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Summary

Background: It has recently been found that both estrogens and testosterone may inhibit vascular calcifica-
tion but the role of sex hormones in the development of cardiovascular complications in chronic kidney disease
(CKD) is still unclear.

Aim of the study: The aim of the study was to assess the relations between sex hormones, coronary artery
calcification (CAC) and atherosclerosis in postmenopausal women with CKD stage 3-5.

Material and methods: In a cross-sectional study, serum estradiol, testosterone, dehydroepiandroste-
rone sulfate (DHEA), 25-hydroxyvitamin D3 (25-OH-D3), mineral parameters and lipids were measured in
36 Caucasian, non-dialysed amenorrheic women (mean age 56.8 +11.4 yrs), with CKD stage 3-5 (mean eGFR
20.8 +8.8 ml/min/m?), without any history of major cardiovascular events. CAC was measured with multidetec-
tor computed tomography and common carotid artery intima media thickness (CCA-IMT) with ultrasound.

Results: The prevalence of CAC (CAC score > 30 Agatston units) was 44.4%. Mean CAC score in women
with detectable calcification was 177.3 +268.4. The women who did not develop vascular calcification had also
lower CCA-IMT (0.65 +0.13 vs. 0.88 £0.12 mm, p < 0.0004). In women with CAC, serum estradiol was significantly
higher than in those without CAC (30.1 +14.2 vs. 14.7 £7.44 pg/mL, p < 0.001). Similarly, a testosterone level in
women with CAC was higher than in those without CAC (5.4 +4.2 vs. 2.3 £1.3 pg/mL, p < 0.006) and the same was
observed for DHEA-s (100.5 +67.6 vs. 60.3 +56.4 ug/dL, respectively; p < 0.05). Serum 25-OH-D3 was similar in
both groups. There was a significant correlation between the serum level of estradiol and CAC score (R = 0.533,
p < 0.05) and between the serum estradiol level and total cholesterol (R = 0.505, p < 0.05), LDL-Ch (R = 0.585,
p < 0.05), phosphorus level (R = 0.4, p < 0.03) and calcium-phosphorus index (Ca x P: R = 0.44, p < 0.04) and
between serum testosterone and total cholesterol (R = 0.5, p < 0.05).

Conclusion: Our results do not support the inhibitory effects of endogenous sex hormones on vascular
calcification in postmenopausal women with advanced chronic kidney disease.
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Streszczenie

Wstep: Rola endogennych hormonéw ptciowych w rozwoju powiktan naczyniowych, takich jak miazdzyca
czy zwapnienie naczyh u kobiet z przewlektg choroba nerek (PChN), nie zostata dotad jednoznacznie ustalona.

Cel pracy: Celem niniejszej pracy byta ocena zaleznosci pomigdzy stezeniem hormonéw ptciowych a wy-
stepowaniem wskaznikéw miazdzycy i zwapnienia naczyn u kobiet w 3.-5. stadium PChN w okresie pomeno-
pauzalnym.
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Materiat i metody: W przekrojowym badaniu, do ktérego zakwalifikowano 36 kobiet z przewlektg chorobg
nerek [filtracja ktebuszkowa (eGFR) <60 ml/min/m? pow. ciata] w okresie pomenopauzalnym, bez stwierdze-
nia we wczesniejszym wywiadzie powaznych choréb sercowo-naczyniowych, dokonano ultrasonograficznych
pomiaréw kompleksu intima media (IMT) w tetnicy szyjnej wspdlnej i obecnosci zwapnieft w naczyniach wief-
cowych (CAC) za pomoca wielorzedowe]j tomografii komputerowej. Réwnolegle oceniono profil lipidowy, para-
metry zaburzen gospodarki mineralnej, stezenie 25-hydroksywitaminy D; (25-OH-Ds) oraz stezenie estradiolu,
testosteronu i siarczanu dehydroepiandrosteronu (DHEA-S) w surowicy.

Wyniki: Wystepowanie zwapnien w tetnicach wieficowych (wskaznik CAC > 30 jednostek Agatstona) stwier-
dzono u 44,4% badanych kobiet. Sredni wskaznik uwapnienia wynosit 177,3 +268,4 jednostek Agatstona. Pa-
cjentki, u ktérych nie stwierdzano zwapnief naczyniowych, miaty mniejsza IMT (0,65 +0,13 vs 0,88 +0,12 mm,
p < 0,0004). Stezenie estradiolu w surowicy kobiet bez obecnosci zwapnien byto statystycznie istotnie nizsze
w poréwnaniu z chorymi, u ktorych stwierdzano zwapnienia (14,7 7,4 vs 30,1 +14,2 pg/ml, p < 0,001). Podobng
zaleznos¢ wykazano dla stezenia testosteronu (2,3 +1,3 vs 5,4 +4,2 pg/ml, p < 0,006) oraz DHEA-S (60,3 +56,4
vs 100,5 +67,6 pg/dl, p < 0,05). Stezenie 25-OH-Ds byto poréwnywalne w obu grupach. Wykazano korelacje
pomiedzy stezeniem estradiolu a CACS (R = 0,533, p < 0,05) oraz pomiedzy stezeniem estradiolu i catkowitego
cholesterolu (R = 0,505, p < 0,05), LDL-Ch (R = 0,585, p < 0,05), fosforu (R = 0,4, p < 0,03), a takze iloczynem
wapniowo-fosforowym (Ca x P: R = 0,44, p < 0,04) oraz pomiedzy stezeniem testosteronu i catkowitym chole-

sterolem (R = 0,5, p < 0,05).

Whnioski: Wyniki badan nie potwierdzajg kardioprotekcyjnego dziatania endogennych hormonéw ptciowych
u kobiet z uposledzona czynnoscig nerek w okresie pomenopauzalnym.
Stowa kluczowe: kalcyfikacja naczyniowa, hormony ptciowe, niewydolnos¢ nerek.

Introduction

Chronic kidney disease (CKD) has been associated
with a very high risk of cardiovascular complications
[1, 2]. Both vascular calcification and atherosclerosis
are strong predictors of cardiovascular events in
CKD patients [3]. CKD patients have a heavy burden
of traditional cardiovascular risk factors in addition
to a range of nontraditional risk factors such as
inflammation and abnormal metabolism of calcium and
phosphate [4, 5]. It is of note that in all studies, including
our own observations, a group of patients with CKD
was identified who did not develop VC and showed
no significant progression to VC with the duration of
illness [6-8]. It seems therefore important to search
for any conditions and their biomarkers which protect
from development of cardiovascular pathology among
patients with CKD. Numerous studies showed that the
incidence of cardiovascular disease significantly differs
between men and women [9] and the incidence of
atherosclerotic disease is low in premenopausal and
rises in postmenopausal women. The latter process
can be retarded by the introduction of the estrogen
replacement therapy [10-13]. Therefore, estrogens seem
to play a protective role against the development of
cardiovascular complications. The protective effects
of estrogens may be due to their beneficial influence
on the lipid profile, antioxidant activity, enhanced
fibrinolysis and direct actions on the vasculature [14,
15]. On the other hand, the recent evidence from
several controlled trials [16, 17] suggested that in
contrast to some observational studies [18, 19] the
hormonal replacement therapy (HRT) was associated
with increased cardiovascular events. The experience
with HRT in women with more advanced CKD has been
very limited to date [20, 21].
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Apart from estrogens, the androgen status may play
an important role in determining the cardiovascular
risk in postmenopausal women. The association
of endogenous androgens with cardiovascular risk
factors and the incidence of cardiovascular events are
not clear. Some studies indicated protective effects
of endogenous androgens on the vessels’ wall [22]
but some showed opposite effects [23]. Our previous
research showed no protective effects of endogenous
sex hormone on the development of vessel calcification
among postmenopausal haemodialysis women[24]. The
effects of endogenous sex hormones on cardiovascular
damage in postmenopausal non-dialysis women with
CKD stage 3-5 have not been fully clarified. The aim of
this study was to investigate the relationship between
surrogate markers of cardiovascular disease such as
coronary artery calcification (CAC), common carotid
artery intima media thickness (CCA-IMT) and serum
level of sex hormones in postmenopausal women with
eGFR < 60 ml/min/m?2,

Material and methods

For this cross-sectional study, 36 non-smoking,
non-dialysis women with CKD stage 3-5, non-
menstruating for at least two years prior to the study
with mean age of 56.8 +11.4 yrs, without history of
major cardiovascular complications (cardiac infarction,
cerebrovascular events, symptoms of intermittent
claudication or advanced heart failure) and with well-
controlled hypertension were qualified. The causes of
renal failure were chronic glomerulopathies in 10 cases,
diabetic nephropathy in 7, polycystic kidney diseases
in 4, tubulointerstitial nephritis in 6, hypertensive
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nephropathy in 5 and unknown in 4 patients. Details
of antihypertensive treatment were obtained from the
patients’ drug charts. All the patients were treated
with various combinations of angiotensin-converting
enzyme inhibitors, angiotensin Il receptor antagonists,
calcium antagonists, a- and pB-blockers, achieving
satisfactory blood pressure control (below 140/90 mm
Hg). All patients were treated with statins. None were
treated with sex hormones in the past and with vitamin
D, or steroids in the last two years before examination.
Five patients received calcium carbonate as a standard
phosphate binder.

Imaging procedures. Multislice computed
tomography, common carotid artery
intima media thickness

Multislice CT scanning of the thorax was performed
using General Electric Medical Systems Lightspeed
16 scanner to determine coronary artery calcification.
The acquisition parameters were as follows: 120 KVp,
350 mA, slice with 2.5 mm/8i. Data were reconstructed
with a standard algorithm using a 512x512 matrix, 50
cm scan field of view and 25 cm display field of view.
The system was synchronized with the cardiac cycle to
trigger scanning during the diastolic phase. All pixels
with an intensity > 130 Hounsfield units (HU) were
counted and data were analyzed using CardlQ Smart
Score software (GE). CAC score (CACS) was determined
using the Agatston scoring system, CACS thresholds <
30 were assessed as no significant calcification [25].

Carotid ultrasonography. Ultrasound examinations
were performed with GE “VIVID 7 PRO” machine using
5-14 MHz linear high-resolution probe. Each patient was
examined in the supine position in a semi-dark room.
The carotid arteries on both sides were investigated
by the same expert radiologist who was unaware of
the purpose of the study and the results of laboratory
measurements. CCA-IMT was defined as a low-level
echo grey band that does not project into the arterial
lumen and was measured at the diastolic phase as
a distance between the leading edge of the first and
second echogenic line. CCA-IMT was measured on the
longitudinal views of the far wall of the distal segment
of the common carotid artery, the carotid bifurcation
and the initial tract of the internal carotid artery on
both sides. Measurements were performed 0.5, 1 and
2 cm below and above the bifurcation in a plague-free
arterial segment. The mean values were taken as CCA-
IMT and considered abnormal when > 0.82 mm [26].

Laboratory assessment

Blood samples for the biochemical and hormonal
profile measurements were drawn after fasting, in the

morning. Serum calcium, phosphorus, albumin, chole-
sterol, triglycerides and HDL cholesterol were measured
with routine laboratory methods using an automated
analyzer (Olympus AU560, Hamburg, Germany). LDL
cholesterol was calculated from the Friedewald formula.
Serum estradiol and dehydroepiandrosterone sulfate
(DHEA-S) were measured by a radioimmunoassay
from Immunotech A Beckman Coulter Company,
Marseille Cedex, France, free testosterone by enzyme
immunoassay from NovaTec Immunodiagnostica GmbH,
Dietzenbach, Germany and 25-OH-D3H by enzyme
immunoassay from Roche Diagnostic GmbH, Mannheim,
Germany. The patients were informed about the aim and
design of the study and gave written consent prior to
it. The study protocol was accepted by the local Ethics
Committee.

Statistical analysis

Mean values and standard deviation were
calculated for all assessed groups of studied subjects.
Upon confirmation of normal distribution with Shapiro-
Wilk test, t-Student test for unpaired data was used
to assess significance of the differences between the
means. Significance of the differences in parameters’
distribution was measured with chi-square or Fisher
exact test. The power of associations between con-
tinuous variables was calculated with Pearson’s linear
regression equations or for non-normally distributed
parameters with Spearman method. A level of statistical
significance was set at < 0.05.

Results

The CACS in the group of postmenopausal non-
dialyzed CKD women ranged widely from 0 to 1067
HU. The coronary artery calcifications were detectable
(CACS > 30) in 44.4% of examined women (16/36). The
mean CACS in CKD women was 177.3 +268.4. The mean
thickness of CCA-IMT was 0.78 +0.17 mm and 11 of the
patients had CCA-IMT within the normal range (only
women with CAC). The same women who did not develop
vascular calcification had lower CCA-IMT than those
with CAC (0.65 +0.13 vs. 0.88 +0.12 mm; p < 0.0004). In
women with CAC < 30 the serum level of estradiol was
significantly lower than in CKD women with significant
coronary calcification (14.7 £7.4 vs. 30.1 £14.2 pg/mL,
p < 0.001). The same relationships were noticed for the
testosterone level (2.3 +1.3 vs. 5.4 +4.2 pg/mL, p < 0.006)
and DHEA-S (60.3 +56.4 vs. 100.5 +67.6 ug/dL, p < 0.05).
The correlation between the serum level of estradiol and
CACS (R = 0.533, p < 0.05; Fig. 1) was observed. A higher
hsCRP level was observed in CKD women with CAC
(6.2 £5.2 vs. 2.0 +2.2 mg/L, p < 0.01). The levels of
vitamin D, calcium and phosphorus were similar in
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Fig. 1. A correlation between serum level of estradiol and co-
ronary artery calcium score (CACS) in postmenopausal women
with chronic kidney disease

both examined groups (Table 1), but in patients with
CAC a higher PTH level was observed (261.9 +135.4 vs.
151.0 +153.0 pg/mL, p < 0.05). In CAC patients we also
find a positive correlation between estradiol level and
total cholesterol (R = 0.505, p < 0.05, Fig. 2), LDL-cho-
lesterol (R = 0.585, p < 0.05, Fig. 2), serum phosphorus
level (R = 0.4, p < 0.03) and calcium-phosphorus
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Fig. 2. A correlation between serum level of estradiol and serum
total cholesterol and LDL-cholesterol in postmenopausal wo-
men with chronic kidney disease with coronary calcification

index (Ca x P: R = 0.44, p < 0.04) and between serum
testosterone and total cholesterol level (R = 0.5, p <
0.05). We did not observe such correlation in women
free of calcification.

Tab. I. Anthropometric measures, vascular damage markers, serum estradiol, testosterone, and dehydroepiandrosterone sulfate
(DHEA), 25-hydroxyvitamin D3 (25-OH-D3), hsCRP, PTH, lipids and calcium-phosphate parameters in postmenopausal HD women
free of coronary artery calcification (CAC) and with detectable CAC

Parameter Unit Mean * SD p value

free of CAC with CAC

(n=20) (n = 16)

Age years 58.7 £7.9 61.8 +8.0 ns
BMI kg/m? 27.6 +6.8 30.0 5.4 ns
eGFR ml/min/m? 25.6 ¥11.4 16.1 +6.4 0.01
CACS Agatston units n/a (<30) 177.3 £268.4 n/a
CCA-IMT mm 0.65 +0.13 0.88 +0.12 0.0004
Estradiol pg/mL 14.7 £7.44 30.1+14.2 0.001
DHEA-S pg/dL 60.3 £56.4 100.5 £67.6 0.05
Testosterone pg/mL 23#13 5.4 4.2 0.006
25-0OH-D3 ng/mL 23.2 #133 21.9 9.8 ns
PTH pg/mL 151.0 £153.0 261.9 +135.4 0.05
hsCRP mg/L 20+22 6.2 5.2 0.01
Total cholesterol mmol/L 188.9 +16.7 212.1+54.8 ns
Triglycerides mmol/L 156.1 + 80.2 160.7 +73.7 ns
LDL-cholesterol mmol/L 107.3 £14.8 122.6 +40.9 ns
HDL-cholesterol mmol/L 57.9 +13.5 59.7 +22.1 ns
Total calcium mg/dL 24101 24103 ns
Phosphorus mg/dL 1.4 +£0.4 1.3 £0.2 ns
CaxP mg?/dL? 3.78 £1.39 3.77 £1.43 ns

CACS — coronary artery calcification score; CCA-IMT — common carotid artery intima-media thickness; eGFR — estimated glomerular filtration rate;
25-OH-D3 — 25-hydroksyvitamin D3; hsCRP — high-sensitivity C-reactive protein.
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Table | presents the anthropometric measures, lipid
profile, calcium-phosphorus parameters, and serum
levels of PTH, hsCRP, vitamin D, estradiol, testosterone
and DHEA-S in women with CAC and without this com-
plication.

Discussion

In the general population, the incidence of car-
diovascular disease differs significantly between men
and women, largely due to differences in risk factor
prevalence and sex hormone status [27]. There is
no information about the level of endogenous sex
hormones and markers of atherosclerosis or vessel
calcifications in postmenopausal non-dialyzed women
with CKD. The present study demonstrates significant
associations of circulating estradiol and androgens
(DHEA-S and testosterone) and markers of vascular wall
damage in postmenopausal, non-dialysis women with
GFR < 60 ml/min/kg?. The study confirms our previous
observation of no protective effect of endogenous
estrogens on the development of vascular calcification
and atherosclerosis among postmenopausal dialysis
women [24]. In our study, those women who did not
develop coronary calcification and had no symptoms
of atherosclerosis showed a lower serum concentration
of endogenous estradiol, testosterone and DHEA-S
levels than patients with high CAC score and presented
the markers of atherosclerosis in the common carotid
artery. Interestingly we noticed positive correlations
between serum estrogen level and total cholesterol and
LDL-cholesterol and testosterone level and cholesterol.
Although these correlations cannot prove any causal
relationship they may suggest the associations of
higher cardiovascular risk in patients with calcification.
Our results therefore may contrast with the hypothesis,
coming from the observational studies in the gene-
ral population of postmenopausal women [27] that
estrogens may exert protective effects on the cardio-
vascular system in postmenopausal CKD women and
have a beneficial influence on the lipid profile [14, 15].
The observations that higher endogenous estradiol and
increased androgenicity are related to pro-atherogenic
lipid profile were reported by Lambrinoudaki et al. [28].

In experimental studies, estrogen treatment con-
sistently reduced the development of carotid intimal
medial lesions induced by a mechanical injury or
atherogenic diet [29, 30]. The potential cardioprotective
effects of estrogens in renal disease was investigated
by Gross et al. who looked at the effects of the
substitution of estrogens in ovariectomized rats on
structural parameters of heart and aorta in a model
of renal insufficiency in uninephrectomized animals
[31]. That study showed that in ovariectomized
rats with moderate impairment of renal function,
administration of estrogens prevented cardiac damage

but failed to prevent the development of arterial
pathologies manifested by increased wall thickness of
intramyocardial arteries and of the aorta. Furthermore,
as in our study, no positive effect on lipid levels was
observed in that study. In their experimental study,
Tatchum-Talom et al. observed that estrogens treatment
increased aortic stiffness [32]. It is well known that the
presence of CAC in dialysis patients closely correlates
with arterial stiffness [33]. Our observation that a higher
level of endogenous estrogens in postmenopausal CKD
women was correlated with the development of the
cardiovascular calcification and atherosclerosis may
confirm the findings from experimental studies [31].

Our study showed that higher androgenicity in
postmenopausal CKD women is associated with the
presence of CAC and markers of atherosclerosis. The
data on the role of androgens in the development of
CV complications in the general population have not
conferred a clear message. High levels of circulating
testosterone in postmenopausal women have been
associated with accelerated coronary atherosclerosis
[34], as well as with increased prevalence and incidence
of coronary heart disease [35]. On the contrary, other
studies support the hypothesis that women with
a lower level of circulating testosterone have more
carotid atherosclerosis compared with women with
higher but normal levels of testosterone [23, 36, 37].
There is evidence that DHEA-S produced mainly by the
adrenal glands and up to 20% by the ovaries, may have
a vasculoprotective role even after the menopause [23,
38]. In line with our results, a recent study in an elderly
Japanese population with cardiovascular risk factors
revealed protective effects of DHEA-S on IMT only in
men, but not in women [39].

In summary, our results do not support the
cardiovascular protective role of endogenous estrogens
and androgens in postmenopausal women with mo-
derate to advanced chronic kidney disease.
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