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Abstract

Summary This study describes bone mass changes during
pregnancy and lactation measured by a special ultrasound
method. Pregnant women showed a decrease of bone mass
followed by a stable bone mass while breast-feeding after-
wards. Later in life, there is a recovery of bone mass loss.
Introduction The aim of this study was to evaluate bone
changes during pregnancy using the radiation-free method of
quantitative ultrasonometry (QUS).

Methods One hundred twenty-five pregnant women who
underwent prenatal care were included in this study. Ultra-
sound measurement of the calcaneus was performed in each
trimester and then 6 weeks, 3 months, and 1 year postpartum.
The calcaneal QUS measurements were carried out using the
Achilles plus device (GE/Lunar Corporation, Madison, WI).
Three ultrasound variables were measured: speed of sound
(SOS, m/s), broadband ultrasound attenuation (BUA, dB/
MHz), and the “stiffness index” (expressed as the percentage
of the mean value in young adults). SOS and BUA raw data
result in the t-score and z-score.

Results A complete panel of six measurements was acquired
over the time period in 101 patients (80.8 %). Forty-two
percent of the included patients were primipara, while 58 %
had given birth to at least one child (47 %) previously. There
was a statistically significant change of the t-score (tv=2.14,
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p=0.035) and the stiffness index (tv=2.46, p=0.016) from the
second to the third trimester, followed by a plateau during
lactation. Interestingly, the t-score remained stable during
lactation, regardless of the duration of lactation (<3 months,
3—6 months, and >6 months).

Conclusions Young primiparas who had a sedentary adoles-
cence were at the highest risk of bone loss during pregnancy.
Bone loss that occurred during pregnancy was typically re-
covered later on, based on unknown molecular and biochem-
ical mechanisms that must be elucidated with further studies.

Keywords Bone mass loss - Calcaneal QUS measurement -
Calcaneal ultrasonometry - Lactation - Osteoporosis -
Pregnancy

Introduction

Osteoporosis is one of the ten most common diseases. In-
creased bone remodeling that results in the loss of bone
mineral density and destruction of the bone microarchitecture
can be found in postmenopausal women due to estrogen
deficiency (prevalence: 7 % of all 55-year-old postmeno-
pausal women) [1]. Osteoporosis typically causes fractures
of the spine or hip with a massive effect on the quality of life.
This leads to permanent or long-term care as well as increas-
ing costs for the health system [2]. The official WHO defini-
tion is based on the central dual-energy X-ray absorptiometry
(DXA). The t-score represents an equation of these radiation
measurements within a collective of young 30-year-old wom-
en. Fulfilling the criteria of osteoporosis [1] requires the score
to be below —2.5 standard deviations. In addition, the Fracture
Risk Assessment Tool (FRAX) is an algorithm including
clinical risk factors and a hip DXA scan to predict a patient’s
10-year probability of having an osteoporotic fracture [3].
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Generally, the diagnosis and treatment of osteoporosis
refers to postmenopausal women. Interestingly, there is a
small subgroup of young premenopausal pregnant women
also affected by osteoporosis. However, these patients suffer-
ing from pregnancy-associated osteoporosis are commonly
undiagnosed and not treated accordingly [4, 5]. They com-
plain about severe pain from vertebral fractures and are unable
to take care of the newborn [6]. The pathological mechanism
of'this disease is completely unknown, precisely because most
of the patients do not present the classical well-known risk
factors of postmenopausal osteoporosis [7]. One possible
correlation can be seen in the increased demand of calcium
in order to form the fetal skeleton in pregnancy. The full-term
neonate contains about 30 g of calcium, and theoretically, to
fulfill this requirement of calcium, the bone mass of the
mother can decrease, especially in the last trimester of preg-
nancy. Hypercalciuria can be observed during pregnancy as a
sight of enhanced calcium mobilization [8]. Compensatory
mechanisms exist to counter this, such as elevated estrogen
levels during the course of pregnancy, an intestinal increase of
calcium absorption, and possibly renal conservation. The
aim of this study is to evaluate signs of maternal bone
loss during pregnancy using the radiation-free method of
quantitative ultrasonometry (QUS) [9]. In literature, the
direct comparison of DXA with QUS of the calcaneus
shows a positive correlation between both methods [10].
Therefore, QUS may be able to prove changes during the
physiological course of pregnancy.

Materials and methods
Subjects

One hundred twenty-five pregnant Caucasian women who
underwent standard prenatal care at a gynecological practice
near Frankfurt am Main, Germany, were included in this
study. The routine checkup of prenatal care has been extended
to an ultrasound measurement of the calcaneus in each trimes-
ter, 6 weeks, 3 months, and 1 year postpartum. All participants
gave informed consent and completed a detailed questionnaire
on the patient’s obstetric history, osteoporosis risk factors, as
well as lifestyle factors that are known to influence the bone
metabolism. The patient’s age and all physiognomic data such
as height, weight, and the resulting body mass index (BMI)
were documented, and the age of menarche, the application of
oral contraceptives, as well as the duration of a possibly
secondary amenorrhea and irregularities in the menstruational
cycle were questioned. The patient’s family and own history
on malignancies including their therapy, occurrence of throm-
bosis, thyroid dysfunction, all types of allergies, lactose intol-
erance, as well as osteoporosis of close relatives, previous
bone fractures, and treatment with cortisone, nicotine and/or
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alcohol abuse, and exercise was assessed. Moreover, the num-
ber of pregnancies, miscarriages, and abortions, as well as
fertility treatment in the current pregnancy and the period of
breastfeeding was documented in this study.

Ultrasound device

The calcaneal QUS measurements were carried out using the
Achilles plus device (GE/Lunar Corporation, Madison, WI).
This system includes two unfocused transducers (2.5-cm
diameter) mounted approximately 9.5 cm apart. One of the
transducers represents the transmitter while the other one
works as the receiver. After the patient’s heel is immersed
in a 35 °C-heated 100-cm® water bath, acoustic coupling
is transmitted. Two ultrasound variables were measured:
speed of sound (SOS, m/s) and broadband ultrasound
attenuation (BUA, dB/MHz) [11]. This data results in the
t-score and z-score, which appear in the following tables.
The third measured variable is the so called “stiffness index”
(SI, expressed as the percentage of the mean value in young
adults). It has a higher degree of predictability of fractures than
SOS and BUA. The Sl is calculated by applying the following
formula: SI=0.67x(BUA)+0.28x(SOS)—420. A daily
quality control using a standardized model was performed
before any measurement in vivo. The short-term precision
in vivo in 31 adults was 0.2, 1.2, and 1.3 for SOS, BUA,
and SI, respectively [12].

Statistical analysis

Statistical analysis was performed by SPSS (IBM) for Win-
dows version 20. Statistical significance was achieved with a
p value <0.05. Normal distribution was evaluated with the
Kolmogorov-Smirnov test. The paired ¢ test and the Wilcoxon
test were used to test mean differences for flow statistics and
the U test for non-parametric comparison.

Results

One hundred twenty-five pregnant women who consulted the
gynecologist for the first checkup in this pregnancy were
recruited for the study. The investigation features high com-
pliance because all six measurement values were completed
over the study period in 101 patients (80.8 %). Patients were
excluded from the study in case of a miscarriage, pre-term
delivery, or relocation from the previous residence. The mean
age of the study’s participants was 32.2 years (4.8+SD) and
the body mass index (BMI) 23.7 (4.4£SD). The distribution
of age and BMI is represented in Figs. 1 and 2. The factor
age correlates to a normal Gaussian distribution. With
respect to the correct classification of the data in relation
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Fig. 1 Age distribution of our
patient collective (n=101) with a
mean age of 32.2

to the conception or to the real date of birth, a deviation of
20 % of the defined point of measurement was tolerated.
The mean follow-up dates in the course of pregnancy were
10.6 weeks of pregnancy in the first trimester, 20.9 weeks
in the second trimester, and 30.6 weeks in the third trimester.
The postpartum checkup appointments were 6.2 weeks,
6.2 months, and 12.2 months after delivery, on average.

Forty-two percent of the included patients were primipara,
while 58 % had given birth to at least one child. Forty-seven
percent of the patients have born one child, 9 % two children,
and 2 % three children. Thirty-six percent of the multiparous
women had exclusively breastfed their children for not less
than 6 months. Due to the present evaluated pregnancy, 51 %
of the women had nursed their newborns exclusively for
6 months. Fertility treatment was successfully performed in
6 % of the patients.

The family and the patient’s history of the 101 study
participants present a non-homogeneous picture that can
be divided into numerous subgroups. Unfortunately, the
sample size in these subgroups is too small to perform a
statistical evaluation. None of the patients took a medica-
tion that is known to influence bone metabolism. Nine
percent of the participants had a family history of osteo-
porosis. Regular physical activity with a mean of 3 hours

Age
Y]
W20-24
W 25-29
[030-34
W35-39
D40-44

per week was performed by 46 % of the patients. Fifty-
nine percent of participants are predominantly seated and
therefore inactive while working, while only 11 % claim
to be physically active during their job. Nutritional habits
and social drugs can be neglected, as 6 % of the women
stated to have lactose intolerance and 11 % have declared
to be ex-smokers.

All recorded values at the six measurement points of time
(first, second, and third trimester and 6 weeks, 6 months, and
12 months postpartum) showed a normal distribution using
the Kolmogorov-Smirnov test. Statistical evaluation was per-
formed using parametric tests, whereby each QUS measure-
ment was compared to the value measured at the prior ap-
pointment. It is worth noting that there is a statistically signif-
icant change of the t-score (tv=2.14, p=0.035) and of the
stiffness index (tv=2.46, p=0.016) from the second to the
third trimester. The data is presented in Table 1. Figure 3
illustrates a significant decrease of the t-score in the third
trimester compared to the second, followed by a plateau
during the period of breastfeeding. Comparing primipara
(n=42) to multipara (n=59) only women who gave birth to
their first child represented a significant decrease (using the
Wilcoxon test) of the t-score (p=0.003), z-score (p=0.031),
and SI (p=0.029) between the first trimester and 12 months
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Fig.2 Distribution of weight and
body height resulting in the “body
mass index” (n=101)

postpartum. There are no differences in height, weight, BMI,
and time of lactation in the subgroups.

Interestingly, there is a significant decrease in SI, t-score,
and z-score (p=0.003, p=0.006, p=0.008) in patients with a
BMI lower than 25; in obese patients, no significant loss can
be noted. In the postpartum period, the BMI is found to have
no influence on the outcome.

grouped BMI

B <18 cmkg™2
[18-24 9 cmig™2
Il 25-30 cmAg™2
W > 30 cmkg™2

Primiparas with a history of low exercise during adoles-
cence have the largest risk at losing bone mass density (BMD)
during pregnancy and lactation. All measured variables in this
subgroup showed a significant decrease in t-score (¢ value
—2.22, p=0.025), z-score (¢ value —2.17, p=0.029), and SI
(2.4, p=0.016) from the beginning of the pregnancy until
1 year postpartum.

Table 1 QUS measurement data over time of pregnancy and postpartum represented by “stiffness-index” (SI), t-score, and z-score in 101 patients
1. Trimester 9-12 2. Trimester 19-22 3. Trimester 29-32 6 weeks postpartum 6 months postpartum 12 months postpartum
gestational weeks  gestational weeks ~ gestational weeks

SI(») [%] Mean 105.0 104.9 103.2 103.3 102.7 102.9

Median 153 15.8 15.7 15.9 15.6 16.2
SD 103.0 104.0 102.0 102.0 101.5 101.0
Min 65.0 62.0 61.5 62.0 63.0 62.0
Max 140.0 140.0 140.0 140.0 140.0 140.0
t-score Mean 0.39 0.39 0.27 0.27 0.24 0.23
Median 1.20 1.24 1.25 1.25 1.22 1.26
SD 0.25 0.30 0.19 0.11 0.20 0.07
Min —2.72 —2.93 —2.96 —2.94 —2.78 —2.94
Max 3.34 3.44 3.47 3.38 3.50 3.50
Z-score Mean 0.90 091 0.79 0.80 0.79 0.81
Median 1.25 1.26 1.28 1.28 1.26 1.33
SD 0.77 0.79 0.74 0.65 0.72 0.54
Min -2.32 —2.65 —2.67 —2.64 —2.60 —2.60
Max 443 4.25 4.59 421 4.36 5.00
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Fig. 3 a Significant t-score
changes from the second to third
trimester (tv=2.14, p=0.035).

b Significant SI changes from
the second to third trimester
(tv=2.46, p=0.016)
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Splitting our cohort of pregnant women by age, younger
than 35 years and older than 34 years, it can be noted that
patients older than 34 years are exposed to a lower risk of
losing bone mass density compared to younger women. The
latter show a significant decrease in t-score and SI over the
whole period in comparison to the first.

Dividing the lactation period in three time frames
(<3 months, 3—6 months, and>6 months), there can be no
difference observed in t-score changes during the postpartum
period.

A history of bone fractures was found in 34 patients, but
without generalized osteoporosis. Only two patients with one
fracture in their history presented a QUS t-score of <—2.5 as an
initial value. Eighty-two percent of the pregnant women
showed normal ultrasound measurement values.

Discussion

Our results indicate a loss of QUS variables during pregnancy,
followed by a plateau during the period of breastfeeding.
These findings are highlighted by a significant change of the
t-score and the stiffness index during pregnancy. Conversely,
the period of lactation is not associated with an alteration of
these values.

Osteoporosis in this group of pregnant and postpartum
women has yet not been investigated thoroughly. There are
only a few studies investigating changes in bone mass, bone
mass density, or bone metabolism in this subgroup of women
[13]. A novelty of this study is the long follow-up over 2 years
with a total of six measurements in 101 patients.

Generally, the dual energy X-ray absorptiometry (DXA) is
the established method to evaluate bone mineral density
changes, but the use of ionizing radiation is an undesirable
disadvantage for studies in pregnancy. Although the radiation
dose of 0.001 mSv that is used in DXA can be considered as
very low, it should be restricted to those pregnant women with
suspected pregnancy-associated osteoporosis.

At the beginning of the era of bone mass examination,
methods like single-photon absorptiometry (SPA) or DXA
studies were performed in pregnant women. Unfortunately,
these few studies yield inconsistent results [14-20]. More re-
cent studies indicate a moderate loss of bone mineral density
(BMD) of trabecular bone in the spine and hip during pregnan-
cy [21]. If not breastfeeding, a recovery of this loss was uni-
formly observed. In lactating women, an ongoing decrease of
approximately 5 % of BMD of the lumbar spine can be ob-
served. Karlsson’s study confirmed the effect of lactation on
lumbar spine mineral density in 73 women, especially during
the first 5 months of lactation, with no loss further on (the study
was carried on until 12 months). There is no complete recovery
of BMD noted within 5 months after weaning off. Interestingly,
women with four or more pregnancies had no lower BMD

@ Springer

compared to women that gave birth to only one or two babies
[22]. A recent study by Méller et al. [23] showed a significant
decrease of BMD in pregnant women in the lumbar spine (1.8+
0.5 %), the hip (3.2+0.5 %), as well as the whole body (2.4+
0.3 %) and in the distal forearm (4.2+0.7 %) compared to age-
matched controls. BMD was measured seven times before
pregnancy and during pregnancy, followed by lactation. A total
number of 153 women were included in this study; complete
measurements were available in 71 patients. This is the largest
longitudinal study in this regard. Postpartum BMD decreased
further while breastfeeding. Nine months (n=31) after giving
birth, BMD reverted to baseline values, regardless of the length
of breastfeeding [23]. These results correlate to the conclusions
of Kalkwarf et al. in 65 women that were breastfeeding. This
study exclusively observed the lactation period and excluded
the period of pregnancy. In comparison to the age-matched
non-lactating controls, a significant loss of total body BMD
(—2.8 versus —1.7 %) and lumbar spine BMD (—3.9 versus
1.5 %) could be found. Interestingly, breastfeeding women
regained more of their BMD in the lumbar spine compared to
non-lactating women after weaning [24]. This suggests a rather
protective effect of breastfeeding for osteoporosis [25-29] . In
accordance to the findings of Kalkwarf et al., DXA measure-
ment of forearm bone mineral density showed a decrease
(statistically non-significant) in the first 6 months of lactation
followed by a subsequent recovery of bone mass [30].

Our own preliminary study investigated changes of QUS
values in pregnant women without using radiation. In accor-
dance with the study of Aguado et al., we found a significant
decrease of speed of sound (SOS) and bone transmission time
(BTT) throughout pregnancy. These measurements were per-
formed at each trimester using QUS of the phalanges [31, 32].
This decrease was independent of osteoporosis-related risk
factors and the increase in body weight. Although quantitative
ultrasonography of the phalanges is able to predict hip, verte-
bral, and non-vertebral fractures [33], there are more cross-
sectional and prospective studies of QUS on the calcaneus that
provide evidence of fracture risk prediction somewhat com-
parable to DXA [34, 35]. Yamaga et al. first published a
longitudinal study analyzing speed of sound (SOS) and broad-
band ultrasound attenuation (BUA) of the os calcis in 18
healthy women throughout pregnancy and puerperium. Even
in this small cohort, they found a significant decrease of SOS
end BUA in the third trimester compared to the early stage of
pregnancy. During a 6-month period of lactation, there was no
difference of the ultrasound variables [36]. On the basis of the
decrease of ultrasound variables during pregnancy, it could be
concluded that there is a loss of bone mass in this period.
Additionally, the same study group reports an activation of
biochemical markers that correspond with an increase in bone
metabolism. Biochemical markers of bone resorption, such as
serum type I collagen C-telopeptides (CTX), carboxy-
terminal telopeptide of type I collagen (ICTP), and tartrate-
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resistant phosphatase as well as markers of bone remodeling,
such as alkaline phosphatase (AP) and N-terminal pro-pep-
tides of type I collagen (PINP), were found at increased levels
[31, 36, 37]. In spite of this high bone turnover during the
pregnancy and lactation period, neither pregnancy nor lacta-
tion had a significant impact on QUS variables or fracture risk
later in life as shown in a multicenter study using matched-pair
analysis as well as multiple linear regression analysis in 2080
postmenopausal women [38]. However, there are two current
studies based on DXA measurements in postmenopausal
women that report different results. Prolonged breastfeeding
period per child over 1 year was the highest risk factor for
osteoporosis later in life regardless of the patient’s age.
Nevertheless, high parity seemed to have a protective effect on
bone mass loss [39, 40].

Although our study represents a follow-up of 101 patients
with a detailed risk evaluation, this cohort is still too small to
generate statistically relevant results in all subgroups. Impor-
tantly, we found that women who gave birth to their first child
in combination with the lack of exercise in adolescence are at
high risk of increased bone loss. These findings correspond to
our clinical experience [41, 42]. Younger women are exposed
to a greater risk of changes in ultrasound variables. This may
be explained by the co-incidence of pregnancy with a not yet
established peak bone mass. The fact that obese patients
(BMI>25) are at a lower risk of developing osteoporosis can
be explained by the higher estrogen metabolism in the adipose
tissue.

Conclusion

Our study demonstrated a significant decrease of the t-score
and SI during the course of pregnancy (second to the third
trimester). This correlates to the increasing demand of calcium
and consecutive loss of BMD during the highest phase of fetal
growth at the end of pregnancy. The following plateau during
lactation or weaning continued over the whole investigation
period of 12 months postpartum. A revert of QUS values was
not apparent in our study. As mentioned before, young pri-
miparas lacking exercise in adolescence were at the highest
risk of bone loss. The obvious recovery later results from
unknown molecular and biochemical mechanisms that require
further investigation.

Conflicts of interest None.
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