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Abstract: Objective: To explore the relationship between these factors and pregnancy complications, adverse preg-
nancy outcomes, and fetal growth, and to provide a reference for the reasonable supplementation of vitamin D in
pregnant women in Chongging, China. Methods: 267 pregnant women participated in our study from 2016 to 2018.
The patients were divided into two groups according to their complications and adverse outcomes. They were divided
into the healthy group (group A) and the group with pregnancy complications and adverse outcomes (group B). The
clinical information and B-ultrasound data of the pregnant women were collected. 25(0H)D was done and the pE3
levels were tested in the second trimester to calculate the yE3 multiple of the medians of the MOM values. Results:
The Serum 25(0OH)D level was negatively correlated with adverse pregnancy outcomes (r=-0.121, P=0.048). There
was a negative correlation between 25(0H)D level and 38w-39w6d fetal abdominal circumference (P=0.012), and
there was a positive correlation with fetal birth length. The YE3 level in the placental adhesion group was different
from the level in the healthy group (P=0.044). yE3 and yE3 MOM were independent influencing factors of placental
adhesion (P=0.003, OR=0.02), (P=0.004, OR=31.244). The yE3 MOM value in the gestational diabetes group was
different from the value in the healthy group (P=0.022). There was a significant difference in the yE3 MOM value
between the amniotic fluid index >8 cm group and the < 8 cm group (P=0.030). A statistical difference existed in the
level of HE3 between grade Ill and grade Il in placental maturity (P=0.011). The uE3 level was positively correlated
with the biparietal diameter and with the femur length of the 15w-17w fetus (P=0.001), and negatively correlated
with the biparietal diameter and femur length of the 33w-35w6d (P=0.022). The yE3 MOM value was negatively
correlated with the 33w-35w6d fetal biparietal diameter (P=0.020) and head circumference (P=0.042). Conclusion:
The levels of 25(0OH)D, pE3, and uE3 MOM are related to fetal growth. 25(0H)D, pE3, and yE3 MOM values have
positive effects on preventing pregnancy complications and adverse outcomes.
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Introduction

Vitamin D deficiency is a global problem and is
common in the general population. According
to published studies, pregnant women in the
United Kingdom, India, Greece, Australia, New
Zealand [1-4], and other countries generally
lack vitamin D. The proportion of the pregnant
women with serum vitamin D sufficiency in Bei-
jing, Shanghai, Guizhou, Anhui and other places
is also less than 10% [5-8]. The classic function
of vitamin D is to regulate calcium and phos-

phorus metabolism [9]. Recent studies have
shown that vitamin D plays an important role in
other physiological processes and is associat-
ed with various diseases such as immune regu-
lation, infection, cardiovascular disease, and
cancer [10, 11]. The level of vitamin D during
pregnancy may play an important role in mater-
nal health and fetal development [12, 13]. Free
estriol (UE3) is a metabolite of estradiol that
can be used to determine placental function
and predict fetal status. Some studies have
found that a low maternal uk3 level in the sec-
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ond trimester is associated with fetal growth
restriction, preterm birth, and decreased birth
weight [14].

By investigating the status of vitamin D and
ME3 in pregnant women living in Chongging,
this study aimed to explore the effects of serum
vitamin D, pE3, and yE3 MOM levels on preg-
nancy complications, delivery outcomes, and
fetal growth.

Material and methods
General information

The women who were routinely examined and
delivered in the obstetrics department of Fifth
People’s Hospital of Chongging from 2016 to
2018 were selected for this retrospective study.

Inclusion criteria: Pregnant women 12 to 55
years of age who were routinely examined and
who delivered in the obstetrics department of
Fifth People’s Hospital of Chongging. The exclu-
sion criteria were: Patients diagnosed with li-
ver or kidney dysfunction, rickets, patients who
were malnourished, etc. Other examination da-
ta were incomplete. The patient’s basic infor-
mation included age, gestational complicati-
ons, and adverse outcomes, B-ultrasound data
of the fetal growth index for each pregnancy,
the last B-ultrasound data of the amniotic fluid
index and placental maturity before delivery,
and birth weight and length. The information
was obtained from the patients’ medical re-
cords. The gestational complications or adver-
se outcomes evaluated in this study included
gestational diabetes, gestational hypertension,
hypothyroidism during pregnancy, thrombocy-
topenia during pregnancy, postpartum hemor-
rhage, premature rupture of membranes, intra-
uterine distress, placental adhesions, and so
on. The patients were divided into two groups
according to their complications and adverse
outcomes. In the healthy group (group A), the
patients had a good pregnancy outcome. In the
pregnancy complications and adverse outcom-
es group (group B), the pregnant women were
healthy before their pregnancy and had rele-
vant diseases or adverse pregnancy outcomes.
This study was approved by the Ethics Com-
mittee of Fifth People’s Hospital of Chong-
ging. All study participants provided written
informed consent before participating in the
study.
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Methods

All pregnant women received health education
and guidance for clinical nutrition during the
perinatal period, and 4 ml fasting blood was
taken in the morning for a laboratory analysis.
All pregnant women’s PE3 levels were mea-
sured in the second trimester, and the pE3
MOM value was calculated, which is the ratio of
the serum PE3 level to the median serum PE3
level in normal pregnant women at the same
gestational age. 25(0H)D level was also rou-
tinely tested.

Instruments and reagents

25(0H)D was tested using Siemens’ ADVIA Cen-
taur XP automatic chemiluminometer. In brief,
an antibody to 25(0H)D is precoated onto a
microtiterplate, and serum samples and cali-
brators are added. Free 25(0OH)D is captured
during this first incubation step, and after wash-
ing, a second incubation with a biotin-labeled
25(0H)D analog reacts with non-occupied anti-
body binding sites (a competitive immunoas-
say). Finally, after washing and incubating with
a streptavidin-peroxidase conjugate, the absor-
bance (at 450 nm) is measured by using a plate
spectrophotometer, where the concentration of
free 25(0H)D in the sample is inversely propor-
tional to the absorbance in each sample well.
The assay calibration was done against a sym-
metric dialysis method. The original kit from
Siemens was used. The yE3 was tested using a
Beckman ACCESS2 automatic chemiluminom-
eter. The original kit of Beckman Coulter was
used. The reagents were used within the validi-
ty period, and the quality control products of
Bole Company of the United States were used
for the daily quality control monitoring.

Reference range

Vitamin D deficiency was defined as serum
25(0H)D concentration < 20 ng/ml. Vitamin D
insufficiency was defined as serum 25(0OH)D
concentration > 20 ng/ml and < 29 ng/ml. The
sufficiency was defined when the serum 25(0H)
D level was greater than 30 ng/ml. Vitamin D
was considered excessive when the serum
25(0H)D level > 100 ng/ml.

Statistical analysis

The statistical analysis was performed using
SPSS 23.0 software. A t-test was used for the
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Table 1. The relationship of 25(0H)D, uE3, and yE3 MOM levels between the adverse outcome and
healthy groups

25(0H)D ME3 ME3 MOM

Group _ - .

X+S P X+S P X+S P
Healthy group (group A) 12.88+7.02 1.71+£0.76 1.48+0.53
Adverse outcome group (group B) 12.38+7.61* 0.048* 1.65+0.58 0.958 1.55+0.51 0.18
Gestational diabetes 11.65+7.66* 0.037* 1.45+0.55 0.08 1.43+0.46* 0.022*
Hypothyroidism 12.77+6.47 0.944 1.83+0.72 0.501 1.68+0.49 0.815
Thrombocytopenia 9.02+3.48 0.073 1.54+0.35 0.643 1.40+0.26 0.181
Postpartum hemorrhage 10.68+6.12 0.084 1.81+0.66 0.486 1.53+0.44 0.37
Premature rupture of membranes 12.88+6.54 0.788 1.72+0.59 0.44 1.61+0.59 0.713
Fetal intrauterine distress 9.53+4.69* 0.031* 1.56+0.61 0.744 1.56+0.65 0.534
Placental adhesion 17.03+11.15 0.93 1.28+0.45* 0.044* 1.5+0.58 0.403

Note: *P < 0.05 indicates statistically significant compared with the healthy group.

normal distribution of the measurement data. A
Wilcoxon signed-rand test was used for the
data that did not satisfy the normal distribu-
tion. The relationship between the factors and
adverse pregnancy outcomes was analyzed us-
ing a multivariate logistic regression analysis.
The Spearman rank correlation analysis me-
thod was used. An F test was used for the mul-
tiple sets of measurement data, and the post-
test LSD method was used for the comparisons
between groups.

Results

The basic results between the adverse out-
come group and healthy group

A total of 267 pregnant women were enrolled in
the study, including 131 (49.1%) in the healthy
group (A) and 136 (50.9%) in the adverse out-
come group (group B). The patients ranged
from 17 to 36 years old (27.04+3.25). Four of
them were younger than 21 years old, 262 were
22-34 years old, and one was over 35 years
old.

The overall levels of 25(0H)D, uE3, and uE3
MOM in pregnant women

Among the 267 pregnant women, the serum
25(0H)D ranged from 4.2 to 51.6 ng/ml. 86.5%
(231/267) of the patients had a vitamin D defi-
ciency, and 11.2% (32/267) patients had a
vitamin D insufficiency. 2.2% (6/267) cases
were adequate in vitamin D. There was no vita-
min D excess in the pregnant women. The re-
sults of this study showed that 97.8% of preg-
nant women had 25(0H)D deficiency. In Group
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A, 88.55% (116/131) patients had 25(0H)D de-
ficiency, 9.92% (13/131) patients had 25(0H)D
insufficiency. 1.53% (2/131) cases were ade-
quate in 25(0H)D, of which the 25(0OH)D con-
centrations were greater than 40 ng/ml. In
group B, 113 cases (83.1%) were deficient in
25(0H)D, 19 cases (14%) were insufficient in
25(0H)D, and 4 cases (2.9%) were sufficient in
25(0H)D. No case in group B had 25(0H)D
concentration greater than 40 ng/ml. Overall,
48.9% of pregnant women with 25(0OH)D defi-
ciency and 59.4% with 25(0OH)D insufficiency
had pregnancy complications or adverse out-
comes.

The serum PE3 concentrations of the pregnant
women ranged from 0.41 to 4.8 mmol/L, and
the yE3 MOM value ranged from 0.41 to 3.6.
The yE3 MOM value of less than 0.5 was found
in 2 cases (0.7%), with one case in group A and
one in group B.

Comparison of 25(0H)D, uE3, and uE3 MOM
levels between the adverse outcome and
healthy groups

Wilcoxon signed-rand test (Table 1): The results
showed that there was a difference of 25 (OH)D
concentration between group B, the gestation-
al diabetes group and the healthy group (group
A) (P <0.05). The differences between the hypo-
thyroidism group, the placental adhesion group,
the thrombocytopenia group, and the postpar-
tum hemorrhage group were not statistically
significant.

The differences in yE3 concentration and pE3
MOM between group A and group B were not
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Table 2. The correlation between 25(0H)
D, uE3, and uE3 MOM levels and adverse
outcomes

Factor r P

25(0H)D -0.121 0.048
ME3 -0.003 0.958
MOM 0.078 0.201

Adverse mean: Gestational diabetes, Hypothyroidism,
Thrombocytopenia, Postpartum hemorrhage, Prema-
ture rupture of membranes, Fetal intrauterine distress,
Placental adhesion.

Table 3. Relationship between 25(0H)D3,
ME3, HNE3 MOM levels and amniotic fluid index
Group 25(0H)D, ME3 ME3 MOM
>8cm 12.77+7.42 1.65+0.66 1.51+0.54
<8cm 10.12+4.10 1.82+0.61 1.77+0.47
t 1.681 -1.136 -2.188

P 0.094 0.257 0.030

statistically significant. However, the yE3 con-
centrations in the placenta adhesion group and
the uE3 MOM levels in the gestational diabetes
group were different from those in group A (P <
0.05).

Spearman correlation test: A Spearman corre-
lation analysis was used to determine the rela-
tionship between the maternal 25(0H)D, UE3,
and uE3 MOM levels and gestational complica-
tions or adverse outcomes (Table 2). The analy-
sis showed that only 25(0OH)D had a negative
correlation with adverse pregnancy outcomes
(r=-0.121, P < 0.05).

Multi-factor logistic regression analysis: The
healthy group was the control group, and the
gestational diabetes group was the disease
group. A multivariate logistic regression analy-
sis was performed with 25(0H)D, pE3, and pE3
MOM as independent variables. The results
showed that 25(0H)D, uE3, and yE3 MOM were
not the independent influencing factors (P >
0.05).

The healthy group was the control group and
the placenta adhesion group was the disease
group. A multivariate logistic regression analy-
sis was performed with VD, yE3, and yE3 MOM
as independent variables. The results showed
that VD was not an independent influencing
factor (P > 0.05). yE3 and pE3 MOM were
the independent influencing factors (P=0.003,
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OR=0.02), (P=0.004, OR=31.244), indicating
that the lower the they are, the more likely the
placental adhesion will occur.

The relationship between 25(0H)D, uE3, UE3
MOM and the amniotic fluid index

According to the amniotic fluid index of the last
B-ultrasound before delivery, all the patients
were divided into two groups, the index < 8 cm
and the >8 cm groups. The data accorded with
a normal distribution. A t test was used to ana-
lyze the differences in 25(0OH)D, yE3, and MOM
between the two groups. The results showed
that the expression level of yJE3 MOM in the
amniotic fluid index =8 cm group was signifi-
cantly lower than it was in the < 8 cm group (P
< 0.05) (Table 3).

The relationship between 25(0H)D, uE3, uE3
MOM and placental maturity

According to the placental maturity of the last
B-ultrasound before delivery, the pregnant wo-
men were divided into three groups (Grade I,
Grade Il, and Grade lll). An F-test was used for
the multi-group measurement data that con-
formed to the normal distribution, and the post-
test LSD method was used for the comparisons
between groups. It was found that only yE3 was
significantly different in terms of placental
maturity between grades Ill and Il (Table 4).

The relationship between 25(0H)D, uE3, uE3
MOM and the fetal growth index

A Spearman rank correlation analysis was used
to find the association between double top
diameter and head-hip diameter at 10-14 we-
eks of pregnancy, double top diameter and fe-
mur length at 15-17 weeks, biparietal diameter,
head circumference, abdominal circumference,
tibia length, femur length, and body length at
28-30 weeks, 33-35+6 weeks, 38+39+6 wee-
ks, and body weight at birth with 25(0H)D, pE3,
and yE3 MOM.

The results showed that 25(0H)D was negative-
ly correlated with the fetal circumference of
38-39+6 weeks, and positively correlated with
the birth length of the fetus. The level of NE3
was positively correlated with the biparietal
diameter and femur length of the fetus at 15-17
weeks of pregnancy. There was a negative cor-
relation between the bimodal diameter of the
fetus and the length of the femur at-35+6 wee-
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caused by various factors in the process
will induce diverse complications such as

Table 4. The relationship between 25(0H)D, pE3,
ME3 MOM and placental maturity

_ 25(0H)D gestational diabetes, pregnancy-induced hy-

Placental maturity =, WE3 MOM pertension, and can eventually lead to fetal

Grade | 9.72¢3.61 1.61+0.36 1.21:0.43  distress, the premature rupture of mem-

Grade Il 12.04+6.02 1.84:0.7 158:053  Pranes, postpartum hemorrhage and other

Grade Il 12.4247.06 1.56+0.56% 1.49+0.5 adverse outcomes. Among the 267 preg-

F 0.508 4.608 1896 nant women included in the study, more

’ ' ' than half (136 cases) of the patients had

P 0',6(_)3 - __0'011 O'_153 gestational complications or adverse preg-
Note: *P < 0.05 means statistically significant compared with .

grade I, nancy outcomes. It was too late to inter-

ks. The level of uE3 MOM was negatively cor-
related with the biparietal diameter and head
circumference of 33-35+6 weeks. The differ-
ences were statistically significant (P < 0.05)
(Table 5).

Taking 25(0H)D as the dependent variable, the
relevant index was selected as the indepen-
dent variable for the multiple linear correlation
analysis. It was found that only the 38w-39w6d
abdominal circumference had a negative rela-
tionship with 25(0H)D. Taking uE3 as the de-
pendent variable and selecting the relevant
index as the independent variable to do a mul-
tiple linear correlation analysis, it was found
that the 15w-17w double top diameter had a
certain positive relationship with the pE3.
33w-35w6d double top diameter and had a
certain negative relationship with yE3. Taking
ME3 MOM as the dependent variable and
selecting the relevant index as the indepen-
dent variable for the multiple linear correlation
analysis, it was found that no index was associ-
ated with yE3 MOM.

Discussion

As a special population, pregnant women have
an uneven nutritional intake during pregnancy.
More protein-rich, high-calorie food is con-
sumed, and the amount of exercise during
pregnancy is greatly reduced, leading to weight
gain in pregnant women. During pregnancy,
both the mother and child experience tremen-
dous growth and physiological changes. The
fetus and accessory tissues are foreign bodies
for the mother. In order not to exclude these
useful foreign bodies, the mother’'s immune
surveillance system must be adjusted to en-
sure tolerance to these foreign proteins from
the paternal line, so that it protects them fr-
om immune damage. An immune imbalance
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vene when these gestational complications

or adverse outcomes occurred. The health
of the mothers and children should be given
a high priority. Therefore, using simple serum
markers for prediction before complications or
adverse outcomes and carrying on early inter-
vention are important steps to take in avoiding
or reducing the occurrence of pregnancy com-
plications or adverse outcomes.

In China, pregnant women generally exercise
less, have an increased awareness of sun pro-
tection, and have a lack of awareness of addi-
tional vitamin D supplementation. It leads to a
prevalence of vitamin D deficiency in pregnant
women. According to relevant statistical data,
the proportion of vitamin D deficiency in Beijing,
Shanghai, and Guizhou is above 90%. The
results in this study showed that the proportion
of vitamin D deficiency in pregnant women in
Chongqing reaches 97.8%. It is especially im-
portant for pregnant women to supplement
vitamin D in Chongging. We should not only pay
attention to nutritional supplements from pre-
pregnancy to pregnancy, but we should also
pay attention to the supplements throughout
women’s gestational age. Studies have shown
that 20 ng/ml circulating 25(0H)D can meet
human physiological needs [15]. However, The
Endocrine Society believes that the concentra-
tion should be at least 30 ng/ml [16], while the
circulating 25(0OH)D level is required to reach
40 ng/ml during pregnancy [17]. At present,
there is still controversy about the amount of
vitamin D supplementation. Some experts rec-
ommend that pregnant women and lactating
women supplement with 600 IU per day, while
some suggested that 1000-2000 IU should be
added every day [18], and some other people
suggested 4000 IU per day. In addition to the
recommended daily supplement, the vitamin D
content in the blood should also be measured
to determine the actual deficiency of vitamin D
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Table 5. The Relationship between 25(0H)D, pE3, JE3 MOM and the fetal growth index

25(0H)D ME3 MOM
r P r P r P
10w-14w Double top diameter 0.069 0.481 0.074 0.450 0.030 0.756
10w-14w Head-hip diameter 0.05 0.619 0.099 0.330 -0.080 0.429
15w-17w Femur top diameter 0.098 0.158 0.429* 0.001 0.044 0.523
15w-17w Femur length 0.063 0.369 0.372* 0.001 0.024 0.730
28w-30w Double top diameter 0.177 0.052 0.026 0.779 -0.062 0.499
28w-30w Head circumference 0.148 0.105 0.100 0.273 0.060 0.513
28w-30w Abdominal circumference 0.077 0.399 0.019 0.834 -0.007 0.941
28w-30w Humerus 0.113 0.217 -0.035 0.702 -0.007 0.941
28w-30w Femur 0.146 0.107 -0.019 0.834 -0.024 0.796
33w-35w6d Double top diameter 0.089 0.481 -0.285* 0.022 -0.288* 0.020
33w-35w6d Head circumference 0.186 0.138 -0.229 0.067 -0.253* 0.042
33w-35w6d Abdominal circumference 0.056 0.656 -0.188 0.134 -0.097 0.442
33w-35w6d Humerus 0.122 0.333 -0.137 0.277 -0.113 0.369
33w-35w6d Femur 0.140 0.266 -0.276* 0.026 -0.167 0.183
36w-37w6d Double top diameter 0.038 0.661 -0.043 0.617 -0.023 0.790
36w-37w6d Head circumference -0.028 0.746 -0.130 0.128 -0.040 0.644
36w-37w6d Abdominal circumference -0.111 0.195 -0.005 0.952 0.088 0.306
36w-37w6d Humerus -0.087 0.310 0.011 0.898 0.044 0.610
36w-37w6d Femur 0.072 0.399 0.028 0.744 0.069 0.424
38w-39w6d Double top diameter -0.044 0.620 -0.006 0.947 -0.026 0.773
38w-39w6d Head circumference -0.068 0.443 -0.010 0.908 0.020 0.819
38w-39w6d Abdominal circumference  -0.221* 0.012 -0.066 0.460 -0.042 0.638
38w-39w6d Humerus -0.059 0.504 -0.087 0.329 -0.021 0.811
38w-39w6d Femur 0.031 0.731 -0.099 0.262 0.014 0.873
Gestational age -0.011 0.862 -0.092 0.133 -0.040 0.514
Birth length 0.125* 0.041 -0.077 0.211 -0.025 0.685
Birth weight 0.012 0.851 -0.109 0.076 -0.083 0.180

Note: *P < 0.05 indicates that the correlation coefficient is statistically significant.

and to assess the sufficiency of vitamin D su-
pplementation.

Vitamin D plays a role in low-intensity chronic
inflammation and type 2 diabetes (TD2M) insu-
lin resistance. Insulin resistance and low-inten-
sity chronic inflammation are risk factors for
TD2M, so the status of vitamin D is related to
the occurrence of TD2M. Estriol is a weak estro-
gen agonist which increases weight and resists
insulin in pregnant women. These changes pro-
mote gestational diabetes. In this study, the
25(0H)D, uE3, and yE3 MOM values of patients
with gestational diabetes were lower than tho-
se of the healthy controls. yE3 MOM was more
meaningful than uE3. Therefore, people with a
slightly lower MOM value of 25(0H)D and pE3
should pay special attention to the risk of devel-
oping gestational diabetes, which can be used
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as a monitoring indicator for high-risk pregnant
women. Intrauterine distress is an important
indicator of caesarean section. This study fo-
und that the level of 25(0H)D in pregnant wo-
men with intrauterine distress was significantly
lower than it is in healthy pregnant women.
Therefore, those with low 25(0H)D levels should
pay attention to the risk of intrauterine distress.
Some researchers believe that the level of NE3
in the second trimester is not related to adverse
pregnancy outcomes [19]. This study also con-
firmed this view, but yE3’s low level increases
the risk of gestational diabetes. There was also
a significant decrease in yE3 in pregnant wo-
men with placental adhesions, and YE3 is an
independent risk factor for placental adhe-
sions. There are also reports of an increased
risk of the premature rupture of membranes in
pregnant women with abnormal levels of YE3
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[20], but no similar results were found in this
study. It is possible that the level of yE3 MOM
in pregnant women involved in this study was
no less than 0.4, resulting in a difference in the
final results.

The level of amniotic fluid index is an important
indicator of B-ultrasound monitoring in the third
trimester of pregnancy. Too little amniotic fluid
can lead to intrauterine hypoxia and adverse
pregnancy outcomes. This study found that the
ME3 MOM value of the pregnant women with
less than an 8 cm amniotic fluid index was sig-
nificantly higher than that of the higher than 8
cm amniotic fluid index pregnant women. The-
refore, the risk of amniotic fluid reduction can
be predicted by the mid-pregnancy yE3 MOM
value, so that measures can be taken in ad-
vance to reduce the occurrence of fetal hypoxia
caused by low amniotic fluid and avoid the
forced termination of pregnancy due to less
amniotic fluid. The placenta is an important
organ for maternal and child substance ex-
change. Its maturity affects the exchange of
nutrients. The ability of the grade Ill placenta to
transport oxygen and nutrients is reduced,
which is unfavorable for fetal development.
Fetal development in pregnant women with pla-
cental maturity grade 1l before 37 weeks of
gestation may be affected specially. This study
found that pregnant women with a placental
maturity of grade Ill had lower levels of mid-
pregnancy UE3 than those with a maturity of
grade Il, so the level of placental development
can be assessed by the level of yE3 in the sec-
ond trimester.

In early pregnancy, bones and muscles begin to
grow, including the formation of the arms, legs,
vertebrae, and neck. In the third trimester,
fetuses primarily gain weight through the accu-
mulation of fat mass and bone density [21].
The results of this study showed that the levels
of yE3 and pE3 MOM in the second trimester
(15-17 weeks) were positively correlated with
the biparietal diameter and femur length of the
fetus during the same period. Therefore, fetal
growth can be assessed by simultaneous PYE3
and uE3 MOM levels. At 34 weeks of gestation,
the femoral head is ossified. During this period,
fetal bone age can be confirmed using a fetal
femur to determine whether fetal growth meets
gestational age. This study found that fetal
femur length was positively correlated with the
25(0H)D level, but the difference was not obvi-
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ous. The double top diameter and femur leng-
th were significantly negatively correlated with
ME3, and the double top diameter and head cir-
cumference were significantly negatively corre-
lated with the yE3 MOM level. Therefore, the
early prediction of fetal growth can be made by
the mid-pregnancy yE3 and yE3 MOM levels. At
38w-39w6d, the fetal abdominal circumfer-
ence was significantly negatively correlated
with 25(0OH)D level. Vitamin D probably has
some effect on improving maternal blood glu-
cose and insulin homeostasis which inhibit the
fetal overgrowth in the third trimester of preg-
nancy. As a result, the pregnant woman with
higher 25(0H)D levels have fetuses with small-
er abdominal circumferences. At the time of
birth, the length of the fetus is significantly
positively correlated with the level of 25(0H)D
during pregnancy. The higher the 25(0H)D level,
the higher the birth length of the fetus.

In summary, this study shows that vitamin D
deficiency or insufficiency in pregnant women
in Chongging is very common. Vitamin D, puE3,
and uE3 MOM levels are closely related to preg-
nancy complications, fetal growth, and adverse
pregnancy outcomes. In pregnant women’s
pregnancy care, in addition to supplementing
the effective concentration of vitamin D, vita-
min D, yE3, and yE3 MOM can be used as a
serological indicator to predict the occurrence
of pregnancy and adverse pregnancy out-
comes. They can facilitate intervention and
improve the quality of maternal and child health
in advance.
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