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Although pregnancy is a medical condition that contributes to bone loss, little information
is available regarding bone mineral density (BMD) in puerperal women. This cross sectional
study aimed to evaluate the prevalence of low BMD in puerperal women and to identify
associated risk factors. We surveyed all puerperal women who had BMD measurements
taken 4-6 weeks after delivery in a tertiary university hospital, and did not have any bone
loss-related comorbidities. Among the 1,561 Korean puerperal women, 566 (36.3%) had
low BMD at the lumbar spine, total hip, femoral neck, and/or trochanter. Multivariate
analysis revealed that underweight women had a significantly higher risk of low BMD
compared with obese women at pre-pregnancy (adjusted odds ratio [aOR], 3.21; 95%
confidence interval [CI], 1.83-5.63). Also, women with inadequate gestational weight
gain (GWG) were 1.4 times more likely to have low BMD than women with excessive GWG
(aOR, 1.42; 95% Cl, 1.04-1.94). One-way ANOVA showed that BMDs at the lumbar spine
and total hip were significantly different between the 4 BMI groups (both P < 0.001) and
also between the 3 GWG groups (both P < 0.001). In conclusion, this study identifies a
high prevalence of low BMD in puerperal women and thus suggests the need for further

evaluation about the change of BMD in pregnancy and postpartum period.
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INTRODUCTION

Osteoporosis is common health problem in postmenopausal
women that can have serious adverse impacts on life quality (1).
Despite the importance of osteoporosis, little information is
available regarding osteoporosis in premenopausal women,
probably due to its low incidence in women of younger ages.
However, since having a low peak bone mass early in life is an
important contributing factor to developing osteoporosis later
in life, bone health should be carefully monitored from an early
age (2). Among several medical conditions that may decrease
bone density, pregnancy is an important physiologic event ex-
perienced by most women. A pregnant woman'’s body is an im-
portant source of calcium that is transferred to the fetus. The in-
creased calcium requirement during pregnancy is usually met
by increased intestinal absorption, decreased renal excretion,
and the mobilization of minerals from the skeleton (3,4). Thus,
during pregnancy the rate of bone resorption often exceeds the
rate of bone formation, leading to bone loss (5).

Despite these important physiological changes during preg-
nancy, the precise effects of pregnancy on bone mineral density
(BMD) have not yet been established. Small-scale prospective
studies using dual energy X-ray absorptiometry (DXA) to mea-
sure BMD at pre-pregnancy and during pregnancy have report-
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ed that BMD decreases during pregnancy (6-8). In addition, a
number of studies using ultrasound measurements of BMD
have demonstrated significant decreases of BMD during preg-
nancy (9-11). However, these studies had small sample sizes
and diverse research methods; thus, no established consensus
has yet been reached regarding bone density in pregnant and
puerperal women.

To address these issues, this study analyzed BMD in Korean
puerperal women. The goals of this study were to determine
the prevalence of puerperal low BMD and to identify the risk
factors associated with puerperal low BMD. This is the first large-
scale study of BMD in puerperal women and the first to define
the risk factors in women for low BMD. The results of this study
are expected to contribute to our understanding of bone densi-
ty in puerperal women and to help establish guidelines for pre-
natal and postnatal care of women to ensure optimal bone health.

MATERIALS AND METHODS

This cross-sectional study surveyed all puerperal women who
had given birth to a child at a university hospital in Korea from
2007 to 2009 and whose BMD was measured 4-6 weeks after
childbirth. During the study period, 2,397 childbirths occurred.
Postpartum BMD measurement was recommended to all wom-
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en; 1,672 women consented to and underwent this measure-
ment. Of these women, 110 had comorbid conditions known to
be associated with secondary bone loss and were excluded. These
conditions included hyperthyroidism, hypothyroidism, system-
ic lupus erythematous, rheumatoid arthritis, insulin-dependent
diabetes mellitus, kidney disease, epilepsy, depression, schizo-
phrenia, hematologic disease, and treatment for infertility. In
addition, 55 women who delivered before 32 weeks of pregnan-
cy were excluded. Finally, a total of 1,561 puerperal women were
included in this study.

Baseline data included medical conditions, smoking status,
parity, newborn birth weight, gestational age at delivery, deliv-
ery method, experience of hospitalized bed rest, treatment with
dexamethasone for fetal lung maturation, calcium intake dur-
ing the prenatal and postnatal periods, and breastfeeding be-
havior. Calcium intake was assessed by self-reported medical
records. Only supplemental calcium intake was investigated;
dietary calcium intake was not considered. Most calcium sup-
plements consisted of daily multivitamins containing 125 mg
calcium each. Subjects were divided into 2 groups according to
the duration of calcium intake. Breastfeeding behavior during
the first 6 weeks after delivery was evaluated by self-reporting
and was classified as either exclusive breastfeeding or formula
feeding (with or without supplemental breastfeeding).

Additional anthropometric data, including pre-pregnancy
weight, pre-pregnancy height, and weight at delivery date were
collected. Height and weight were used to calculate body mass
index (BMI; kg/m?) at pre-pregnancy. All enrolled women were
categorized according to the World Health Organization (WHO)
BMI classification system for Asians as follows: underweight,
BMI of 18.6 kg/m? or less; normal weight, BMI of 18.5 to 22.9
kg/m?; overweight, BMI of 23 to 24.9 kg/m? obese, BMI of 25
kg/m? or higher (12). Gestational weight gain (GWG) was cal-
culated as the difference between the maternal pre-pregnancy
weight and the last weight before delivery and then classified as
inadequate, adequate, or excessive according to the 2009 Insti-
tute of Medicine (IOM) recommendation (13). Weekly weight
gains according to the 2009 IOM recommendations were used
to adjust the recommended total GWG ranges to the gestational
weeks at delivery (13).

The BMDs (g/cm?) of the lumbar spine (composite L1-14)
and the hip (total femur, femoral neck, and trochanter) were as-
sessed 4-6 weeks postpartum by DXA using a Lunar Prodigy
scanner equipped with enCORE software (GE, Madison, WI,
USA). Quality assurance of the densitometric technique was
checked according to the manufacturer’s protocol. The long-
term percent coefficients of variance (%CV) for the different
sites were 1.2% for the lumbar spine, 1.2% for the femoral neck,
and 1.4% for the total hip region. The Z-scores were calculated
from manufacturer-provided Korean normative data matched
for sex and age. Low BMD was defined according to the Nation-
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al Osteoporosis Foundation guidelines as a Z-score of -2.0 or
lower for the appropriate age group at any site among the lum-
bar spine, total hip, femoral neck, and trochanter (14).

Statistics

All maternal and newborn characteristics were summarized
using descriptive statistics. The characteristics of women in the
low BMD group were compared to those of women in the nor-
mal BMD group using the independent sample #-test for con-
tinuous variables and the y? test for categorical variables. Vari-
ables found to be significantly associated with low BMD (P < 0.10)
were then entered into multivariate logistic regression analysis
to identify risk factors for low BMD. The associations between
the variables are expressed as odds ratios (ORs), 95% confidence
intervals (95% CIs), and P values. Statistical significance was set
at P < 0.05. One-way ANOVA tests were also performed to com-
pare mean BMDs at the lumbar and hip regions for each BMI
group and each gestational weight gain group. Statistical analy-
ses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement

The study was approved by the institutional review board of the
College of Medicine of the Catholic University of Korea (KC150
1S10051). The board waived informed consent from the subject
patients. It was conducted in accordance with the Declaration
of Helsinki.

RESULTS

The general characteristics of the study population are present-
ed in Table 1. The pre-pregnancy BMI was classified as normal
in 1,033 (66.2%) women, underweight in 265 (17.0%) women,
overweight in 147 (9.4%) women, and obese in 116 (7.4%) wom-
en. Preterm delivery occurred for 134 (8.6%) women (median,
35 weeks). Information about puerperal breastfeeding was only
available for 1,453 subjects, 407 of whom self-reported exclusive
breastfeeding. No current smokers were in either of the groups.

The mean lumbar spine BMD was 1.170 g/cm?* and the mean
total hip BMD was 0.941 g/cm? Out of all the women analyzed,
13.8%, 16.4%, 24.8%, and 24.1% had low BMD in the lumbar
spine, total hip, femoral neck, and trochanter, respectively (Ta-
ble 2). Moreover, 566 (36.3%) women had low BMD in at least
one of the four measured sites, 139 (8.9%) had low BMD in two
of the sites, 135 (8.6%) in three of the sites, and 87 (5.6%) in all
four sites. In contrast, low-trauma fracture occurred in only 3 of
the women during pregnancy (1.9 per 1,000 pregnant women).
All of these women had severely low BMDs, with Z-scores less
than -2.5 in each of the four sites.

Women with low BMD were significantly different from wom-
en with normal BMD with respect to pre-pregnancy height, pre-
pregnancy weight, pre-pregnancy BMI, weight at delivery, and
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breastfeeding habits according to univariate analysis (all P <
0.001 except for height [P = 0.001] and breastfeeding [P = 0.042]).
No significant associations were observed between age, parity,
or multivitamin supplementation status during pregnancy and
low BMD (P = 0.056, 0.167, and 0.145, respectively) (Table 3).
Since height, weight, and BMI at pre-pregnancy and weight at
delivery were significantly correlated with each other (all P <
0.001), only the BMI at pre-pregnancy was used in the following
analysis.

To attempt to adjust for any potential bias, adjusted odds ra-
tios (aORs) for low BMD were calculated with a logistic regres-
sion model including BMI at pre-pregnancy, weight gain dur-

Table 1. General and pregnancy-related characteristics of the study populations

Variables n=1.561
Maternal age, yr 328 £3.9
Height, cm 161.4 £5.0
Pre-pregnancy weight, kg 540+ 7.4
Pre-pregnancy BMI, kg/m? 20.8 + 2.6
Weight at delivery 675+ 8.4
Weight gain during pregnancy 135 £ 43
Previous deliveries (> 2) 196 (12.6%)
Multivitamin supplementation (> 5 mon) during pregnancy 157 (19.0%)
Bed rest (> 2 wk) 68 (4.4%)
Treatment of dexamethasone 100 (6.4%)
Gestational age at delivery, wk 387 £ 1.7
Preterm delivery 134 (8.6%)
Preeclampsia 32 (2.0%)
Multifetal pregnancy 51 (3.3%)
Newborn weight, g 3,199.5 + 489.8
Anemia at delivery 196 (12.6%)
Mode of delivery (Cesarean delivery) 535 (34.3%)
Exclusive breastfeeding* 407 (26.1%)

All values are expressed as mean (+ standard deviation) or number (%).
*Data about puerperal breastfeeding were available for 1,453 cases.

ing pregnancy, breastfeeding status, and maternal age. The re-
sults were comparable to those obtained by univariate analysis
(crude ORs) (Table 4). Women who were underweight at pre-
pregnancy had an elevated risk for low BMD compared with
women who were obese at pre-pregnancy. This elevated risk
persisted even after adjusting for the aforementioned variables
(aOR, 3.21; 95% CI, 1.83-5.63; P < 0.001). With respect to GWG,
women with inadequate weight gain were 1.4 times more likely
to have low BMD than women with excessive weight gain (aOR,
1.42; 95% CI, 1.04-1.94; P = 0.030). The unadjusted OR of the re-
lationship of exclusive breastfeeding with low BMD was 1.28
(95% CI, 1.01-1.62; P = 0.042). However, after adjusting for the
aforementioned variables, the risk of low BMD was no longer
elevated (P = 0.116).

One-way ANOVA showed that the BMDs at the lumbar spine
and total hip were significantly different between the 4 BMI
groups (P < 0.001). Also, regarding GWG, BMDs at the lumbar
spine and total hip were significantly different between the 3
GWG groups (both P < 0.001) (Fig. 1 and 2).

Table 2. Bone mineral density (BMD) measures and proportion of low BMD

Skeletal sites BMD, g/cm? BMD (Z-score)  Low BMD (Z-score < -2)
Lumbar spine 1.170 + 0.136* 215 (13.8%)"

L1 -0.59 £ 1.04 117 (7.5%)

L2 -0.61 £ 1.12 160 (10.2%)

L3 -0.04 £1.12 55 (3.5%)

L4 027 £1.12 95 (6.1%)
Total hip 0.941 £ 0.115 -0.59 +1.04 256 (16.4%)
Femoral neck -1.08 + 0.93 387 (24.8%)
Trochanter -1.33 + 0.88 376 (24.1%)

All values are expressed as mean (+ standard deviation) or number (%).
*Total BMD for the lumbar spine (L1-L4); ™No. of subjects with low BMD at any lum-
bar spine (L1-L4).

Table 3. Comparison between puerperal women with low bone mineral density (BMD) versus women with normal BMD

Variables Low BMD (n = 566) Normal (n = 995) Pvalues
Maternal age, yr 325 £ 38 329+ 4.0 0.056
Height, cm 160.8 £ 4.9 161.7 £ 5.1 0.001*
Pre-pregnancy weight, kg 522 £ 6.9 551 £ 75 <0.0017
Pre-pregnancy BMI, kg/m? 202 £ 2.4 211 £ 2.7 < 0.0017
Weight at delivery, kg 65.6 £ 8.0 68.7 £ 8.4 <0.0017
Weight gain during pregnancy, kg 133+ 43 135 £ 43 0.373
Multipara: Yes/No 33 (30.6%)/533 (36.7%) 75 (69.4%)/920 (63.3%) 0.167
Multivitamin supplementation (> 5 mon): Yes/No 92 (58.6%)/433 (64.8%) 65 (41.4%)/235 (35.2%) 0.145
Bed rest: < 2 wk/ > 2 wk 542 (36.3%)/24 (35.3%) 951 (63.7%)/44 (64.7%) 0.866
Dexamethasone: Yes/No 29 (29.0%)/536 (36.7%) 71 (71.0%)/923 (63.3%) 0.119
Preterm delivery: Yes/No 46 (34.3%)/520 (36.4%) 88 (65.7%)/907 (63.6%) 0.627
Preeclampsia: Yes/No 8 (25.0%)/558 (36.5%) 24 (75.0%)/970 (63.5%) 0.306
Multifetal pregnancy: Yes/No 21 (41.2%)/30 (58.8%) 30 (58.8%)/965 (63.9%) 0.458
Macrosomia (> 4 kg): Yes/No 21 (37.5%)/545 (36.2%) 35 (62.5%)/960 (63.8%) 0.844
Anemia at delivery: Yes/No 75 (38.3%)/491 (36.0%) 121 (61.7%)/874 (64.0%) 0.532
Vaginal/Cesarean delivery 378 (36.8%)/188 (35.1%) 648 (63.2%)/347 (64.9%) 0.507
Exclusive breastfeeding: Yes/No 161 (39.6%)/349 (33.9%) 246 (60.4%)/697 (66.1%) 0.042¢

*P<0.01;'P<0.001; *P < 0.05.
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Table 4. Risk factors and odds ratios (ORs) for low bone mineral density (BMD)

Wil Low BMD Unadjusted OR Adjusted OR
ariables P

Yes (n = 566) No (n = 995) (95% CI) (95% Cl)
BMI (kg/m?) at pre-pregnancy’

Underweight 132 (49.8%) 133 (50.2%) 3.61(2.18-5.98)* 3.21(1.83-5.63)*
Normal 368 (35.6%) 665 (64.4%) 2.01 (1.27-3.19) 1.94 (1.16-3.23)"
Overweight 41 (27.9%) 106 (72.1%) 1.41 (0.80-2.49) 1.54 (0.84-2.82)
Obese 25 (21.6%) 91 (78.4%) Ref Ref

Weight gain during pregnancy

Inadequate 197 (44.9%) 242 (55.1%) 1.93 (1.46-2.57)F 1.42 (1.04-1.94)"
Adequate 246 (34.8%) 460 (65.2%) 1.27 (0.98-1.65) 1.01 (0.76-1.34)
Excessive 123 (29.6%) 293 (70.4%) Ref Ref

Breastfeeding
None or partial 354 (33.7%) 697 (66.3%) Ref Ref
Exclusive 206 (40.4%) 304 (59.6%) 1.28 (1.01-1.62)" 1.22 (0.96-1.55)
Maternal age, yr

<30 119 (37.7%) 197 (62.3%) Ref Ref

30-40 423 (36.5%) 736 (63.5%) 0.95 (0.74-1.23) 1.06 (0.80-1.40)

> 40 24 (27.9%) 62 (72.1%) 0.64 (0.38-1.08) 0.77 (0.44-1.35)

*Adjusted ORs obtained with a logistic regression model including pre-pregnancy BMI, weight gain during pregnancy, breastfeeding status and maternal age; *Underweight,
overweight, and obesity are defined as BMIs less than 18.5 kg/m?, between 23 and 24.9 kg/m?, or 25 kg/m? or more, respectively; P < 0.001; P < 0.01; "P < 0.05.
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Fig. 1. Mean bone mineral densities (BMDs) at the lumbar spine and total hip in the 4 body mass index (BMI) groups. Data are presented as means; vertical bars show the
95% confidence intervals. At both sites, the BMD tended to increase as the BMI increased (both P < 0.001, ANOVA test). Post hoc analysis revealed significant differences in
BMD at the lumbar spine and total hip between the different BMI groups (all P < 0.05), with the exception of BMD at the lumbar spine in the overweight versus obese groups (P

=0.216).

DISCUSSION

This study found that the prevalence of low BMD (i.e. “below
the expected range for the age”) among Korean puerperal wom-
en was quite high (36.3%). Considering the relatively young age
of the subjects, the prevalence of low BMD was higher than ex-
pected. Few studies have examined the prevalence of low BMD
among puerperal women, not just for Asians but also for other
ethnicities. To the best of our knowledge, this is the first report
to evaluate the prevalence of low BMD in puerperal women.
Low-trauma fracture occurred in three women during preg-
nancy. Each of these women had severely low BMD. Premeno-
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pausal women do not have a high risk of fracture, even with low
BMD (15). This finding can be explained by their greater mus-
cle mass, thicker cortices, normal trabecular connectivity, and
fewer falls compared with postmenopausal women (16). How-
ever, since the high rate of bone turnover observed in pregnant
women is an important risk factor for fracture fragility, pregnant
women are likely to have a relatively higher risk of fracture than
nonpregnant premenopausal women (3). Accordingly, preg-
nant and puerperal women who are at risk of severely low BMD
should be strongly encouraged to strive to prevent fractures, even
though the incidence of fracture is relatively low.

Low peak bone mass is known to be a critical determinant of
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Fig. 2. Mean bone mineral densities (BMDs) at the lumbar spine and hip in the 3 gestational weight gain (GWG) groups. Data are presented as means; vertical bars show the
95% confidence intervals. At both sites, the BMD tended to increase as the GWG increased (both P < 0.001, ANOVA test). Post hoc analysis revealed significant differences in

BMD at both sites between the different GWG groups (all P < 0.05).

postmenopausal osteoporosis (2). Since pregnancy is an im-
portant condition that may lower bone density in young wom-
en, it is necessary to identify pregnant or puerperal women at
risk for low BMD not only for preventing fracture during the
puerperal period, but also for suppressing the subsequent de-
velopment of osteoporosis later in life. In this study, low pre-
pregnancy BMI and inadequate GWG were found to be impor-
tant risk factors for low BMD. A number of studies have report-
ed that low BMI is significantly associated with low BMD (17,18).
The present study extends these findings and suggests that BMI
impacts bone density even in pregnant women. As women who
have a low BMI before they become pregnant are likely to have
low BMD during pregnancy, they should be more concerned
about achieving optimal GWG during pregnancy. Also regular
exercise and healthy eating may be helpful for bone health.

Obesity appeared to be protective against low BMD in this
study. Pregnant women with normal BMI had an increased risk
for low BMD compared with obese pregnant women at an odds
ratio of 1.94. However, the relationship between obesity and low
BMD has been quite controversial so far (19,20). Body weight is
made up oflean mass and fat mass and fat mass per whole body
weight is suggested to be negatively associated with BMD (21).
This retrospective study did not analyze the effect of lean mass
and fat mass on the BMD. Further study about the influence of
body composition on the BMD during pregnancy will be nec-
essary.

This is also the first study to indicate that achieving the opti-
mal weight gain during pregnancy is important for maintaining
a healthy BMD in pregnant women. For pregnant women, in-
adequate GWG indicates that the calorie intake is lower than
required, which may be associated with low dietary calcium in-
take if calcium supplements were not taken. For the develop-

1794  http://jkms.org

ment of the fetal skeleton, 30 g of calcium is required over the
course of pregnancy (3). This requirement is mainly met through
an increased calcium intake, the doubling of maternal intesti-
nal calcium absorption, increased skeletal resorption, and in-
creased renal mineral conservation (3,4). Accordingly, low di-
etary calcium intake can induce excessive resorption of calcium
from the skeleton, and may cause severe loss of maternal bone
mineral content during pregnancy.

An increased calcium intake is expected to have a positive ef-
fect on maternal bone mineral content. Previous studies have
suggested that daily intake of a calcium supplement can decre-
ase the levels of bone resorption markers and increase postpar-
tum lumbar BMD (22,23). However, the effect of calcium intake
on BMD was difficult to analyze in the present study because
daily calcium intake was not recorded. Breastfeeding is also
known to be a risk factor for low BMD (3,4). The univariate anal-
ysis performed in the present study revealed that the risk of low
BMD was significantly higher in the exclusively breastfeeding
group. However, after adjusting the analysis according to pre-
pregnancy BMI and GWG, breastfeeding did not have a signifi-
cant effect on BMD. Considering the present study analyzed
women within six weeks of delivery, any conclusions that can
be drawn regarding the effect of breastfeeding on BMD are some-
what limited.

Although the present study did not identify the precise cause
underlying the high prevalence of low BMD in puerperal wom-
en, the possibility of ethnic effects should be considered. Obe-
sity rates of Korea are among the lowest in the OECD (24). Al-
though relatively strict obesity criteria for Asia were applied in
the present study, a relatively high percent (17.0%) of women
were underweight at pre-pregnancy, whereas the rate of obesity
was relatively low (7.4%). Korean women generally prefer to
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manage weight through diet control, even during pregnancy. In
addition, Koreans get less dietary calcium from meals than West-
erners do (25). These ethnic characteristics of Koreans may con-
tribute to the high prevalence of low BMI in this study. To com-
prehensively understand the BMD characteristics of puerperal
women, further studies of different ethnicities are required.

Also, our data do not necessarily imply that pregnancy itself
is a significant risk factor for low BMD in puerperal women. Since
pre-pregnancy BMD measurements were not performed for
the subjects in our study group, we cannot exclude the possibil-
ity that they had already had low BMD at pre-pregnancy. More-
ovey, it is difficult to tell whether low BMD in the puerperal pe-
riod is reversible and whether it affects peak bone mass. How-
ever, this study did identify a high prevalence of low BMD in
puerperal women and thus highlights the need for interest in
bone health when caring for pregnant or puerperal women, re-
gardless of whether low BMD is caused by pregnancy.

The major finding of the present study was that approximate-
ly 36% of all puerperal women had low BMD and the risk of low
BMD was higher when pre-pregnancy BMI was low and when
the recommended GWG was not attained. Our study implies
that women with an elevated risk for low BMD should be en-
couraged to achieve optimal weight gain and carefully guard
against falls and fractures during pregnancy. Further studies of
women of different ethnicities during the prenatal and postna-
tal periods are necessary to determine the extent to which our
findings are broadly applicable.
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