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cies, carbohydrate metabolism disorders, hypertensive disorders
of pregnancy, autoimmune disease, or receiving antenatal corti-
costeroid from the study cohort.
The following maternal parameters were collected : age at deliv-
ery, parity, height, body weight before pregnancy, body mass
index before pregnancy, smoking status, season at delivery, weeks
of pregnancy at delivery, and body weight gain during pregnancy.
In addition, the following neonatal parameters were collected :
birth weight, birth length, head circumference, chest circumference,
sex, Apgar scores at 1 and 5 min, and pH and base excess of the
umbilical artery at delivery. Fetal growth was measured and
compared by the fetal biparietal diameter (BPD), abdominal cir-
cumference (AC), femur length (FL), and estimated fetal weight
(EFW) assessed using ultrasonography at 18, 26, 30, and 36
weeks of gestation. EFW was calculated using the formula 1.07 ×
BPD3 + 0.30 × AC2 × FL (15). The study was approved by our
institutional review board.
All data are expressed as mean�standard deviation. Statistical
analysis of differences between groups was performed using the
IBM SPSS software package and P values�0.05 were considered
statistically significant.

RESULTS
In total, 114 cases and 228 matched controls were enrolled in this
study. The maternal baseline characteristics and pregnancy out-
comes are summarized in Table 1. There were no significant
differences in maternal baseline characteristics between the two
groups. However, the mean duration of pregnancy was significantly
(p�0.01) shorter in the hospitalization group (37.6�1.4 weeks)
than in the control group (39.0�1.1 weeks). Maternal weight gain

during pregnancy was also less in the hospitalization group (5.2�
9.1 kg) than in the control group (9.1�10.1 kg). Women in the
hospitalization group were admitted at 26.0�4.0 weeks, and the
duration of hospitalization was 68.4�26.6 days. All pregnant
women were treated with intravenous ritodrine hydrochloride and/
or magnesium sulfate (ritodrine hydrochloride : 95 women, mag-
nesium sulfate : 1 woman, ritodrine hydrochloride and magnesium
sulfate : 18 women).
Figure 1 shows the results for fetal growth at 18, 26, 30, and 36
weeks of gestation. As shown, AC at 30 and 36 weeks of gestation
and EFW at 36 weeks of gestation were significantly smaller in the
hospitalization group than in the control group (24.74�1.22 vs
25.23�1.86 cm, p = 0.03 ; 29.44�1.45 vs 30.05�1.75 cm, p�
0.01 ; and 2441.39� 260.25 vs 2535.93� 294.12 g, p � 0.01,
respectively), whereas there were no differences in BPD and FL
throughout the study period.
Overall, neonatal weight, length, head circumference, and chest
circumference at delivery were significantly smaller in the hospi-
talization group than in the control group (p = 0.01, p = 0.01, p =
0.02, and p = 0.01, respectively). However, the Apgar scores, as
well as the pH and base excess of the umbilical cord arteries, were
comparable between the groups.

DISCUSSION
We demonstrated that AC and EFW in the third trimester of
fetuses in women hospitalized for TPL were smaller than in normal
pregnant women. To our knowledge, this is the first study showing
adverse effect of prolonged hospitalization on in-utero fetal growth in
TPL.
We previously reported that, compared with control groups,

Table1 Baseline characteristics and outcomes of patients in the study

Variables Subject(n= 114) Control(n= 228) P
Maternal characteristics
Age at delivery (years) 32.5� 4.7 32.7� 5.2 0.71
Nulliparity (%) 48.2 47.8 0.94
Body height (cm) 158.0� 6.2 157.3� 5.4 0.27
Body weight before pregnancy (kg) 52.7� 9.1 52.6� 11.8 0.94
BMI before pregnancy (kg/m2) 21.1� 3.0 21.2� 4.4 0.74
Rate of smoking (%) 0 1.8 0.12
Seasonal calendar quarter at delivery
Spring 30 (26.3) 60 (26.3)
Summer 37 (32.5) 74 (32.5)
Autumn 22 (19.3) 44 (19.3)
Winter 25 (21.9) 50 (21.9)

Labor outcome
Weeks of pregnancy at delivery (weeks) 37.6� 1.4 39.0� 1.1 <0.01
Body weight gain (kg) 5.2� 9.1 9.1� 10.1 <0.01

Neonatal outcomes
Birth weight (g) 2828.4� 449.1 3050.4� 365.0 <0.01
Birth length (cm) 48.5� 2.3 49.5� 1.9 <0.01
head circumference�cm� 32.9� 1.5 33.3� 1.4 0.02
chest circumference�cm� 30.9� 1.9 32.0� 1.6 <0.01
Boys (%) 56 (44.7) 122 (49.2) 0.45
Apgar score at 1 min 8.0� 1.1 8.2� 0.8 0.05
Apgar score at 5 min 9.1� 0.5 9.1� 0.6 0.55
pH of umbilical cord artery blood 7.30� 0.06 7.30� 0.15 0.47
BE of umbilical cord artery blood −4.71� 2.76 −4.93� 2.92 0.51
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serum 25(OH)D concentration are lower in mothers treated with
hospitalization for TPL (11). Some authors have reported that
maternal low 25(OH)D levels were associated with impaired fetal
bone growth and birth weight (12-14,16). Consequently, we pre-
dicted that FL would be shorter and birth weight would be lesser in
the hospitalization for TPL group than after standard care for
normal pregnancies. However, there were no significant differences
in either FL or BPD between the groups, whereas AC and EFW
were smaller in the group treated with prolonged hospitalization.
AC mainly represents soft tissue growth and is a more sensitive
marker for fetal growth than is BPD (which mainly represents
brain development) and FL (which represents skeletal develop-
ment) (17). Ioannou et al. reported that fetal femoral volume and
femoral proximal metaphyseal diameter were positively associated
with maternal 25(OH)D (18). Moreover, Vitamin D affects both
bone resorption and formation (19), then the lack of vitamin D
cause calcification failure of the bone (20). Based on the above, the
width and/or quality of fetal bone might be more affected than
length by low maternal Vitamin D.
Neonates delivered to women with prolonged hospitalization for
TPL were smaller than those delivered to women in the control

group, having smaller weights, lengths, head circumferences, and
chest circumferences. It was difficult to say that prolonged hospi-
talization for TPL cause differences between neonates because
neonates in the hospitalization group were born at an earlier
gestational age than those in the control group. However, we
followed fetal growth using ultrasound since before hospitalization
not only at birth. There was no difference of fetal growth between
the two groups before hospitalization or early during the hospitaliza-
tion (18 and 26 weeks of gestation), but AC at 30 and 36 weeks of
gestation and EFW at 36 weeks of gestation were smaller in the
group with prolonged hospitalization. Therefore, we assumed that
prolonged hospitalization, including bed rest, adversely affects
fetal growth.
The possible cause other than low maternal vitamin D level for
smaller AC, EFW, and smaller neonates for the hospitalization
group is less maternal weight gain in the hospitalization group
than in the control group. In the study conducted by Maloni et al,
neonatal birth weight and maternal weight gain in pregnant women
treated with bed rest for various diseases were significantly lower
than their matched controls, including gestational age at birth (7).
Birth weight is positively related to the maternal weight gain.
Therefore, maternal weight gain itself might impair fetal growth.
The use of preterm labor treatment may also affect fetal growth in
the hospitalization group. Ritodrine hydrochloride is a β -adrenergic
stimulator, which thereby increases metabolism. Furthermore,
magnesium sulfate prevents calcium influx into cells depolarization
at the cell membrane. FDA states that magnesium sulfate may
lead to low calcium levels and bone breaks (21), which could affect
fetal growth.
This study has some limitations. First, the dietary intake of
mothers in both groups was not established. In the TPL group
individual dietary intake was not monitored, although a calculated
meal was served. Women in the TPL group were less active, so
their appetite might have reduced and caused insufficient food
intake. Moreover, dietary intake in control group was not assessed.
Second, there were no data about vitamin D intake or levels,

Table 2 Hospitalization data for women admitted with threatened
preterm labor

Mean�
standard

Variables deviation
Gestational age on admission (weeks) 26.0� 4.0
Duration of hospitalization 68.4� 26.6
Treatment contents
Intravenous ritodrine hydrochloride 95
Intravenous magnesium sulfate 1
Intravenous ritodrine hydrochloride + magnesium sulfate 18

Figure 1. Comparison of BPD, AC, FL, and EFW as fetal growth parameters between normal pregnant women and women treated with bed rest for
threatened premature delivery
Fetal growth was assessed by the fetal biparietal diameter (BPD), abdominal circumference (AC), femur length (FL), and estimated fetal
weight (EFW) at 18, 26, 30, and 36 weeks of gestation. Closed bar : pregnant women with bed rest for threatened premature delivery. *p�0.05
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which is important considering the knowledge that vitamin D
levels affect fetal growth. Third, our study was retrospective and
relatively small scale.
Although AC and EFW were smaller in women with prolonged
hospitalization for TPL than those in normal pregnant women, we
do not know whether these differences affect neonatal prognosis,
child development, or other risks. Low birth weight increases the
risk of developmental disorders, short stature, impaired hearing,
and epilepsy in childhood (22-23). Even after becoming an adult, it
increases cardiovascular diseases, non- insulin-dependent diabetes,
and hypertension (24-25). Thus, we need to examine long-term
prognosis of neonates born to mothers with TPL.
In conclusion, our study shows that prolonged hospitalization for
TPL is associated with an impaired growth, of AC and EFW in the
third trimester. Treatment for TPL can adversely affect fetal
growth.
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