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Abstract: Objective: To explore associations between maternal and fetal vitamin D status in preeclamptic pregnancies. Methods: A case-control experiment was carried out with proportion ratio of 1:1 (controls: n = 60 vs cases: n =
60). Blood collection of both maternal and cord were performed before and during delivery, respectively, and 25(OH)
D measurement was conducted. Difference analysis was performed according to returned data. Immunohistochemical analysis, together with semi-quantitative Western blot, was also performed to determine protein expression of
vitamin D receptor in placenta and cord tissues of ESPE. Results: Mean ± SD values of maternal 25(OH)D in control
and PE group were 38.06 ± 6.28 and 33.05 ± 4.10, respectively, and significant differences with P < 0.0001 were
found between control and PE in both continuous and categorical variables, especially in ESPE subtype (32.96 ±
4.49). The deficiency category (< 30 nmol/L) showed increased odds of PE (OR, 2.83, 95% CI, 1.32-6.08) in both
maternal 25(OH)D and cord 25(OH)D in multivariable logistic regression. Semi-quantitative analysis showed that
expression of placenta VDR in the ESPE subgroup was significantly higher than that in control group with P < 0.001,
while expression of umbilical vein VDR in ESPE subgroup was significantly higher than that in control group with P
< 0.05. Conclusions: The present study finds that lowest maternal and fetal vitamin D status in ESPE existed in the
preeclampsia subsets. The VDR expression in placenta and fetus in ESPE were higher than that of normal pregnancy, which indicated that it might be related to placenta compensatory mechanism and is worthy of further research.
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Introduction
Preeclampsia (PE) is one of the common pregnancy complications with a worldwide morbidity of 2%~8% [1]. The etiology and pathogenesis
of preeclampsia remains unclear and thus
makes it even more difficult to prevent and cure
this certain disease. Other than varied disease
doctrines, factors of dietary structures, such as
the intake of vitamin D, have become a new
research focus for the pathogenesis and preventing of preeclampsia. It is also believed that
preeclampsia is affected by seasons [2].
Studies showed that the morbidity of preeclampsia in winter is twice as much as that in
other seasons; it is possible that the lack of
sunlight exposure in winter leads to the vitamin

D insufficiency and thus causes preeclampsia
[3].
Vitamin D refers to a group of lipid-soluble steroidal derivatives which is mainly obtained from
food and exposure to ultraviolet light. Vitamin D
deficiency is commonly existed, especially in
pregnancy women and children, because of
insufficient sunlight exposure [4]. Recent studies showed that the metabolism of vitamin D
not only involved in calcium homeostasis, bone
mineralization, it also plays important role in
varied diabetes, cardiovascular diseases, cancers and autoimmune diseases [5]. Moreover,
insufficient vitamin D status has been proved to
be related to pregnancy complications such as
preeclampsia, fetal growth restriction, and ges-

Maternal and fetal vitamin D status
Table 1. Case-control characteristics
Characteristics
General characteristics
Maternal age, year
Mean ± SD
< 30
30 - < 35
≥ 35
Pregnancy Variables
Pregnancy body mass index, kg/m2 (BMI)
Mean ± SD
Normal (< 25.00)
Overweight (25.00 - < 29.99)
Obese (≥ 30.00)
Parity
Nulliparous (0)
Primiparous/multiparous (> 0)
Infant gender
Female
Male
Delivery
Vaginal
Cesarean section
Gestational weeks at delivery, week
Mean ± SD
Pregnancy blood pressure
Systolic blood pressure
Diastolic blood pressure

Control (n = 60)

PE (n = 60)

P value

29.5 ± 4.7
30 (50.0)
24 (40.0)
6 (10.0)

29.2 ± 5.0
31 (51.7)
21 (35.0)
8 (13.3)

0.73
0.78

25.99 ± 2.40
18 (30.0)
40 (66.7)
2 (3.3)

28.53 ± 3.32
6 (10.0)
40 (66.7)
14 (23.3)

< 0.0001*
0.001*

31 (51.7)
29 (48.3)

34 (56.7)
26 (43.3)

18 (30.0)
42 (70.0)

28 (46.7)
32 (53.3)

27 (45.0)
33 (55.0)

2 (3.3)
58 (96.7)

35.3 ± 2.7

35.1 ± 2.7

123.75 ± 10.12
78.68 ± 7.70

154.85 ± 17.49
103.02 ± 13.08

0.58

0.06

< 0.0001*

0.81

< 0.0001*
< 0.0001*

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables.

tational diabetes [6, 7]. Intervention studies
showed that supplement of vitamin D during
pregnancy could lower the risk of getting preeclampsia [8].
Vitamin D is biologically functioned with the
help of vitamin D receptor, which exists in both
trophoblast cells and tissues of placenta,
together with 1-α-hydroxylase, 24-hydroxylase,
CYP2R1 and vitamin D binding protein [9]. The
metabolism of vitamin D takes place mainly in
the placenta during pregnancy. The vitamin D
status of pregnant women may have deep influence on the fetal calcium status and thus
impact on the growth, intensity and density of
skeleton of infants. Vitamin D demanding is
increased during pregnancy because of fetal
calcium requirements and will also lead to the
changes of maternal 25(OH)D biological activities. Therefore, it is notable that whether mater-
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nal vitamin D status would influence fetal vitamin D status through VDR expression changes
in placenta [10].
Materials and methods
Study designing
This was a case-control study which carried out
in Wuxi Maternal and Child Health Care
Hospital, Wuxi, Jiangsu Province, China, Asia.
Participants were from urban or rural area of
the city. Pregnant women who attending their
regularly prenatal examinations in the hospital
were recruited with a proportion ratio of 1:1
(controls n = 60 vs cases n = 60) from October
2011 to December 2013. Controls and PE
patients were selected with average age of 29
and average BMI value of 27. Preeclampsia
confirmation was strictly followed the interna-
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Maternal and fetal vitamin D status
Table 2. 25-hydroxyvitamin D status and preeclampsia
Characteristics
Maternal plasma 25(OH)D concentration, nmol/L
Mean ± SD
Median (Minimum-Maximum)
Proportion
< 30
30 - < 50
≥ 50
Cord plasma 25(OH)D concentration, nmol/L
Mean ± SD
Median (Minimum-Maximum)
Proportion
< 30
30 - < 50
≥ 50

Controls (n = 60)

PE (n = 60)

38.06 ± 6.28
33.05 ± 4.10
37.46 (28.40~55.30) 32.32 (27.01~44.50)
4 (6.7)
53 (88.3)
3 (5.0)

13 (21.7)
47 (78.3)
0 (0.0)

41.49 ± 8.00
37.56 ± 7.44
40.30 (26.89~57.40) 37.56 (20.95~56.70)
2 (3.3)
48 (80.0)
10 (16.7)

10 (16.7)
47 (78.3)
3 (5.0)

P value
< 0.0001*

0.01a

0.01*

0.01*

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).

tional criteria, defined as the presence of
hypertension (SBP ≥ 140 mmHg; DBP ≥ 90
mmHg) on 2 occasions, at least 6 hours apart,
and in a woman who was normotensive before
20 weeks’ gestation and detectable proteinuria
≥ 300 mg/d or > 1 by dipstick. The control
group was considered as pregnant women
without pregnancy complications after one
week of delivery. All had assessments of hypertensive outcomes. PIH (pregnancy induced
hypertension) was defined as follows: BP ≥
140/90 mmHg only occurred during pregnancy
with negative urine protein results, and blood
pressure became normal in 12 weeks after
delivery. Demographic data and venipunctural
plasma collection were performed with consent of all participants. The blood samples of
maternal and umbilical vein were collected
before and during parturients’ delivery, respectively. Gestational age was determined according to patients’ last menstrual period, together
with ultrasound diagnosis. In order to find out
the specific relationships between preeclampsia subsets and vitamin D status, we classified
four types of preeclampsia subset, including
early onset mild preeclampsia (EMPE, n = 5),
early onset severe preeclampsia (ESPE, n =
34), late onset mild preeclampsia (LMPE, n =
13), late onset severe preeclampsia (LSPE, n =
8), and ESPE cases must meet the American
College of Obstetrics and Gynecology (ACOG)
criteria for severe preeclampsia and diagnosed
34 weeks before completed gestation [11, 12].

The study was approved by the ethics committee of Wuxi Maternal and Child Health Care
Hospital (No. 137, 2011) with signed informed
consent of all participants.
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Laboratory measurement of vitamin D concentrations
Blood samples of both maternal and cord were
collected before and during operation for delivery. Plasma samples were separated and
stored at -80°C immediately. Enzyme-linked
immunosorbent assay kit (ELISA kit, Immunodiagnostic System Inc., IDS, batch number
23409) was applied to assess the 25(OH)D
concentration according to the standard kit
protocol in triplicate for each sample.
Western blot
Placenta and umbilical vein tissues were collected during delivery. The umbilical vein tissues were immediately frozen and preserved at
-80°C. The expression of VDR protein was analyzed with western blot. Tissues to be inspected were weighed and cut into pieces and 1 mL
of precooled cell lysis buffer was added.
Tissues were slowly crushed on ice-bath followed with centrifuged at 12000 rpm/min for
30 min, supernatant was collected and quantified with Bradford method. 60 µg was used for
SDS-PAGE electrophoresis isolation and then
transferred to PVDF membrane, 6% milk was
used to block the isolated protein for 60 min.

Maternal and fetal vitamin D status
Table 3. Statistics of 25-hydroxyvitamin D status and mild and severe
preeclampsia (nmol/L)
Continuous
MPE
Control
SPE
Control
Characteristics
Maternal 25(OH)D
Proportion
< 30
30 - < 50
≥ 50
Cord 25(OH)D
Proportion
< 30
30 - < 50
≥ 50

Maternal
P value
25(OH)D
33.21 ± 3.12 < 0.0001*
38.06 ± 6.28
32.98 ± 4.48 < 0.0001*
38.06 ± 6.28
Control
MPE

Cord
25(OH)D
37.29 ± 5.91
41.49 ± 8.00
37.77 ± 8.10
41.49 ± 8.00
P value

P value
0.04*
0.02*
SPE

P value

4 (6.7)
53 (88.3)
3 (5.0)

3 (21.7)
15 (78.3)
0 (0.0)

0.43a,*

10 (21.7) 0.01a,*
32 (78.3)
0 (0.0)

2 (3.3)
48 (80.0)
10 (16.7)

3 (16.7)
15 (83.3)
0 (0.0)

0.02a,*

7 (16.7)
32 (76.2)
3 (7.1)

0.03*

results were analyzed
with semi-quantitative
methods. Instruments
applied during immunohistochemical analysis including automatic vacuum dewatering machine (AP300S, Leica, Germany),
Semiautomatic
and
heating
Microtome
(RM2245, Leica, Germany), optical microscope (OLYMPUS BX45, Japan), immunohistochemistry autostainer (DAKO Link48,
Denmark).
Statistical analyses

MPE: mild preeclampsia; SPE: severe preeclampsia. Data are presented as N. (%) or Mean
± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).

VDR primary antibodies of 1:1000 was added
and incubated for 1 h at room temperature,
second antibodies of 1:5000 was added and
incubated for 2 h at room temperature. Then
the membrane was taken out and washed with
TBST. ECL color developing agent was added
and the plate was then analyzed using Kodak in
vivo imaging instrument with β-action as internal reference. The relevant expression value of
the target protein was calculated with target
protein grey value/β-actin grey value, 3 repetitions were carried out and the average value
was obtained.
Immunohistochemistry
Placenta and umbilical vein tissues were collected during delivery and fixed in 10% formalin
followed by paraffin embedded for further
usage. Semi-quantitative analysis of VDR protein expression was carried out using immunohistochemical methods. The detailed processes are as follows: The paraffin sections were
removed paraffin, and then immersed in the
distilled water following routine methods: antigen retrieval, endogenous peroxidase inactivation, serum blocking, incubation of VDR monoclonal antibodies (1:500), washing, incubation of second antibody, color developing, and
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Demographic characteristics and clinical
features chosen to be
covariates in the study
were estimated according to previous systematic and meta-analysis reviews. Categorical
variables, including, parity (nulliparous/primiparous-multiparous), infant gender (female/
male), delivery (vaginal/cesarean section), were
collected from October 2011 to December
2013. Continuous factors were clustered into
certain levels when performing logistic regression analysis, including maternal age (< 30, 30
- < 35, ≥ 35 years), pregnancy body mass index
(normal: < 25.00; overweight: 25.00 - ≤ 29.99;
obese: ≥ 30, BMI, kg/m2), maternal and cord
plasma 25(OH)D concentrations (< 30, 30 - <
50, ≥ 50, nmol/L) [13, 14]. Vitamin D deficiency
was 25(OH)D < 30 nmol/L, vitamin D inadequacy was 25(OH)D = 30-50 nmol/L, and adequate
levels were 25(OH)D 50 nmol/L. Vitamin D status were also calculated and presented with
Mean ± SD, together with other potential
cofounders of gestational weeks at delivery
and pregnancy blood pressure.
Dichotomy method was used to valuate VDR
color developing results, according to nucleus
staining intensity and positive rate in immunohistochemical analysis. Staining intensity included: (1) unstained: 0 score; (2) light yellow: 1
score; (3) yellow: 2 scores; (4) brown: 3 scores.
Number of cell percentage in sight: (1) < 25%: 1
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Maternal and fetal vitamin D status
Table 4. Statistics of case-control characteristics and
25(OH)D status of preeclampsia subsets
Characteristics
Maternal age
Continuous
Proportion
Residence
BMI
Continuous
Proportion
Parity
Infant gender
Delivery
Gestational weeks at delivery
Pregnancy blood pressure
SBP
DBP
Maternal 25(OH)D
Continuous
Proportion
Cord 25(OH)D
Continuous
Proportion

EMPE ESPE
LMPE
LSPE
(n = 5) (n = 34) (n = 13) (n = 8)
NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

S
S
NS
NS
NS
NS

S
S
S
NS
S
S

S
S
NS
NS
S
S

NS
NS
NS
NS
S
S

S
S

S
S

S
S

S
S

S
NS

S
S

S
NS

S
NS

NS
NS

S
NS

S
S

NS
S

S represents for significant; NS represents for nonsignificant.

ables. Logistic regression was
used to test unadjusted and multivariable-adjusted models and
described the associations of
maternal and cord plasma 25(OH)
D status with preeclampsia. The
PE risk of confounding factors was
assessed with adjusted odds
ratios (OR) with 95% confidence
intervals (CI). Covariables chosen
to adjusted models were maternal
age, gestational weeks, residence,
pregnancy body mass index, parity,
delivery and infant gender.
All analyses were performed using
SPSS 19.0 (IBM Company SPSS
In., US). Graph Pad Prism 5.0 software was used for the analysis of
VDR results of placenta and umbilical vein and Mann-Whitney U test
was applied.
Results
Description of demographic characteristics and 25(OH)D status

The proportion of participants who
developed preeclampsia and norTable 5. Association analysis of maternal and cord 25(OH)D
mal pregnancies was 1:1, with n =
with preeclampsia
60 patients in the PE group and n =
Unadjusted Model Adjusted Model
60 in matched controls. The demoOR, 95% CI
OR, 95% CI
graphic characteristics and clinical
features were presented in Table
Maternal 25(OH)D (nmol/L)
1. Continuous variables were clus< 30
2.83 (1.32-6.08) 3.37 (1.26-9.01)
tered into different levels for logis30 - < 50
1.00 (reference)
1.00 (reference)
tic regression as well as proportion
≥ 50
0.70 (0.56-0.88) 0.63 (0.47-0.86)
division. Significant differences
Cord 25(OH)D (nmol/L)
were found in terms of pregnancy
< 30
3.33 (1.18-9.41) 2.06 (0.61-6.92)
body mass index (BMI, in both con30 - < 50
2.89 (1.13-7.42)▲ 1.63 (0.54-4.92)▲
tinuous and categorical variables
≥ 50
1.00 (reference)
1.00 (reference)
with P < 0.0001 and P = 0.001,
OR. Odds ratio; CI, confidence interval; Pregnancy body mass index, maternal
respectively), delivery (P < 0.0001),
age, gestational weeks,residence, parity, infant sex, delivery were used to
pregnancy blood pressure (both
adjust the model. ▲Odd ratios generated were notsignificantly associated
PSBP and PDBP < 0.0001) betwith a P > 0.1.
ween normal pregnancies and PE
group, while in terms of maternal
score; (2) 25%-50%: 2 scores; (3) > 50%: 3
age and gestational weeks, the control and PE
scores. Semi-quantitative results were calcugroup showed no significant differences.
lated using the product of the two items above
Maternal plasma 25(OH)D concentrations were
[15].
measured and presented as mean ± SD and
Student t-test was used for continuous variwere classified into three levels (< 30 nmol/L,
ables while χ2 or Fisher test for categorical vari30 - < 50 nmol/L, ≥ 50 nmol/L). Mean ± SD
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Maternal and fetal vitamin D status

Figure 1. Significant difference of vitamin D receptor
(VDR) protein expression between control and early
on-set severe preeclampsia groups in placenta (P <
0.05).

were significantly decreased at the diagnosis of
PE, compared to umbilical plasma 25(OH)D status, maternal plasma 25(OH)D status showed a
more significant difference between control
and PE group. To clarify the specific preeclampsia subsets’ characteristics, we first determined whether mild (n = 18) and severe (n =
42) preeclampsia had certain differences. In
our present study, we compared both mild preeclampsia and severe preeclampsia data with
controls, the results showed that 25(OH)D concentration of maternal and cord in both MPE
and SPE had significant differences (Table 3).
However, the severe preeclampsia group was
more sensitive with a P-value of 0.02, compared to mild preeclampsia group (P = 0.04).
EMPE, ESPE, LMPE, LSPE were then analyzed
between the cases and controls. The detailed
significance of each individual subset was presented in Table 4.
Results showed that in the four subtypes, in
terms of maternal age, infant gender, there
were no significant differences, while in terms
of pregnancy blood pressure and maternal
25(OH)D, there were significant differences
between four subtypes. ESPE subtype was the
most significant terms among all subtypes,
which was more sensitive. Early onset severe
preeclampsia (ESPE) ranked the first in the
number of items showed significant differences
between control and PE, indicating its importance in diagnosis and prevention of preeclampsia. The detailed information for each
subset was presented in Tables S1A, S1B, S1C,
S1D and S2A, S2B, S2C, S2D.

Figure 2. Significant difference of vitamin D receptor
(VDR) protein expression between control and early
on-set severe preeclampsia groups in umbilical cord
(P < 0.01).

Logistic regression analysis

Umbilical vein plasma 25(OH)D concentrations
were analyzed with the same treatment as
maternal 25(OH)D. Mean ± SD values of umbilical 25(OH)D in control and PE were 41.49 ±
8.00 and 37.56 ± 7.44, respectively. Although
both umbilical and maternal plasma 25-OH-D

Association analysis of both maternal and cord
plasma 25(OH)D concentration between normal pregnancies and preeclampsia were performed using multivariable adjusted logistic
regression. In both unadjusted and adjusted
models of maternal 25(OH)D, we used the middose concentration (30 - < 50 nmol/L) as references [12]. The deficiency category (< 30
nmol/L) showed increased odds of PE (OR,
2.83, 95% CI, 1.32-6.08, Table 5). The odds
ratio slightly increased after adjusting for a
series of covariables (OR, 3.37, 95% CI, 1.269.01). On the contrary, category defined as ≥
50 nmol/L showed decreased odds ratio (OR,
0.70, 95% CI, 0.56-0.88) after adjusting for
covariables and both the adjusted and unad-
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values of maternal 25(OH)D in control and PE
were 38.06 ± 6.28 and 33.05 ± 4.10, respectively and significant differences with a P <
0.0001 were detected between control and PE
in both continuous and categorical variables
(Table 2).

Maternal and fetal vitamin D status
Briefly, the association analysis of the odds ratio changItems
Control (n = 23) PE (n = 34)
P value
es showed that, lower materPlacental VDR Mean ± SD
2.67 ± 1.49
4.90 ± 2.50 < 0.0001*
nal 25(OH)D concentration
Umbilical cord VDR Mean ± SD
4.43 ± 2.13
5.45 ± 2.35 < 0.0001*
can cause increased risk of
*P-value < 0.05 were calculated and marked, using student t-test for continuous
preeclampsia in pregnant
variables.
women. Covariables were
chosen according to the previous studies and we found that pregnancy
justed OR (OR, 0.63, 95% CI, 0.47-0.86) were <
body mass index showed significantly differ1, indicating the category of ≥ 50 nmol/L was
ence between normal pregnancies and prereversely associated between control and PE.
eclampsia, obese gestation had a larger proThe concentration of ≥ 50 nmol/L was treated
portion in PE than that in the control group. It is
as reference when analyzing associations of
reasonable and needs further exploration since
cord 25(OH)D and PE. The deficiency category
vitamin D is a lipid-soluble steroidal hormone,
(< 30 nmol/L) of cord 25(OH)D (OR, 3.33, 95%
obesity may influence the synthesis and
CI, 1.18-9.41, Table 5) showed consistency
absorption of maternal vitamin D and cause
with maternal 25(OH)D. After adjusting for
the insufficiency during gestation [17].
covariables, including pregnancy body mass
index, maternal age, gestational weeks, parity,
Previous studies had been focused on the
infant sex and delivery, the odds ratio decreased
association of vitamin D deficiency and early
(OR, 2.06, 95% CI, 0.61-6.92). When compared
onset severe preeclampsia (ESPE) [18]. In the
concentration of 30 - < 50 nmol/L to reference,
present study, we classified preeclampsia into
the models of both unadjusted and adjusted
four specific subsets. Consistently, ESPE posshowed fallibility with both equations’ P > 0.1,
sessed the most significant characteristics in
which thus was not meaningful during logistic
all subsets. Strong association between 25(OH)
regression.
D status and the risk of preeclampsia was
detected by using logistic regression. Since
Expression of vitamin D receptor
vitamin D is an unstable molecular, 25(OH)D
was used to determine the vitamin D status.
Western-blot results showed that VDR protein
Interestingly, the mean ± SD values of both PE
expression of ESPE in both placenta and umbil(33.05 ± 4.10 nmol/L) and control group (38.06
ical cord were higher than that in normal preg± 6.28 nmol/L) in our study were lower than
nancy with P < 0.05 and P < 0.01, respectively
those of the studies in most western countries,
(Figures 1, 2). Moreover, we also performed
we conjectured that this difference could be
VDR immunohistochemistry analysis to further
explained with the following potential reasons
determine the relationship between ESPE and
such as race, latitude, dietary tradition, avernormal pregnancy and consistent results were
age incomes and insufficient vitamin D intakes
obtained, VDR immunohistochemistry scoring
[19].
in both syncytiotrophoblasts and umbilical cord
were higher than those in normal pregnancy
Vitamin D also plays important role in placenta
with P < 0.001 and P < 0.05, respectively (Table
trophoblasts development [20]. In syncytiotro6; Figures 3-5).
phoblasts, vitamin D receptor, 1-α-hydroxylase,
Table 6. Case-control characteristics of VDR protein expression

Our study showed consistent conclusions with
previous studies on the relationship between
vitamin D deficiency and preeclampsia [16].

24-hydroxylase and 1-25(OH)2D3 co-regulate
the expression of human HCG, HPL, estradiol
and progesterone [21]. 1-25(OH)2D3 helps the
implantation of embryo by regulating variable
placental hormones. Studies related to endometrial stromal cells showed that the vitamin D
could up-regulates the expression of HOXA10,
which mainly expressed in uterus and is vital to
the implantation of embryo. Therefore, low vitamin D status may influence the implantation
of embryo by regulating other hormones sta-
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Discussion
Vitamin D deficiency has been proved to be
associated with adverse pregnancy outcomes
[6-8], 25(OH)D is the main component of vitamin D in human blood circle system and thus is
used to determine a person’s vitamin D status.

Maternal and fetal vitamin D status

Figure 3. VDR expression and distribution of placenta and umbilical cord between control and PE. A1-A4. Are the
control samples from placenta tissues after immunohistochemical treatment. B1-B4. Are the preeclampsia samples
(ESPE) from placenta tissues after immunohistochemical treatment. C1-C4. Are the control samples from umbilical
cord tissues after immunohistochemical treatment. D1-D4. Are the preeclampsia samples (ESPE) from umbilical
cord tissues after immunohistochemical treatment. Placenta VDR: Control figures: 7, 10, 14, 16 & ESPE figures:
1, 2, 16, 26; (Figure number). Umbilical cord VDR: Control figures: 2, 3, 4, 6 & ESPE figures: 7, 8, 16, 27; (Figure
number).

In the present study, we found out that in the
four classifications of preeclampsia, both the
maternal and cord 25(OH)2D3 concentrations of

ESPE were the most lowest in subtypes and the
deficiency of vitamin D of ESPE was thus more
serious although the model of umbilical vein
plasma group showed no significant category
(30 - < 50 nmol/L). We blamed the small size of
samples for the unpredicted outcome. In most
studies, the blood collection step was done
around 20 to 30 weeks of gestation, while we
did blood sample collection right before delivery. It needs further exploration of the relevance between gestational weeks and the
maternal vitamin D status [22]. To our knowl-
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tus and certain genes functions on endometrium, and thus lead to the formation failure of
uterine spiral artery and preeclampsia [13].
Both maternal and umbilical results showed
significant differences between PE and the
control group and the associations were detected between the risk of PE and vitamin D
insufficiency.

Maternal and fetal vitamin D status

Figure 4. Significant difference of VDR immunohistochemistry scoring results between control and early
on-set severe preeclampsia groups in placenta (P <
0.001).

Figure 5. Significant difference of VDR immunohistochemistry scoring results between control and early
on-set severe preeclampsia groups in umbilical cord
(P < 0.05).

edge, this is the first study that contains both
maternal and umbilical vein plasma 25(OH)D
concentrations for association analysis between PE and normotensive pregnant women.
The biological effects of 1, 25(OH)2D3 are mediated by vitamin D receptor, therefore, we
focused on the VDR expression and serological
statistics of ESPE in both placenta and umbilical cord tissues.
During pregnancy, vitamin D may play a role in
implantation and placental function potentially
due to angiogenic, immunomodulatory and
anti-inflammatory effects [23, 24]. Studies showed that 1, 25(OH)2D3 mainly up-regulates the
VDR in protein level, while the regulation of
mRNA are more complex with both up-regulation and down regulation exist. Both the immunohistochemical and Western blot results in
our study showed that VDR protein was highly
expressed in placenta and umbilical vein tis-

10849

sues during ESPE pregnancy, which was discordant with other researches [25]. We presumed
that it might be related to the transportation of
vitamin D in placenta and the compensatory
mechanism of VDR might be contributed to this
certain results [26]. In the last trimester of
pregnancy, mesenchymal chorionic villi developed from immature intermediate villi to mature
intermediate villi. At the age of 32-34 weeks,
mature intermediate villi were further developed into terminal villi [27]. The dysplasia of
chorionic villi may be related to the anoxia of
placenta. Front placenta anoxia is thought to be
related to maternal anemia, plateau pregnancy,
maternal cyanosis and other situations with
pregnancy women going through anoxia. Typical
uterine placenta anoxia is gestational hypertension and preeclampsia with placenta going
through anoxia [28]. Afterwards placenta anoxia is commonly seen in the cases that fetal
growth was restricted with deficiency of enddiastolic umbilical cord blood flow and end-diastolic reversed umbilical cord blood flow, with or
without preeclampsia. Secondly, the classification and degree of placental vascular development is controlled by oxygen levels of placenta,
and in return influences the volume and shape
of terminal chorionic villi [29, 30]. During front
placenta anoxia, low oxygen level induces the
formation of highly branched, reticular vascular
beds, providing less vascular resistance [31].
Therefore, even if the vitamin D status in both
maternal and umbilical vein are lower in preeclampsia group than control group, the differences between maternal vitamin D status happens to be even bigger, thus we conjectured
that preeclampsia women might going through
front placenta anoxia compensatory mechanism during placenta anoxia period, which leaded to the instant high expression of VDR protein
in order to meet the priority needs of fetal vitamin D demand to avoid the developmental risk
of infant skeleton [32].
In conclusion, the vitamin D status in maternal
blood of late on-set preeclampsia are lower
than normal pregnancy, especially in severe
preeclampsia, We did find out that the vitamin
D receptor protein were highly expressed both
in placental and umbilical cord vein tissues in
early on-set severe preeclampsia pregnancy,
and we believed that it had something to do
with compensatory mechanism, since it could
preferentially meet the fetal need of vitamin
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D and ensure the healthy intrauterine growth,
the detailed mechanism needs further exploration.
There were also certain limitations of the present study. First, the VDR expression analysis
was did only to the ESPE group due to the lack
of subjects in other subgroup and incomplete
of experiment conditions, thus we could not
make comparisons between different subgroups. Second, the differences of cord vitamin
D between normal pregnancies and PE was
smaller than that of maternal vitamin D, we
don’t yet understand how the vitamin D differences in early life influence the bone growth
and bone mineral density and further explorations are needed.
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Table S1A. Characteristics of Preeclampsia subsets (EMPE)
Characteristics
General characteristics
Maternal age, year
Mean ± SD
< 30
30 - < 35
≥ 35
Residence
Urban
Rural
Pregnancy Variables
Pregnancy body mass index, kg/m2 (BMI)
Mean ± SD
Normal (< 25.00)
Overweight (25.00 - < 29.99)
Obese (≥ 30.00)
Parity
Nulliparous (0)
Primiparous/multiparous (> 0)
Infant gender
Female
Male
Delivery
Vaginal
Cesarean section
Gestational weeks at delivery, week
Mean ± SD
Pregnancy blood pressure
Systolic blood pressure
Diastolic blood pressure

Control
(n = 60)

Early onset mild preeclampsia
(EMPE, n = 5)

29.5 ± 4.7
30 (50.0)
24 (40.0)
6 (10.0)

31.4 ± 6.1
2 (40.0)
1 (20.0)
2 (40.0)

P value

.40
.19a

.37a
38 (63.3)
22 (36.7)

2 (40.0)
3 (60.0)

25.99 ± 2.40
18 (30.0)
40 (66.7)
2 (3.3)

28.95 ± 3.40
1 (20.0)
2 (40.0)
2 (40.0)

.01*
.03a,*

.67a
31 (51.7)
29 (48.3)

2 (40.0)
3 (60.0)
1.00a

18 (30.0)
42 (70.0)

1 (20.0)
4 (80.0)
.07a

27 (45.0)
33 (55.0)

0 (0.0)
5 (100.0)
.50

35.3 ± 2.7

34.9 ± 0.8

123.75 ± 10.12
78.68 ± 7.70

142.40 ± 16.56
90.60 ± 8.62

< .0001*
.002*

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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Table S1B. Characteristics of preeclampsia subsets (ESPE)
Characteristics
General characteristics
Maternal age, year
Mean ± SD
< 30
30 - < 35
≥ 35
Residence
Urban
Rural
Pregnancy Variables
Pregnancy body mass index, kg/m2 (BMI)
Mean ± SD
Normal (< 25.00)
Overweight (25.00 - < 29.99)
Obese (≥ 30.00)
Parity
Nulliparous (0)
Primiparous/multiparous (> 0)
Infant gender
Female
Male
Delivery
Vaginal
Cesarean section
Gestational weeks at delivery, week
Mean ± SD
Pregnancy blood pressure
Systolic blood pressure
Diastolic blood pressure

Control
(n = 60)

Early onset severe preeclampsia
(ESPE, n = 34)

29.5 ± 4.7
30 (50.0)
24 (40.0)
6 (10.0)

30.1 ± 4.5
14 (41.2)
15 (44.1)
5 (14.7)

.56
.62a

38 (63.3)
22 (36.7)

23 (67.6)
11 (32.4)

.67

25.99 ± 2.40
18 (30.0)
40 (66.7)
2 (3.3)

27.87 ± 2.87
3 (8.8)
25 (73.5)
6 (17.6)

.001*
.007a,*

31 (51.7)
29 (48.3)

26 (76.5)
8 (23.5)

.02*

18 (30.0)
42 (70.0)

17 (50.0)
17 (50.0)

.05

27 (45.0)
33 (55.0)

0 (0.0)
34 (100.0)

< .0001*

35.3 ± 2.7

33.8 ± 2.6

.01*

123.75 ± 10.12
78.68 ± 7.70

157.59 ± 17.98
107.41 ± 12.54

< .0001*
< .0001*

P value

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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Table S1C. Characteristics of preeclampsia subsets (LMPE)
Characteristics
General characteristics
Maternal age, year
Mean ± SD
< 30
30 - < 35
≥ 35
Residence
Urban
Rural
Pregnancy Variables
Pregnancy body mass index, kg/m2 (BMI)
Mean ± SD
Normal (< 25.00)
Overweight (25.00 - < 29.99)
Obese (≥ 30.00)
Parity
Nulliparous (0)
Primiparous/multiparous (> 0)
Infant gender
Female
Male
Delivery
Vaginal
Cesarean section
Gestational weeks at delivery, week
Mean ± SD
Pregnancy blood pressure
Systolic blood pressure
Diastolic blood pressure

Control
(n = 60)

Late onset mild preeclampsia
(LMPE, n = 13)

29.5 ± 4.7
30 (50.0)
24 (40.0)
6 (10.0)

28.0 ± 5.0
8 (61.5)
4 (30.8)
1 (7.7)

.30
.82a

38 (63.3)
22 (36.7)

6 (46.2)
7 (53.8)

.25

25.99 ± 2.40
18 (30.0)
40 (66.7)
2 (3.3)

30.98 ± 4.00
1 (7.7)
6 (46.2)
6 (46.1)

.001*
< .0001a

31 (51.7)
29 (48.3)

3 (32.1)
10 (76.9)

.06

18 (30.0)
42 (70.0)

5 (38.5)
8 (61.5)

.53a

27 (45.0)
33 (55.0)

2 (15.4)
11 (84.6)

.048*

35.3 ± 2.7

37.5 ± 1.7

.006*

123.75 ± 10.12
78.68 ± 7.70

145.15 ± 9.85
93.30 ± 6.51

< .0001*
< .0001*

P value

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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Table S1D. Characteristics of preeclampsia subsets (LSPE)
Characteristics
General characteristics
Maternal age, year
Mean ± SD
< 30
30 - < 35
≥ 35
Residence
Urban
Rural
Pregnancy Variables
Pregnancy body mass index, kg/m2 (BMI)
Mean ± SD
Normal (< 25.00)
Overweight (25.00 - < 29.99)
Obese (≥ 30.00)
Parity
Nulliparous (0)
Primiparous/multiparous (> 0)
Infant gender
Female
Male
Delivery
Vaginal
Cesarean section
Gestational weeks at delivery, week
Mean ± SD
Pregnancy blood pressure
Systolic blood pressure
Diastolic blood pressure

Control
(n = 60)

Late onset severe preeclampsia
(LSPE, n = 8)

29.5 ± 4.7
30 (50.0)
24 (40.0)
6 (10.0)

26.1 ± 5.0
6 (75.0)
2 (25.0)
0 (0.0)

.06
.44a

38 (63.3)
22 (36.7)

5 (62.5)
3 (37.5)

1.00a

25.99 ± 2.40
18 (30.0)
40 (66.7)
2 (3.3)

27.11 ± 2.08
1 (12.5)
7 (87.5)
0 (0.0)

.21
.55a

31 (51.7)
29 (48.3)

3 (37.5)
5 (62.5)

.71a

18 (30.0)
42 (70.0)

5 (62.5)
3 (37.5)

.11a

27 (45.0)
33 (55.0)

0 (0.0)
8 (100.0)

.02a,*

35.3 ± 2.7

37.1 ± 1.1

.002*

123.75 ± 10.12
78.68 ± 7.70

166.75 ± 15.75
107.88 ± 13.44

< .0001*
< .0001*

P value

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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Table S2A. 25-hydroxyvitamin D status and preeclampsia subsets (EMPE)
Characteristics

Controls (n = 60)

Early onset mild preeclampsia
P value
(EMPE, n = 5)

Maternal plasma 25(OH)D concentration, nmol/L
Mean ± SD
27.99 ± 6.16
21.76 ± 2.88
.03*
Median (Minimum-Maximum)
27.46 (18.30~45.30)
21.46 (17.89~25.64)
Proportion
.22a
< 25
21 (35.0)
4 (80.0)
25 - < 35
32 (53.3)
1 (20.0)
≥ 35
7 (11.7)
0 (0.0)
Cord plasma 25(OH)D concentration, nmol/L
Mean ± SD
31.49 ± 8.00
30.34 ± 7.18
.77
Median (Minimum-Maximum)
30.30 (16.89~47.40)
28.11 (23.50~40.57)
Proportion
< 25
14 (23.3)
2 (40.0)
.72a
25 - < 35
25 (41.7)
2 (40.0)
≥ 35
21 (35.0)
1 (20.0)
Seasons of last menstrual period
Spring
10 (16.7)
2 (40.0)
.41a
Summer
40 (66.7)
3 (60.0)
Autumn
1 (1.7)
0 (0.0)
Winter
9 (15.0)
0 (0.0)
Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for
continuous variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).

Table S2B. 25-hydroxyvitamin D status and preeclampsia subsets (ESPE)
Characteristics

Controls (n = 60)

Maternal plasma 25(OH)D concentration, nmol/L
Mean ± SD
27.99 ± 6.16
Median (Minimum-Maximum)
27.46 (18.30~45.30)
Proportion
< 25
21 (35.0)
25 - < 35
32 (53.3)
≥ 35
7 (11.7)
Cord plasma 25(OH)D concentration, nmol/L
Mean ± SD
31.49 ± 8.00
Median (Minimum-Maximum)
30.30 (16.89~47.40)
Proportion
< 25
14 (23.3)
25 - < 35
25 (41.7)
≥ 35
21 (35.0)
Seasons of last menstrual period
Spring
10 (16.7)
Summer
40 (66.7)
Autumn
1 (1.7)
Winter
9 (15.0)

Early onset severe
preeclampsia (ESPE, n = 34)

P value

22.96 ± 4.49
21.54 (17.24~34.50)

< .0001*

23 (67.6)
11 (32.4)
0 (0.0)

.003a,*

27.67 ± 7.93
26.36 (10.95~46.70)

.03*

11 (32.4)
17 (50.0)
6 (17.6)

.19

4 (11.8)
23 (67.6)
1 (3.0)
6 (17.6)

.93a

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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Table S2C. 25-hydroxyvitamin D status and preeclampsia subsets (LMPE)
Characteristics

Controls (n = 60)

Maternal plasma 25(OH)D concentration, nmol/L
Mean ± SD
27.99 ± 6.16
Median (Minimum-Maximum)
27.46 (18.30~45.30)
Proportion
< 25
21 (35.0)
25 - < 35
32 (53.3)
≥ 35
7 (11.7)
Cord plasma 25(OH)D concentration, nmol/L
Mean ± SD
31.49 ± 8.00
Median (Minimum-Maximum)
30.30 (16.89~47.40)
Proportion
< 25
14 (23.3)
25 - < 35
25 (41.7)
≥ 35
21 (35.0)
Seasons of last menstrual period
Spring
10 (16.7)
Summer
40 (66.7)
Autumn
1 (1.7)
Winter
9 (15.0)

Late onset mild preeclampsia
P value
(LMPE, n = 13)
23.77 ± 3.14
23.50 (17.89~27.27)

.001*

7 (53.8)
6 (46.2)
0 (0.0)

.28a

26.12 ± 5.20
25.43 (17.40~35.89)

.005*

4 (30.8)
8 (61.5)
1 (7.7)

.12a

4 (30.8)
8 (61.5)
0 (0.0)
1 (7.7)

.61a

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).

Table S2D. 25-hydroxyvitamin D status and preeclampsia subsets (LSPE)
Characteristics
Maternal plasma 25(OH)D concentration, nmol/L
Mean ± SD
Median (Minimum-Maximum)
Proportion
< 25
25 - < 35
≥ 35
Cord plasma 25(OH)D concentration, nmol/L
Mean ± SD
Median (Minimum-Maximum)
Proportion
< 25
25 - < 35
≥ 35
Seasons of last menstrual period
Spring
Summer
Autumn
Winter

Controls (n = 60)

Late onset severe
preeclampsia (LSPE, n = 8)

27.99 ± 6.16
27.46 (18.30~45.30)

23.04 ± 4.77
22.53 (17.01~31.60)

.03*

21 (35.0)
32 (53.3)
7 (11.7)

5 (62.5)
3 (37.5)
0 (0.0)

.39a

31.49 ± 8.00
30.30 (16.89~47.40)

28.21 ± 9.35
28.54 (17.52~43.83)

.29

14 (23.3)
25 (41.7)
21 (35.0)

3 (32.4)
4 (50.0)
1 (17.6)

.40a

10 (16.7)
40 (66.7)
1 (1.7)
9 (15.0)

1 (11.8)
6 (67.6)
0 (3.0)
1 (17.6)

1.00a

P value

Data are presented as N. (%) or Mean ± SD. *P-value < 0.05 were calculated and marked, using student t-test for continuous
variables and χ2 or Fisher exact test for categorical variables. aFisher exact test (two-sided).
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