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Abstract

Pregnancy and lactation-associated osteoporosis (PLO) is a disease
caused by vertebral compression fracture, and it is characterized by
low back pain during pregnancy or the postpartum period. How-
ever, it is difficult to predict and prevent PLO prepartum in high-
risk groups. Recently, long-term tocolysis with magnesium sulfate
(MgS0O,) has been reported to be associated with PLO. The purpose
of'this case series was to assess postpartum bone mass after long-term
tocolysis with MgSO, and accumulated doses of MgSO,. We report
the case of a pregnant woman with vertebral compression fractures
during pregnancy following long-term tocolysis with MgSO,,. We in-
vestigated whether long-term tocolysis with MgSO, was a high risk
factor for PLO. Therefore, we retrospectively evaluated bone mineral
density after delivery in nine women who had long-term tocolysis
with MgSO, (more than 8 days) for treatment of threatened preterm
birth at our hospital from January 2020 to December 2020. The age
of the women was between 20 and 41 years (mean age, 30 years).
The body mass index of the women was between 18.1 and 25.4 kg/
m? (mean 20.0 kg/m?). Three women had a positive smoking history,
and none had a family history of osteoporosis. The average duration
of tocolysis with MgSO, was 11 - 97 days. The accumulated doses
of MgSO, were between 168 and 3,756 g. Four of nine cases were
diagnosed with low bone mass of young adult mean (YAM) value
< 80%. Of them, one case (accumulated doses of MgSO,: 1,260 g)
was diagnosed with PLO of YAM value < 70%, and one case (accu-
mulated doses of MgSO,: 3,756 g) was diagnosed with bone fracture
with a YAM value of < 70%. Long-term tocolysis with MgSO, may
be suggested as one of the risk factors of PLO. Nutritional guidance
and rehabilitation are important interventions for target patients.
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Introduction

Bone mineral density during pregnancy is normally mildly
reduced or unchanged [1]. Moreover, lactation is reported to
cause a transient loss of 3-9% of bone mineral density due to
increased bone resorption and loss of large amounts of cal-
cium [2]. During pregnancy, about 30 g of calcium is trans-
ferred to the fetus, and about 300 - 400 mg is lost per day
during the postpartum period through breastfeeding [3]. In
breastfeeding, elevated prolactin reduces estrogen levels and
increases the secretion of parathyroid hormone-related protein
(PTHrP); therefore, bone mineral is reduced [4]. Pregnancy
and lactation-associated osteoporosis (PLO) is a rare disease
that occurs during pregnancy or postpartum period, presenting
with back pain and vertebral bone fracture [5]. It is described
as a primary osteoporosis that causes lumbar back pain and
vertebral compression fracture during pregnancy or postpar-
tum period and significantly reduces the quality of life [6]. The
pathogenesis of PLO was first reported in 1955 [7]. There is
no clear definition of PLO; however, it is generally diagnosed
according to the criteria for diagnosis of primary osteoporosis
[8]. The risk factors for PLO are low body weight, a family
history of fragility fracture/osteoporosis, vitamin D insuffi-
ciency, and smoking [9]. Long-term tocolysis with magnesium
sulfate (MgSO,) has been reported to affect maternal calcium
metabolism and cause a decrease in bone mineral density [10].
We report a case of PLO after long-term tocolysis with MgSO,
for preterm birth. We performed a bone mineral density test in
this case (dual-energy X-ray absorptiometry (DEXA)) in the
postpartum period for patients who had long-term tocolysis
with MgSO,. We investigated the relationship between long-
term tocolysis withMgSO, during pregnancy and bone mineral
density with a literature discussion.

Case Report

Investigations

A 36-year-old Japanese woman, gravida 2, para 1, was trans-
ferred to our hospital for threatened preterm birth at 22 weeks
of gestation. There were no significant medical or family his-
tories. Her cervical length was 27 mm on transvaginal ultra-
sonography. The non-stress test showed uterine contractions
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Figure 1. The anterior lumbar spine imaging sites in young adult mean (YAM) are L1 to L4. The seventh and 12th thoracic verte-
brae showed T1 low signal and T2 high signal for compression fracture. (a) T1-weighted image. (b) T2-weighted image.

every 3 min with little pain. She was diagnosed with threat-
ened preterm birth and a continuous intravenous infusion of
ritodrine was started at the time of admission. At 23 weeks
of gestation, she was also started on intravenous infusion of
MgSO, and received betamethasone for fetal lung maturation.
Intravenous infusion of MgSO, was maintained at a dose of 2
g/h (accumulated dose of MgSO,: 3,756 g).

Diagnosis

At 35 weeks of gestation, she developed acute low back pain
when she crouched over the toilet. Computed tomography (CT)
from the lumbar to the pelvic region was performed to assess
the cause of low back pain, and the orthopedist made a diag-
nosis of strained back. Because of severe back pain, pregnancy
was terminated. Labor was induced, and the baby was deliv-
ered by vaginal delivery (body weight: 2,925 g, 1- and 5-min
Apgar score: 8 vs. 9 points). Low back pain continued, and
she underwent magnetic resonance imaging (MRI) and DEXA
at 15 days after birth (Fig. 1). The seventh and 12th thoracic

vertebra compression fractures were confirmed by postpartum
lumbar MRI, and DEXA showed that the YAM was 67%. She
was diagnosed with postpartum thoracic compression fractures
and osteoporosis (PLO).

Treatment
She took analgesics internally and stopped breastfeeding.
Follow-up and outcomes

It was necessary to evaluate detailed information on bone mass
in a series of patients who received long-term tocolysis with
MgSO,, and nine postpartum women were included in the
series at our hospital from January 2020 to December 2020
(Table 1). The duration of long-term MgSO, tocolysis was de-
fined as > 8 days, according to a previous report [10]. Restful-
ness was defined as the ability to walk in the maternity ward.
Their clinical data were retrospectively analyzed (age, height,

Table 1. Nine Cases of Patients With Long-Term Tocolysis of MgSO,,

No. Age BMI G'ravida Pc'lm Prenatal smoking I:Iospitaliza- Use days of Accumulated YAM Bone
(years) (kg/m?) (times) (times) tion (days) MgSO, (days) dose of MgSO, (g) (%) fracture

1 20 18.4 1 0 - 44 37 1,260 62 -

2 36 22.5 2 1 Before pregnancy 97 85 3,756 67 +

3 34 18.1 1 0 - 71 58 2,484 73 -

4 27 20.8 1 0 Before pregnancy 63 36 1,464 75 -

5 41 214 3 0 - 63 57 2,556 84 -

6 30 20.9 2 1 - 28 13 336 87 -

7 28 21.9 2 1 - 33 14 168 89 -

8 27 25.4 1 0 - 11 11 456 91 -

9 27 19.9 1 0 Before pregnancy 71 31 1,488 99 -
BMI: body mass index; MgSO,: magnesium sulfate; YAM: young adult mean.
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weight, body mass index (BMI), young adult mean (YAM),
use days, and accumulated dose of MgSO,). Height (cm) and
weight (kg) were measured on the first day of admission. BMI
was calculated as kg/m?. The time of examination was defined
as within 1 week postpartum. The YAM was measured using
dual X-ray energy absorptiometry (DXA). A YAM < 80% was
defined as a low bone mineral density. Nine cases of long-term
tocolysis with MgSO, are presented in Table 1. Patients with
bone mineral loss and osteoporosis with a YAM value of <
80% were found in 44% of the long-term MgSO,-treated pa-
tients (four of nine cases). The average duration of MgSO, use
and the accumulated dose of MgSO, were 38 days and 1,552 g,
respectively. The mean age of the four patients with decreased
bone density was 29.3 years. The mean weight was 49.3 kg
and the mean BMI was 20.0 kg/m?. Three women had a past
history of smoking, and two of the three were diagnosed with
PLO. None of the patients had a family history of osteoporosis.
Total accumulated dose of MgSO, in the four low bone mass
cases was more than 1,000 g in total. In the three cases with an
accumulated dose of less than 500 g, the bone mass was within
normal limits (Table 1).

Discussion

By full-term gestation, the fetus must have acquired ap-
proximately 30 g of calcium, 20 g of phosphorus, and 0.8 g
of magnesium to maintain normal physiological function [1].
Approximately 80% of the calcium and phosphate in the skel-
eton of the fetus at full-term gestation pass through the pla-
centa in the third trimester, mostly from maternal meals dur-
ing pregnancy [1]. The total calcitriol concentrations increase
two- to five-fold in early pregnancy and continues to increase
until delivery, but free calcitriol concentrations increase in the
third trimester [11]. As a result, the absorption rate of calcium
and phosphate in the intestine is twice that in non-pregnant
women, and renal excretion of calcium increases [1]. In the
third trimester, maternal calcium supply to the fetus begins to
increase to 250 - 300 mg/day [1].

Breast milk contains an average of 220 mg of calcium per
day in breast milk [12]. During lactation, calcium absorption
in the intestine is normal, and bone metabolic turnover is in-
creased, while bone resorption via osteoclasts and reabsorp-
tion in the kidneys are increased to supply most of the calcium
in breast milk [1]. Transient resorption and demineralization
of the maternal skeleton appear to be the primary mechanisms
by which lactating women meet these calcium requirements
[1]. This adaptation does not appear to require parathyroid hor-
mone (PTH) or calcitriol, but is controlled by the combined
effects of increased circulating concentrations of PTHrP and
decreased estradiol levels [1]. During lactation, the combined
effects of PTHrP (secreted by the breast) and estrogen defi-
ciency increase skeletal resorption, reduce renal calcium loss-
es, and raise the blood calcium, but calcium is directed into
the breast milk. This decline in bone mineral density and bone
strength during lactation is not inhibited by high dietary in-
take of calcium. The main treatment for PLO is weaning off
breastfeeding. Other drug therapies such as active vitamin D,
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vitamin K, bisphosphonates, and PTH preparations have been
reported [2]. Bisphosphonates remain in the bones for a long
time and may pass through the placenta, which may affect the
fetus in the subsequent pregnancy; therefore, bisphosphonates
should be used cautiously in women who wish to have a baby
[13]. In recent years, PTH preparations have been used to treat
PLO. The PTH preparations have a limited duration of use,
and there is still the question of what to use in case of PLO in
the subsequent pregnancy; first-degree [2] relatives of women
with PLO have been reported to have higher fracture rates
[14]. The risk factors for PLO include low body weight, low
BMI, and positive smoking status. Though age, BMI, smoking
and family history are risk factors for PLO, the relationship is
not significant in this series [9].

Long-term tocolysis of MgSO, has been reported to cause:
1) increased urinary calcium excretion (inhibition of reabsorp-
tion); 2) hypocalcemia due to suppression of PTH secretion;
and 3) decreased bone mineral density due to 1) and 2) [15].
The specific total accumulated amount of MgSO, that decreas-
es bone density is not well known [15]. In this study, the total
accumulated dose of MgSO, more than 1,000 g was suggested
to be associated with low bone mass. We propose that a cu-
mulative dose of more than 1,000 g of MgSO, is a potential
risk factor for PLO. Therefore, we monitored blood and urine
calcium levels in cases of long-term tocolysis of MgSO, to
prevent low bone mass during pregnancy.

It has been reported that lying in bed for more than 2 weeks
can decrease bone mineral density [16]. The present study sug-
gests that rest management in preterm births may also affect
bone mineral loss. To prevent and treat PLO caused by long-
term tocolysis of MgSO,, these measures are necessary: 1) bone
density screening; 2) physical therapy; 3) breastfeeding absti-
nence; and 4) calcium and vitamin D supplementation [15].

The limitation is that the exact assessment of PLO was not
clear because bone mineral density was not measured before
pregnancy. It is possible that the pregnant women were con-
ceived without obtaining peak bone mass because of poten-
tial vitamin D deficiency or maternal low body weight before
pregnancy.

Learning points

In conclusion, we investigated nine cases of long-term MgSO,
tocolysis and compared bone mineral loss. Long-term tocoly-
sis using MgSO, may be a risk factor for PLO. Further case
studies are needed to determine the role of MgSO, in osteo-
porosis.
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