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ABSTRACT
Objective: To assess the association between Gestational Vitamin D (VD) deficiency and preterm birth (PTB).
Patients and Methods: This prospective observational nested case control study was conducted at Ain Shams University 
Maternity Hospital and Dar Ismael Maternity Hospital and sequentially recruited women with singleton pregnancy                         
at 20-28 weeks. Blood samples were collected from all eligible participants and kept frozen until further measurement 
of maternal VD levels. All enrolled women were followed up till delivery. Cases (PTB) group included woman who 
delivered before completing 37 weeks of gestation while controls, term birth (TB) group included matched group of those 
who delivered at or after 37 weeks. The primary study outcome measure was the correlation between VD status and PTB.
Results: The final analysis of this study included 40 cases in the PTB group and 40 controls in the TB group. VD deficiency 
was more prevalent in PTB group (87.5% versus 22.5% in the TB group, p<0.001). PTB group had a statistically significant 
lower VD levels (13.34 ± 7.71 ng/ml versus 32.91 ± 18.98 ng/ml in the TB group, p<0.001) with a moderate positive 
linear correlation between gestational age at delivery and VD level (Pearson correlation=0.571, p<0.001). Among the 
studied maternal outcomes, delivery by cesarean section was more prevalent in PTB group (62.5% versus 30.0% in the 
TB group, p=0.004). 
Conclusion: Gestational VD deficiency was associated with increased risk of PTB and delivery by cesarean section.
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INTRODUCTION                                                                 

Preterm birth (PTB) is an important cause of perinatal 
morbidity and mortality. It is a challenging scenario in 
everyday practice, as it represents 50-75% of the perinatal 
mortalities. Clinically, preterm labor (PTL) is diagnosed 
by the start of regular uterine contractions and cervical 
changes before completing 37 weeks of gestation with or 
without rupture of membranes. The rate of PTB ranges 
between 510%- in developed countries and up to 25% in 
developing countries. Globally, the estimated incidence of 
PTB is around 6-11 %[1,2].

PTL is not a singular disease; it is a syndrome that has 
a group of independent reasons. The pathophysiological 
mechanisms of PTL are still vague. However, there is strong 
evidence that infection is the most common mechanism 
leading to early delivery[3,4]. 

Vitamin D (VD), 1,25-dihydroxycholecalciferol, 
could prevent PTL by decreasing bacterial infections, as it 

triggers cathelicidin in the maternal and fetal components 
of the placenta. Recent studies have revealed a linkage 
between maternal VD (25-hydroxycholecalciferol) levels 
and placental antibacterial responsiveness[5,6].

VD deficiency is a growing global clinical issue 
affecting the health status of various age groups; the 
pregnant women are among the high-risk categories 
that can suffer from VD deficiency. The correlation 
between VD status and PTB has been an area of                                                                                                                               
research interest as VD affects various pathways that could 
trigger PTL. VD is a secosteroid hormone, synthesized 
mainly by the dermal structures under the influence of                                                                                                                                        
sunlight  and transformed to its active form within 
the hepatic and renal circulations. VD is well 
recognized for its antioxidant impact, effects on                                                                                                                      
innate and adaptive immunological responses[7-9]. 
VD also affects the reproductive developments in                                                                                                                                      
male and female genital systems[10-12]. Studies 
are deficient and considerable research efforts 
are still required to uncover the correlation                                                                                                        



606

GESTATIONAL VITAMIN D DEFICIENCY AND PRETERM BIRTH

between VD and the trending obstetric problems such 
as PTL and PTB[13-17]. The current study investigated the 
correlation between maternal VD status and PTB.

PATIENTS AND METHODS                                                                               

This prospective observational nested case control 
study was conducted at Ain Shams University Maternity 
Hospital and Dar Ismael Maternity Hospital, between 
May 2017 and December 2017 and sequentially recruited 
women with singleton pregnancy at 20-28 weeks. Factors 
like evidence of maternal and/or fetal abnormalities that 
can predispose to PTB, prior history of PTB, documented 
first trimester aneuploidy, concurrent or prior history 
of incompetent cervix with or without cerclage, acute 
and/or chronic inflammatory maternal conditions, 
neoplasms, antepartum hemorrhage, smoking, multifetal 
gestation, diabetes mellitus, hypertensive disorders and/or 
intrauterine fetal growth restriction were all considered as 
the exclusion criteria of the study.

This study was approved by Ain Shams University 
Ethical Committee. Written informed consent was attained 
from each participant before conducting any study specific 
intervention. Blood samples were initially collected 
from a large cohort and were kept frozen until further 
measurement of maternal VD (25-hydroxycholecalciferol) 
levels.  All recruited women were followed up every 
two weeks for any signs or symptoms of PTL. Cases 
(PTB) group included woman who delivered before                                                     
completing 37 weeks of gestation; while controls (term 
birth TB) group included those who delivered at or after 37 
weeks and were matched for parity, age, body mass index 
and other potential confounders.

The gestational age was calculated based on the date 
of last menstrual period and confirmed by ultrasound 
scanning (Sono ACE 6000, Medison, South Korea).

Measurement of maternal VD 
(25-hydroxycholecalciferol) levels was performed for 
all cases and matched controls using DRG 25(OH) VD 
total ELISA Kit, EIA-5396 (DRG Instruments GmbH, 
Germany) which is an enzyme immunoassay for the 
quantitative in vitro diagnostic measurement of total 
VD (25-hydroxycholecalciferol), VD2-D3, in serum 
or plasma samples (EDTA plasma, heparin plasma, 
citrate plasma). DRG 25 (OH) VD Total enzyme-linked                                      
immunosorbent assay (ELISA) Kit is a solid phase 
ELISA based on the competitive binding principle. In the 
first step, samples were pretreated in separate vials with 
denaturation buffer to extract the analyte, since most 
circulating 25(OH) VD is bound to VDBP in vivo.  After                                                                                                                                  
neutralization, biotinylated 25(OH) VD (enzyme 
conjugate) and peroxidase-labeled streptavidin 
(enzyme complex) were added. After mixing, the 
solution was carefully transferred to the wells of                                                                                                                

the microtiter plate.  Endogenous 25(OH) VD of a 
patient sample competes with a 25(OH) VD3-biotin 
conjugate for binding to the VDBG that is immobilized 
on the plate.  Binding of 25(OH) VD-biotin was 
detected by peroxidase-labeled streptavidin.  Incubation 
was followed by a washing step to remove unbound 
components.  The color intensity is inversely proportional 
to the concentration of 25(OH) VD in the sample and 
was measured photometrically at 450 nm using ELISA 
reader (Stat Fax 2100 Microplate Reader). Women were                                                                                                             
then categorized into 3 groups according to their serum 
25 (OH) VD status: 1) Deficiency of VD was defined as                                                                                                               
a 25 (OH) VD level < 20 ng/mL (50 nmol/L), 2) 
Insufficiency of VD was defined as a 25 (OH) VD level 
of 2030- ng/mL (5075- nmol/L), 3) Sufficiency of VD was 
defined as a 25 (OH) VD level > 30 ng/mL (75 nmol/L).

The primary study outcome measure was the correlation 
between VD status and PTB, while the secondary outcome 
measures included the prevalence of VD deficiency in 
women with PTB.

The collected data was analyzed using statistical 
package for social sciences (IBM SPSS, version 20.0). 
Data was presented according to the type of data of each 
variable; mean and standard deviation (±SD) for parametric 
numerical data, median and interquartile range (IQR) for 
non-parametric data and frequency and percentage of                  
non-numerical data. Independent sample student t-test was 
used to compare means of two study groups. Chi square 
test and Fisher's exact test, as appropriate, were used to 
examine the relationship between two qualitative variables. 
Two tailed p-value <0.05 was considered statistically 
significant.

RESULTS                                                                                

As it is shown in the participants’ flowchart, among               
the 100 women who were initially recruited to participate 
in the study, the final statistical analysis included 40 cases 
in the PTB group and 40 controls in the TB group (Fig. 1).

As expected, PTB group had a statistically significant 
lower GA at delivery (33.651.67± versus 38.331.05± in 
TB group, p<0.001). VD deficiency was more prevalent 
in PTB group [35 (87.5%) versus 9 (22.5%) in the TB                                                                             
group, p<0.001] while VD sufficiency and 
insufficiency were more prevalent in TB group. PTB 
group had statistically significant lower VD levels 
(13.347.71± ng/ml versus 32.9118.98± ng/ml in the TB                                                                                                                 
group, p<0.001) (Table 1).

There was a moderate positive linear relationship 
between GA at delivery and VD level (Pearson                            
correlation = 0.571, p<0.001). Among the studied 
maternal outcomes, delivery by cesarean section was more 
prevalent in PTB group (62.5% versus 30.0% in the TB                            
group, p=0.004) (Table 2).
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Table 3 revealed and displayed that age and BMI did 
not show statistical significant difference between both 
research groups (p values =0.904, 0.58, consecutively) 
whereas GA at delivery and vitamin D levels were less 
in the preterm research group in statistically significant 
fashion (p value =0.000).

Table 4 revealed and displayed that there was no 
statistical significant difference as regards parity, smoking, 
GDM, preeclampsia (p values =1.000, 1.000, 1.000, 0.692, 
consecutively). However, the vaginal deliveries were 
much less in preterm research group and cesarean section 

deliveries were more in the same group in statistically 
significant manner (p values =0.004).

Table 5 revealed and displayed that GA age at delivery 
was statistically significantly correlated to vitamin D levels 
in which Pearson correlation =0.571, p value=0.000.

Table 6 revealed and displayed that Vitamin D 
deficiency was statistically significantly more prevalent in 
preterm research group;  while vitamin D sufficiency and 
insufficiency were more prevalent in full term research 
group  in statistically significant manner (p value =0.000).

Table 1 : The studied baseline parameters including vitamin D level and status

p-valueTerm birth
n=40

Preterm birth
n=40

0.90428.32±5.4828.47±5.56Age, years

0.58828.48±3.5528.94±4.00BMI, kg/m2

0.001¶38.33±1.0533.65±1.67GA at delivery

1.000

1.000

10 (25.0%)
10 (25.0%)
7 (17.5%)
13 (32.5%)
3 (7.5%)

10 (25.0%)
10 (25.0%)
7 (17.5%)
13 (32.5%)
3 (7.5%)

Parity 0
 1
 2
 > 3
Smoking

<0.001¶32.91±18.9813.34±7.71Vitamin D level, ng/mL

<0.001¶19 (47.5%)
12 (30.0%)
9 (22.5%)

2 (5.0%)
3 (7.5%)
35 (87.5%)

Vitamin D 
                Sufficiency
 Insufficiency
 Deficiency

BMI, body mass index; GA, Gestational age; n, number. 
Data are presented as number (%) or mean ± standard deviation as appropriate.  
¶ indicates statistical significance

Table 2: The studied maternal outcome measures

p-valueTerm birth
n=40

Preterm birth
n=40

1.000
0.692
0.004¶

3 (7.5%)
4 (10.0%)
12 (30.0%)

3 (7.5%)
3 (7.5%)
25 (62.5%

Maternal outcome measures

Diabetes mellitus
Preeclampsia
Cesarean sections

Data are presented as number (%) or mean ± standard deviation as appropriate. 
¶ indicates statistical significance.
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P-valueChi square

Group

Variables Full termPreterm

%No.%No.

1.0000.000

25.0%1025.0%100

Parity
25.0%1025.0%101

17.5%717.5%72

32.5%1332.5%13> 3

1.0000.000
92.5%3792.5%37No

Smoking
7.5%37.5%3Yes

1.0000.000
92.5%3792.5%37No

GDM
7.5%37.5%3Yes

0.692
0.157
FE (#)

90.0%3692.5%37No
Preeclampsia

10.0%47.5%3Yes

0.004**8.498
70.0%2837.5%15VaginalMode of 

delivery
30.0%1262.5%25Cs

Table 4: Comparison between Group I (Preterm) and Group II (Full term) as Regard Parity, Smoking status, GDM, Preeclampsia and Mode 
of Delivery.

Table 3: Comparison between Group I (Preterm) and Group II (Full term) as Regard Age, BMI, GA of Delivery and VD level

P-value
Independent 
sample t test

Group

Full termPre term

+ SDMean+ SDMean

0.9040.1215.4828.325.5628.47Age

0.5880.5443.5528.484.0028.94BMI

0.000**-14.9831.0538.331.6733.65GA of Delivery

0.000**-6.04118.9832.917.7113.34VD

P value  0.0003- 0.0007
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Table 5: Correlation between GA at Delivery and VD level

Vit D level

GA at Delivery Sig. (2-tailed)Pearson Correlation

.000**.571

P value 0.0006

Table 6: Prevalence of Vitamin D deficiency and insufficiency in Group I (Preterm) and Group II (Full-term)

P-valueChi square test

Group

Vit. D categories
Full termPreterm

%No.%No.

0.000**34.526

47.5%195.0%2Sufficiency

30.0%127.5%3Insufficiency

22.5%987.5%35Deficiency

P value : 0.0002
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Fig.1: Participants' flowchart
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DISCUSSION                                                                  

The current study reported an important association 
between PTB and VD deficiency, with moderate 
positive correlation between GA age at delivery and 
VD levels. 

VD has been discovered 100 years ago, but it is 
still one of the most controversial subjects till now. 
Recently VD has been discovered to be implicated 
in diverse physiologic processes including vascular 
health, immunity, metabolic functions, and placental 
physiology. Regarding, the effect of VD on female 
reproduction, available data suggests an association 
between VD deficiency and endometriosis, polycystic 
ovary syndrome, impaired fertility, gestational 
diabetes mellitus, PTB, preeclampsia, and bacterial                  
vaginosis.[18]

There is scientific evidence that low levels of VD 
are common in pregnant women. Meta-analysis of 
observational studies showed a positive association 
between VD deficiency and some adverse pregnancy 
outcomes including preeclampsia, PTB, small for 
gestational age, infectious disease cesarean section, 
and gestational diabetes mellitus. Interventional 
studies demonstrated VD intake during pregnancy 
could optimize the maternal as well as the neonatal 
VD status. Twenty-four studies were included in this 
meta-analysis, pregnant women with low 25 OH VD 
levels (<50 nmol/l) had increased risk of preeclampsia 
(OR=2.09, 95% CI=1.50-2.90), gestational diabetes                                                                                                      
mellitus (OR=1.38, 95% CI=1.12-1.70), PTB 
(OR=1.58, 95% CI=1.08-2.31) and small for 
gestational age (OR=1.52, 95% CI=1.08-2.15) [19,20]. 
Cesarean section rate was significantly higher in 
PTB group, this was mainly related to the higher 
incidence of abnormal fetal presentation among this 
group, and another possible explanation for the higher 
risk of delivery by caesarean section in women with 
gestational VD deficiency may be due to reduced 
pelvic muscle strength and prolonged labor.[21]

There is a disagreement among researchers about 
the association between PTB and VD deficiency 
during pregnancy. A recent meta-analysis (10 studies 
including 10,098 women) showed that gestational VD 
deficiency (VD < 20 ng/mL) significantly increased 
the risk of PTB (OR= 1.29, 95%CI=1.16-1.45) with 
low heterogeneity[22]. Another recent meta-analysis 
of six RCTs and 18 observational studies reported                                                                                                                 
an association between low maternal 25 
(OH) VD levels and increased risk of                                                                                                   
PTB (RR=0.57, 95%CI=0.36-0.91), it also reported 
that VD intake during pregnancy decreased the risk of 
PTB[23].

On the contrary, some observations 
regarding the relationship between VD and 
PTB are still inconsistent. One study showed                                                                                                              
that only severe VD deficiency (< 10 ng/ml) 
increases the risk  of  PTB and  this  association  was                                                                                                           
not  significant in the  multivariate analysis 
(OR=2.47, 95% CI=0.86-7.15, p=0.094)[24,25]. Another 
prospective nested case control study utilized a                                                                                                               
multivariate analysis, to adjust for the potential 
confounders, and did not find any evidence of 
increased risk of PTB in relation to decreased 
VD levels during pregnancy[16]. In a third                                                                                                      
study, including 60 Thai pregnant women, maternal VD 
concentrations were not significantly different between 
the PTB and TB groups (20.98.4± versus 21.26.7± ng/
ml, respectively, P=0.91)[15]. In a fourth study, maternal                                                                                                   
VD level <30 nmol/L at 20 gestational weeks was 
associated increased risk of PTB among non-white 
mothers, but not among white mothers[26]. The findings 
of these studies contradict with the current research 
however that could be justified by the different sample 
size and populations.

Influent factors of gestational VD deficiency have 
been investigated among 3598 pregnant women, in 
Chinese population, 941 women had sufficient serum 
VD concentrations, while 1260 women had insufficient 
concentrations, and 1397 women had deficient 
concentrations. Gestational VD deficiency was more 
prevalent in winter; underweight women were at 
greater risk, while use of multivitamin preparations 
significantly reduced the risk of gestational VD 
deficiency.[27]

One of the potential points of criticism for the 
present study is the small sample size, to overcome 
this limitation, the authors have examined a large 
cohort of women, then adopted the nested case 
control design with strict matching to avoid any 
confounders. Based on the current findings as well 
as those of the previous studies, routine measurement 
of maternal serum VD can be advised to become an                                                                                                
integral part of the antenatal care protocol. VD 
supplementation can be subsequently added to 
carefully selected groups to decrease the risk of PTB.

We are in bad need of conducting a 
large well designed multicenter RCT to 
determine the efficacy and safety of VD                                                                                                                        
intake to reduce the risk of PTB and other adverse 
pregnancy outcomes, among pregnant women with 
VD deficiency.

Finally, it can be concluded that gestational VD 
deficiency is associated with increased risk of PTB and 
delivery by cesarean section.
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