
Introduction

The pregnant woman’s body provides 25 to 30 grams of
calcium to support the developing fetal skeleton. Much of
the fetal calcium demand occurs in the third trimester of
pregnancy, Calcium homeostasis is achieved through di-
etary intake, intestinal absorption, skeletal accretion and re-
sorption, and urinary excretion. The key organs involved
in the changes in calcium metabolism during pregnancy in-
clude the maternal parathyroid gland, the maternal intes-
tine, and the feto-placental unit. An increase in 1,
25-dihydroxyvitamin D, derived primarily from the pla-
centa, stimulates intestinal absorption of calcium and phos-
phate, and appears to be the key regulatory factor during
pregnancy [1]

Serum concentrations of collagen crosslinks reflect bone
resorption but not dietary intake, and these make them bet-
ter indicators of bone resorption than urinary calcium or
hydroxyproline excretion [2]. The c-telopeptide crosslink
(CTX) was used in this study. 

During early pregnancy, levels of osteocalcin (a marker
of new bone formation) decline, reaching a nadir at mid-
gestation, and then rise to pre-pregnancy levels by term [3-
5]. This pattern is similar to the changes in parathormone
(PTH) levels during pregnancy (initial decline followed by
a rise) and indicates a progressive decrease and then in-
crease in bone turnover during pregnancy [3, 6].

The overall controlling factors involved in bone home-
ostasis during pregnancy are yet unknown.

A recent two-year study demonstrated a 2% decrease of
bone mineral density of 59 pregnant and lactating women
by using ultra-distal radius bone mineral density, suggest-
ing that maternal skeleton may be an important source of
calcium transported to the fetus [6].

Although dual-energy absorptiometry (DXA) is far su-
perior for the diagnosis of osteoporosis, bone turnover
markers (BTM) give some indication about the future risk
for bone loss and fractures. Several assays are currently
available that measure BTMs, (7). These assays measure
collagen breakdown products released from osteoclasts and
osteoblasts during the process of bone resorption and for-
mation.

This study was performed to compare the serum level of
bone turnover markers (osteocalcin and CTx) at 35-36
weeks (the maximum time of a change) and postpartum
level, when pregnancy steroids levels drop considerably.

Materials and Methods
Thirty-five women were recruited for the study. These women

were followed at King Abdulaziz University Hospital. During
their visit at 35-36 weeks, they had a blood sample for 25- OH
vitamin D, PTH, bone profile including serum calcium, phosphate
and alkaline phosphatase, and thyroid function tests, and BTMs.
The same tests were repeated first day postpartum during their
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Summary
Objectives: To study the changes of bone physiology during last trimester and compare it with immediate postpartum period associated

with the sharp drop of pregnancy steroids. Introduction: The maximum transport of calcium and phosphate is at 36 weeks. The sudden
drop of sex steroids after delivery could probably lead to a significant change in bone turnover markers. This study was performed to
demonstrate if this has an impact on bone turnover markers (BTM). Materials and Methods: Women with a singleton non-complicated
pregnancy were recruited from July 29, 2010 for two months to the end of September 2010. A serum level of bone profile, 25 OH
vitamin D, and BTM was taken at 35-36 weeks and repeated at postpartum. A paired t-test using SPSS 16 was used to compare the
means. Results: Serum bone profile values were comparable between the two groups. Although the mean postpartum serum value of
25-Oh vitamin (28.06 nmol/L) was lower than during pregnancy (35.72 nmol), it did not reach a statistical significance, in this population.
A trend of increase in serum osteocalcin postpartum was observed (p = 0.05). Conclusions: This group of women had a high prevalence
of vitamin D deficiency; this was not accompanied with changes in BTM; this suggests that a change in the level of steroids play a role
that modify the expected interaction between vitamin D and BTM. Larger studies are however needed.
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hospital stay. 
Vitamin D was tested using automated based on electrochemi-

luminescence (ECL) technique, with normal values being 75-200
nmol/ml. BTMs were tested using (enzyme linked immunosorbent
assay (ELISA), manual technique with calibration or validation
with normal controls. The normal values for these bone turnover
markers were, osteocalcin: 4-15 ng/ml and CTx: 0.1-1.27 ng/ ml
(as per manufacturer). A comparison was made between the val-
ues of these tests at these time intervals using a paired t-test using
SPSS 16.

Results

The bone profiles done at 36 weeks and postpartum were
compared. There was no significant statistical difference
between the two groups. The mean serum value of 25-OH
vitamin during pregnancy, was low in this population
(35.72 nmol/l), one women only had a normal level (75-
200 nmol/l) while all others had moderate (< 25-50 nmol/l)
or severe (< 12.5-25 nmol/l) vitamin D deficiency. The
mean postpartum level was 28.06 nmol/l and one only
within normal. Comparing the two means with paired t- test
revealed no significant difference. The mean serum level
of osteocalcin at 36 weeks and postpartum showed a trend
to increase (14.1 and 16.49 ng/ml, respectively) with a p =
0.05. There was no significant difference in the mean serum
CTX at 36 weeks and postpartum (2.35, 2.27 ng/ml) re-
spectively (Table 1).

Discussion

BTMs had been validated [7] to reflect bone formation
and resorption, and osteocalcin concentrations (a marker of
bone formation) to be significantly correlated with bone
mineral density of the spine [7]. 

The presumed worrisome radiation exposure risk halted
extensive bone mineral density studies during pregnancy.
Recently, To et al. and Kraemer et al. measured bone mass
twice with quantitative ultrasonometry (QUS) of the heel
(os calcaneus) during pregnancy and observed a reduction
in bone mass from early to late third trimester [8, 9]. Al-
though, a patient’s current bone density is an important pre-
dictor of fracture risk [10, 11], however, it will not indicate
the anticipated rate of bone loss.

Markers of bone turnover may be useful in predicting
rates of bone loss [12-18], and if increased rapidly, the pa-
tient will have a higher fracture risk. Sex steroids play a
key role in the bone remodeling process, Glover et al. [19]
and de Papp et al. [20], in their studies, confirmed a drop
in BTMs with the use of oral contraceptives and the former
investigators also showed a relation with being close to
time to ovulation. This study revealed that an acute drop in
sex steroids did not lead to an increase in bone resorption
markers, instead it led to AN increase in bone forming
markers. Could this be because there is a multitude of sev-
eral micro-environmental molecular changes during preg-

nancy that tip the balance differently, or could it be the du-
ration which affects the estrogen deficiency? An unex-
pected regulatory effects of estrogen centered at the level
of the adaptive immune response has been reported [21].
An increase in reactive oxygen species (ROS) has been im-
plicated in the increased resorption associated with estrogen
deficiency, [22]. It has also been associated with activation
of NF-kB, and increased production IL-1, IL-6, IL-7, TNF,
prostaglandin E2, M-CSF, and RANKL, although the ex-
tent is still unclear [21]. 

A major swing in prostaglandin level occurs during preg-
nancy and close to time of delivery. Prostaglandins have
biphasic effects on bone resorption and formation, but the
dominant effects in vivo are stimulatory [23]. Prostaglandin
production can be increased by inflammatory cytokines.
Regulation may occur as a result of both varying produc-
tion of agonists and in changes in the receptors or binding
proteins (receptor antagonists) for these factors [23]. PTH
also stimulates gene expression and increases the produc-
tion of IL-6, IGF-1, an IGF-binding protein, IGF-BP-5, and
prostaglandins [24]. Could it be that this complicated
micro-environment is controlling the net effect on the level
of bone turnover markers that occurs during pregnancy and
immediate postpartum period? A question that needs to be
addressed in future studies.

Conclusions

The studied group of women had a high prevalence of
vitamin D deficiency; this was not accompanied by a
change in BTM, and this may suggest that a change in the
level of steroids may play a role that modify the expected
interaction between vitamin D and BTM. Larger studies are
needed.

References
  [1]  Holt E.H.: “Calcium physiology in pregnancy”. UpToDate, 2011.
  [2]  Eyre D.: “New biomarkers of bone resorption”. J. Clin. Endocrinol.

Metab., 1992, 74, 470A.
  [3]  Seki K., Makimura N., Mitsui C., Hirata J., Nagata I.: “Calcium-reg-

ulating hormones and osteocalcin levels during pregnancy: a longi-
tudinal study”. Am. J. Obstet. Gynecol., 1991, 164, 1248.

  [4]  Cross N.A., Hillman L.S., Allen S.H., Krause G.F., Vieira N.E.: “Cal-
cium homeostasis and bone metabolism during pregnancy, lactation,

Table 1. — A paired sample t-test comparing bone turnover
markers and 25- OH vitamin D at 36 weeks and after de-
livery.
Test                                              At 35-37 weeks      Postpartum       p value 
25 OH vitamin D (mean)    35.72                 28.06            0.114  
Osteocalcin (mean)             14.1                   16.49            0.05  
CTX (mean)                        2.28                   2.27              0.975  
PTH                                    3.528                 4.26              0.372  
25 OH vitamin D: 25 hydroxylase vitamin D. Bone turnover markers (BTM):
psteocalcin (bone formation marker); CTX: (bone resorption marker). PTH:
parathormone.

785



Do bone turnover markers change with a steep drop in maternal steroids?

and postweaning: a longitudinal study”. Am. J. Clin. Nutr., 1995, 61,
514.

  [5]  Ardawi M.S., Nasrat H.A., BA’Aqueel H.S.: “Calcium-regulating
hormones and parathyroid hormone-related peptide in normal human
pregnancy and postpartum: a longitudinal study”. Eur. J. En-
docrinol., 1997, 137, 402.

  [6]  Kolthoff N., Eiken P., Kristensen B., Nielsen S.P.: “Bone mineral
changes during pregnancy and lactation: a longitudinal cohort
study”. Clin. Sci. (Lond.), 1998, 94, 405.

  [7]  Sherman S.S., Tobin J.D., Hollis B.W., Gundberg C.M., Roy T.A.,
Plato C.C.: “Biochemical parameters associated with low bone den-
sity in healthy men and women”. J. Bone Miner. Res., 1992, 7, 1123.

  [8]  To W.W., Wong M.W.: “Bone mineral density changes during preg-
nancy in actively exercising women as measured by quantitative ul-
trasound”. Arch. Gynecol. Obstet., 2012, 286, 357.

  [9]  Kraemer B., Schneider S., Rothmund R., Fehm T., Wallwiener D.,
Solomayer E.F.: “Influence of pregnancy on bone density: a risk fac-
tor for osteoporosis? Measurements of the calcaneus by ultrasonom-
etry”. Arch. Gynecol. Obstet., 2012, 285, 907.

[10]  Cummings S.R., Black D.: “Bone mass measurements and risk of
fracture in Caucasian women: a review of findings from prospective
studies”. Am. J. Med., 1995, 98, 24S.

[11]  Greenspan S.L., Myers E.R., Maitland L.A., Resnick N.M., Hayes
W.C.: “Fall severity and bone mineral density as risk factors for hip
fracture in ambulatory elderly”. JAMA, 1994, 271, 128.

[12]  Johansen J.S., Riis B.J., Delmas P.D., Christiansen C.: “Plasma BGP:
an indicator of spontaneous bone loss and of the effect of oestrogen
treatment in postmenopausal women”. Eur. J. Clin. Invest., 1988, 18,
191.

[13]  Bonde M., Qvist P., Fledelius C., Riis B.J., Christiansen C.: “Appli-
cations of an enzyme immunoassay for a new marker of bone re-
sorption (CrossLaps): follow-up on hormone replacement therapy
and osteoporosis risk assessment”. J. Clin. Endocrinol. Metab., 1995,
80, 864.

[14]  Chesnut C.H. 3rd., Bell N.H., Clark G.S., Drinkwater B.L., English
S.C., Johnson C.C. Jr., et al.: “Hormone replacement therapy in post-
menopausal women: urinary N-telopeptide of type I collagen moni-
tors therapeutic effect and predicts response of bone mineral
density”. Am. J. Med., 1997, 102, 29.

[15]  Bauer D.C., Sklarin P.M., Stone K.L., Black D.M., Nevitt M.C., En-
srud K.E., et al.: “Biochemical markers of bone turnover and pre-

diction of hip bone loss in older women: the study of osteoporotic
fractures”. J. Bone Miner. Res., 1999, 14, 1404.

[16]  Ross P.D., Knowlton W.: “Rapid bone loss is associated with in-
creased levels of biochemical markers”. J. Bone Miner. Res., 1998,
13, 297.

[17]  Chaki O., Yoshikata I., Kikuchi R., Nakayama M., Uchiyama Y., Hi-
rahara F., Gorai I.: “The predictive value of biochemical markers of
bone turnover for bone mineral density in postmenopausal Japanese
women”. J. Bone Miner. Res., 2000, 15, 1537.

[18]  Ivaska K.K., Lenora J., Gerdhem P., Akesson K., Väänänen H.K.,
Obrant K.J.:” Serial assessment of serum bone metabolism markers
identifies women with the highest rate of bone loss and osteoporosis
risk”. J. Clin. Endocrinol. Metab., 2008, 93, 2622.

[19]  Glover S.J., Gall M., Schoenborn-Kellenberger O., Wagener M.,
Garnero P., Boonen S., et al.: “Establishing a reference interval for
bone turnover markers in 637 healthy, young, premenopausal women
from the United Kingdom, France, Belgium, and the United States”.
J. Bone Miner. Res., 2009, 24, 389.

[20]  de Papp A.E., Bone H.G., Caulfield M.P., Kagan R., Buinewicz A.,
Chen E., et al.: “A cross-sectional study of bone turnover markers
in healthy premenopausal women”. Bone, 2007, 40, 1222.

[21]  Weitzmann M.N., Pacifici R.: “Estrogen deficiency and bone loss:
an inflammatory tale”. J. Clin. Invest., 2006, 116, 1186.

[22]  Manolagas S.C.: “From estrogen-centric to aging and oxidative
stress: a revised perspective of the pathogenesis of osteoporosis”.
Endocr. Rev., 2010, 31, 266

[23]  Kawaguchi H., Pilbeam C.C., Harrison J.R., Raisz L.G.: “The role
of prostaglandins in the regulation of bone metabolism”. Clin. Or-
thop. Relat. Res., 1995, 313, 36.

[24]  Rosen C.J.: “The cellular and clinical parameters of anabolic therapy
for osteoporosis”. Crit. Rev. Eukaryot. Gene Expr., 2003, 13, 25.

Corresponding Author:
H.A. MANSOURI, M.D.
King Abdulaziz University Hospital
P.O. Box 80214 
Jeddah 21589 (Kingdom of Saudi Arabia)
e-mail: hamansouri@yahoo.com

786




