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Abstract

Background: The association between serum 25-hydroxy vitamin D (25(0OH)D) status and gestational diabetes mel-
litus (GDM) gained attention in recent years, however the conclusion is still controversial due to many interfering fac-
tors, such as region of living, environment, lifestyle, and food supplements. Other metabolites (laboratory parameters)
are also important in reflecting gestational states. This study aimed to investigate the association of serum 25(0OH)D
status in early pregnancy with GDM and other laboratory parameters in pregnant women.

Methods: A total of 1516 pregnant women whose blood glucose were normal before pregnancy in the city of
Foshan in Guangdong, China were enrolled in this study. GDM was diagnosed between 24 to 28 weeks of pregnancy
following the guidelines from the American Diabetes Association. Maternal serum 25(0OH)D and other laboratory
parameters—including hematology, coagulation, chemistry, and bone density—were measured utilizing various
analytical methods in clinical laboratory at gestational weeks 11 to 14.

Results: The average 25(0OH)D concentration was 59.1 & 12.6 nmol/L. None of the study subjects had 25(OH)

D <25 nmol/L; 434 (28.6%) women had 25(0OH)D deficiency (< 50 nmol/L), 882 women (58.2%) had 25(OH)D insuf-
ficiency (50-74 mmol/L) and 200 women (13.2%) had 25(OH)D sufficiency (> 75 nmol/L). There were 264 (17.4%)
women diagnosed with GDM. There was not, however, an association between serum 25(0OH)D in early pregnancy
and GDM. Interestingly, women with more parity and high serum alkaline phosphatase levels had higher serum
25(0H)D levels. There was a possible positive association between serum 25(0OH)D and pre-albumin, and a possible
negative association between serum 25(0H)D, creatinine, and thrombin time. This study did not find an association
between serum 25(0OH)D and bone density.

Conclusions: There were no associations between maternal serum 25(0OH)D concentration in early pregnancy and
the risk of GDM or bone density. There were, however, correlations between serum 25(0OH)D and parity, seasoning at
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sampling, serum alkaline phosphatase, creatinine, pre-albumin, and coagulation factor thrombin time, which need
further study to explain their pathophysiology and clinical significance.

Keywords: 25-hydroxy vitamin D (25(0H)D), Gestational diabetes mellitus (GDM), Alkaline phosphatase, Pre-albumin,

Thrombin time

Background

Vitamin D is a fat-soluble vitamin, which plays an impor-
tant role in bone mineralization, calcium and phosphorus
absorption, parathyroid status, and immune system func-
tionality [1]. In the human body, vitamin D from sunlight
and food is hydroxylated to 25-hydro vitamin D (25(OH)
D) in the liver and is subsequently activated with a sec-
ond hydroxylation to 1,25-dihydroxy vitamin D in the
kidney [2].

Studies have found that during pregnancy calcitriol
increases in early gestation to meet a mother’s needs,
and maternal serum 25(OH)D crosses into the placenta
for use in fetus development [3]. Serum 25(OH)D below
50 nmol/L is defined as vitamin D deficiency, while it
is defined as insufficiency if the level of 25(OH)D is in
between 52-74 nmol/L, only when the level reaches
75 nmol/L or higher is deemed sufficient [4—8]. Insuffi-
cient vitamin D levels may cause some adverse pregnancy
complications, including polycystic ovary syndrome, ges-
tational diabetes mellitus (GDM), pre-eclampsia, infer-
tility, endometriosis, and cancers [9-12]. Studies on the
association between vitamin D status and pregnancy
complications are still controversial because serum vita-
min D level is affected by many factors, such as climate,
region of living, life style and diet, physical exercise, and
food supplements that pregnant women may have con-
sumed during pregnancy. A meta-analysis of 29 obser-
vational studies indicated that vitamin D deficiency was
related to increased risk of gestational diabetes [13].
Nevertheless, Pérez-Lépez et al. found that there was no
association between vitamin D supplementation and the
risk of GDM in a systematic review and meta-analysis of
randomized controlled trials [14]. Thus, in this study, we
wanted to see whether there is an association between
serum 25(OH)D level and adverse pregnancy effects,
including GDM, in pregnant women living in the Foshan
area of Guangdong Province in China.

In addition, laboratory parameters and metabolites
may indicate certain clinical complications of the preg-
nant women and thus guiding the clinical management.
The greatest magnitude increase in multiple micronu-
trient supplements use occurred in women of parity >2
[15]. Li et al. reported that vitamin D played a role in pro-
moting alkaline phosphatase (ALP) activity [16]. While
a systematic review and meta-analysis of interventional
studies showed association between serum 25(OH)D and

bone density [17]. In addition, vitamin D supplementa-
tion might have contributed to liver and kidney fuction
[18]. Interestingly, Bouillon [19] mentioned that vitamin
D might affect blood coagulation. Therefore, we also had
an interest in understanding whether parity, bone den-
sity, clinical chemistry and hematology parameters such
as serum ALP, creatinine (Cre), pre-albumin (Pre-Alb),
coagulation factors including thrombin time (TT), acti-
vated partial thromboplastin time (aPTT), D-dimer, and
fibrinogen (Fib) level have anything to do with serum
vitamin D, GDM, and pregnant adverse effects. Follow-
ing these concepts, the routine clinical laboratory param-
eters as mentioned above were screened and analyzed as
an important part of our observation in this study.

Our study followed the policies regarding the man-
agement and medical practice on pregnant women and
newborns by the Chinese Medical Association and Chi-
nese government, which require all pregnant women be
closely monitored during pregnancy. We therefore pro-
posed this study to offer a more detailed observation of
the metabolic criteria, including the association between
maternal serum 25(OH)D levels in early pregnancy,
GDM, and other laboratory parameters in pregnant
women. We hoped to better understand metabolic events
and their potential effects on fetus development, as well
as their potential diagnostic and prognostic applications.

Patients and methods

Patient enrollment and ethics approval

This was a prospective cohort study for a grant supported
by the Foshan Science and Technology Bureau Project
(2018AB000251) of Guangdong, China. During the study,
a total of 241,651 pregnant women who visited our hos-
pital for scheduled check-ups during the prenatal period
at Foshan Women and Children’s Hospital of Southern
Medical University, a specialized tier-3, grade-A hospital
in South China, were examined. Of them, 12,536 women
were giving birth, of which after excluding those with
medical conditions such as diabetes and hypertension as
described below, and also on voluntary enrollment basis,
a total of 1,516 women, ages 18 to 46, were recruited
from August 1, 2018 to August 31, 2019. The relevant
information of those early pregnant women who met the
criteria of the study was collected and serum 25 (OH) D
and other laboratory testing were performed during early
pregnancy. Pregnant women continued regular antenatal
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examination and follow-up until the termination of preg-
nancy. Women who had pregestational diabetes mellitus
(PGDM), malignant diseases or missing OGTT data,
or pregestational hypertension were excluded from the
study. Exclusion criteria included pre-existing diabetes,
hypertension or other chronic diseases, abnormal child-
bearing history, a history of drug use, and vitamin sup-
plements—including vitamin D and calcium—that may
affect metabolism or unavailable data. Pregnant women
with singleton pregnancies and conceiving naturally were
included. All pregnant women exerted a normal daily
life without special sunlight exposure or quarantines.
All study subjects were living in the Foshan, Guangdong
Province of South China. Ethics approval was obtained
by the Institutional Review Board (IRB) and Ethics Com-
mittee of Foshan Women and Children’s Hospital of
Southern Medical University. All methods were carried
out in accordance with relevant guidelines and regula-
tions. Methods and laboratory testing followed standard
operating procedures required for medical practice in
Guangdong Province, including in this hospital. All par-
ticipants provided written informed consent.

Serum 25(OH)D analysis

Serum total 25(OH)D concentration was analyzed at
gestational weeks 11 to 14 using a Mokosensor-A300
immune colloidal gold analyzer (MedicalSystems,
Ningbo, China) following the manufacturer’s instruc-
tions. Briefly, 2 ml of blood was sampled from pregnant
women at weeks 11-14 of gestation using an EDTA anti-
coagulant blood tube. The blood sample was delivered to
clinical laboratory immediately after sampling. Twenty
microliters of whole blood were used for the analysis. The
accuracy of the assay was from 85-115%, while the preci-
sion of the assay was <15% (coefficient of variation, CV).
According to the Vitamin D Standardization-Certifica-
tion Program (VDSCP) guidelines, a CV of <15% is close
to acceptable in the analysis [20—22].

The statuses of maternal serum 25(OH)D were cat-
egorized into three groups: 25(OH)D deficiency
(<50 nmol/L), 25(OH)D insufficiency (50-74 nmol/L),
and 25(OH)D sufficiency (> 75 nmol/L).

Chemistry analysis

Other blood chemistry parameters also came from the
samples collected during weeks 11 to 14 of gestation.
Specifically, alkaline phosphatase, pre-albumin, creati-
nine, cystatin C, calcium, and magnesium were analyzed
on a Beckman-Coulter Automatic Chemistry Analyzer
platform (Beckman-Coulter, Brea, CA, USA) following
the manufacturer’s instructions and laboratory operating
procedures. The collection of blood samples, including
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the selection of a collecting tube, followed routine clini-
cal laboratory procedures.

Glucose tolerance test

A 75 g oral glucose tolerance test (75 g OGTT) was
performed between 24 and 28 weeks of gestation. Preg-
nant women who had a fasting glucose level <5.1 before
pregnancy were enrolled in the study. The diagnosis
of GDM was defined according to the American Dia-
betes Association [23] using the following protocol: A
75 g oral glucose tolerance test (75 g OGTT) was per-
formed between weeks 24 and 28 of gestation. Either
of the following criteria met was diagnosed as GDM:
fasting serum glucose>5.1 mmol/L, or 1 h of OGTT
serum glucose >10 mmol/L, or 2 h of OGTT serum
glucose > 8.5 mmol/L).

Coagulation test

The blood coagulation test was performed on a Stago
STA-R Evolution (Diagnostica Stago, Asniéres sur Seine
Cedex, France) platform following the manufacturer’s
instructions using a heparin anti-coagulant blood col-
lection tube collected during weeks 11 to 14 of gestation.
The coagulation parameters include thrombin time (TT),
activated partial thromboplastin time (aPTT), fibrinogen
(Fib), and D-dimer.

Bone density examination

Bone density was measured using a Hong Yang BMD-
1000 Ultrasound Bone Sonometer (Baoding, Hebei,
China) by a specialist in our hospital following the pro-
tocol provided by the manufacturer. Pregnant women at
weeks 11-14 of gestation were assigned for bone density
measurement of the distal radius for 2 min. In brief, the
Z value is obtained by comparing the sonographic value
of the bone of a patient with a reference (same age, same
sex). Thus, bone density was expressed as Z-scores.

Statistical analysis

Statistical analysis was performed using the SPSS
(version 24). Continuous variables are reported as
mean + standard deviation or median (interquartile),
while categorical variables are presented as frequencies
and percentages. For continuous variables, hypothesis
testing for significant differences was performed using
One-Way ANOVA and Nonparametric Tests for normal
and non-normal distribution data, respectively. Pear-
son’s chi-square was used for categorical variables. Post
Hoc Multiple Comparison was used to further identify
significant differences among groups. Possible con-
founding factors with p<0.20 were entered into mul-
tiple linear regression analysis to explore independent
influencing factors of 25(OH)D. Spearman coefficient
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was used to determine the correlation between 25(OH)
D status and pregnant outcomes. Unadjusted and
adjusted logistic regression analysis were used to cal-
culate the crude or adjusted odds ratios (OR), and
their 95% confidence intervals (CI) were used to evalu-
ate the relationship between 25(OH)D and GDM and
other parameters (gestational adverse events). Variables
with p<0.10 in unadjusted analysis and possible con-
founding factors were entered into multivariable logis-
tic regression procedure. The model’s adequacy was
assessed by predicting correct percentage. A p<0.05
were considered statistically significant.

Results

Association between maternal and clinical characteristics
and 25(0OH)D status

In this observation, the average 25(OH)D concentration
was 59.1 +12.6 nmol/L; none of the women had 25(OH)
D <25 nmol/L. Four hundred and thirty-four (434, 28.6%)
women had 25(OH)D <50 nmol/L, 882 women (58.2%)
had 25(OH)D insufficiency (50-74 nmol/L), and 200
(13.2%) women had 25(OH)D > 75 nmol/L. Pre-adjusted
analysis using the Chi-square test, One-way ANOVA,
and nonparametric test results that the maternal and
clinical characteristics are listed in Table 1 on the basis of
25(OH)D status. Table 1 also shows that serum 25(OH)
D varies significantly in regard to season at sampling.
Serum alkaline phosphatase (ALP), pre-albumin, creati-
nine, and thrombin time (TT) also differed upon differ-
ent serum 25(OH)D status (p <0.05 for all). However, the
categories of pre-albumin and creatinine, as well as the
rest of variables in the list, do not show difference based
on 25(OH)D status.

Association between parity, season at sampling,

and laboratory parameters and 25(0OH)D concentrations
Tables 2 and 3 show the association between maternal
serum 25(OH)D concentrations and parity, season at
sampling, serum alkaline phosphatase. Women going
into birth > 2 times had a higher 25(OH)D concentration
than those with 1 or 0 paritys (p=0.018 and p=0.044
respectively). The same result was found in adjusted lin-
ear analysis (p=0.010 and p=0.032, respectively). There
was a significant difference in 25(OH)D concentrations
among samples collected in different seasons; the 25(OH)
D concentrations assended in the order of spring, winter,
summer, and autumn. There was a significant difference
between serum 25(OH)D concentration and alkaline
phosphatase activities, of which a higher serum 25(OH)
D concentration tended to have higher alkaline phos-
phatase activities (p =0.005 and 0.004, respectively).
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Correlation of 25(0OH)D status with GDM and other
pregnancy adverse events

As shown in Table 4, results from spearman correlation
analysis indicate that there is no correlation between
vitamin D status and adverse outcomes in early gestating
women (p>0.05 for all). Interestingly, the rate of 1 h GTT
positive (r=-0.037) and 2 h GTT positive (r=-0.037)
was inversely correlated with the increament of serum
25(0OH)D status, but with no significance (p=0.145 and
0.534, respectively).

Association between maternal 25(OH)D status

and gestational diabetes mellitus

Logistic regression analysis was performed to assess the
association between serum 25(OH)D and gestational
diabetes mellitus. In this study, we found that there was
no association between 25(OH)D and the risk of GDM,
as shown in Table 5. In unadjusted logistic regression
analysis, no significant difference was observed between
maternal 25(OH)D and GDM (p=0.627). After adjusted
by age, parity, and season at sampling, women with
serum 25(OH)D > 75 nmol/L (vitamin D sufficient) were
grouped as the reference group, while women whose
serum 25(OH)D between 50-74 nmol/L (vitamin D
insufficient), or < 50 nmol/L (vitamin D defficient) groups
were compared with the reference group. The results
indicated that there was no association between serum
25(0OH)D and GDM, with an odds ratio of 1.250 (95%CI
0.763-2.046, P=0.376) and 1.224 (95%CI 0.794—1.888,
P=0.360), respectively. GDM women were more likely to
be older than those without GDM.

Discussion

The aim of this study was to assess vitamin D status in
pregnant women in the Foshan area of Guangdong,
China and to test for an association between gestational
diabetes and adverse pregnancy events, and to compare
those results with other reports [24—30].

Our study results did not show an association between
maternal serum 25(OH)D status and GDM and other
types of pregnant adverse events, including gestational
hypertension, premature rupture of membrane, postpar-
tum hemorrhage, and low body weight of newborns. This
result is similar with a previous meta analysis report [31].
A randomized controlled trial also showed a limitation of
vitamin D supplementation for GDM prevention in vita-
min D sufficient populations [32].

Our results showed that the mean 25(OH)D concentra-
tion of the subjects was 59.1 nmol/L. Comparing to other
studies in China, our study indicated that serum 25(OH)
D <50 nmol/L in early pregnant women was a relatively
low prevalence (28.6%). While another report showed
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Table 1 Comparison of general factors among groups based on vitamin D status (Chi-square test, One-way ANOVA, and

nonparametric test)

Parameters n 25(0OH)D deficient 25(OH)D insufficient 25(0OH)D sufficient P value
(<50 nmol/L)(n=434) (50-74 nmol/L) (n=882) (>75 nmol/L) (n=200)
Age (year) 1516 29574472 29.35+4.55 29354443 0.696
Intrapartum BMI 1516 26.77+£323 26.81+£3.31 26.54+3.05 0.574
(kg/m?)
Parity 1510 0.073
0 784 221 (50.9) 457 (51.8) 106 (53.0)
1 652 196 (45.2) 380 (43.1) 76 (38.0)
>2 80 17 (3.9) 45(5.1) 17 (9.0)
Season at sampling 1516 <0.001
Spring 547 257 (59.2) 255(289) 35(17.5)
Summer 575 128 (29.5) 365 (41.4) 82 (41.0)
Autumn 248 1(0.2) 176 (20.0) 71(35.5)
Winter 146 48 (11.1) 86 (9.8) 12 (6.0)
Gestational weeks at sampling 1516 0.181
11 174 59(13.6) 87(9.9) 28(14.0)
12 798 228 (52.5) 460 (52.2) 110 (55.0)
13 373 102 (23.5) 232 (26.3) 39(19.5)
14 171 45(104) 103 (11.7) 23(11.5)
Bone function
Bone density Z value 924 -0.54(0.68) -0.54(0.62) -0.59(0.66) 0.667
Ca?* (mmol/L) 1478 1.37+£0.13 138+£0.13 1.38+0.12 0418
l\/lg2+ (mmol/L) 1477 1.33+£0.15 1.33+£0.15 1.31+£0.13 0.137
ALP (IU/L) 0.008
<45 63 27 (10.2) 30(5.2) 6 (4.5)
45-125 822 221 (83.7) 482 (84.0) 119 (88.8)
>125 87 16 (6.1) 62 (10.8) 9(6.7)
Liver and kidney function
Pre-ALB (mg/L) 951 216.744+30.95 224.64+33.28 22694 433.26 0.002
Pre-ALB (mg/L) 0.769
<150 12 2(0.8) 8(1.4) 2(1.5)
>150 939 255(99.2) 552 (98.6) 132 (98.5)
Cre (umol/L) 1466 4784+7.01 46.78+7.11 47.16£7.99 0.047
Cre (umol/L) 0.550
<41 234 60 (14.3) 141 (16.5) 33(16.9)
>41 1232 359 (85.7) 711(83.5) 162 (83.1)
Cys C(mg/L) 323 097+0.22 0.96+£0.21 0.94+0.26 0.690
Coagulation function
D-Dimer (mg/L) 1431 0.37(0.24) 0.39(0.23) 0.38(0.23) 0.232
Fibrinogen (g/L) 1437 3.9840.634 403+£067 4.05+0.66 0.385
aPTT (s) 1437 36.28+3.03 36.24+2.86 36.65+3.03 0.201
TT (s) <0.001
<14 192 28 (6.9) 123 (14.7) 41 (20.9)
>41 1245 379(93.1) 711(85.3) 155 (79.1)
PLT (*10A9/L) 1497 252.13+5448 250.32+54.69 246.78 +53.46 0.521

BMI Body mass index, Ca2 + calcium, Mg2 + magnesium, ALP Alkaline phosphatase, ALT Alanine aminotransferase, Pre-ALB pre-albumin, Cre creatinine, Cys C cystatin C,
aPTT activated partial thromboplastin time, TT Thrombin time, PLT Platelet
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Table 2 Stratification analysis of the correlation between
parity, season at sampling, alkaline phosphatase, and 25(0H)D
concentrations (One-way ANOVA, Post Hoc Multiple Comparison)

Parameters 25(0OH)D GroupA GroupB Pvalue 95%Cl
concentration
Parity
0 592£126 0 1 0415 (-0.76, 1.85)
1 587£124 >2 0.044 (-5.85,-0.08)
>2 62.2+£13.1 1 >2 0018 (-6.42,-0.59)
Season at sampling
Spring 537£112 Spring Summer  <0.001 (-843,-4.73)
Summer  603+£123 Autumn  <0.001 (-18.08,-14.20)
Autumn 69.8+88 Winter 0.021 (-5.94,-0.32)
Winter 568+114 Summer  Autumn  <0.001 (-11.56,-7.57)
Winter 0.009 (0.60, 6.30)
Autumn  Winter <0.001 (-15.92,-10.10)
ALP
<45 5484132 <45 45-125  0.005 (-7.90,-1.41)
45-125 5954127 >125 0.004 (-10.19,-1.98)
>125 6094116 45-125 >125 0316 (-4.23,1.37)

Table 3 Association between parity and serum 25(0OH)D

concentration (multiple linear regression)

Parameters 25(0OH)D
Mean £standard B (95%Cl) P value

Parity
0 592+£126 -2.841(-5.443,-0.240) 0.032
1 587+124 -3.439 (-6.066, -0.813) 0.010
>2 6224131 1 (reference)

Season at sampling
Spring 5374112 -3.123 (-5.195,-1.052) 0.003
Summer 603£123 3485 (1.424,5.545) 0.001
Autumn 69.8+88 13.055 (10.742, 15.368) <0.001
Winter 568+114 1 (reference)

Gestational weeks at sampling
11 595+138 1.175(-1.213,3.563) 0335
12 592+£126 0.993 (-0.881, 2.868) 0.299
13 5894121 0499 (-1.551, 2.548) 0.633
14 5004124 1 (reference)

that the mean serum 25(OH)D in pregnant women was
40.1 nmol/L and 25(OH)D <50 nmol/L accounted for
76.4% in Hefei [33]; a study conducted by Song et al. [34]
also reported that the mean maternal 25(OH)D concen-
tration was 28.6 nmol/L and more than 90% of pregnant
women had 25(OH)D <50 nmol/L in Beijing. These con-
tradictory results might be attributed to the analytical
methods used in different studies. For instance, serum
25(OH)D analysis can be measured by LC-MS/MS
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spectrometry, chemiluminescent immunoassay, high
performance chromatography (HPLC), and immune col-
loidal gold methods, etc. This phenomenon could be due
to the climate and sun exposure difference between the
South and the North. Our results showed that sampling
at different seasons had an effect on serum 25(OH)D
concentrations, in accordance with public understand-
ing. There was also a correlation between serum alkaline
phosphatase, pre-albumin, creatinine, and thrombin time
and serum 25(OH)D concentrations.

Since the significance of association between parity
and serum 25(OH)D concentration before adjustment
was weak, we performed additional stratified analyses
using One-Way ANOVA and Post Hoc Multiple Com-
parison, followed by multiple linear regression. Results
indicated a positive association between maternal serum
25(OH)D concentration and the number of parity. One
study mentioned that there was no significant difference
between serum 25(OH)D concentration and age, parity,
or gestational age [35], and no association between par-
ity and 25(OH)D concentration was observed in another
study [36]. While Shen et al. found that high parity was
associated with increasing serum vitamin D status [37].
The mechanism underlying this phenomenon is there-
fore unclear. There could be certain compensation in
metabolism function during pregnancy that requires
further investigation. From our clinical experience in
Foshan China, women gained experience in how to deal
with pregnancy with more parity going; they tended to
get more sun exposure and a nutrient-rich diet, and these
facts could have contributed to the results.

Women who had high serum vitamin D also had higher
alkaline phosphatase activity. A study observed that there
was an association between alkaline phosphatase activ-
ity and moderate vitamin D deficiency group; however,
the correlation was not significant [38]. Another study
also found that there was no correlation between alkaline
phosphatase activity and vitamin D status in school chil-
dren [39].

Serum alkaline phosphatase activity is widely used in
clinical practice as a marker of bone turnover [40]. Medi-
cal conditions with osteolysis had elevated serum alkaline
phosphatase activity levels [41]. Based on our results, we
hypothesize that there is a relationship between vitamin
D and alkaline phosphatase in maintaining bone and
mineral metabolic homeostasis—a hypothesis that merits
further investigation.

Serum pre-albumin could be a marker indicating mal-
nutrition and other potential pathological conditions,
such as inflammation, in clinical practice [42]. In inter-
preting pregnant women who had low serum vitamin D
status (vitamin D deficient) and low pre-albumin con-
centration, we hypothesize that there is a relationship
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Table 4 Correlation between vitamin D status and gestational outcomes

Clinical outcomes n Vitamin D deficient Vitamin D Vitamin D sufficient r P value

(<50 nmol/L) insufficient (>75 nmol/L)
(n=434) (50-74 nmol/L) (n=200)
(n=882)

Fasting glucose 1516 0.028 0279
<51 1478 427 (98.4) 856 (97.1) 195 (97.5)
>51 38 7(1.6) 26 (2.9) 5(2.5)

Glucose of 1 h GTT 1516 -0.037 0.155
<10 1358 382 (88.0) 793 (89.9) 183(91.5)
>10 158 52 (12.0) 89 (10.1) 17 (8.5)

Glucose of 2h GTT 1516 -0.037 0.145
<85 1342 376 (86.6) 786 (89.1) 180 (90.0)
>85 174 58 (13.4) 96 (10.9) 20(10.0)

GDM 1516 -0.016 0.534
No 1252 357(82.3) 725 (82.2) 170 (85.0)
Yes 264 77 (17.7) 157 (17.8) 30(15.0)

GH 1516 0.030 0.236
No 1492 429 (98.8) 868 (98.4) 195 (97.5)
Yes 24 5(1.2) 14 (1.6) 5(2.5)

PROM 1516 -0.047 0.068
No 1240 345 (79.5) 724 (82.1) 171 (85.5)
Yes 276 89 (20.5) 158 (17.9) 29 (14.5)

Fetal distress 1516 -0.031 0.235
No 1400 393 (90.6) 823 (93.3) 184 (92.0)
Yes 116 41(94) 59 (6.7) 16 (8.0)

Preterm 1516 -0.033 0.202
No 1432 405 (93.3) 836 (94.8) 191 (95.5)
Yes 84 29 (6.7) 46 (5.2) 945)

PPH 1516 0.028 0.268
No 1439 416 (95.9) 835 (94.7) 188 (94.0)
Yes 77 18 (4.1) 47 (5.3) 12 (6.0)

LBW 1516 -0.025 0.325
No 1440 409 (94.2) 839 (95.1) 192 (96.0)
Yes 76 25(5.8) 43 (4.9) 8(4.0)

Delivery mode 0.045 0.087
Vaginal 840 231 (54.0) 489 (57.2) 120 (61.2)
Cesarean 639 197 (46.0) 366 (42.8) 76 (38.8)

GDM gestational diabetes mellitus, GH gestational hypertension, PROM premature rupture of membrane, PPH postpartum hemorrhage, LBW low body weight

between serum vitamin D and pre-albumin, either acting
as a nutrition factor or inflammation index, as also sug-
gested in other study [43]. The detailed mechanism of
the association between these two factors requires fur-
ther investigation. Liu et al. [44] found that serum pre-
albumin levels were correlated with gestational diabetes
mellitus status, and they hypothesized that pre-albumin
can be used as an indicator to reflect the presence of ges-
tational diabetes mellitus.

Serum creatinine is considered a useful biomarker for
diagnosis of renal function and is widely used in clinical

practice [45, 46]. One study found that vitamin D recep-
tor activation increased creatinine generation and serum
creatinine level and may play a role in renal function
regulation [47]. Higher serum creatinine levels in vitamin
D deficient pregnant women may imply the activation of
the vitamin D receptor occurred as a compensatory effect
and merits further investigation. Saibene et al. found that
25-hydroxy vitamin D insufficiency in total thyroidec-
tomy patients was associated with lower serum creati-
nine, which indicated a possible role of creatinine in the
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Table 5 Association between 25(0OH)D status and gestational diabetes mellitus
Parameters Non-GDM GDM P value Multivariable-adjusted
OR (95%) P value

Age <0.001

<35 1098 (84.1) 207 (15.9) 1 (reference)

>35 154 (73.0) 57 (27.0) 1.086 (1.266-2.576) 0.001
Parity 0.107

0 662 (84.4) 122 (15.6) 1 (reference)

1 528(81.0) 124 (19.0) 1.142 (0.857-1.523) 0.364

>2 62 (77.5) 18 (22.5) 1.367 (0.769-2.430) 0.287
25(0H)D 0.627

>75 nmol/L 170 (85.0) 30(15.0) 1 (reference)

50-74 nmol/L 725(82.2) 157(17.8) 1.250 (0.763-2.046) 0376

<50 nmol/L 357(82.3) 77 (17.7) 1.224 (0.794-1.888) 0.360
Season at sampling 0.334

Spring 459 (83.9) 88 (16.1) 1 (reference)

Summer 475 (82.6) 100 (17.4) 1.098 (0.793-1.521) 0573

Fall 205 (82.7) 43(17.3) 1.137(0.737-1.755) 0.561

Winter 205 (82.7) 33(226) 1472 (0.932-2.325) 0.097

risk of transient postoperative hypocalcemia and vitamin
D metablic pathway [48].

Per the positive correlation between serum 25(OH)
D concentration and thrombin time (TT) in pregnant
women, our study implies that there is an association
between 25(OH)D and blood coagulation. A previous
study showed that treatment with vitamin D supplemen-
tation had a prothrombotic effect in patients with vita-
min D insufficiency, an issue requiring further study [49].

Conclusions

This study did not show an association between maternal
serum vitamin D status and GDM. There was a positive
correlation between serum vitamin D and parity, serum
alkaline phosphatase, pre-albumin levels, and a negative
correlation between serum vitamin D and thrombin time
and serum creatinine levels, which could have potential
clinical significance and requires further investigation.

Limitations of this study

Since serum 25(OH)D concentrations is affected by
several factors, such as seasons, geographical location,
race, diet/lifestyle, medical conditions, etc., it is impor-
tant to develop a more rigourous protocol when per-
forming future vitamin D related studies. In this study,
patients enrollment, diet and sun exposure, maternal
nutrition supplement, etc. could be more accurately
controlled. The analyzer used in 25(OH)D assay could
be improved if the budget allowed, such as an LC-MS/
MS spectrometer. Otherwise, more accurate methods

and standardization of the assay should be performed
in a future study and in clinical testing. For nstance,
we would re-measure 100-150 samples based on a
VDSCP assay along with standard reference materials
(SRM) and applying Deming regression to standard-
ize their values in the full sample. Socioeconomic sta-
tus, lifestyle, the eating habits of pregnant woman, the
monitoring and classification of gestational weight gain
of the pregnancy women, and their exercise levels are
factors of limitation in this study and should be consid-
ered in the future study. The study population mainly
composed of Han Chinese women, which ensured data
homogeneity, but it may under-represent population
groups with different lifestyles and socioecomic situa-
tions, leading to biased results.

Acknowledgements
None.

Authors’ contributions

C.L.is the principle investigator whom is also the corresponding author
responsible for project conception; Z.L. and LJ. took charge of statistical
analysis; Y.L, EW, DS, S.L, and A.C. took charge of patients’enrolment and
clinical information collection; ZR,, took charge of data collection and
integration; R.J. performed laboratory analysis and data collection; F.H.
performed Bone Densitometry; H.H. wrote the manuscript; X.G. participated
in project organization and conception. The author(s) read and approved
the final manuscript.

Funding
Foshan Science and Technology Bureau Project (2018AB000251) of Guang-
dong, China.

Availability of data and materials
Data is available from the corresponding author upon inquiry.



Luo et al. BMC Pregnancy and Childbirth (2022) 22:400

Declarations

Ethics approval and consent to participate

Ethics approval was obtained by the Institutional Review Board (IRB) and Eth-
ics Committee of Foshan Women's and Children’s Hospital of Southern Medi-
cal University. The approvel document number is FSFY-MEC-2018-014.The
file will be provided upon inquiry. All experimental protocols were approved
by the IRB of the hospital. All methods were carried out in accordance with rel-
evant guidelines and regulations. Methods and laboratory testing are routine
and standard operating required for medical practice in Guangdong Province
including this hospital. All participants provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details

'Department of Obstetrics, Southern Medical University Affiliated Maternal

& Children’s Hospital of Foshan, No. 11 Renminxi Road, Foshan, Guangdong
528000, China. “Department of Epidemiology, School of Public Health,
Southern Medical University, No. 1838 North Guangzhou Avenue, Guang-
zhou 510515, China. >Department of Information Technology, Southern
Medical University Affiliated Maternal & Children’s Hospital of Foshan, No. 11
Renminxi Road, Foshan, Guangdong 528000, China. *Department of Labora-
tory Medicine, Southern Medical University Affiliated Maternal & Children’s
Hospital of Foshan, No. 11 Renminxi Road, Foshan, Guangdong 528000,
China. °Department of Laboratory Medicine, The People’s Hospital of Guangxi
Zhuang Autonomous Region, 6 Taoyuan Road, Nanning, Guangxi 530021,
China. ®School of Medical Laboratory, Youjiang Medical University for Nation-
alities, No. 98 Chengxiang Road, Baise, Guangxi 533000, China. ’Mindray North
America, 800 MacArthur Boulevard, Mahwah, New Jersey 07430, USA. 8Departf
ment of Surgical Oncology, Roswell Park Comprehensive Cancer Center, EIm
and Carlton Streets, Buffalo, New York 14263, USA.

Received: 30 January 2021 Accepted: 29 April 2022
Published online: 11 May 2022

References

1. Deluca HF. Overview of general physiologic features and functions of VD.
Am J Clin Nutr. 2004;80(6 Suppl):16895-51696.

2. Schmid A, Walther B. Natural VD content in animal products. Adv Nutr.
2013;4(4):453-62.

3. Karras SN, Wagner CL, Castracane VD. Understanding VD metabolism in
pregnancy: From physiology to pathophysiology and clinical outcomes.
Metabolism. 2018:86:112-23.

4. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Endocrine Society. Evalu-
ation, treatment, and prevention of vitamin D deficiency: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab. 2011;96:1911-
30 Erratum in: J Clin Endocrinol Metab. 2011;96:3908.

5. Bouillon R, Carmeliet G. Vitamin D insufficiency: Definition, diagnosis and
management. Best Pract Res Clin Endocrinol Metab. 2018;32:669-84.

6. FanH, HuiL, Yan X, et al. Serum 25 hydroxyvitamin D levels and affecting
factors among preconception fertile women. BMC Womens Health.
2020;20:146.

7. Amrein K, Scherkl M, Hoffmann M, et al. Vitamin D deficiency
2.0: an update on the current status worldwide. Eur J Clin Nutr.
2020;74:1498-513.

8. Gowda U, Ruwanpathirana T, Fong DP, et al. Efficacy of high dose Vitamin
D supplementation in improving serum 25(0OH)D among migrant and
non migrant population: a retrospective study. BMC Health Serv Res.
2016;16:579.

9. Colonese F, Lagana AS, Colonese E, et al. The pleiotropic effects of VD
in gynaecological and obstetric diseases: an overview on a hot topic.
Biomed Res Int. 2015;2015: 986281.

10. Wang M, Chen Z, Hu Y, et al. The effects of VD supplementation on
glycemic control and maternal-neonatal outcomes in women with

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 9 of 10

established gestational diabetes mellitus: A systematic review and meta-
analysis. Clin Nutr. 2020;50261-5614(20):30691-9. https://doi.org/10.
1016/j.cInu.2020.12.016.

. Albahlol IA, AlImaeen AH, Alduraywish AA, et al. VD Status and Pregnancy

Complications: Serum 1,25-di-hydroxyl-VD and its Ratio to 25-hydroxy-VD
are Superior Biomarkers than 25-hydroxy-VD. Int J Med Sci. 2020;17:3039-
48. https://doi.org/10.7150/ijms.47807.

Vivanti AJ, Monier |, Salakos E, et al. VD and pregnancy outcomes: Overall
results of the FEPED study. J Gynecol Obstet Hum Reprod. 2020;49:
101883. https//doi.org/10.1016/}jogoh.2020.101883.

Milajerdi A, Abbasi F, Mousavi SM, et al. Maternal vitamin D status and risk
of gestational diabetes mellitus: A systematic review and meta-analysis of
prospective cohort studies. Clin Nutr. 2021;40(5):2576-86. https://doi.org/
10.1016/j.cInu.2021.03.037 Epub 2021 Apr 2 PMID: 33933723.
Pérez-Lopez FR, Pasupuleti V, Mezones-Holguin E, et al. Effect of vitamin
D supplementation during pregnancy on maternal and neonatal out-
comes: a systematic review and meta-analysis of randomized controlled
trials. Fertil Steril. 2015;103(5):1278-88.e4. https://doi.org/10.1016/j fertn
stert.2015.02.019 Epub 2015 Mar 23 PMID: 25813278.

Bian H, Tang Y, Zhou Y, et al. Demographic variations and temporal

trends in prenatal use of multiple micronutrient supplements in Beijing,
2013-2017. Public Health Nutr. 2021,24(5):826-33. https://doi.org/10.
1017/51368980020004905 Epub 2020 Dec 2 PMID: 33261684.

LiJ, GaoY,YuT, et al. Obesity and leptin influence vitamin D metabolism
and action in human marrow stromal cells. J Steroid Biochem Mol Biol.
2020;198:105564. https://doi.org/10.1016/}.jsbmb.2019.105564 Epub
2019 Dec 3 PMID: 31809868.

Tangestani H, Djafarian K, Emamat H, et al. Efficacy of vitamin D fortified
foods on bone mineral density and serum bone biomarkers: A systematic
review and meta-analysis of interventional studies. Crit Rev Food Sci Nutr.
2020;60:1094-103.

Parizadeh SM, Rezayi M, Jafarzadeh-Esfehani R, et al. Association of vitamin D
status with liver and kidney disease: A systematic review of clinical trials, and
cross-sectional and cohort studies. Int J Vitam Nutr Res. 2021;91:175-87.
Bouillon R. Vitamin D and cardiovascular disorders. Osteoporos Int.
2019;30:2167-81.

Sempos CT, Binkley N. 25-Hydroxyvitamin D assay standardisation and
vitamin D guidelines paralysis. Public Health Nutr. 2020;23:1153-64.
Binkley N, Dawson-Hughes B, Durazo-Arvizu R, Thamm M, Tian L,

Merkel JM, Jones JC, Carter GD, Sempos CT. Vitamin D measurement
standardization: The way out of the chaos. J Steroid Biochem Mol Biol.
2017,173:117-21.

Brooks SPJ, Sempos CT. The importance of 25-hydroxyvitamin D assay
standardization and the Vitamin D Standardization Program. J AOAC Int.
2017;100:1223-4.

American Diabetes Association. Standards of medical care in diabe-
tes—2014. Diabetes Care. 2014;37(Suppl 1):5S14-80.

Arnold DL, Enquobahrie DA, Qiu C, et al. Early pregnancy maternal VD
concentrations and risk of gestational diabetes mellitus. Paediatr Perinat
Epidemiol. 2015;29:200-10.

Schneuer FJ, Roberts CL, Guilbert C, et al. Effects of maternal serum
25-hydroxyVD concentrations in the first trimester on subsequent
pregnancy outcomes in an Australian population. Am J Clin Nutr.
2014;99:287-95.

Mclntyre HD, Catalano P, Zhang C, et al. Gestational diabetes mellitus. Nat
Rev Dis Primers. 2019;5:47.

Damm P, Houshmand-Oeregaard A, Kelstrup L, et al. Gestational diabetes
mellitus and long-term consequences for mother and offspring: a view
from Denmark. Diabetologia. 2016;59:1396-9.

Norman AW, Frankel JB, Heldt AM, et al. VD deficiency inhibits pancreatic
secretion of insulin. Science. 1980;209:823-5.

Hu L, Zhang Y, Wang X, et al. Maternal VD Status and Risk of Gestational
Diabetes: a Meta-Analysis. Cell Physiol Biochem. 2018;45:291-300.

Wilson RL, Leviton AJ, Leemaqz SY, et al. VD levels in an Australian and
New Zealand cohort and the association with pregnancy outcome. BMC
Pregnancy Childbirth. 2018;18:251.

Martinez-Dominguez SJ, Tajada M, Chedraui P, et al. Systematic review
and meta-analysis of Spanish studies regarding the association between
maternal 25-hydroxyVD levels and perinatal outcomes. Gynecol Endo-
crinol. 2018;34:987-94.


https://doi.org/10.1016/j.clnu.2020.12.016
https://doi.org/10.1016/j.clnu.2020.12.016
https://doi.org/10.7150/ijms.47807
https://doi.org/10.1016/j.jogoh.2020.101883
https://doi.org/10.1016/j.clnu.2021.03.037
https://doi.org/10.1016/j.clnu.2021.03.037
https://doi.org/10.1016/j.fertnstert.2015.02.019
https://doi.org/10.1016/j.fertnstert.2015.02.019
https://doi.org/10.1017/S1368980020004905
https://doi.org/10.1017/S1368980020004905
https://doi.org/10.1016/j.jsbmb.2019.105564

Luo et al. BMC Pregnancy and Childbirth

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

(2022) 22:400

Corcoy R, Mendoza LC, Simmons D, et al. The DALI VD randomized con-
trolled trial for gestational diabetes mellitus prevention: No major benefit
shown besides VD sufficiency. Clin Nutr. 2020;39:976-84.

Yin WJ, Tao RX, Hu HL, et al. The association of vitamin D status and sup-
plementation during pregnancy with gestational diabetes mellitus: a Chi-
nese prospective birth cohort study. Am J Clin Nutr. 2020;111(1):122-30.
https://doi.org/10.1093/ajcn/nqz260 PMID: 31625576.

Song SJ, Si'S, Liu J, et al. Vitamin D status in Chinese pregnant women
and their newborns in Beijing and their relationships to birth size. Public
Health Nutr. 2013;16(4):687-92. https://doi.org/10.1017/5136898001
2003084 Epub 2012 Jul 16 PMID: 23174124,

Mahmoud SZ, Saad AA, Mohieldein AH, et al. Serum level of
25-hydroxyVD and obesity among early pregnant women. J Obstet
Gynaecol Res. 2019;45:2338-42. https://doi.org/10.1111/jog.14114.
Woon FC, Chin YS, Ismail IH, et al. Vitamin D deficiency during pregnancy
and its associated factors among third trimester Malaysian pregnant
women. PLoS ONE. 2019;14(6): €0216439. https://doi.org/10.1371/journal.
pone.0216439.PMID:31233513,PMCID:PMC6590777.

ShenY, PuL, Si§, etal.Vitamin D nutrient status during pregnancy and
its influencing factors. Clin Nutr. 2020;39(5):1432-9. https://doi.org/10.
1016/j.cInu.2019.06.002 Epub 2019 Jun 8 PMID: 31229327.

Shaheen S, Noor SS, Barakzai Q. Serum alkaline phosphatase screening for
VD deficiency states. J Coll Physicians Surg Pak. 2012,22:424-7.

Pulungan AB, Soesanti F, Tridjaja B, et al. VD insufficiency and its contrib-
uting factors in primary school-aged children in Indonesia, a sun-rich
country. Ann Pediatr Endocrinol Metab. 2021. https://doi.org/10.6065/
apem.2040132.066.

Fernandez-Galan E, Bedini JL, Filella X. Analytical verification and method
comparison of the ADVIA centaur intact parathyroid hormone assay. Clin
Biochem. 2017,50:1222-7.

Kato H, Koga M, Kobayashi H, et al. Primary bone adult T cell lym-

phoma with multiple skeletal lesions and debilitating painful oste-
olysis: a case report. Osteoporos Int. 2020. https://doi.org/10.1007/
500198-020-05720-6.

Ranasinghe RN, Biswas M, Vincent RP. Prealbumin: The clinical util-

ity and analytical methodologies. Ann Clin Biochem. 2020 Jun
11:4563220931885. https://doi.org/10.1177/0004563220931885. Epub
ahead of print. PMID: 32429677.

Sawada M, Kubota N, Sekine R, et al. Sex-related differences in the effects
of nutritional status and body composition on functional disability in the
elderly. PLoS ONE. 2021;16(2):e0246276. https://doi.org/10.1371/journal.
pone.0246276.PMID:33529213,PMCID:PMC7853464.

Liu H, Shao-Gang M, Liang C, et al. Surrogate markers of the kidney

and liver in the assessment of gestational diabetes mellitus and fetal
outcome. J Clin Diagn Res. 2015;9(1):0C14-7. https://doi.org/10.7860/
JCDR/2015/11585.5475 Epub 2015 Jan 1. PMID: 25738017; PMCID:
PMC4347108.

Levey AS, Perrone RD, Madias NE. Serum creatinine and renal function.
Annu Rev Med. 1988,39:465-90.

Verma S, Kellum JA. Defining Acute Kidney Injury. Crit Care Clin.
2021,37:251-66.

Agarwal R, Hynson JE, Hecht TJ, et al. Short-term VD receptor activation
increases serum creatinine due to increased production with no effect on
the glomerular filtration rate. Kidney Int. 2011;80:1073-9.

Saibene AM, Rosso C, Felisati G, et al. Can preoperative 25-hydroxyvita-
min D levels predict transient hypocalcemia after total thyroidectomy?
Updates Surg. 2021 Sep 26. https://doi.org/10.1007/513304-021-01158-5.
Epub ahead of print. PMID: 34564834.

Saliba W, Awad K, Ron G, et al. The Effect of VD Supplementation on
Thrombin Generation Assessed by the Calibrated Automated Thrombo-
gram. Clin Appl Thromb Hemost. 2016,22:340-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/ajcn/nqz260
https://doi.org/10.1017/S1368980012003084
https://doi.org/10.1017/S1368980012003084
https://doi.org/10.1111/jog.14114
https://doi.org/10.1371/journal.pone.0216439.PMID:31233513;PMCID:PMC6590777
https://doi.org/10.1371/journal.pone.0216439.PMID:31233513;PMCID:PMC6590777
https://doi.org/10.1016/j.clnu.2019.06.002
https://doi.org/10.1016/j.clnu.2019.06.002
https://doi.org/10.6065/apem.2040132.066
https://doi.org/10.6065/apem.2040132.066
https://doi.org/10.1007/s00198-020-05720-6
https://doi.org/10.1007/s00198-020-05720-6
https://doi.org/10.1177/0004563220931885
https://doi.org/10.1371/journal.pone.0246276.PMID:33529213;PMCID:PMC7853464
https://doi.org/10.1371/journal.pone.0246276.PMID:33529213;PMCID:PMC7853464
https://doi.org/10.7860/JCDR/2015/11585.5475
https://doi.org/10.7860/JCDR/2015/11585.5475
https://doi.org/10.1007/s13304-021-01158-5

	Association of serum vitamin D status with gestational diabetes mellitus and other laboratory parameters in early pregnant women
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Patients and methods
	Patient enrollment and ethics approval
	Serum 25(OH)D analysis
	Chemistry analysis
	Glucose tolerance test
	Coagulation test
	Bone density examination
	Statistical analysis

	Results
	Association between maternal and clinical characteristics and 25(OH)D status
	Association between parity, season at sampling, and laboratory parameters and 25(OH)D concentrations
	Correlation of 25(OH)D status with GDM and other pregnancy adverse events
	Association between maternal 25(OH)D status and gestational diabetes mellitus

	Discussion
	Conclusions
	Limitations of this study

	Acknowledgements
	References


