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Abstract
OBJECTIVE—Pregnancy is associated with major changes in calcium metabolism because the
neonatal skeleton contains approximately 30 grams of calcium, which are largely deposited in the
third trimester. Osteoprotegerin (OPG) acts as a decoy receptor for the “Receptor Activator of
Nuclear Factor-κ B Ligand” (RANKL), which is an essential factor for bone remodeling. This study
was conducted to determine whether there were changes in maternal plasma OPG concentration
during normal pregnancy.

STUDY DESIGN—A cross-sectional study was performed in 433 patients of reproductive age (40
non-pregnant and 393 pregnant). Pregnant patients were classified into 4 groups according to
gestational age: group 1: 11–14 weeks (n=100); group 2: 15–18 weeks (n=99); group 3: 27–30 weeks
(n=100); and group 4: 37–42 weeks (n=94). Plasma OPG concentrations were measured using a
sensitive and specific immunoassay. Non-parametric statistics were used for analysis.

RESULTS—OPG was detected in the plasma of all women tested. The median OPG concentration
was significantly higher in term patients than in those in early pregnancy [median: 6.63 pmol/L
(range: 1.57–25.57) vs. median: 3.98 pmol/L (range: 0.41–13.71), p<0.001)]. There was no
significant difference in plasma OPG concentrations between non-pregnant women and those in
groups 1 or 2 [non-pregnant women median: 3.86 pmol/L (range: 1.64–15.29) vs. group 1 median:
3.98 pmol/L (range: 0.41–13.71) vs. group 2 median: 3.87 pmol/L (range: 1.14–69.83), p=0.75].

CONCLUSION—The median maternal plasma OPG concentration is higher in the third trimester
than in the first trimester of pregnancy. OPG may be involved in the regulation of bone turnover
during pregnancy.
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Condensation: The plasma concentrations during normal pregnancy of osteoprotegerin, a cytokine involved in bone remodeling, are
described.
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INTRODUCTION
Normal pregnancy is a “maternal calcium stress state” 1 because the development of the fetal
skeleton at term requires approximately 20–30 g of calcium, 80% of which accumulates in the
third trimester.2,3 Therefore, calcium homeostasis is of major physiologic and clinical
importance and depends on the dynamic interaction between the large pool of calcium present
in the skeleton, the small pool present in extracellular fluid, input from the diet, and regulation
of excretion, mainly through the kidneys.3

Active transport of calcium across the placenta permits higher concentrations of calcium in
fetal blood than in maternal blood.4 If maternal calcium intake were sufficient to meet fetal
demands, then physiologic adaptations to conserve calcium within the maternal compartment
would not be needed. However, a body of evidence suggests that there is significant bone
remodeling during pregnancy, leading to a flux of calcium out of the maternal skeleton to meet
the needs of the fetus. Most evidence suggests that maternal bone turnover increases5–7 and
bone mineral density (BMD) decreases during pregnancy.7–11

Recently, the Osteoprotegerin/RANKL/RANK system was discovered.12,13 Osteoprotegerin
(OPG), a soluble tumor necrosis factor (TNF)-like protein secreted by osteoblasts, inhibits
osteoclast formation and bone resorption.14 Receptor Activator of Nuclear Factor-κ B Ligand
(RANKL) is a cytokine that regulates the formation and activation of osteoclasts and bone
resorption.15 To perform this biological function, RANKL binds to its transmembrane
signaling receptor RANK (Receptor Activator of Nuclear Factor- B) on the osteoclast
precursor.16 OPG is capable of blocking the binding between the RANKL and its receptor,
RANK, and can therefore act as an endogenous decoy receptor for RANKL.13 At present,
maternal plasma OPG concentrations during pregnancy are not known. The aim of this study
was to describe normal plasma OPG concentration during pregnancy.

MATERIALS AND METHODS
Study design

This cross-sectional study was conducted using our perinatal database and bank of biological
samples. The study included 433 individuals: non-pregnant patients (n=40) and normal
pregnant patients (n=393). Pregnant patients were sub-classified into four groups according to
gestational age: group 1: 11–14 weeks (n=100); group 2: 15–18 weeks (n=99); group 3: 27–
30 weeks (n=100); and group 4= 37–42 weeks (n=94). Pregnant and non-pregnant patients
were enrolled between January 1998 and December 2003 at both Sotero del Rio Hospital,
Puente Alto, Chile, and Hutzel Hospital, Detroit, Michigan. The collection of samples for
research was approved by the Institutional Review Boards of Sotero del Rio Hospital, Wayne
State University, and the National Institute of Child Health and Human Development, NIH,
DHHS. Written informed consent was obtained from all participants. The inclusion criteria for
pregnant patients were: 1) singleton pregnancy; 2) no obstetrical, maternal or fetal
complications during pregnancy; and 3) delivery of a healthy neonate at term with appropriate
weight for gestational age (>10th and < 90th percentile). The inclusion criteria for non-pregnant
women were: 1) the absence of medical complications; and 2) women were not taking oral
contraceptives.
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Plasma samples and osteoprotegerin immunoassay
Blood samples were collected in vials containing ethylenediaminetetra-acetic acid (EDTA).
Plasma was collected after centrifugation of the sample for 10 minutes at 4°C, then stored at
−70°C until analysis. Plasma OPG concentrations were measured with a commercially
available enzyme-linked immunosorbent assay (Biomedica Gruppe, Vienna, Austria). The
sensitivity of the test was 0.532pmol/L and inter-and intra-assay coefficients of variation were
6.81% and 4.64%, respectively.

Statistical analysis
Non-parametric tests (Kruskal-Wallis and Mann-Whitney U tests) were used to analyze
differences between groups. Spearman’s correlation test was used to examine the relationship
between maternal plasma OPG concentrations, maternal age and BMI. Proportions were
compared with Fisher’s exact test. P values <0.05 were considered statistically significant.
Statistical analysis was performed with SPSS v12.0 (SPSS Inc, Chicago, Illinois).

RESULTS
The clinical characteristics of the study population and maternal plasma OPG concentrations
are displayed in Tables I and II. No differences were noted among pregnant groups in maternal
age, the proportion of nulliparity, mean birthweight, newborn gender or maternal BMI.

OPG was detected in the plasma of all pregnant and non-pregnant women (Fig 1). No
significant differences in plasma OPG concentrations were observed between non-pregnant
patients and those in groups 1 and 2 [non-pregnant patients median: 3.86 pmol/L (range: 1.64–
15.29) vs. group 1 median: 3.98 pmol/L (range: 0.41–13.71) vs. group 2 median: 3.87 pmol/
L (range: 1.14–69.83); p=0.75). In contrast, plasma OPG concentrations increased significantly
with advancing gestational age after early pregnancy [15–18 weeks: median 3.87 pmol/L
(range: 1.14–69.83) vs. 27–30 weeks: median 5.48 pmol/L (range 1.86–20.68) vs. 37–42
weeks: median 6.63 pmol/L (range: 1.57–25.57); Spearman’s rho=0.383; p<0.001] (Figures 1
and 2).

No relationship was found between plasma OPG concentration and maternal age, maternal
BMI prior to pregnancy or at the time of blood sampling, neonatal gender, or parity (data not
shown).

DISCUSSION
Principal findings of the study

This study shows that the median maternal plasma OPG concentration increases with
advancing gestational age and it is higher in the third trimester than in the first or second
trimester of pregnancy. We propose that the increase in maternal plasma OPG in the third
trimester may serve a homeostatic role and protect the maternal skeleton from excessive bone
loss.

Clinical and biological significance of the findings
Pregnancy is associated with major changes in calcium homeostasis that are thought to
represent maternal adaptive responses to ensure: 1) adequate development of the fetal skeleton;
and 2) maintenance of normal calcium serum levels in the presence of a dramatic expansion
of total extracellular volume.3 Calcium sources available for transfer to the fetus include
maternal dietary intake, maternal extracellular sources, and the maternal skeleton.17
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The maternal adaptive mechanisms involved to secure a calcium supply to the fetus include:
1) increased intestinal absorption of calcium; and 2) increased resorption of calcium from the
maternal skeleton.17 Increased maternal serum free and total 1,25 hydroxivitamin D18 are
thought to be responsible for the enhanced intestinal calcium absorption during pregnancy.5
However, most investigators consider that increased dietary intake and intestinal absorption
are not sufficient to provide the calcium required by the fetus.8,10 The maternal skeleton is
therefore believed to be a potential source of calcium for the fetus.

Longitudinal studies of bone mineralization during pregnancy have yielded conflicting reports.
Most suggest that there is bone mineral density loss,8 while others do not.5,19 The most recent
and largest longitudinal study of bone mineral density during pregnancy provided strong
evidence for trabecular, but not cortical, bone loss.10 The clinical implications of this are
severalfold. First, pregnancy may affect the future fracture risk if there is irreversible bone
loss. Second, pregnancy among growing adolescents may pose conflicts between the calcium
demands of the mother and those of the fetus. Indeed, pregnant adolescents have been reported
to have greater bone loss than adult women.8 Third, multiple gestations in older women
undergoing assisted reproductive technologies may affect maternal bone density to a magnitude
which has not been recognized and predispose to osteoporosis. Fourth, there is now improved
understanding of pregnancy-associated osteoporosis that may occur spontaneously or after the
chronic administration of heparin,20 magnesium sulfate21 and steroids.22

The OPG/RANKL/RANK system plays a central role in bone homeostasis.12,13 In 1997, OPG
was discovered to be a cytokine capable of protecting bone mass by inhibiting osteoclast
differentiation and activation; hence, the term “osteoprotegerin.”14 Overexpression of OPG
in transgenic mice results in osteopetrosis,14 while OPG-deficient mice (OPG −/−) have
decreased total bone density and a high frequency of fractures.23 OPG exerts its inhibitory
effects on osteoclastogenesis by binding to the OPG ligand (also known as OPGL or RANKL).
When binding to RANKL, OPG prevents direct RANK-induced differentiation of osteoclast
hematopoietic precursors, as well as the activation of mature osteoclast in vivo and in vitro.15

The biological importance of the OPG/RANKL/RANK system has been recently recognized.
Alterations in the OPG/RANKL ratio have been implicated in the pathogenesis of bone diseases
characterized by bone resorption, such as post-menopausal osteoporosis24 and gluco-
corticoid-induced osteoporosis.22

A role for OPG during pregnancy
Our observations indicate that maternal plasma OPG concentrations increased in the third
trimester of pregnancy, a time when the demand for calcium for fetal bone mineralization is
at its highest. We interpret our findings as suggesting that OPG may protect the maternal
skeleton from excessive catabolism. In addition, OPG has recently been found to be associated
with coronary artery disease and confers a higher risk for the progression of atherosclerosis
and cardiovascular mortality.25 Thus, a role for OPG in the pathophysiology of preeclampsia
should also be considered. Our study has established a normal reference range for OPG in
pregnancy. This is crucial for future studies of the role of this novel and important cytokine in
obstetrics.

Strengths and weaknesses of the study
This report is based upon a cross-sectional study. Longitudinal studies are desirable to
accurately characterize the changes in OPG concentrations in the same patient. The strengths
of this study are the large sample size, the criteria for normal outcome, and the cross-sectional
nature that allows establishment of a reference range to assess changes in OPG concentrations
in a particular pregnancy.

HONG et al. Page 4

Am J Obstet Gynecol. Author manuscript; available in PMC 2006 January 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Unanswered questions and proposed future research
The consequences of high and low concentrations of OPG in calcium metabolism during
pregnancy and maternal bone mineral status remain to be determined and should be the subject
of future research. An important question is whether OPG may play a role in the pathogenesis
of preeclampsia, for this cytokine has been implicated in the pathophysiology of
atherosclerosis.
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Figure 1a and 1b.
Maternal plasma osteoprotegerin concentrations. There was no significant difference in plasma
OPG concentrations between non-pregnant and pregnant women in early (11–14 and 15–18
weeks) gestation [non-pregnant women: median 3.86 pmol/L (range: 1.64–15.29) vs. 11–14
weeks: median 3.98 pmol/L (range: 0.41–13.71) vs. 15–18 weeks: median 3.87 pmol/L (range:
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1.14–69.83); p=0.75]. Plasma OPG concentrations increased significantly with advancing
gestational age after early pregnancy [15–18 weeks: median 3.87 pmol/L (range: 1.14–69.83)
vs. 27–30 weeks: median 5.48 pmol/L (range 1.86–20.68) vs. 37–42 weeks: median 6.63 pmol/
L (range 1.57–25.57); Spearman’s rho=0.383; p<0.001].
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Table 1
Clinical characteristics of the study population

Non-
Pregnant (n=40)

11–
14 weeks (n=100)

15–
18 weeks (n=99)

27–
30 weeks (n=100)

37–
42 weeks (n=94)

Gestational age at
sample collection

* 12.7 ± 0.9 16.5 ± 0.9 28.4 ± 0.9 39.9 ± 1.2

Maternal age
(mean ± SD,
years)

27.8 ± 6.0 26.8 ± 6.0 26.2 ± 6.0 26.9 ± 6.5 26.1 ± 6.4

Nulliparity (%) 60 33 28 34 42
Birthweight
(mean ± SD, g)

* 3421 ± 261 3402 ± 324 3470 ± 290 3444 ± 307

Neonatal gender,
male (%)

* 55 47 57 52

BMI – before
pregnancy (mean
± SD)

24.3 ± 5.4 24.4 ± 3.9 23.6 ± 3.1 24.3 ± 4.4 24.6 ± 4.4

BMI – at sampling
(mean ± SD)

24.3 ± 5.4 24.4 ± 3.9 25.3 ± 3.2 27.7 ± 4.2 30.1 ± 4.6

*
Not applicable
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Table 2
Percentiles for plasma OPG concentrations during normal pregnancy (pmol/L).

5th 10th 25th 50th 75th 90th 95th

Non Pregnant (n=40) 2.00 2.09 3.15 3.86 5.82 8.10 11.82
11–14 weeks (n=100) 2.09 2.41 3.04 3.98 5.20 6.65 7.37
15–18 weeks (n=99) 2.10 2.27 3.12 3.87 5.10 7.23 9.11
27–30 weeks (n=100) 2.21 2.66 3.66 5.48 7.27 10.19 14.41
37–42 weeks (n=94) 2.70 3.39 4.43 6.63 9.51 13.42 17.74
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