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Abstract

Purpose Association of serum osteoprotegerin (OPG)
levels and cardiovascular disorders has been shown pre-
viously. The aim of this observational study was to
investigate the relationship between parity, OPG and car-
otid intima-media thickness (CIMT) in premenopausal
women.

Methods A total of 128 women (mean age *+ SD,
37.8 £ 4.7 years) were divided into three group according
to parity [1-3 as group 1 (n = 41), 4-6 as group 2 (n = 55)
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and >7 as group 3 (n = 32)]. Serum OPG was measured
and CIMT was evaluated.

Results Both serum OPG levels and CIMT tended to
increase with advancing parity; OPG level was signifi-
cantly higher in group 3 than in group 1 (p = 0.013) and
CIMT was significantly higher in group 2 and group 3 than
in group 1 (p <0.001 for both). In correlation analyses,
there were significant correlations between all three
parameters.

Conclusions Our results revealed that there was an
increased risk of cardiovascular disease in women with
multiparity. Significant association of OPG with CIMT
suggested that OPG might play a role in the pathogenesis
of parity-induced atherosclerosis.

Keywords Parity - Carotid intima-media thickness -
Osteoprotegerin
Objective

Parity has been found to be associated with cardiovascular
disease in some studies [1, 2] and claimed to be not asso-
ciated in some others [3, 4]. Ultrasonographically deter-
mined carotid intima-media thickness (CIMT) is a valid,
non-invasive surrogate marker of atherosclerotic disease
and a strong predictor of future vascular events [S]. Posi-
tive correlation between increased CIMT and number of
childbearing has been showed previously [6, 7].
Osteoprotegerin  (OPG) is a soluble glycoprotein
belonging to the tumor necrosis factor (TNF) receptor
superfamily [8]. Receptor activator of nuclear factor kB
(NF-xB) ligand (RANKL) is a key regulator of osteo-
clastogenesis which induces the differentiation of ostoeo-
clast [9]. OPG acts as a decoy receptor of the RANKL and
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blocks the interaction between the RANKL with its
receptor; OPG was originally discovered as an inhibitor of
bone resorption [8, 9]. OPG is thought to play a crucial role
in vascular homeostasis, as either deficiency or increased
level of OPG effects vascular tree: OPG deficient mice
develop medial calcification of the aorta and renal arteries
in addition to severe osteoporosis [10], whereas high
expression of OPG has been shown in atherosclerotic
carotid plaques [11]. Elevated levels of serum OPG are
associated with variety conditions of cardiovascular
disease, e.g., future cardiovascular events in general
population [12], cardiovascular mortality in elderly women
[13], presence and severity of coronary artery disease
[14, 15] and long-term mortality after acute coronary
syndromes [16]. However, relation between OPG and
parity has not been shown previously.

In this study, we aimed to investigate the levels of serum
OPG in premenopausal women according to parity count
and to compare our findings with CIMT as a valid predictor
of atherosclerosis.

Materials and methods
Study population

The current study included 128 premenopausal women
participants subsequently, who delivered at least one year
ago and they stratified into three groups according to their
parity count; from 1 to 3 as group 1 (n = 41), 4 to 6 as
group 2 (n =55) and >7 as group 3 (n = 32). Women
with diabetes mellitus, ischemic heart disease, cerebro-
vascular disease, chronic liver and renal diseases, history of
known osteoporosis, thyroid dysfunction, hypertension and
histories of gestational diabetes, pregnancy-induced
hypertension, preeclampsia and women smoking and/or
using oral contraceptives were excluded. A physical
examination was performed, and the height, weight, sys-
tolic and diastolic blood pressures and body mass index
(BMI) were recorded. Informed consent for participation in
the study was obtained from all women. The study protocol
conforms to the principles of the Helsinki Declaration and
was approved by the local Medical Ethics Committee.

Biochemical measurement

After an overnight fast, venous blood was collected,
centrifuged and serum samples were stored at —80 °C until
analysis. Serum samples were obtained in the postpartum
second year (at least 1 year after the labor and during non-
lactating period). Serum OPG levels were measured by
enzyme linked immunosorbent assay (ELISA) method
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using a commercial kit (RayBiotech, Norcross, GA, USA).
The intra- and inter-assay coefficients of variation (CV)
were 10 % and 12 %, respectively. Results were given as
pg/ml. Serum urea, creatinine, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total-cholesterol
(T-C), HDL-cholesterol (HDL-C), and triglyceride (TG)
levels were determined by photometric method using
commercial kits (Abbott, USA). LDL-cholesterol (LDL-C)
was calculated by the Friedewald formula. Hemoglobin
levels were measured by an automatic blood analyzer
(Abbott, CELL-DYN Ruby, Hematology Analyser, USA).

Ultrasound measurement

All of the sonographic examinations were performed by the
same examiner (HC) well-qualified in Doppler ultrasono-
graphic evaluations with intra-observer variability of 3.2 %
(and Intra- and interobserver variabilities for measuring
CIMT were <5 and <10 %, respectively, for our laboratory)
who was unaware of the subject’s clinical status throughout
the study to avoid observation bias. Each subject was
studied in the morning hours (8:00 a.m. to 10:00 a.m.) after
having abstained from alcohol, caffeine, tobacco and food
for 8 h before the examination. None of the participants
were using vasoactive drugs. Studies were performed in a
quiet, temperature controlled room (20-25 °C). Images
were obtained by high-resolution Doppler ultrasonography
(Logiq 7 Pro; General Electric, Milwaukee, WI, USA) with
a 12-MHz linear-array transducer.

Bilateral assessment of wall thickness was made in the
common carotid artery (CCA). IMT was manually mea-
sured as the distance from the leading edge of the first
echogenic line to that of the second echogenic line. The
first line represents the lumen—intima interface, and the
second line the collagen-containing upper layer of tunica
adventitia. IMT measurement of both the right and left
CCA was performed at three points on the far walls in each
CCA from 2 cm proximal to the bifurcation of the CCA.
The three locations were then averaged to produce the
mean IMT for each side. The CIMT was reported as the
average of right and left CCA. All ultrasonographic
measurements were reviewed by another experienced
radiologist (SY) who was blinded to both clinical and
ultrasonographic characteristics.

Sample size

We used G power pocket program to detect our sample
size. For power analysis and sample size calculation, we
conducted a pilot study with 30 patients. According to this
result, we found that for « = 0.05 and f = 0.80 sample
size must be 120 subjects.
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Statistical analysis

All analyses were conducted using SPSS for Windows 15.0
(SPSS, Chicago, IL, USA). Continuous variables were
expressed as mean =+ standard deviation (SD) and cate-
gorical variables were expressed as percentages. Analysis
of normality of the continuous variables was performed
with the Kolmogorov—Smirnov test. The OPG and CIMT
were detected to be normally distributed. Comparison of
categorical variables between the three groups was per-
formed using the x> test. Comparison of continuous vari-
ables between the three groups was performed using the
one-way ANOVA with Bonferroni correction. The corre-
lation between OPG, CIMT and continuous clinical and
laboratory parameters was assessed by the Pearson corre-
lation test. Regression analysis was employed to assess
correlations between correlated parameters of CIMT,
independent cardiovascular risk factors and CIMT. A two-
tailed p < 0.05 was considered statistically significant.

Results

The mean age &= SD of the study participants was 37.8 £
4.7 years, the mean BMI + SD was 28.9 + 5.2 kg/m? at
enrollment. The mean number = SD of pregnancies per
woman was 4.9 £ 2.6 with a range of 1-12. After dividing
the patients into three groups according to the number of
births: the mean age, height, weight, BMI and systolic and
diastolic blood pressures of the groups were similar.
Hemoglobin levels and basal biochemical serum parameters

also were not significantly different between the groups
(Table 1). The percentages of abortions and miscarriages
were the same in each group (12.0, 10.9 and 15.6 %,
respectively; p = 0.812).

OPG and CIMT Ilevels were detected to be increased
from group 1 towards group 3 and reached significance
level between group 1 and 3 (p = 0.013 and p < 0.001,
respectively). Parity is found to be correlated with
OPG level and CIMT (r = 0.297, p = 0.001; r = 0.505,
p < 0.001, respectively). Furthermore, OPG level is also
correlated with CIMT (r = 0.277, p = 0.002) (Fig. 1). In
multivariate analysis, as CIMT-dependent variable and
systolic blood pressure, LDL-C, smoking, weight, parity,
and OPG levels independent variables, only parity and
weight found to be independent predictors of CIMT (model
= 0.390, p < 0.001) (Table 2).

Discussion

In this study involving premenopausal women with dif-
ferent parities, we evaluated the relationship between
CIMT, an established risk factor of atherosclerosis, and
OPG, whose relationship with vascular calcification was
recently described. This is the first study to investigate the
association between OPG, CIMT and parity. We detected
increased OPG levels with advancing number of pregnan-
cies and correlation with both CIMT and parity.

The positive association between parity and coronary
heart disease (CHD) and CIMT has been assessed in a
number of studies [1, 6, 7, 17]. There were physiologic

Table 1 Demographic and

Parameters
laboratory parameters of both

Group 1 (n = 41)

Group 2 (n = 55) Group 3 (n = 32) P

groups Age (years) 37.1 £ 4.5 375 + 4.8 39.3 + 4.5 0.096
Height (cm) 1614 + 6.2 161.0 £ 7.2 1599 + 6.1 0.709
Weight (kg) 744 £+ 139 75.5 £ 13.2 74.1 £ 12.6 0.918
BMI (kg/mz) 285 £53 29.1 £54 29.0 £ 5.0 0.837
SBP (mmHg) 117.3 £ 12.9 122.7 + 10.0 122.7 + 10.9 0.064
Data are shown as mean + SD DBP (mmHg) 71.9 £9.9 69.6 £ 79 69.5 £ 7.7 0.351
AST aspartate aminotransferase, Glucose (mmol/L) 53 4+0.8 52 +09 5.0+ 0.5 0.284
ALT alanine aminotransferase, Urea (mmol/L) 44410 45+12 45+12 0.939
BMI body mass index, CIMT Creatinine (mmol/L) 0.05 + 0.02 0.05 + 0.01 0.05 + 0.02 0577
carotid intima-media thickness,
HDL-C high density lipoprotein ~ AST (U/L) 19.6 + 4.6 227+ 118 19.4 £ 39 0.658
cholesterol, Hgb hemoglobin, ALT (U/L) 20.6 £ 13.6 255 £ 19.2 19.1 £ 9.5 0.166
Lﬁ-c IOVIV density lipoprotein T-C (mmol/L) 47409 46409 46409 0.757
cholesterol, OPG LDL-C (mmol/L) 29408 27408 26+ 0.7 0.854
osteoprotegerin, 7G
triglyceride, TC total cholesterol HDL-C (mmol/L) 1.1 £03 1.0 £ 0.2 1.2 +£03 0.205
% p = 0.013 between group 1 TG (mmol/L) 1.7+ 12 1.8 + 1.0 20+ 1.1 0.219
and group 3 Hgb (g/L) 129 £+ 16 132 £ 13 128 + 16 0.417
** p < 0.001 between group 1 OPG (pg/mL)* 445.0 £ 244.0 558.0 + 246.7 609.3 £+ 219.7 0.011
and group 2, between group 1 CIMT (mm)** 0.43 + 0.17 0.55 £ 0.11 0.62 + 0.11 <0.001

and group 3
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Fig. 1 Correlations of parity, osteoprotegerin and mean CIMT
values. CIMT carotid intima-media thickness, OPG osteoprotegerin

Table 2 Multiple regression analysis with CIMT as the dependent
variable

Parameters p P

Parity 0.003 <0.001
Weight <0.001 0.006
OPG 0.082 0.444
SBP 0.058 0.584
Smoking —0.167 0.094
LDL-C —0.047 0.645

Multiple regression analysis was done with stepwise method

CIMT carotid intima-media thickness, LDL-C low density lipoprotein
cholesterol, OPG osteoprotegerin

changes that influence the mediators in various cardiovas-
cular pathways in normal pregnancy [7, 18, 19]. Since
atherosclerosis is a progressive process, cumulative effect
of these alterations over successive pregnancies may
influence the progression of atherosclerosis [7, 19]. Skilton
et al. [20] reported that there is a stronger association
between CIMT and parity in younger women than in older
women. In our study, women were young similar to study
of Skilton, and we also found a strong association between
CIMT and parity. Furthermore, elevated risk of athero-
sclerosis with the increased number of pregnancy has been
shown previously [6, 7]. Increased insulin resistance and
levels of lipids during pregnancy had directly effect on
atherosclerosis [18]. OPG may have a role in the formation
of vascular disease, in addition to its role in the bones. OPG
is expressed in macro- and microvascular endothelial cells,
as well as vascular smooth muscle cells and is able to
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increase endothelial and vascular smooth muscle cells
survival. Dysfunction and death of vascular cells develop
in the vessels affected by atherosclerosis [21]. Therefore,
the ability of OPG to promote vascular cell survival sug-
gests that OPG may be potentially protection mediator
against the process of atherosclerosis [21]. For example,
OPG deficient mice have severe vascular calcification as
well as developing osteoporosis [10]. Moreover, increased
levels of serum OPG were found to be associated with
cardiovascular disorders in human studies [12, 14, 15, 22].
Furthermore, the association between OPG levels and left
ventricular mass has been shown in general population and
in hypertensive patients [23, 24].

There are limited studies of OPG in pregnant women.
Both Naylor et al. [25] and Uemura et al. [26] demon-
strated a progressive increase during pregnancy and a rapid
postpartum decline in serum OPG levels. Hong et al. [27]
showed a significant OPG increase in the third trimester of
normal pregnancy. Moreover, increased OPG levels have
been shown in preeclamptic women, especially in the
postpartum period [28]. OPG was significantly higher in
the group 3 which had high parity in our study. Although
OPG has been shown to normalize in postpartum, our
findings may be secondary to the cumulative effect of
parities.

The positive correlation of OPG and CIMT was reported
in few studies, such as in general population [29], in
patients with type 2 diabetes mellitus [30], in healthy
postmenopausal women [31] and in women with previous
gestational diabetes mellitus [32]. OPG was showed sig-
nificant positive correlations between parity and CIMT in
our study. These results suggest us that women with multi-
parity have higher cardiovascular risk than those with less
number of births and OPG involves through different
mechanisms in endothelial dysfunction in multi-parity.

Several limitations of the present study should be con-
sidered. First of all, the study design is cross sectional;
therefore findings of the present study should be evaluated
in prospective population-based studies. As a second lim-
itation, we have used CIMT—the surrogate marker of
atherosclerosis—as the predictor of atherosclerosis.
Assessing atherosclerosis in other arterial territories like
coronary angiography, lower extremity duplex ultraso-
nography would add to the value of the manuscript; how-
ever, we could not have such an opportunity. Similarly,
assessing insulin resistance would be valuable for this
study; however, we could not also have opportunity to
perform such an analysis. As another limitation, high parity
may be related with low socioeconomic status, we did not
take into account socioeconomic status of our patients [33].
We should also mention that the findings of this study on
women with increased parities might not be generalized to
Western populations with fairly decreased parities.
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In conclusion, our result revealed that parity associated

with increased risk of cardiovascular disease. Parity and
weight were independent predictors of the elevated CIMT,
as an established risk factor. Furthermore, OPG was cor-
related with CIMT and these results might suggest that
OPG may have a role in the progression of parity-induced
atherosclerosis.
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