
Prospective Evaluation of Bone Density in
Pregnant Women Receiving the Low Molecular

Weight Heparin Enoxaparin Sodium
Holly L. Casele1* and Steven A. Laifer2

1Department of Obstetrics and Gynecology, Division of Maternal Fetal Medicine,
Evanston Hospital, Northwestern University Medical School, Evanston, Illinois

2Department of Obstetrics and Gynecology, Section of Maternal Fetal Medicine,
Bridgeport Hospital, Yale University School of Medicine, New Haven, Connecticut

Objective: To evaluate changes in bone density in women receiving enoxaparin sodium during pregnancy.
Methods: Bone density in the proximal femur was serially measured in 16 women receiving enoxaparin sodium
(40 mg daily) during pregnancy. Baseline measurements were taken within 2 weeks of starting therapy and then
at 6–8 weeks postpartum and 6 months postpartum.
Results: Patients received enoxaparin sodium for a mean duration of 25 weeks (range, 19–32 weeks). There was
no significant change in mean bone density measurement from baseline measurements to the conclusion of
therapy at 6 weeks postpartum and no patient experienced a decrease in bone mass of .10% at 6 weeks
postpartum. By 6 months postpartum, there was a significant mean decrease in bone density (P 5 0.02) and two
of the 14 patients evaluated (14%) experienced an overall bone loss of .10%.
Conclusion: The prolonged used of enoxaparin sodium may not cause significant bone loss during pregnancy. J.
Matern.-Fetal Med. 2000;9:122–125. © 2000 Wiley-Liss, Inc.
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INTRODUCTION

Antithrombotic therapy with heparin is used for a variety
of indications during pregnancy. Because pregnancy is con-
sidered a hypercoagulable state, women with a history of
venous thromboembolism or a hereditary thrombophilia
(such as protein S or C deficiency or antithrombin III
deficiency) are commonly given unfractionated heparin
during pregnancy to reduce the risk of recurrent thrombosis.
In addition, women with a history of pregnancy loss sec-
ondary to antiphospholipid syndrome are given unfraction-
ated heparin therapy throughout pregnancy to improve
pregnancy outcome. Due to concerns for the fetus, couma-
din use during pregnancy is generally avoided and thus
pregnancy poses a unique situation in which prolonged
courses of heparin may be required.

When unfractionated heparin is used in doses greater
than 10,000 units per day for longer than 3 months, clin-
ically significant bone loss may occur which can result in
debilitating fractures [1–7]. Low molecular weight heparins
have recently emerged as safe and effective antithrombotic
agents, with fewer side effects than standard unfractionated

heparin. Like unfractionated heparin, low molecular weight
heparins do not cross the placenta and appear safe for the
fetus [8,9]. Limited data suggest that these agents may pose
a lower risk of bone loss than unfractionated heparin when
given for prolonged periods as is often necessary in preg-
nancy [10–12]. To assess the effect of low molecular weight
heparin on bone density in pregnancy, we prospectively
evaluated pregnant women receiving the low molecular
weight heparin enoxaparin sodium.

METHODS

Sixteen women with an indication for heparin prophy-
laxis during pregnancy were asked to participate in this
longitudinal study. The investigative protocol was ap-
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proved by the University of Pittsburgh and Magee Wom-
en’s Hospital Institutional Review Boards. After informed
consent was obtained, each woman received a single daily
subcutaneous injection of 40 mg enoxaparin sodium
(Rhone-Poulenc Rorer Pharmaceuticals, Collegeville, PA).
This dose has been shown to be as efficacious for thrombo-
prophylaxis in nonpregnant patients as 5,000 U of unfrac-
tionated heparin given three times daily [13]. Treatment
was self-administered on an outpatient basis and was con-
tinued from the time of enrollment until 6 weeks postpar-
tum, when it was discontinued. Antifactor Xa activity was
not monitored. Enoxaparin was supplied in prefilled glass
syringes from the manufacturer. Compliance was monitored
with syringe counts every 3 months. No patient missed
more than three doses in a 3-month period. In addition to
a prenatal vitamin, all patients were asked to take a calcium
supplement of 500 mg calcium carbonate daily. Bone den-
sity of the proximal femur was measured serially using dual
energy X-ray absorptiometry (DXA) with Hologic 1000
(Hologic, Waltham, MA). The precision error with the
system used at Magee Women’s Hospital is 1.5% at the
proximal femur. Measurements of both the femoral neck
and total hip bone density were made. For a bone density
scan, the radiation dose in the area scanned is 3 mrem.
With abdominal shielding, the estimated dose of radiation
to the fetus was 1 mrem. Although vertebral fractures have
been reported in pregnant women receiving heparin, in
order to limit radiation exposure to the fetus we chose not
to scan the lumbar spine. Our evaluation of bone density
was modeled after Barbour et al. [2], who were able to
demonstrate significant bone loss (.10% decrease) in 5/14
(36%) women receiving unfractionated heparin with DXA
of the proximal femur only. The patients in their study were
also taking calcium supplements of 500 mg daily. Baseline

measurements were made within 2 weeks of starting therapy
(but not earlier than 14 weeks’ gestation). Subsequent
measurements were made 6–8 weeks postpartum and again
6 months postpartum on the same machine.

Sample size was calculated based on a 90% power to
detect a .10% decrease in bone mass (a 5 0.05). With a
1.5% precision error of DXA, at the 95% confidence level
at least a 4.5% change in bone mass would be required to
demonstrate that a real change had occurred. We calcu-
lated our sample size based on being able to detect a .10%
decrease in bone mass, a level which we felt was clinically
important and had been used by previous investigators [2].
A total of 15 subjects were necessary to accomplish this.
Within-subject comparisons were made of the total femoral
bone density and the femoral neck density. Statistical anal-
ysis was performed using SPSS for Windows (SPSS, Chi-
cago, IL). Student’s t-test and analysis of variance
(ANOVA) were used to compare means and a P-value
,0.05 was considered significant.

RESULTS
The mean age of the women was 30 years (range, 19–

39); mean weight was 151 pounds (range, 120–272); and
mean height was 64 inches (range, 60–70). None of the
women were smokers nor were any patients using medica-
tions which could have affected bone density. None of the
patients developed thrombotic complications during preg-
nancy. All patients delivered infants who thrived and sub-
sequently did well. Patient demographics are summarized in
Table 1.

The patients who participated in this study received
enoxaparin sodium for a mean duration of 25 weeks (range,
19–32). All patients completed the baseline scan and the
6–8 week postpartum scan. All patients had stopped taking

TABLE 1. Patient Demographics

Height (in) Weight (lb) Race Age (years) Indication for thromboprophylaxis Breastfeeding

TA 64 272 W 21 DVT no
AH 65 127 W 30 RPL, (1) ACA no
KM 66 120 W 28 IUFD, (1) LAC no
TH 62 137 B 30 RPL, (1) LAC no
HD 60 130 W 39 IUFD, (1) LAC yes
ML 66 190 W 39 IUFD, (1) LAC yes
MK 60 121 W 29 PE yes
LP 65 130 W 34 DVT yes
RS 62 131 W 25 RPL, (1) LAC yes
MP 67 124 W 30 RPL, (1) LAC yes
CB 59 148 W 35 DVT no
AG 62 130 W 39 RPL (1) LAC yes
DT 67 187 B 38 DVT no
SB 64 128 W 32 PE yes
EW 65 140 W 27 DVT yes
BB 65 155 W 19 DVT yes

DVT 5 deep venous thrombosis; PE 5 pulmonary embolus; FV 5 factor V Leiden mutation; ACA 5 anticardiolipin antibody; LAC 5 lupus
anticoagulant; RPL 5 history of recurrent pregnancy loss; IUFD 5 prior intrauterine fetal death; W 5 White; B 5 Black.
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the enoxaparin before the 6–8 week DXA scan. Two
patients did not return for the 6-month scan.

Mean bone mass of the proximal femur, both total hip
and femoral neck, at baseline, 6–8 weeks postpartum and 6
months postpartum are summarized in Table 2. Mean bone
mass at the femoral neck did not significantly decrease from
baseline to measurements made at 6–8 weeks postpartum,
P 5 0.25. The mean bone loss at the femoral neck from
baseline to 6–8 weeks postpartum was 1.8%. No patient
experienced a bone loss of .10%. At 6 months postpartum,
the mean bone loss at the femoral neck from baseline was
5.6%. Ten of the 16 patients who participated in the trial
breastfed their babies. Six of these women experienced
ongoing bone loss after discontinuation of the enoxaparin.
There were two women who experienced a bone loss of
.10% at 6 months postpartum and both of these women
breastfed their babies.

DISCUSSION
Many studies have conclusively demonstrated that low

molecular weight heparins are as effective as standard un-
fractionated heparin for both prevention of thrombosis and
treatment of acute thrombosis [1]. Low molecular weight
heparins are appealing in clinical practice because they
have a better safety profile and longer half-life than unfrac-
tionated heparin, and monitoring of antithrombotic effect
is generally not required in nonpregnant patients [1]. For
these reasons, and because low molecular weight heparins
do not cross the placenta [8,9], low molecular weight
heparins are being used during pregnancy with increasing
frequency.

Because of the availability of oral agents for chronic
anticoagulation, unfractionated heparin or low molecular
weight heparins are generally used for only brief periods in
nonpregnant patients. When antithrombotic therapy is
used in pregnant women, however, exposure to unfraction-
ated heparin or low molecular weight heparin may be
prolonged. One of the serious complications from long-
term heparin use is osteoporosis. Dahlman et al. [6] ob-
served a 5% reduction in bone mass in pregnant women
receiving a mean daily dose of heparin of 17,300 IU/day. In
another study, Dahlman [5] found that 2.2% of women
receiving long-term therapeutic heparin experienced verte-
bral fractures. For the total group, the mean heparin dose

was 19,100 IU/day, but for patients experiencing symptom-
atic fracture, the mean daily heparin dose was 24,500 IU.
Although some data suggest that there is an increased risk
of osteopenia with increased dose and duration of heparin
use [5], others have not demonstrated a correlation with
bone density and duration and dose of heparin [2,4]. Bar-
bour et al. [2] observed that 36% of women receiving
unfractionated heparin during pregnancy experienced bone
loss of greater than 10% in the proximal femur as measured
by dual energy X-ray absorptiometry. None of the matched
pregnant controls experienced this degree of bone loss.
Douketis et al. [4] found that heparin-treated pregnant
patients had a significantly lower lumbar spine bone density
postpartum as measured by dual photon absorptiometry
than matched pregnant controls. In both of these studies,
there was no relationship between dose and duration of
heparin use and change in bone density [2,4]. Furthermore,
severe osteoporosis has been reported in a woman receiving
a dose as low as 10,000 units daily during pregnancy [14].

If long-term exposure to low molecular weight heparins
resulted in less bone loss than unfractionated heparin, this
would be another advantage of low molecular weight
heparins for clinical situations, such as pregnancy, when
prolonged courses of antithrombotic therapy are necessary.
Melissari et al. [15] demonstrated that bone density as
measured by dual photon absorptiometry was similar in 11
patients who were treated with low molecular weight hep-
arin during pregnancy as compared to normal age-matched
normal controls. In the only study controlled with pregnant
patients, Shefras and Farquharson [16] compared 17 women
with antiphospholipid syndrome who were treated with
dalteparin during pregnancy and eight pregnant control
patients. These investigators found no significant change in
vertebral bone density in patients treated daily with 5,000
IU or 10,000 IU of dalteparin.

In contrast, Nelson-Piercy et al. [17] demonstrated a
bone mass reduction of .1 SD in 32% pregnant women
exposed to prophylactic doses of enoxaparin. Similarly,
Hunt et al. [18] and Sivakumaran et al. [19] reported cases
of vertebral fracture in pregnant women receiving daltepa-
rin. Because the patients in these studies did not have
longitudinal bone assessment, it is unclear how much the
low molecular weight heparins contributed to the observed
findings.

In this study, we have demonstrated that long-term ex-
posure to the low molecular weight heparin enoxaparin at
a dose of 40 mg/day does not result in clinically significant
bone loss, as measured by dual energy X-ray absorptiometry
of the proximal femur. By 6–8 weeks postpartum the mean
bone mass decreased only 1.8%, which was not statistically
or clinically significant. Although the patients discontin-
ued the enoxaparin sodium at 6 weeks postpartum, mean
bone mass decreased 5.6% from baseline measurements
when measured at 6 months postpartum. While this degree
of bone loss reached statistical significance, as it was beyond

TABLE 2. Mean Bone Density of the Proximal Femur by
Dual Energy X-Ray Absorptiometry

Baseline
6–8 weeks
postpartum

6 months
postpartum

Neck (gm/cm2) 0.818 (0.135) 0.8111 (0.110) 0.7792 (0.139)
Total (gm/cm2) 0.927 (0.105) 0.9101 (0.130) 0.8752 (0.131)

Standard deviation in parentheses.
1 p . 0.05, compared to baseline.
2 p 5 0.02, compared to baseline.
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the 4.5% change necessary to fall outside the precision error
of DXA, we felt that it was still not clinically significant
because it was a change of ,10%. Furthermore, this bone
loss occurred during an interval when the patients were no
longer receiving the enoxaparin sodium. While it is possible
that the enoxaparin could have had a delayed effect on
bone density, a more likely explanation is that this bone
loss was related to lactation. Six of the ten women who
were lactating experienced a decrease in bone mass,
whereas none of the nonlactating women did. Although
the intention of the 6-month DXA was to evaluate whether
there was any recovery of lost bone, we have instead pro-
spectively demonstrated that significant loss in bone min-
eral density may occur postpartum in lactating women.
These findings are consistent with those previously pub-
lished [20,21].

All of our patients took calcium supplements. Although
unlikely, it is possible that the calcium supplementation
prevented the bone loss. However, in the study by Barbour
et al. [2] in which 32% of patients receiving unfractionated
heparin experienced bone loss, the heparin group was tak-
ing calcium supplements.

Finally, our patients were managed with prophylactic
doses of enoxaparin sodium. Although bone loss has been
observed in pregnant women receiving only prophylactic
doses of unfractionated heparin, it is possible that bone loss
may be observed in pregnant women receiving therapeutic
doses of enoxaparin.

While we recognize the limitations of a noncontrolled
study, the findings in this study have served as the basis for
performing a randomized and controlled multicenter clini-
cal trial comparing unfractionated heparin to twice daily
enoxaparin sodium. If the lack of deleterious effect of low
molecular weight heparin on bone density as described in
this study and in the study by Shefras and Farquharson [16]
are corroborated in this and other ongoing prospective
clinical trials, low molecular weight heparins could become
the antithrombotic of choice for use during pregnancy.
Because of the higher cost of low molecular weight heparins
and the concern over epidural use, we reserve optimism
until a randomized trial also demonstrates that twice daily
dosing is unassociated with osteoporosis.
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