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Background and aim: The safety of bisphosphonates in human pregnancy has not been well established. To
characterize pregnancy outcome in women receiving bisphosphonates, we conducted a multi-centre,
prospective cohort study with a comparison group.

Methods: Patients were recruited through 3 teratogen information centres in Canada and South Korea. We
followed 21 women exposed to bisphosphonates during or <3 months before pregnancy, and 21 matched-
comparison group women without exposure to known teratogens. Pregnancy/neonatal outcome data were

Edited by: J. Kanis ! ' . - ) . ‘ :
collected by interview. The primary endpoint was neonatal outcome including major birth defects. The

Keywords: secondary endpoints included other pregnancy outcomes such as spontaneous abortions.
Bisphosphonates Results: Indication of the therapy was osteoporosis in all patients. There was no difference in the maternal
Birth defects demographics between the 2 groups. In the bisphosphonate group, there were 18 live births, 2 spontaneous
Pregnancy abortions and 1 therapeutic abortion, which were not significantly different from the comparison group. The
Human mean gestational age (mean +SD) of the bisphosphonate group was 38.7 + 1.9 weeks (comparison group: 39.3+
Drug 1.9 weeks; P=0.42), and the mean birth weight was 3.1+0.3 kg (comparison group: 3.3+0.5 kg; P=0.11). In the
bisphosphonate group, there was a child diagnosed with Apert syndrome, an autosomal dominant
acrocephalosyndactyly, with a fibroblast growth factor 2 mutation.
Conclusion: Coupled with existing data in the literature, our findings suggest that preconceptional and first-
trimester use of bisphosphonates may not pose substantial fetal risks.
© 2008 Elsevier Inc. All rights reserved.
Introduction

Women of childbearing age on long-term glucocorticoid therapy
are increasingly being placed on bisphosphonates for the treatment
and prevention of secondary osteoporosis [1]. To date, however, data
on the use of bisphosphonates in human pregnancy is limited [2-5].

In two cases, pregnant women with malignant hypercalcemia were
given intravenous pamidronate in the third trimester [2,3]. In both
cases, the infants' serum calcium levels decreased over the first days of
life, but normalized within 5-10 days. Both infants were developing
normally at 10 months and 1 year of age. In the third case report,
Rugers-Verhage et al. described a 49-year-old woman treated with oral
alendronate throughout her entire pregnancy [4]. The baby's weight
was in the 50th percentile at birth and in the 10th percentile at 1 year of
age. Bone density, psychomotor development and calcium levels were
normal. Follow-up until 1 year of age did not show any abnormalities
on physical exam or in psychomotor development. Recently, Ornoy
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et al. reported the outcome of 24 pregnancies after pre-pregnancy or
early pregnancy exposure to alendronate [5]. Thirteen of them also
used corticosteroids. They reported 5 spontaneous abortions and no
major malformations among the offspring of the 24 women treated
with alendronate.

In animal pregnancy toxicity studies with high doses of bisphos-
phonates, various abnormalities have been reported, including poor
fetal body weight gain, delay in the descent of the testes and in the
opening of the vagina [6], an increase in the amount of diaphyseal
bone trabeculae with a slight shortening of the diaphysis, decreased
fetal weight [7], and decrease in neonatal survival [8].

Bisphosphonates inhibit bone resorption, and non-nitrogen-
containing bisphosphonates such as etidronate decrease hydroxy-
apatite formation as well. In addition, osteoblast and bone formation
are indirectly decreased [9-11]. Although their plasma half-life is
about 2 h, half-life in bone elimination is extremely long, up to
10 years in the case of alendronate [11]. Since bisphosphonates are
stored in bone for long periods of time, they may be mobilized during
pregnancy even if the drug has been stopped long before conception.
It is, therefore, of utmost clinical importance to address the safety of
bisphosphonate use prior to and during pregnancy.
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Methods

We conducted a cohort study with a comparison group to examine
pregnancy outcome after bisphosphonate exposure. After the consent
was obtained, the patients were recruited from the Motherisk program
at the Hospital for Sick Children (Toronto, Ontario, Canada), the Korean
Motherisk Program, Department of Obstetrics and Gynaecology, Cheil
Hospital, Kwandong University, College of Medicine (Seoul, Korea), and
the FRAME Program, Children's Hospital of Western Ontario (London,
Ontario). These services provide counselling and information to
women and health care providers about the pregnancy safety and
risks of medications and chemicals, while documenting detailed
demographic, medication and other relevant information using similar
formats. The protocol was approved by the institutional research ethics
boards (Toronto and Seoul). The research ethics board of the University
of Western Ontario provided no objection to the inclusion of one
patient from the FRAME program.

The inclusion criterion for the bisphosphonate-exposed group was
the use of bisphosphonates during or within 12 months before
pregnancy (due to its long half-life). The exclusion criteria were 1)
women who stopped taking the bisphosphonate more than 1 year
prior to pregnancy; and 2) women who contacted teratogen
information services with a known pregnancy outcome. At the time
of counseling, a standard intake form was completed to document the
women's demographics, current medical conditions, the dose and
type of bisphosphonate, previous pregnancies, and exposure to any
teratogens, infectious diseases or chemicals.

A matched comparison group consisted of women who had
contacted the services with ordinary therapeutic uses of non-
teratogens. Those with any exposures to known human teratogens
were excluded. The comparison group was matched with cases for:
maternal age, gravidity, parity, previous spontaneous abortions,
smoking habits, alcohol consumption, and gestational age at the
time of initial contact.

Pregnancy and neonatal outcome data were collected by telephone
interviews using standardized formats. The medical information of all
infants and mothers was confirmed and collected by contacting the
physicians in writing after the patients' consent was obtained.

The primary outcome was the incidence of major birth defects,
defined as any structural anomaly with significant medical or social
consequences. Secondary endpoints included: pregnancy outcomes
(live births, spontaneous abortions (SAs) [<20 weeks GA], therapeutic
abortions (TAs), fetal or neonatal death [>20 weeks GA]), neonatal
outcomes (GA at birth and birth weight), and neonatal health
problems (defined as any condition which required medical treatment
and/or intensive care).

The data were analyzed using Sigma Stat statistical analysis
software (SPSS Inc., Chicago, IL). y? test was used for categorical
variables. Continuous variables were compared using the Student t

Table 1
Maternal baseline characteristics
Characteristic Bisphosphonate ~ Comparison P value
exposed group group (n=21)
(n=21)
Maternal age (years: mean+SD) 324+39 32.6+4.1 0.46
Gravidity (mean+SD) 20+11 2.0£15 1.00
Parity (mean+SD) 0.7+0.8 0.6+0.7 0.41
Previous spontaneous 0.3+£0.6 0.3+1.2 0.96
abortion (no: mean+SD)
Previous therapeutic 0 0.1£0.3 0.18

abortion (no: mean+SD)

Alcohol consumption in pregnancy ~ None: 21 [100%]  None: 21 [100%]  1.00

(number of women [percentage])  light: 0 [0%] light: 0 [0%]
Smoking habits in pregnancy None: 20 [95%] None: 20 [95%] 1.00
(number of women [percentage])  light: 1 [5%] light: 1 [5%]

Table 2
Pregnancy and neonatal outcome

Outcome Bisphosphonate group Comparison group P value
Maternal outcome (n=21) (n=21)
Pregnancy outcome (%)
Live birth 18 (85.7%) 19 (90.5%) P=0.63"
Spontaneous abortion 2 (9.5%) 2 (9.5%)
Therapeutic abortion 1 (4.8%) 0 (0%)
Neonatal outcome (n=18) (n=19)
Birth defects (%) 1°(5.6%) 0 (0%) P=0.30
Gestational age 38.7+1.9 39.3+19 P=0.42
(weeks, mean+SD)
Birth weight (kg, mean+SD)  3.1:£0.3 3.3+0.5 P=0.11
Neonatal health problems (%) 2 (11.2%)° 1(5.3%)¢ P=0.50

Live birth vs spontaneous abortions.
Apert syndrome.
Premature birth, and jaundice.

a
b
C
4 Jaundice.

test. Data are presented as meanzstandard deviation (SD), where
appropriate.

Results

Between January 1998 and December 2006, we obtained neonatal
outcome follow-up data from 21 infants (17 patients from the
Motherisk program; 3 from the Korean Motherisk; and 1 from the
FRAME Program). The average age at follow-up was 20 months.
Fifteen patients in the bisphosphonate group had first-trimester
exposure, and 6 patients discontinued the bisphosphonates within
3 months prior to conception. Bisphosphonates used by our cohort
were as follows: alendronate (n=12), etidronate (n=>5), risedronate
(n=2) and pamidronate (n=2). The indications were primary
osteoporosis (n=5), osteoporosis associated with cancer (n=1) and
osteoporosis secondary to corticosteroid use such as inflammatory
bowel disease and SLE (n=15). Seventeen patients were on other
medications during pregnancy because of these medical conditions,
including azathioprine and sulfasalazine.

There was no difference in the maternal demographics between
the 2 groups (Table 1). Overall, there was no significant difference
between the 2 groups in any pregnancy or neonatal outcomes,
including major birth defects (Table 2). One child was born with Apert
syndrome, an autosomal dominant acrocephalosyndactyly, which was
confirmed by the presence of the fibroblast growth factor 2 mutation
(P253R). The mother discontinued etidronate 3 months prior to
conception.

Discussion

In our small cohort of patients, we did not observe an increased
risk of major birth defects from intrauterine exposure to bisphos-
phonates prior to conception and during the first trimester of
pregnancy. There was one child in our cohort born with Apert
syndrome, which has been linked to a gene mutation of the fibroblast
growth factor [12]. Our patient had a positive genetic marker for the
condition, and therefore, a causative link to bisphosphonate exposure
is unlikely.

The mean gestational age and birth weight were slightly lower in
the bisphosphonate group, but the difference was not significant. Ornoy
et al. [5] reported lower gestational age at birth, small birth weight and
increased rate of spontaneous abortions in the alendronate-exposed
infants, and speculated that these changes could be a result of maternal
underlying conditions and/or concomitant medications, rather than
alendronate itself. Although these changes, or lack thereof, require
further studies, maternal underlying conditions for bisphosphonate
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therapy make it difficult to separate the effects of the drug from the
disease itself and other medications.

In children receiving bisphosphonates, linear growth proceeds
normally or even better during treatment [13-15]. There has been a
characteristic sclerosis seen at the metaphyses of long bones and in
the vertebrae when bisphosphonates were given before the closure of
the epiphyses was completed [15-17]. None of our cohort infants,
except for the infant with Apert syndrome, required specific bone
examination, and therefore, we do not know if any bone changes
occurred in the exposed infants. However, the clinical significance of
bone assessment of an asymptomatic infant seems marginal, because
a gradual decrease or complete disappearance of the sclerosis was
observed after the withdrawal of the bisphosphonate from children
before the closure of the growth plates [13,17].

Our cohort and the above-mentioned study by Ornoy et al. [5] provide
a total of 45 systematically-collected pregnancy outcome data of bispho-
sphonate exposure. The combined outcome data of 45 pregnancies are
estimated to have 80% power to detect an increased birth defect rate of
>15% over the estimated 2% risk of malformations in general population.
Given that a large-scale study on bisphosphonate use in pregnancy is
unlikely to be ever performed, it is important to accumulate available
outcome data to allow informed clinical management of these patients. In
conclusion, our study suggests that preconceptional and first-trimester
use of bisphosphonates may not pose significant fetal risks.
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