (69.2)

NS*

Hyperlipidemia n (%) 1.48+0.49; 55 (84.6) 1.77+£0.71; 10 (15.4) NS
Cigarette smoking n (%) 1.91+0.59; 55 (84.6) 1.48+0.79; 10 (15.4) NS
Obesity n (%) 1.46+0.87; 31 (47.7) 1.62+0.67; 34 (52.3 NS
CAD family history n (%) 1.52+0.78; 35 (53.8) 1.57£0.78; 30 (46.2) NS
Sedentary life style n (%) 1.58+0.76; 29 (44.6) 1.50+0.81; 36 (55.5) NS

LH (ng/ml') (mean+S.D.)
1. 2. 3. 4.

Arterial hypertension n (%)
Hyperlipidemia n (%)
Cigarette smoking n (%)
Obesity n (%)

CAD family history n (%)
Sedentary life style n (%)

1.23+1.08; 20 (30.8)
0.99+1.07; 55 (84.6)
0.94+0.87; 55 (84.6)
1.21£0.94; 31 (49.77)
1.07£0.93; 35 (53.8)
1.36+0.76; 29 (44.6)

1.12£0.90; 45 (69.2) NS

1.31+0.87; 10 (15.4) NS

1.24+1.04; 10 (15.4) NS

1.17£1.11; 34 (52.3) NS

1.30£1.09; 30 (46.2) NS
)

0.99+0.77; 36 (54.4 NS

*not sagnificant

In the post MI patients we observed significantly low-
er levels of progesterone in the subgroup of obese wom-
en and those with low physical activity, than in women
with no such risk factors. Low physical activity is con-
sidered one of the four most important factors influenc-
ing the development of atherosclerosis, and high physi-
cal activity protects from cardiovascular diseases (Berlin
& Colditz, 1990; Wenger ez al., 1998; Yusuf e al., 2004).
Low physical activity is very often linked to other risk
factors, as it predisposes to obesity, diabetes and elevat-
ed arterial pressure. Even a small gain in body weight,

independent of physical activity, is linked to higher mor-
tality rate in women. With BMI values exceeding 25 kg/
m? and physical activity lower than 3.5 hours per week,
overweight is responsible for 59% of cardiovascular
deaths (Hu ez al, 2004).

There ate no data in the literature on the role of lower
progesterone levels in the group of obese women or wom-
en with low physical activity. Klos ez @/ (2001) have demon-
strated lower levels of progesterone in the luteal phase in 44

ost MI women, especially those smoking. Mauvais-Jarvis e
al. (1983) showed that progesterone exerts an antagonistic

Table 6. Relationship between concentrations of testosterone (nmol/l) and DHEA (umol/l) and the presence of risk factors

Testosterone (nmol/l) (mean+S.D.)

Risk factor Patients with the risk factor Patients without the risk factor p

1. 2. 3.
Arterial hypertension n (%) 2.02+1.02; 20 (30.8) 2.00+1.20; 45 (69.2) NS*
Hyperlipidemia n (%) 2.01£1.01; 55 (84.6) 2.00£1.19; 10 (15.4) NS
Cigarette smoking n (%) 1.72+0.54; 55 (84.6) 2.02+1.13; 10 (15.4) NS
Obesity n (%) 2.17+1.18; 31 (47.7) 1.87+0.93; 34 (52.3) NS
CAD family history n (%) 2.31£1.22; 35 (53.8) 1.67 £0.74; 30 (46.2) p<0.05
Sedentary life style n (%) 2.34+0.98; 29 (44.6) 1.76£1.09; 36 (55.4) p<0.05

DHEA (umol/l') (mean+S.D.)

1. 2. 3. 4,
Arterial hypertension n (%) 1.47 £0.60; 20 (30.8) 1.51+0.76; 45 (69.2) NS
Hyperlipidemia n (%) 1.46+0.59; 55 (84.6) 1.52+0.67; 10 (15.4) NS
Cigarette smoking n (%) 1.39+0.65; 55 (84.6) 1.51+0.65; 10 (15.4) NS
Obesity n (%) 1.60 +0.61; 31 (47.7) 1.38+0.68; 34 (52.3) NS
CAD family history n (%) 1.36+0.58; 35 (53.8) 1.61+0.69; 30 (46.2) NS
Sedentary life style n (%) 1.44+0.70; 29 (44.6) 1.56+0.58; (55.4) NS

*not sagnificant
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effect to mineralocorticoids. It is possible that progesterone
deficiency in obese women promotes the proatherogenic
effect of aldosterone.

In the examined group of young women post MI a
higher mean value of testosterone was detected in the
subgroup of women with low physical activity and those
with positive family history of CAD in comparison to
women without these risk factors. The proatherogenic
effect of testosterone in women has been known for a
long time, however, testosterone concentrations in wom-
en are rarely a subject of clinical research, not to men-
tion routine examination. Women with polycystic ovaries
syndrome are an exception, but they were not included
in our study (Dahlgren et al, 1992; Talbott ef al., 2008).
Testosterone may raise the risk of MI by stimulation of
platelet aggregation wia activation of tromboxane A2 or
by lowering the plasma fibrinolytic activity (Adesuyi ez
al., 1995; Weksler e# al., 2002). This would be of particu-
lar importance in young women, who often experience
MI with no significant atherosclerotic lesions in coro-
nary arteries. There is no data in the literature on a link
of testosterone level and family history of CAD. Such
a linkage could be due to the atherogenic properties
of testosterone. Seliger ef al. (2003) have demonstrated
higher platelet activity in young women <48 years old
with positive family history of CAD in comparison to
older women.

In the literature we found no data on the relationship
between elevated levels of testosterone and low physi-
cal activity. In group of men post myocardial infarction
Wranicz ef al. (2003) described a positive correlation be-
tween testosterone levels and increased activity of sym-
pathetic nervous system. It is possible that in a similar
way the relationship between an elevated testosterone
level and the dominance of sympathetic nervous system
in group of women with low physical activity may be
explained.

The results of our study suggest a significant relation
between levels of gonadal hormones and classical CAD
risk factors.

Study limitations

The study limitation is relatively small group size.
Also results of coronary angiography and the extend
of atherosclerotic lesions of coronary arteries would be
undoubtedly a strong asset of the study, however, more
than 30% of examined women had no angiography per-
formed and we could not obtain complete angiography
protocol in a few of remaining patients.
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