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 Background: Preterm birth is an important cause of death and developmental disorder in neonates. Vitamin D deficiency 
has been shown to regulate body inflammatory factor levels that stimulate elevation of uterine contraction 
hormones, such as prostaglandin, thus causing preterm birth. However, current observations regarding the re-
lationship between vitamin D and preterm birth are inconsistent. We performed a nested case-control study 
to investigate the effect of vitamin D on preterm birth.

 Material/Methods: A prospective cohort study included 200 cases of pregnant women in our hospital from May 2013 to May 2015. 
Blood samples were collected from early, middle, and late stages of pregnancy. Forty-six patients with preterm 
delivery were compared with age-matched full-term delivery cases (N=92). High performance liquid chroma-
tography-mass spectrometry (HPLC-MS) was used to detect serum levels of 25(OH)D, 25(OH)D2, and 25(OH)D3. 
Logistic regression was performed to analyze the correlation between 25(OH)D and risk of preterm birth.

 Results: No significant difference in age, smoking/drinking, education level, BMI and vitamin D levels was found be-
tween the preterm birth group and full-term delivery group. No significant difference was found for vitamin D 
levels across different stages of pregnancy; no difference in concentration of 25(OH)D related to preterm birth 
risk was found. After adjusting for potentially confounding factors, serum vitamin D level did not increase the 
risk of preterm birth.

 Conclusions: This study did not found evidence of an increase in preterm birth risk related to vitamin D level during pregnancy.
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Background

Preterm birth (PTB) refers to the delivery before 37th week of 
pregnancy. The World Health Organization (WHO) reported that 
about 15 million neonates are born preterm [1], with about 
1 million deaths occuring during infancy [2]. PTB infants who 
survive frequently suffer from chronic pulmonary diseases and 
learning deficits, causing heavy burdens for society and family.

Possible risk factors of PTB include unhealthy lifestyle, men-
tal stress, younger or elder age during pregnancy, and mal-
nutrition [3–5]. Changes in lifestyles that contribute to obesi-
ty have become a major challenge threatening public health. 
During pregnancy, the additional intake of nutrients may con-
tribute to obesity and related complications such as hyper-
tension, diabetes, and pre-eclampsia. Current studies report 
inconsistent findings regarding obesity and PTB. One study 
showed that women overweight before pregnancy had an in-
creased the risk of PTB more than three-times that of normal 
weight women [6]. However, another cohort study found that 
pre-pregnancy obesity could reduce PTB risk [7]. The level of 
vitamin D has been negatively correlated with the degree of 
obesity; and overweight people are more at risk for vitamin 
D deficiency [8]. During pregnancy, vitamin D is necessary; its 
deficiency may cause PTB, abortion, and abnormal fetal devel-
opment. Most studies suggest that vitamin D deficiency could 
increase PTB incidence, however, controversy still exists among 
some scholars. We thus performed a correlation analysis be-
tween vitamin D deficiency and PTB.

Material and Methods

Sample population

We performed a prospective cohort study to recruit a total of 
200 pregnant women from May 2013 to May 2015 seen at 
Zhujiang Hospital, Southern Medical University; study partic-
ipants had full medical and demographic records (including 
general characteristics, lifestyle, body height, body mass, and 
family medical history). Blood samples were collected at ear-
ly, middle, and late stages of pregnancy. A nested case control 
analysis (1: 2 model) was performed that included 46 PTB in-
dividuals (less than 37 weeks of pregnancy) and 92 full-term 
birth individuals (37 to 42 weeks of pregnancy); matched by 
age, parity, and blood collection period. Inclusive criteria in-
cluded women between 18 and 45 years of age with natural 
gestation and no malformation of reproductive tract. Exclusive 
criteria included PTB history or abortion history; drug abuse; 
elevated white blood cell count or inflammatory diseases; 
hysteromyoma or ovarian cyst; severe systemic disease, or 
mental disorders. A smoking history was defined as one cig-
arette per day for more than one year. A drinking history was 

defined as at least one drink per week for more than three 
months. Body mass index (BMI) was defined as body weight 
in kg/(height in m2).

The study protocol was approved by the Research Ethics 
Committee of Zhujiang Hospital, Southern Medical University, 
and all patients gave their informed consent before study 
commencement.

Sample collection

Venous blood samples of 5 mL were collected from partici-
pants during the early, middle, and late stage of their pregnan-
cy. Blood samples were immediately centrifuged at 1000 rpm 
for 10 minutes and the upper serum was frozen for future use.

Vitamin D assay

High performance liquid chromatography-mass spectrometry 
(HPLC-MS) was used to measure the serum level of 25(OH)
D, 25(OH)D2, and 25(OH)D3 following the standards stipulat-
ed by NIH. Experimental protocols were in accordance with 
previous records.

Statistical analysis

SPSS software package was used to perform analysis. 
Measurement data were expressed as mean ± standard devi-
ation. Student t-test was used to compare means between two 
groups. Analysis of variance was performed in enumeration 
data. Conditional logistic regression analysis was used to re-
veal the correlation between 25(OH)D and PTB risk. Significance 
level was defined as p<0.05.

Results

General information of research subjects

In this nested cohort study, statistical analysis was performed 
between PTB and full term birth groups, and found no statisti-
cal significant difference with regards to age, smoking/drink-
ing, education level, BMI, or 25(OH)D2 (Table 1).

Vitamin D level during different pregnant stages

An analysis was performed to check serum levels of 25(OH)D, 
25(OH)D2, and 25(OH)D3 across early, middle, and late stages 
of pregnancy. As shown in Figure 1, no significant difference 
was found across different stages of pregnancy.
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Vitamin D deficiency and PTB

Serum vitamin D level (in the form of 25(OH)D), were divided 
into four stages in accordance with international standards [9]: 
normal (equal or higher than 30 ng/mL), insufficient (between 
20 and 30 ng/mL), mild deficiency (between 10 and 20 ng/mL), 
and moderate to severe deficiency (less than 10 ng/mL). The 
IOM standard (2011, US) stipulates that higher than 20 ng/mL 
of 25(OH)D is sufficient for body metabolism. We used 20 ng/mL 
as the cut-off point for analyzing the correlation between vi-
tamin D deficiency and PTB.

Compared to those individuals with higher than 20 ng/mL 
25(OH)D, pregnant women with lower vitamin D (less than 
20 ng/mL) had no significant increased PTB risk (OR=0.78, 95% 
CI, 0.67~1.23) according to IOM standards. Based on interna-
tional standards of nutrition, OR values between PTB and vi-
tamin D deficiency were 0.43 (95% CI, 0.25~1.01), 0.87 (95% 
CI, 0.56~1.23) and 0.90 (95% CI, 0.45~1.23) for 25(OH)D val-
ues less than 10 ng/mL, between 10 and 20 ng/mL, and be-
tween 20 and 30 ng/mL, respectively (Table 2).

Adjusted analysis between vitamin D deficiency and PTB

As PTB can be affected by education level, BMI, smoking or 
drinking history of pregnant women, we adjusted these factors 
and re-analyze the correlation. Compared to those individuals 
with higher than 20 ng/mL 25(OH)D, pregnant women with low-
er vitamin D (less than 20 ng/mL) had no significant increased 
PTB risk (OR=0.78, 95% CI, 0.67~1.23). OR values between PTB 
and vitamin D deficiency were 0.57 (95% CI, 0.25~1.05), 0.75 
(95% CI, 0.43~1.19) and 0.95 (95% CI, 0.47~1.32) for those 
with 25(OH)D values less than 10 ng/mL, between 10 and 20 
ng/mL, and between 20 and 30 ng/mL, respectively (Table 3).

Discussion

Vitamin D is a liposoluble vitamin with important functions. 
Two important members of the vitamin D family are ergocal-
ciferol (VitD2) and cholecaciferol (VitD3), neither, however, have 
biological effects until they undergo activation in the liver by 
chylomicron or vitamin D binding protein, with further cata-
lytic reaction by 25-hydrogenase [10] and then transformation 
into 24, 25(OH)D2 and 1a, 24, 25(OH) D2 in the kidneys [11]. 

Index PTB (N=46) Full term birth (N=92) P value

Age 27.4±3.2 27.6±4.2 0.78

Smoking (yes/no) 0/46 1/91 0.48

Drinking (yes/no) 0/46 1/91 0.48

25 (OH)2 D 16.54±7.65 17.30±8.32 0.60

BMI 22.13±3.24 23.14±2.30 0.25

Education level

 Elementary 5 12

0.96
 High school 12 26

 Collage 18 33

 Undergraduate 11 21

Table 1. General information of research objects.

Figure 1.  Serum vitamin D levels (in different forms) across pregnant stages.
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As 25(OH)D2 is the most important metabolite, it is frequent-
ly employed as the optimal index evaluating vitamin D condi-
tion [12]. Our study performed a correlation analysis between 
25(OH)D2 level in pregnant women and PTB.

Vitamin D deficiency varies in different countries and ethical 
groups; the percentage of insufficiency ranges from 26% to 
78.5% [13]. Possible reasons for vitamin D deficiency-induced 
PTB include pregnant hypertension, diabetes, pre-rupture of 
fetal membrane, and the higher risk of bacterial vaginitis with 
low serum 25(OH)D3 levels [14]. Surprisingly, our study showed 
no statistically significant difference of 25(OH)D, 25(OH)D2, 
and 25(OH)D3 levels across early, middle, and late stages of 
pregnancy. Comparing individuals with higher than 20 ng/mL 
25(OH)D, pregnant women with lower vitamin D (less than 20 
ng/mL) had no significant increased PTB risk. The risk of PTB 
in pregnant women with 25(OH)D levels was not significantly 
elevated for less than 10 ng/mL, between 10 and 20 ng/mL, 
or between 20 and 30 ng/mL.

A study of Japanese women found the level of 25(OH)D sig-
nificantly different in a PTB group compared to a full-term 
group [15]. A twin study in the USA also found that pregnant 

women with 25(OH)D higher than 75 nmol/L had lower inci-
dence of PTB [16]. The replenishment of vitamin D during preg-
nancy can significantly decrease the risk of PTB [17]. Another 
prospective study in China, however, found a 3.8% increase of 
PTB incidence in pregnant women with serum 25(OH)D higher 
than 30 ng/mL between 16th and 20th gestation week [18]. 
This observation agrees with one meta-analysis that found no 
decrease of PTB by replenishing vitamin D [19]. Furthermore, 
in one observational study of Spanish pregnant women, no 
significant change of PTB risk was found in those women with 
25(OH)D levels lower than 20 ng/mL [20].

Vitamin D deficiency is related to multiple adverse pregnancy 
complications such as hypertension and low infant body weight. 
However, whether vitamin D plays a direct or indirect role in 
regulating hormonal factors of pregnant women is still unclear. 
Moreover, vitamin D levels show a seasonal pattern with high-
er synthesis in summer due to more sun exposure. Such en-
vironmental complexities make it difficult to directly compare 
different studies, which might account for the inconsistencies. 
In addition, the relatively small sample size and confounding 
factors in studies should be taken into account. Furthermore, 
in the future, measurement of thyroid function in patients with 

Vitamin D (ng/ml) PTB (N=46) Full-term (N=92) OR (95% CI) P value

IOM standard

 ³20  16 (34.8%)  38 (41.3%) 1.00 –

 <20  30 (65.2%)  54 (58.7%) 0.78 (0.67–1.23) 0.86

International nutrition guideline

 <10  8 (17.3%)  6 (6.5%) 0.43 (0.25–1.01) 0.06

 10 £25(OH)D <20  26 (56.5%)  45 (48.9%) 0.87 (0.56–1.23) 0.58

 20 £25(OH)D <30  10 (21.7%)  24 (26%) 1.00 –

 ³30  2 (4.3%)  17 (18.4%) 0.90 (0.45–1.23) 0.67

Table 2. Correlation between 25(OH)D deficiency and PTB.

Vitamin D (ng/ml) Full-term birth PTB OR (95%CI) P value

IOM standard

 ³20  16 (34.8%)  38 (41.3%) 1.00 –

 <20  30 (65.2%)  54 (58.7%) 0.78 (0.67–1.23) 0.86

International nutrition guideline  

 <10  8 (17.3%)  6 (6.5%) 0.57 (0.25–1.05) 0.32

 10 £25(OH)D <20  26 (56.5%)  45 (48.9%) 0.75 (0.43–1.19) 0.84

 20 £25(OH)D <30  10 (21.7%)  24 (26%) 1.00 –

 ³30  2 (4.3%)  17 (18.4%) 0.95 (0.47–1.32) 0.74

Table 3. Correlation between Vitamin D deficiency and PTB.
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PTB could be important due to the close relationship between 
thyroid function and PTB, as demonstrated by low serum con-
centrations of thyroid hormone in the early life of infants is as-
sociated with poor developmental outcomes [21,22].

Conclusions

Our study found no significant correlation between PTB and 
insufficiency of vitamin D, suggesting other factors might be 

involved in the pathogenesis of PTB rather than vitamin D. 
However, due to the limited number of individuals enrolled in 
our study, large cohort clinical studies are required to confirm 
this finding in order to provide some guidelines on wheth-
er replenishment of vitamin D during pregnancy is necessary.

Disclosure of conflict of interest

The authors declare no competing financial or commercial in-
terests in this manuscript.

References:

 1. Howson CP, Kinney MV, McDougall L et al: Born too soon: Preterm birth 
matters. Reprod Health, 2013; 10(Suppl. 1): S1

 2. Sibley LM, Tesfaye S, Fekadu Desta B et al: Improving maternal and new-
born health care delivery in rural Amhara and Oromiya regions of Ethiopia 
through the Maternal and Newborn Health in Ethiopia Partnership. J 
Midwifery Womens Health, 2014; 59(Suppl. 1): S6–20

 3. Gravett, MG, Rubens CE, Nunes TM: Global report on preterm birth and still-
birth (2 of 7): discovery science. BMC Pregnancy Childbirth, 2010; 10(Suppl. 
1): S2

 4. Thompson JM, Irgens LM, Rasmussen S, Daltveit AK: Secular trends in so-
cio-economic status and the implications for preterm birth. Paediatr Perinat 
Epidemiol, 2006; 20(3): 182–87

 5. Goldenberg RL, Culhane JF, Iams JD, Romero R: Epidemiology and causes 
of preterm birth. Lancet, 2008; 371(9606): 75–84

 6. Shaw GM, Wise PH, Mayo J et al: Maternal prepregnancy body mass index 
and risk of spontasmokingus preterm birth. Paediatr Perinat Epidemiol, 
2014; 28(4): 302–11

 7. Li N, Liu E, Guo J et al: Maternal prepregnancy body mass index and gesta-
tional weight gain on pregnancy outcomes. PLoS One, 2013; 8(12): e82310

 8. Bilge U, Ünalacak M, Ünlüoglu I et al: Relationship between 1,25-dihydroxy 
Vitamin D levels and homeostatic model assessment insulin resistance val-
ues in obese subjects. Niger J Clin Pract, 2015; 18(3): 377–80

 9. Holick MF, Binkley NC, Bischoff-Ferrari HA et al: Evaluation, treatment, and 
prevention of vitamin D deficiency: An Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab, 2011; 96(7): 1911–30

 10. Cheng JB, Levine MA, Bell NH et al: Genetic evidence that the human CYP2R1 
enzyme is a key vitamin D 25-hydroxylase. Proc Natl Acad Sci USA, 2004; 
101(20): 7711–15

 11. Sakaki T, Kagawa N, Yamamoto K, Inouye K: Metabolism of vitamin D3 by 
cytochromes P450. Front Biosci, 2005; 10: 119–34

 12. Holick MF: Vitamin D deficiency. N Engl J Med, 2007; 357(3): 266–81

 13. Ben-Shoshan M: Vitamin D deficiency/insufficiency and challenges in devel-
oping global vitamin D fortification and supplementation policy in adults. 
Int J Vitam Nutr Res, 2012; 82(4): 237–59

 14. Davis LM, Chang SC, Mancini J et al: Vitamin D insufficiency is prevalent 
among pregnant African American adolescents. J Pediatr Adolesc Gynecol, 
2010; 23(1): 45–52

 15. Shibata M, Suzuki A, Sekiya T et al: High prevalence of hypovitaminosis D 
in pregnant Japanese women with threatened premature delivery. J Bone 
Miner Metab, 2011; 29(5): 615–20

 16. Bodnar LM, Rouse DJ, Momirova V et al: Maternal 25-hydroxyvitamin d and 
preterm birth in twin gestations. Obstet Gynecol, 2013; 122(1): 91–98

 17. Hossain N, Kanani FH, Ramzan S et al: Obstetric and neonatal outcomes of 
maternal vitamin D supplementation: Results of an open-label, randomized 
controlled trial of antenatal vitamin D supplementation in Pakistani wom-
en. J Clin Endocrinol Metab, 2014; 99(7): 2448–55

 18. Zhou J, Su L, Liu M et al: Associations between 25-hydroxyvitamin D lev-
els and pregnancy outcomes: A prospective observational study in south-
ern China. Eur J Clin Nutr, 2014; 68(8): 925–30

 19. Hollis BW, Wagner CL: Vitamin D and pregnancy: Skeletal effects, nonskel-
etal effects, and birth outcomes. Calcif Tissue Int, 2013; 92(2): 128–39

 20. Rodriguez A, García-Esteban R, Basterretxea M et al: Associations of ma-
ternal circulating 25-hydroxyvitamin D3 concentration with pregnancy and 
birth outcomes. BJOG, 2015; 122(12): 1695–704

 21. Perlman JM: Neurobehavioral deficits in premature graduates of intensive 
care-potential medical and neonatal environmental risk factors. Pediatrics, 
2001; 108: 1339–48

 22. Gressens P, Rogido M, Paindaveine B, Sola A: The impact of neonatal inten-
sive care practices on the developing brain. J Pediatr, 2002; 140: 646–53

4405
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Yang L. et al.: 
Vitamin D in Pregnancy
© Med Sci Monit, 2016; 22: 4401-4405

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


