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Is Meconium Stained Amniotic Fluid Related to  
Cord Blood Vitamin D Levels?

 A B S T R A C T  
Aim: The present study aimed to compare cord blood Vitamin D levels of in-
fants born with meconium stained amniotic fluid to those with clear amniot-
ic fluid.
Method: Term pregnant women in the active phase of labor and having meconi-
um stained amniotic fluid were defined as the study group (n=44). Women with 
healthy uncomplicated pregnancies with clear amniotic fluid matched with 
the study group for age, parity and gestational age were defined as the control 
group. Demographic, delivery and laboratory parameters of both groups were 
recorded. Cord blood vitamin D levels were measured with high performance 
liquid chromatography.
Results: The 88 women were between the ages of 18-40 years. There were 16 pa-
tients with massive meconium, and 28 patients with mild and moderate meco-
nium. Mean vitamin D levels of the study and control groups were 45.1 and 41.0 
ng/ml, respectively. In our study sample, 14% of the study group and 23% of the 
control group had deficient levels of vitamin D (≤20 ng/ml 25(OH)D). Vitamin 
D levels did not correlate with the presence of meconium or the thickness of 
the meconium.
Conclusion: The present study indicates that blood levels of vitamin D of in-
fants born through meconium stained amniotic fluid were not significantly dif-
ferent from those with clear amniotic fluid. Larger studies are needed to define 
the exact role of vitamin D in pregnancy and to investigate the effect of addi-
tional Vitamin D intake on pregnancy outcomes.
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Introduction

Meconium-stained amniotic fluid (MSAF), is 
defined as the passage of fetal intestinal lu-

men content into the amniotic cavity. It is a frequent 
situation in obstetric practice with an incidence of 
12% of all deliveries [1,2]. Many authors agree that 
meconium passage occurs as a result of fetal hypox-
ia and placental dysfunction [3,4]. Thick meconium 
has been found to be the most important factor ef-
fecting fetal outcome [3].

The classical functions of vitamin D are relat-
ed to bone mineral metabolism. But recent studies 
have shown that vitamin D receptors are expressed 
in almost all cells of the body, suggesting that vi-
tamin D has many more functions than already 
known [5]. In pregnancy, Vitamin D plays auto-
crine, paracrine, and endocrine roles in trophoblast 
invasion, nutrient and gas exchange [6,7]. Vitamin 

D deficiency in pregnancy is reported to be relat-
ed with preeclampsia, gestational diabetes mellitus, 
preterm birth and small-for-gestational age babies 
[8]. Shemer and Marschall evaluated vitamin D lev-
els of women with intrahepatic cholestasis of preg-
nancy [9]. They found lower vitamin D levels in me-
conium stained deliveries.

Due to the fact that the risk of adverse pregnan-
cy outcomes increases in vitamin D deficient moth-
ers and that meconium stained amniotic fluid has 
been reported as a sign of placental dysfunction, 
we hypothesized that vitamin D might have a role 
in the development of the pathology of meconium 
stained amniotic fluid.

The aim of this study was to investigate wheth-
er cord blood vitamin D levels are different between 
meconium stained and unstained amniotic fluid.
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Materials and Methods
This study was carried out at the Zekai Tahir Burak 
Maternity and Women’s Health Training and 
Research Hospital between January and March 2013. 
Forty-four women with singleton pregnancies com-
plicated by MSAF between 37 and 41 weeks of ges-
tation were defined as the study group and these pa-
tients were matched with 44 healthy uncomplicated 
pregnancies with clear amniotic fluid for age, parity, 
and gestational age who were defined as the control 
group. Patients both in the study group and the con-
trol group were non-smokers and were taking multi-
vitamin tablets daily. Patients with multiple pregnan-
cies, maternal systemic disease, preterm birth, intra-
uterine growth retardation, fetal anomaly, small for 
gestational age, preeclampsia or gestational diabetes 
mellitus were excluded from the study. This study 
was approved by the local ethics committee (No: 24/ 
July 18, 2012) and performed in accordance with the 
ethical standards for human research established by 
the Declaration of Helsinki. Informed consent was 
obtained from all participants.

Gestational age was determined based on crown 
rump length measurement by ultrasonography per-
formed before 14 weeks of gestation. All newborns 
were evaluated for birth weight, gender, mode of de-
livery and need for neonatal intensive care unit ad-
mission. Amniotic fluid color was assessed at the 
time of membrane rupture and delivery. Meconium 
was categorized as thick, moderate or thin, based on 
its naked-eye appearance.

The groups were compared according to cord 
blood vitamin D levels. The umbilical cord was 
clamped and 10 ml of arterial blood was collected 
at delivery. Afterwards, cord blood was centrifuged 
at 4000g for 10 minutes, serum samples were stored 
at −80°C and analyzed at the end of the study period. 
Circulating vitamin D levels were assessed by mea-
suring 25-hydroxy-vitamin D3 (25(OH)D3) in serum 
by high performance liquid chromatography using 
a kit marketed by ImmuChrom GmbH (Germany). 
The intra-assay coefficient of variation for serum vi-
tamin D was 2.6% and the inter-assay coefficient of 
variation for serum Vitamin D was 4%. The refer-
ence interval was 25-150 nmol/l (20-60 ng/ml) for 
winter time.

Data were analyzed with the SPSS software 
version 15.0 for Windows (SPSS Inc., Chicago, 
Illinois,USA). Groups were controlled in terms of 
conformity to normal distribution (graphical check 

and Kolmogorov-Smirnov test). Median (IQR) was 
used for groups that were not distributed normal-
ly. Chi-square tests were conducted to test the dis-
tribution between categorical variables. The Mann–
Whitney test was performed for not normally dis-
tributed variables and Student’s t test was used for 
normally distributed variables. A p-value <0.05 was 
considered significant.

Results
A total of 88 pregnant women were included in the 
study: forty-four women in the MSAF group and 44 
women in the control group. The groups were com-
parable in terms of maternal age, gravidity, parity, 
body mass index and mode of delivery (Table).

Fetal characteristics including birth weight 
and newborn gender were similar between groups 
(p= 0.362 and p= 0.831, respectively). One infant in 
the study group required intensive care unit hospi-
talization (p=0.545). The mean cord blood 25(OH) 
D3 levels of the study and control groups were 45.1 
ng/ml and 41.0 ng/ml, respectively (p= 0.545). 14% 
of the study and 23% of the control groups were 
deficient of 25(OH) D3 with a level less than 20 
ng/ml.

The appearance of the meconium was distribut-
ed as mild (n=7; 8%), moderate (n=21; 21%) and se-
vere (n= 16; 18%). Mean 25(OH) D3 levels for mild, 
moderate and severe MSAF groups were 47.5 ng/ml, 
41.64 ng/ml and 51.81 ng/ml, respectively. There was 
no difference between vitamin D levels of the cord 
blood in the three groups formed according to the 
thickness of meconium (p= 0.597). The cord blood 
vitamin D levels was similar between male and fe-
male babies (p= 0.831).

Discussion
This case control study was undertaken to compare 
vitamin D levels in cord blood of term newborn in-
fants with either meconium stained or clear am-
niotic fluid. To the best of our knowledge, very lit-
tle is known about the possible association between 
MSAF and vitamin D. [9]. The results of the study 
showed no relation between intrauterine meconium 
passage and cord blood vitamin D levels.

There are several studies indicating an associa-
tion between low levels of Vitamin D during preg-
nancy and adverse pregnancy outcomes, includ-
ing preeclampsia, diabetes mellitus, preterm birth 
and the newborn being small for gestational age [8]. 
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In preeclampsia, there is an abnormal endotheli-
al function and also an inappropriate immune re-
sponse of the mother to the fetus. The active form of 
vitamin D is reported to regulate the transcription 
of the genes associated with the placental invasion, 
normal implantation and angiogenesis. Vitamin D is 
also shown to function in immune modulation [10], 
which is pathogenic in both preeclampsia (between 
mother and fetus) and diabetes mellitus. In diabe-
tes mellitus pancreatic β cells are destroyed by auto-
immunity [11]. The relation between vitamin D and 
newborns small for gestational age is again based on 
inadequate implantation and placentation [12]. If we 
consider meconium passage as a result of fetal hy-
poxia, this might be due to the abnormal placenta-
tion and angiogenesis.

In our study, mode of delivery was compara-
ble between MSAF and clear amniotic fluid groups. 
Recently association of maternal vitamin D and ad-
verse labor and delivery outcomes was investigat-
ed [13,14]. In the study by Gernand et al. 25(OH) D 
concentrations were reported not to be associated 
with risk of prolonged stage 1 or 2, cesarean delivery 
or instrumental delivery [13]. While Scholl et al. re-
ported a two fold increase in cesarean delivery rate 
in vitamin D deficient mothers [14]. The hypothesis 

behind the association of prolonged labor and in-
creased cesarean delivery is decreased muscle pow-
er and pushing force of mother with vitamin D de-
ficiency and associated pelvic floor dysfunction. 
However, since pelvic floor dysfunction is a multi-
factorial phenomenon, the results are inconsistent.

Vitamin D has been extensively investigated in 
the adult population. Various cut-offs have been used 
to report circulating vitamin D status. Many experts 
suggest that the patient should be considered to be 
deficient in vitamin D if the serum level of 25(OH) D 
is less than 20 ng/ml [15]. On the basis of this defi-
nition about 14% of the meconium group and 23% of 
our control group would be classified as being defi-
cient in vitamin D. We found no significant relation-
ship between Vitamin D deficiency and MSAF. The 
logical explanation behind this result could be due to 
the maternal vitamin D level as the mother provides 
calcium to fetus without a precondition of vitamin 
D, calcitriol, or the vitamin D receptor [8]. Our study 
population had higher cord blood vitamin D levels 
compared to some studies [16,17]. We used HPLC 
method which is the reference method for mea-
suring vitamin D levels. Discrepancy between cord 
blood vitamin D levels could be attributed to the dif-
ferences in methods of measurement and the kits 

Table: Demographic and clinical characteristics of the groups

Variables
Meconium group

(n= 44)
Control group

(n= 44)
P value

Age (years) (mean) 26.14 (4.62) 25.84 (4.53) 0.763

Gravidity (median) 2 (1-7) 2 (1-5) 0.612

Parity (median) 0 (0-4) 1 (0-2) 0.735

BMI (kg/m2) 28.8 (4.63) 27.9 (4.27) 0.331

Gestational age (days) (mean) 276.7 (9.7) 274.9 (4.27) 0.301

Mode of delivery n(%)
 Vaginal birth
 Cesarean section

22/44 (50%)
22/44 (50%)

22/44 (50%)
22/44 (50%)

1.000

Birth weight (grams) (mean) 3368 (416) 3290 (392) 0.362

Newborn gender n(%)
 Male
 Female

25/44 (57%)
19/44 (43%)

24/44 (55%)
20/44 (45%)

0.831

NICU admission n(%) 1/44 (2%) 0/44 (0%) 0.317

Cord blood vitamin D level (ng/ml) (mean) 45.1 (33.2) 41.0 (28.7) 0.545

Mean (SD), Median (min-max), n (%)
BMI: Body mass index, NICU: neonatal intensive care unit
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used. The disparity between vitamin D levels in an 
earlier study conducted with pregnant women and 
their newborns in Turkey [18] and our study might 
be due to the subjects being from different parts of 
the country and seasonal difference.

There are also several reports that have evalu-
ated the difference in vitamin D levels according 
to gender in adults. They demonstrated higher lev-
els of vitamin D in males compared to females. The 
authors related this result to the amount of time 
spent outdoors, or clothing differences [19,20]. Less 
is known about the relationship between vitamin 
D and sex during fetal development [21]. When we 
evaluated cord blood vitamin D levels according to 
fetal sex we found no difference. This was a second-
ary outcome of our study. Given the interrelation of 
sex steroids with vitamin D [22], this subject should 
be evaluated in larger series.

Potential limitations of our report include the 
following. Firstly, we measured Vitamin D lev-
els in cord blood in a small number of participants. 
Secondly, multiple measurements throughout the 
pregnancy may have demonstrated more reliable re-
sults. Thirdly, although this was a prospective study, 
we did not record the signs for duration of intrauter-
ine meconium exposure such as meconium staining 
of the vernix, umbilical cord and nails. Strength in-
cluded subjects from multiple geographical areas of 
the country.

Although vitamin D supplementation during 
pregnancy is advised for better maternal and fe-
tal outcome, we did not find a correlation between 
cord blood 25(OH) D concentrations with me-
conium staining or the thickness of meconium 
staining.
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