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Background: This study was conducted to observe the prevalence of vitamin D deficien-
cy during pregnancy and the effects of maternal 25-hydroxy-vitamin D (25-[OH]D) levels 
on fetal bone growth. Methods: Five hundred twenty-three Korean pregnant women 
were randomly recruited and serum 25-(OH)D level was measured. During pregnancy, 
fetal ultrasonography and serum 25-(OH)D measurements were carried out 3 times in 
275 of 523 pregnant women. Fetal biparietal and occipitofrontal diameter, head and 
abdo minal circumference, and femur and humerus length were measured through fetal 
ultrasonography. Results: The prevalence of vitamin D deficiency (25-[OH]D<20 ng/mL) 
based on the 1st serum measurement of 25-(OH)D was 88.9%. There was no association 
between maternal serum 25-(OH)D level and fetal bone growth. In 275 pregnant wom-
en who completed study design, the mean value of 25-(OH)D was 12.97±5.93, 19.12± 
9.82, and 19.60±9.98 ng/mL at 12 to 14, 20 to 22, and 32 to 34 weeks of pregnancy, re-
spectively and there was an association between the difference of serum 25-(OH)D level 
between 12 to 14 and 20 to 22 weeks and growth velocity of fetal biparietal diameter 
between 20 to 22 and 32 to 34 weeks of pregnancy. Conclusions: This study shows a 
high prevalence of vitamin D deficiency in Korean pregnant women and the change of 
serum 25-(OH)D levels is related with the growth of fetal biparietal diameter, however 
other parameters are not associated with serum 25-(OH)D levels.
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INTRODUCTION

Vitamin D has an important role in bone metabolism and also in non-skeletal 
systems such as muscle, immunefunction, cardiovascular system, insulin metabo-
lism, and skin.[1,2] Maternal vitamin D inadequacy may have adverse effects on 
the mother and the offspring.[3-5] Suboptimal maternal vitamin D status is asso-
ciated with several adverse pregnancy outcomes, including pre-eclampsia,[6] fe-
tal growth retardation, preterm labor,[7] increased rate of primary cesarean sec-
tion [8] and gestational diabetes mellitus (GDM).[9] Although optimal vitamin D 
status is important during pregnancy, the cutoff for optimal serum 25-hydroxy-vi-
tamin D (25-[OH]D) levels during pregnancy remains controversial. At present, it is 
assumed that the optimal levels in pregnancy are the same as in the general pop-
ulation.[10,11] Despite the reported high prevalence of deficiency and the possi-
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ble consequences, the desired optimal level for pregnant 
women, the amount of vitamin D intake required to main-
tain adequate levels and the role of vitamin D during preg-
nancy are poorly do cumented.[12,13] 

Although vitamin D deficiency among pregnant women 
is common worldwide, data regarding the prevalence of 
vitamin D deficiency and the effects that it has on fetuses 
in Korea are sparse. We prospectively observed the preva-
lence of vitamin D deficiency, and the association between 
the changes in serum 25-(OH)D during pregnancy and the 
effects of serum 25-(OH)D levels on fetal bone growth.

METHODS 

1. Subjects
Early-term pregnant women who visited the Department 

of Obstetrics at Cheil General Hospital & Women’s Health-
care Center, Dankook University, were randomly recruited 
from May, 2011 to July, 2012. Five hundred twenty-three Ko-
rean pregnant women were registered after obtaining writ-
ten informed consent. Inclusion criteria were early pregnant 
Korean women who agree to participate this study. Exclu-
sion criteria for participation were 1) women who have twin 
babies as pregnancy progressed and 2) women who have 
any diseases that could affect bone metabolism.

2. Vitamin D assay
Blood samples were collected at 12 to 14 weeks, 20 to 22 

weeks, and 32 to 34 weeks for 25-(OH)D measurement. Se-
rum 25-(OH)D levels were measured using an electroche-
miluminescence immunoassay (ECLIA) method on the Ro-
che Modular Analytics E170 (Roche Diagnostics, Mannheim, 
Germany). The intra-assay coefficients of variation were 2.4% 
at 40.48 ng/mL. 

3. Fetal growth measurement
During pregnancy, fetal ultrasonography was carried out 

3 times (at 12 to 14 weeks, 20 to 22 weeks, and 32 to 34 
weeks). Fetal biparietal and occipitofrontal diameter, head 
and abdominal circumference, and femur and humerus 
length were measured through fetal ultrasonography. To 
calculate fetal growth, the differences in length between 
the 1st and 2nd and the 2nd and 3rd ultrasonographys 
were divided by the number of days between ultrasonog-
raphy examinations. Assessments were performed by ob-

stetric radiologists using a Voluson E8 ultrasound (GE Med-
ical Systems, Milwaukee, WI, USA). The ultrasonography 
and inter-sonography intervals were all based on routine 
clinical practice and not standardized as part of this study 
protocol. The study protocol was approved by the Institu-
tional Review of Board of Cheil General Hospital on January 
31, 2011 (CGH-IRB-2-11-2). 

4. Statistical methods
Analyses were performed by using SAS software, version 

9.3 (SAS Institute, Cary, NC, USA). A mixed model was ap-
plied to repeated measurements of 25-(OH)D after natural 
logarithm transformation due to non-normality. For repeat-
ed measurement of binary outcome of 25-(OH)D, the data 
was analyzed using generalized estimating equation (GEE). 
P-values were corrected by Bonferroni's method in the case 
of multiple testing, and were considered significant at 0.05. 
Data are expressed as means±standard deviation (SD). 
Comparisons between groups in 275 pregnant women who 
completed study design were performed by a two-sam-
pled t-test. Pearson correlation coefficient was used to ob-
serve the correlation between variables.

RESULTS

The study design is shown in Figure 1. Characteristics of 
enrolled pregnant women such as age, body mass index 
(BMI), seasons of blood collection, and number of delivery 
were shown in Table 1. Serum 25-(OH)D levels at the time 
of first collection did not associate with age, BMI and num-

Fig. 1. Flow of measurements for participants in this study. 275 
among 523 early pregnant women were completed the blood sam-
plings and ultrasonographys three times. 25-(OH)D, 25- hydroxy-vita-
min D. Parameters for measurement. *biparietal diameter (BPD), ab-
dominal circumference (AC); ** biparietal diameter (BPD), occipito-
frontal diameter (OFD), head circumference (HC), abdominal circum-
ference (AC) femur length (FL), humerus length (HL).
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Table 1.Characteristics of the pregnant women at the time of their 
first study enrollment

Age (yr) 33.6±3.7

BMI (kg/m2) 21.3±2.8

Seasons of blood samplinga)

   Spring
   Summer
   Fall
   Winter

26.7
39.1
11
23.2

Past delivery history (%)
   0
   1
   2
   3

55.1
39.2
5.4
0.3

a)Blood sampling for at the first 25-(OH)D measurement.
% percentage of enrolled subjects.
BMI, body mass index; 25-(OH)D, 25-hydroxy-vitamin D.

Table 2. Prevalence of maternal serum 25-(OH)D deficiency in 523 
pregnant women

Time  
   (week)

Mean
(ng/mL) SD <20 ng/mL

n (%)
≥20 ng/mL

n (%)
Total
n (%)

12-14 12.97 5.96 459 (88.9) 56 (11.1) 515 (100)

20-22 18.90a) 9.54 239 (61.0) 149 (39.0) 388 (100)

32-34 19.54a) 9.94 180 (58.6) 124 (41.4) 304 (100)

Total 16.53 8.87
a)P<0.0001, compare with 1st 25-(OH)D level.
25-(OH)D, 25-hydroxy-vitamin D; SD, standard deviation; n, number.

Table 3. Association between maternal serum 25-(OH)D and fetal growth velocity in 523 pregnant women. A mixed model was applied to re-
peated measurements of 25-(OH)D due to non-normality for statistical analysis

Pregnancy (week) 12-14 20-22 32-34 P-value

25-(OH)D (ng/mL) 12.97 (5.95) 18.90 (9.54) 19.54 (9.94)

Growth velocity (cm/day)

BPD/day 0.05 (0.00) 0.04 (0.00) >0.99

AC/day 0.17 (0.01) 0.15 (0.02) >0.99

OFD/day 0.05 (0.02) >0.99

HC/day 0.14 (0.01) >0.99

FL/day 0.03 (0.00) >0.99

HL/day 0.03 (0.00) >0.99

All values are means±standard deviation.
25-(OH)D, 25-hydroxy-vitamin D; BPD, biparietal diameter; AC, abdominal circumference; OFD, occipitofrontal diameter; HC, head circumference; FL, fe-
mur length; HL, humerus length.

ber of delivery (data not shown). In total, 515, 388 and 304 
pregnant women were carried out serum 25-(OH)D mea-
surements at 12 to 14 weeks, 20 to 22 weeks, and 32 to 34 
weeks, respectively. Four hundred thirty-nine pregnant wo-
men received a fetal ultrasonography.

The prevalence of 25-(OH)D deficiency (<20 ng/mL) dur-
ing pregnancy was 88.9% at 12 to 14 weeks of pregnancy 
in 523 pregnant women. The prevalence of vitamin D defi-
ciency decreased as pregnancy progressed. Two-hundred 
forty-eight subjects did not complete all three blood sam-
ples and ultrasonographys. The mean values of the 2nd 
and 3rd 25-(OH)D measurements were significantly differ-
ent from the 1st 25-(OH)D value, even after adjusting for 
season. Although 25-(OH)D levels at 20 to 22 and 32 to 34 
weeks were increased compared with 12 to 14 weeks, the 
overall mean level of 25-(OH)D was still below 20 ng/mL 

(Table 2).
There was no association between maternal serum 25-

(OH)D level with growth velocity of fetal biparietal and oc-
cipitofrontal diameter, head and abdominal circumference, 
femur and humerus length (Table 3). There was no differ-
ence in fetal growth between pregnant women whose se-
rum 25-(OH)D level was higher than 20 ng/mL and those 
who were 25-(OH)D deficient (Fig. 2).

Two hundred forty-five pregnant women were complet-
ed the blood samplings and untrasonograms at 12 to 14, 
20 to 22, and 32 to 34 weeks of pregnancy. The mean value 
of 25-(OH)D at 12 to 14, 20 to 22, and 32 to 34 weeks of pre-
gnancy was 12.97±5.93, 19.12±9.82, and 19.60±9.98 
ng/mL, respectively (Fig. 3). Changes of 25-(OH)D was simi-
lar to those of 523 enrolled pregnant women in this study. 
Analysis of data in 275 pregnant women showed that there 
was a negative correlation between serum 25-(OH)D level 
at 12 to 14 weeks and growth velocity of fetal biparietal di-
ameter between 20 to 22 and 32 to 34 weeks of pregnan-
cy, however, there was a positive correlation between the 
difference of serum 25-(OH)D levels between 12 to 14 and 
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20 to 22 weeks and growth velocity of fetal biparietal di-
ameter between 20 to 22 and 32 to 34 weeks of pregnancy 
(Fig. 4). Other parameters such as fetal occipitofrontal di-
ameter, head and abdominal circumference, femur and hu-
merus length were not associated with serum 25-(OH)D 
and the difference of 25-(OH)D levels during pregnancy.

DISCUSSION

Studies on vitamin D and fetal growth are still limited, 

and a recent review of maternal vitamin D and fetal growth 
in Europe and the United States did not produce consistent 
results.[14] This study prospectively observed the preva-
lence of vitamin D deficiency and the association between 
serum 25-(OH)D and fetal growth in Korean pregnant wom-
en by measuring serum 25-(OH)D and carrying out fetal ul-
trasonography three times during pregnancy. Vitamin D 
deficiency (25-[OH]D concentration <20 ng/mL) is com-
mon inpregnant women throughout the world.[12] This 
study showed that vitamin D deficiency in Korean pregnant 

Fig. 2. Comparison of fetal growth velocity between pregnant women whose serum 25-(OH)D level was higher than 20 ng/mL and those who 
were 25-(OH)D deficient. (A) No association between serum 25-(OH)D levels at 12 to 14 weeks and the growth velocity between 12 to 14 and 20 
to 22 weeks of pregnancy was observed. (B) The growth velocity between 12 to 14 and 20 to 22 weeks and between 20 to 22 and 32 to 34 weeks 
of pregnancy were not associated with serum 25-(OH)D levels at 20 to 22 weeks. (C) No association between serum 25-(OH)D levels at 32 to 34 
weeks and the growth velocity between 20 to 22 and 32 to 34 weeks of pregnancy was observed. 25-(OH)D, 25-hydroxy-vitamin D; BPD, bipari-
etal diameter; AC, abdominal circumference; OFD, occipitofrontal diameter; HC, head circumference; FL, femur length; HL, humerus length. BPD 
(1), AC(1) : growth velocity between 12-14 and 20-22 weeks of pregnancy. BPD(2), AC(2), OFD(2), HC(2), FL(2), HL(2): growth velocity between 20-
22 and 32-34 weeks of pregnancy.
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women was also common, and the prevalence was 88.9% 
at 12 to 14 weeks of pregnancy. The change in 25-(OH)D 
level exhibited during pregnancy in this study was different 
from the previous results, which reported increases,[15] 
declines [16] or no change.[17] In this study, we observed 
that serum 25-(OH)D levels increased as pregnancy pro-
gressed, after adjustment for seasonal variations, but the 
average serum level of 25-(OH)D was still lower than 20 
ng/mL. A plausible explanation is the nonclassical roles of 
vitamin D in pregnancy since the placenta is probably the 
most prominent site for extra-renal production of vitamin 
D.[18] Other probable explanation is that increasing 25-
(OH)D levels may be due to an increase in vitamin D-bind-
ing protein (DBP), since DBP binds 80% to 95% of serum 
25-(OH)D in pregnancy.[19] Further investigation is re-
quired to define an appropriate vitamin D deficiency cutoff 
and to explain the mechanism of 25-(OH)D increase during 
pregnancy.

Vitamin D deficiency is known to affect fetal bone growth 
during pregnancy.[20] Preeclampsia, gestational diabetes, 
impaired fetal growth, immune intolerance, and low birth 
weight may be related to vitamin D deficiency during preg-
nancy.[10] However, definitive evidence of the association 
between vitamin D deficiency and problems related to preg-
nancy is still lacking. We measured maternal serum 25-(OH)
D and fetal biparietal and occipitofrontal diameter, head 
and abdominal circumference, and femur and humerus 

length via ultrasonography three times during pregnancy 
and calculated fetal growth velocity in order to observe 
the association between serum 25-(OH)D and differences 
of 25-(OH)D levels at each stages of pregnancy with fetal 
growth. Since maternal vitamin D status may influence fe-
tal bone health [20,21] and the prevalence of vitamin D 
deficiency in Korean women is higher than in other rac-
es,[22] we hypothesized that the higher prevalence of vita-
min D deficiency was related to the risk of health problems 
for the mother and fetus during pregnancy. However, ma-
ternal serum 25-(OH)D levels did not affect fetal bone growth 
during pregnancy despite of the high prevalence of vita-
min D deficiency in pregnant Korean women. In contrast, a 
negative correlation between serum 25-(OH)D level at 12 
to 14 weeks and growth velocity of fetal biparietal diame-
ter between 20 to 22 and 32 to 34 weeks of pregnancy, and 
a positive correlation between the difference of serum 25-
(OH)D levels between 12 to 14 and 20 to 22 weeks and grow-
th velocity of fetal biparietal diameter between 20 to 22 
and 32 to 34 weeks were observed, we speculate that al-
though initial serum 25-(OH)D level is low, the changes of 
25-(OH)D levels between 12 to 14 and 20 to 22 weeks are 
important for growth of fetal biparietal diameter. However, 
we could not explain why other parameters such as fetal 
occipitofrontal diameter, head and abdominal circumfer-
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Fig. 3. Mean value of serum 25-(OH)D at 12 to 14, 20 to 22, 32 to 34 
weeks of pregnancy in 275 pregnant women who completed study 
design. Mean value of serum 25-(OH)D at 12 to 14 weeks was signif-
icantly different from the mean value at 20 to 22 and 32 to 34 weeks 
of pregnancy. 25-(OH)D, 25-hydroxy-vitamin D.

Fig. 4. Correlation of the difference of serum 25-(OH)D levels between 
12 to 14 and 20 to 22 weeks with the growth velocity of fetal bipari-
etal diameter between 20 to 22 and 32 to 34 weeks of pregnancy in 
275 pregnant women who completed study design. A positive corre-
lation was observed between the difference of serum 25-(OH)D lev-
els between 12 to 14 and 20 to 22 weeks and growth velocity of fetal 
biparietal diameter between 20 to 22 and 32 to 34 weeks of preg-
nancy. 25-(OH)D, 25-hydroxy-vitamin D.
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ence, and femur and humerus length were not associated 
with the changes of 25-(OH)D levels. Additional studies are 
warranted to observe the effects of 25-(OH)D on fetal growth.

We verified the relationship between vitamin D and fetal 
bone growth by using fetal ultrasonography and measured 
25-(OH)D three times from the early stage of pregnancy 
until childbirth. One of the limitations of this study is that, 
because the pregnant women in this study were recruited 
from a single hospital, the results may not be generalizable 
to all pregnant women in Korea. However, since the preg-
nant women who participated in this study were randomly 
selected from a hospital with approximately 500 deliveries 
per month, this limitation might be overcome. Secondly, 
we did not measure DBP and bioavailable 25-(OH)D. While 
different levels of total 25-(OH)D and DBP were reported 
between African Americans and whites, bioavailable 25-
(OH)D was similar,[23] thus, we could not figure out wheth-
er bioavailable 25-(OH)D level was deficient or not in this 
study subjects. Thirdly, all enrolled pregnant women did 
not complete serum 25-(OH)D measurement and ultraso-
nography three times because they missed blood sam-
pling and ultrasonography on a scheduled time without 
any health problems. Therefore, a mixed model was applied 
to repeated measurements of 25-(OH)D for statistical anal-
ysis beca use of missing data. There were 13 cases of abor-
tion among the subjects, but no correlation with vitamin D 
deficiency was observed (data not shown). And three 
women were excluded during pregnancy because of twin 
babies

In conclusion, although we did not observe any associa-
tions of maternal 25-(OH)D with fetal growth except one 
association between the changes of serum 25-(OH)D levels 
and the growth of fetal biparietal diameter despite of a high 
prevalence of vitamin D deficiency in this study, the results 
of this study should not be interpreted as suggesting that 
25-(OH)D levels are not an important determinants during 
pregnancy until future studies show new data. Further stud-
ies are necessary to define vitamin D deficiency and elucidate 
the relationship between vitamin D level and pregnancy. 
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