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Introduction

Cardiovascular disease (CVD) is the leading cause of
death and morbidity in women aged 45 years and older [1].
The incidence of CVD and stroke increase after menopause
because of the menopause transition is associated with an
increased body weight [2], physical inactivity, high blood
pressure, diabetes, and high cholesterol. In women with
surgical menopause and who do not take estrogen, their risk
for heart disease may also be higher. However, according to
the Women’s Health Initiative (WHI), randomized con-
trolled trial, HT or estrogen therapy are not indicated for
the prevention of coronary artery disease (CAD). In addi-
tion, the Heart and Estrogen/progestin Replacement Study
(HERS) [3] showed that there was no beneficial reduction
of CAD incidence in postmenopausal women with CAD
who received HT. On the other hand, the Nurses’ Health
Study demonstrated an approximately 11% risk reduction
for primary CVD in postmenopausal women using HT
compared with women who had never used HT, irrespec-
tive of duration of use [4].

The ligand for CD40 (CD40L) is a membrane glycopro-
tein on activated T cells that induces B cell proliferation
and immunoglobulin secretion. Activated platelets express
CD40L on their plasma membrane and release the soluble
fragment sCD40L. The interaction between platelet surface
CD40L and endothelial cell CD40 leads to the activation
of endothelium contributing to atherothrombosis [5]. In-
creased plasma levels of soluble CD40 ligandhave been re-
lated with increased risk of unstable angina, myocardial
infarction (MI), diabetes, CAD and atherothrombotic
events [6].

Ischemia modified albumin (IMA) is a sensitive and early
biochemical marker of ischemia that is produced when cir-
culating serum albumin contacts ischemic heart tissues. Post-
menopausal obesity is associated with elevated serum IMA
possibly due to obesity associated oxidative stress. IMA
measurement could provide an assessment of atherosclerotic
burden in postmenopausal women [7].

In this study, the authors’ aim was to determine the serum
concentrations of IMA and soluble (s)CD40 ligand in sur-
gical menopausal women on HT with a body mass index
(BMI) > 30 kg/m2.

Materials and Methods

After following the process of screening, 59 subjects were ran-
domized to the treatment and to a control group receiving no ther-
apy (calcium 500 mg) according to a computer-generated
randomization table. Seven patients (three women in the HT re-
ceiving group and four women in the placebo group) did not com-
plete the study. The reasons for non-completion included
generalized discomfort following medication at six months (n = 1),
failure of compliance (n = 6). Therefore a total of 52 women aged
40-58 years, who were obese (BMI > 30 kg/m2) and who had un-
dergone total abdominal hysterectomy with bilateral salpingo-oo-
pherectomy (surgical menopause) for one month previously due to
benign gynecologic conditions, were included into this prospective,
controlled clinical study. The patients had previously taken HT or
treatment for cholesterol within the past year, women with diabetes,
cancer, liver, renal or hematological disease, smokers, or other med-
ical disorders were excluded. In summary, 27 women received
estradiol hemihydrate two mg,q.d. and 25 women were not on HT.

Subjects underwent testing at baseline and after three and six
months of therapy. Height (cm) and weight (kg) were measured to
calculate BMI as weight (kg)/height (m2). The study protocol was
approved by the Medical Ethics Committee of this University and
a written informed consent was obtained from each patient whoRevised manuscript accepted for publication September 1, 2012
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Biochemical analysis was performed in the Department of Clin-
ical Biochemistry. After obtaining blood samples in plain tubes
containing separation gels, the samples was allowed to clot for 30
minutes and centrifuged before separating the serum. The samples
were then immediately frozen and stored at –80 °C for assays IMA.

Levels of human Serum sCD40L were determined by enzyme-
linked immunosorbent assay kit, according to the manufacturer’s
protocols. The absorbance of samples was measured at 450 nm using
a tunable microplate reader. The results were expressed as ng/ml. 

Reduced cobalt to albumin binding capacity (IMA level) was
analyzed using the rapid and colorimetric method of Bar-Or et al.
[8]. Two hundred μl of rat serum were placed into glass tubes and
50 μl of 0.1% cobalt chloride (CoCl2.6H2O) in H2O was added.
After gentle shaking, the solution was left for ten minutes to en-
sure sufficient cobalt albumin binding. Fifty microliters (μl) of
dithiothreitol (DTT) (1.5 mg/ml H2O) was added as a colorizing
agent, and the reaction was quenched two min later by adding 1.0
ml of 0.9% NaCl. A colorimetric control was prepared for preop-
erative and postoperative serum samples. In the colorimetric con-
trol samples, 50 μl of distilled water was substituted for 50 μl of
1.5 mg/ml DTT. Specimen absorbance was analyzed at 470 nm by
a spectrophotometer. The color of the DTT-containing specimens
was compared with that of the colorimetric control tubes. The re-
sults were reported as absorbance units (ABSUs).

Statistical methods
Statistical analyses were performed by using Statistical Pack-

age for Social Sciences version 13.0.1. Results are expressed as
means ± SD. The data were assessed for normal distribution by
using Kolmogorov-Smirnov test. Mann-Whitney U-test was used
to compare the variables obtained from patient and controls
groups. Analysis of changes from baseline to six months was car-
ried out with the t-test for paired samples. An overall analysis
used a classification cut-off p ≤ 0.05.

Results

Subject characteristics, biochemical measurements at in-
clusion time, and after three and six months of HT of obese
women with surgical menopause are shown in Table 1.
There were no significant differences between the pre-treat-
ment groups for any variables shown. Compared with the
untreated control group, although a small decreased values
of sCD40L were found in the HT group after three and six
months, no significantly difference was noted (p > 0.05, p
> 0.05, respectively). 

After three months of treatment, with respect to the meas-
urement of IMA, there was no significant changes between
HT and control groups (p > 0.05) (Table 2). After six
months of treatment, IMA level was significantly increased
in the untreated control group (p < 0.05) (Table 2). After
three and six months of treatment, platelet counts were sig-
nificantly decreased in the HT group (p < 0.01, p < 0.01,
respectively) (Table 2).

Discussion

Results of the present study showed that plasma
CD40L levels were not statistically decreased in obese

surgical menopausal women after three and six months
of hormone therapy. On the contrary, serum IMA levels
in obese patients with HT were statistically lower than
those of obese women without HT after six months of
treatment.

Central obesity is associated with unfavorable changes
in CVD risk factors (increasing coagulation, decreasing
fibrinolytic factors, and insulin resistance), and with in-
creased platelet activation leading to the release of proin-
flammatory mediators. Menopause is associated with an
increased risk of obesity and a shift to an abdominal fat
distribution with associated increase of cardiovascular
risk, oxidative stress with the alterations in the metabolic
and endocrine status.

It was estimated that > 95% of the circulating sCD40L
is derived from platelets [9]. Some studies have shown a
positive correlation between sCD40L and platelet counts
[10], but others have demonstrated no relationship [11].
A role of platelets in the evolutionary phase of the ather-
osclerotic plaque can be related to the adhesion of ex-
posed subendothelium after endothelial injury and to the
releasing vasoactive substances that induce smooth mus-
cle cell migration and proliferation [12] and can promote
foam cell formation even in the absence of hyperlipi-
demia [13]. Obesity is characterized by the presence of a
prothrombotic state with a combination of increased
thrombin generation [14], platelet hyperactivity, and de-
creased fibrinolysis [15] suggesting that platelet activa-
tion plays a central role to accelerate atherothrombosis
by an interaction with central obesity. However there is
no direct clinical evidence that platelets contribute to
coronary atherosclerosis [16]. sCD40L levels > 3.71
ng/ml were associated with a 2.8-fold increase and
sCD40L levels > 5.54 ng/ml were associated with a
10.62-fold increase in cardiovascular risk in a nested
case-control study in healthy, middle-aged women [17].
Since this study population was limited by the small
number of cases, lack of statistical power may have lim-
ited the probability to detect any relationship. Secondly,
it remains unclear whether HT-associated increases or de-

Table 1. — Baseline characteristics and biochemical measure -
ments of obese surgical menopausal women before HT*.

Women not on HT Women on HT
(n = 25) (n = 27)

Age (years) 48 ± 4.74 49 ± 4.24
Time since menopause (years) 5.3 ± 1.51 5.9 ± 6.04
BMI (kg/m2) 33 ± 4.07 32 ± 3.17
Glucose (mg/dl) 87 ± 1.01 86 ± 1.86
Total cholesterol (mg/dl) 203 ± 40.05 198 ± 57.29
Triglycerides (mg/dl) 149 ± 76.80 143 ± 55.02
HDL (mg/dl) 49 ± 11.56 48 ± 9.43
LDL (mg/dl) 137 ± 34.99 151 ± 35.73
IMA 0.43 ± 0.08 0.49 ± 0.22
Soluble CD40 ligand (ng/ml) 5.15 ± 3.49 5.66 ± 2.85
Platelet (x103/l) 255,200.00 ± 533,44.00 277,925.93 ± 42,051.18

Values are mean ± SD and %.
HT: hormone therapy. IMA: ischemia modified albumin.
* There were no significant differences among treatment groups for any variables
shown. BMI: body mass index. HDL: high-density lipoprotein. LDL: low-density
lipoprotein. 
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creases in sCD40L levels can account for the adverse car-
diovascular effects of HT in future. sCD40L is expressed
in both adipocytes and stromal adipose fraction of obese
patients. Adipocyte CD40 is biologically active, induc-
ing adipocytokine secretion mediated by T-cell adipocyte
interaction and T-cell CD40L [18]. As this study popula-
tion was limited to obese surgical women, the authors
speculated that the statistically mean difference of
sCD40L could be documented if the study sample had
also included non-obese women. Further work is neces-
sary to determine the exact mechanism of sCD40L on
platelet activation and arterial thrombosis between the
processes of thrombosis and inflammation in obesity.

The determination of serum IMA levels may provide
earlier information of the presence of CAD before high
sensitivity C-reactive protein (hsCRP) elevation [19]. In
the present study, focusing on surgical menopausal
women, only serum IMA levels in obese patients with HT
were statistically lower than those of obese women with-
out HT after six months of treatment. Although there is
no consensus on the impact of HT on CRP levels, it is
well-recognized that women using HT are characterized
by increased plasma CRP levels [20, 21]. The results in
the present study suggest that there is an association of
surgical menopausal obesity with high IMA levels, possi-
bly due to obesity-associated oxidative stress and serum
IMA levels that were statistically lower in obese patients
with HT after six months of treatment. Despite the fact
that oral estrogen therapy might be associated with in-
creased CRP levels, the decreased IMA level after six
months of HT in the present study may be explained with
the association between HT use and elevated CRP likely
involves first-pass hepatic up-regulation of CRP expres-
sion [22], rather than an inflammatory response as non-
oral regimens do not appear to raise CRP [23]. Moreover,
oral estrogen therapy increased CRP levels, while trans-
dermal therapy did not modify CRP production [20, 24].
According to the present study results, it appears that HT

benefit from the decreasing levels of IMA and may have
a protective effect on CAD.

Based on the results of this study, including sCD40L
was not associated with reduced levels of an inflamma-
tory marker predictive of CVD in obese surgical
menopausal women with HT, and consequently, serum
IMA levels were statistically lower in obese women with
HT after six months of treatment, it remains unclear
whether HT-associated decreases in IMA can account for
the protective cardiovascular effects of HT. In addition,
the effect of HT on sCD40L and IMA levels might be
changed if the exclusion criteria of not having any women
with some risk factors associated with early cardiovascu-
lar events such as hereditary influence, diabetes, hyper-
tension, and smoking could be included into the present
study. Moreover, the results of HT on cardiovascular sys-
tem are not uniform and this variability may be explained
with single therapy with estrogen, route of medicaments,
age of subjects, analysis of the overall sample (men and
women), and the time of sampling. The complexity of the
pathway of atherosclerosis and atherothrombosis process,
and the fact that platelet activation and proinflammatory
mediators, including sCD40L and IMA, sometimes cor-
relate with each other, rendering it difficult to study the ef-
fects and determinants of each separate factor. 

In conclusion, it is not clear whether HT confers coro-
nary risk reduction through an inflammation-sensitive
mechanism. It seems reasonable to consider that initiation
and continuation of HT should be based on established
non-coronary benefits and risks, and patient preference.
However, based on the results of this study including
serum IMA levels, were statistically lower in obese sur-
gical menopausal women with HT after six months of
treatment, and the authors also suggest that HT may be
useful in obese surgical menopausal women. Larger
prospective studies are needed to further investigate the
effect of HT on serum markers of neutrophil and platelet
activation.

Table 2. — Body mass index and hematological measurements at inclusion time and after three and six months of treatment in
obese surgical menopausal women.

Time (months) Women not on HT Women on HT p
(n = 25) (n = 27) pa pb pc pd

BMI (kg/m2) 0 33 ± 4.07 32 ± 3.17
3 33 ± 4.08 32 ± 3.20 > 0.05 > 0.05 > 0.05 > 0.05
6 33 ± 4.14 32 ± 3.33

IMA 0 0.43 ± 0.08 0.49 ± 0.22 > 0.05 < 0.05* > 0.05 > 0.05
3 0.44 ± 0.07 0.46 ± 0.16
6 0.49 ± 0.12 0.41 ± 0.16

Soluble CD40 ligand (ng/ml) 0 5.15 ± 3.49 5.66 ± 2.85 > 0.05 > 0.05 > 0.05 > 0.05
3 5.90 ± 3.43 5.29 ± 3.46
6 6.41 ± 2.64 4.81 ± 3.80

Platelet (x103/l) 0 255,200.00 ± 53,344.00 277,925.93 ± 42,051.18 > 0.05 > 0.05 < 0.01* < 0.01*
3 274,240.00 ± 99,594.71 248,370.37 ± 46,469.57
6 278,240.00 ± 103,724.50 240,962.96 ± 53,088.56

Values are presented as mean ± SD. *: Significant. HT: hormone therapy. BMI: body mass index. IMA: ischemia modified albumin
pa: month 3 in comparison with 0 in surgical menopausal women without HT
pb: month 6 in comparison with 0 in surgical menopausal women without HT
pc: month 3 in comparison with 0 in surgical menopausal women with estradiol hemihydrate two mg
pd: month 6 in comparison with 0 in surgical menopausal women with estradiol hemihydrate two mg
Student’s paired t-test used.
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