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Abstract

Background: Vitamin D deficiency during pregnancy is associated with some
adverse pregnancy outcomes but its relationship with fetal growth is unknown.
Objective: We compared the 25-hydroxy vitamin D levels between mothers and
their small for gestational age (SGA) newborns with mothers and their appropriate
for gestational age (AGA) newborns.

Materials and Methods: The study population included pregnant women that
referred to Afzalipour Hospital in Kerman from 2012 to 2013. The case and control
group consisted of 40 pregnant mothers with SGA and AGA newborns, respectively.
The maternal and infants 25-hydroxy vitamin D levels were measured in the two
groups.

Results: 25-hydroxy vitamin D deficiency (<20 ng/ml) was statistically higher in
women with SGA newborns in comparison to women with AGA newborns
(p=0.003).Vitamin D deficiency was higher among the SGA newborns in
comparison to AGA newborns (25% vs. 17.5%), although this finding was not
statistically meaningful (p=0.379). The relationship of vitamin D deficiency levels
between mothers and infants in both the SGA group and the AGA group was
significant.

Conclusion: Our study reveals a high prevalence of vitamin D deficiency in women
with SGA infants in comparison to women with AGA children. In addition, maternal
vitamin D deficiency is associated with its deficiency in newborns.

Key words: Small for Gestational Age, Appropriate for Gestational Age Pregnancy, Mother,
Newborn, Vitamin D.
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Introduction

itamin D deficiency is important in
Vpregnancy because it has
implications for both maternal and

child health. Its deficiency is common in the
general population, including pregnant women
(2). Vitamin D plays an important role in many
physiological functions like bone metabolism,
cell function and reproduction. These
functions are more prominent in women from
their childhood to puberty and old age (2). An
adequate 25-hydroxy vitamin D (25-OH-D)
level is determined as 232 ng/ml. Vitamin D
insufficiency and deficiency are diagnosed as
levels less than 32 ng/ml and 20 ng/mi
respetively (3). Low levels of vitamin D are
related to some adverse outcome of

pregnancy such as premature delivery,
bacterial  vaginosis, hypertension, and
gestational diabetes. Caesarian section is four
times more common among women with low
levels of 25-OH-D than women with normal
levels of vitamin D (4-9). Vitamin D deficiency
during pregnancy may also have a relation
with the risk of developing small for
gestational age (SGA) newborns (10-13). In
general, 4-7% of all born infants in developed
countries are SGA. This prevalence depends
on the population under study, geographical
concentration and the standard curve used as
reference for assessing infants (14, 15).

Fetal growth retardation is the main cause
for death and neonatal complications. The
prenatal death rate increases by 1.5 or 2 folds
in infants and fetuses with delayed growth
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(16). Some studies recently reported an
association between low maternal 25-OH-D
levels and preeclampsia and gestational
diabetes but there is little evidence to evaluate
the effect of vitamin D status on SGA (1, 17,
18). The aim of the study was to compare the
25-hydroxy vitamin D levels between mothers
and their SGA newborns with mothers and
their appropriate for gestational age (AGA)
newborns.

Materials and methods

Sampling and data collection

In this case control study, all mothers who
referred to Afzalipour Hospital, Kerman, Iran
from spring 2012 to winter 2013 randomly
evaluated. The study protocol was approved
by the Ethics Committee of Kerman University
of Medical Sciences. All the mothers in the
study delivered in their third trimester. The
case group consisted of 40 pregnant women
with SGA infants and the control group
consisted of 40 pregnant women with AGA
newborns. All the participants filled a consent
form to enter the study.

Information regarding age, parity, weight
before  pregnancy, height, multivitamin
consumption during pregnancy, and
gestational age at was registered. The
exclusion criteria included: infants with
congenital anomalies at birth, multiple
pregnancies, intrauterine fetal death, maternal
chronic hypertension, preeclampsia, diabetes,
and drug addiction. The mothers’ serum and
the infants’ umbilical cord samples were
taken, centrifuged and preserved in -80°C.
Serum concentration of 25-OH-D was
measured using the Enzyme-Linked
Immunosorbent Assay (ELISA) method.

Definition of variables

SGA was defined as the fetal weight less
than the 10™ percentile for gestational age and
was diagnosed via ultrasonography. AGA
diagnosis was considered as the fetal weight
between the 10-90™ percentile for gestational
age. In both groups in case that the birth
weight was not consistent with the
sonography weight estimations, the women

were removed from the study. Vitamin D
deficiency was regarded as levels less than
20 ng/ml and levels between 20-32 ng/ml
were considered as insufficient, and levels
232 ng/ml were regarded as adequate (3).

Statistical analysis

Statistical data analyses were done using
the SPSS Data were analyzed using Student’s
t test, chi-square test, and logistic regression.
A two-tailed p<0.05 was considered as
statistically meaningful.

Results

The mean age in the control group was
26.87+4.60 years and in the case group was
26.7845.26 years. Overall the two groups
consisted of 43 nulliparous women. Four
people (5%) had a BMI less than 18.5 and 3
people (3.75%) had a BMI more than 30. The
two groups did not show a statistically
meaningful difference in age, parity, and body
mass index (BMI).

Multivitamin consumption was statistically
higher among mothers who had AGA
newborns (75% and 45% in the AGA and
SGA group, respectively; p=0.021). The
pregnancy age at delivery time did not display
a significant difference between the two
groups (37.10+1.05 weeks and 37.32+0.94
weeks in the AGA and SGA groups,
respectively; p=0.864). The birth weight in the
control group was 2998.5+55g and in the case
group it was 2115+33.76g (p=0.001) (Table I).

The prevalence of vitamin D deficiency in
women with SGA newborns was 45%, while
only 20% of women in AGA group had vitamin
D deficiency (p=0.003). Although the vitamin
D level was higher among the AGA newborns,
the results did not display a statistically
significant difference among the two groups in
overall vitamin D levels (70% and 55% in the
AGA and SGA newborns had sufficient
vitamin D levels, respectively; p=0.379) (Table
).

The maternal BMI and age in both groups
had no relation with vitamin D deficiency in the
mothers (p=0.443 and p=0.721 for maternal
age, p=0.231 and p=0.847 for BMI in the SGA
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and AGA group, respectively). The relation
between the use of multivitamins and vitamin
D deficiency in mothers in both groups was
not significant (p=0.585 and p=0.156 in the
SGA and SGA groups, respectively). The

relationship between vitamin D deficiency in
mothers of both groups and its deficiency in
the cord blood samples was significant
(p=0.026 and p=0.009 in the SGA and AGA
groups, respectively) (Table IlI).

Table 1. Comparing mothers and infants characteristics in both study groups (n=40)

Variables Case group Control group p-value
Maternal age (Years)* 26.78 £5.26 26.87 £ 4.60 0.906"
Number of births**

1 24 (80) 19 (48.7)

0.148*

>2 16 (20) 21 (51.3)
BMI (Kg/m?)**

<185 3(7.5) 1(2.5)

18.5-24.9 28 (70) 33(82.5) 0.380%

25-29.9 8 (20) 4 (10)

>30 1(2.5) 2 (5)
Gestational age at delivery (Weeks)* 37.32+0.94 37.10+1.05 0.864"
Birth weight (g)* 2115 +3.76 2998 + 5,55 0.001*
Multivitamin user**

Yes 18 (45) 30 (75) "

021
No 22 (55) 10 (25) 00

* Data are presented as mean+SD.
# Student’s t test, *chi-square test

** Data are presented as n (%)

Table 11. Comparing vitamin D levels in mothers and the newborns of both groups

25-hydroxy vitamin D levels (ng/ml)* Case group Control group
n(%) n(%) p-value
Maternal
<20 18 (45) 8 (20)
20-32 12 (30) 7 (17.5) 0.003
>32 10 (25) 25 (62.5)
Newborns
<20 ng/ml 10 (25) 7(175)
20-32 ng/ml 8 (20) 5 (12.5) 0.379
>32 ng/ml 22 (55) 28 (70)

BMI: Body mass index

*Deficiency: <20 ng/ml, Insufficiency: 20-32 ng/ml, Sufficiency: >32 ng/ml.

Chi-square test

Table I11. The relationship between vitamin D deficiency in mothers with maternal age, BMI, multi vitamins use, and vitamin D

deficiency in newborns

Maternal vitamin D deficiency Case group- OR (Cl 95%) p-value Control group- OR (CI 95%) p-value
Maternal age (Years) 0.932 (0.778-1.11) 0.443 1.03 (0.875-1.21) 0.721
BMI ((Kg/m?) 0.312 (0.046-2.14) 0.237 0.853 (0.169-4.31) 0.847
Number of multivitamin users 0.569 (0.075-4.29) 0.585 5.50 (0.51-58.31) 0.156
Newborn 25(OH) D levels <20 (ng/ml) 2.43 (1.57-14.55) 0.026 2.36 (2.20-25.24) 0.009

BMI: Body Mass Index
logistic regression
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Discussion

Our study reveals a high prevalence of
vitamin D deficiency in women with SGA
infants in comparison to women with AGA
children. Vitamin D deficiency is a common
issue worldwide. In most countries, there is no
routine monitoring of serum 25-OH-D levels
during pregnancy. The prevalence of vitamin
D deficiency during pregnancy is different
according to the population of the study (18).
The documented prevalence is 31% in India,
19.5% in Greece and 5.7% in Iran (19-21).
SGA is among the main causes of death and
prenatal complications and its etiology is
multi-factorial (14-16). The placenta and
maternal decidual cells are the places that
active vitamin D, 1-25 dehydroxy vitamin D3
are synthetized (22). It has been shown that
1-25 dehydroxy vitamin D3 increases the
synthesis of the vascular endothelial growth
factor. A probable mechanism for the role of
vitamin D in fetal growth is through its
probable function in the placenta (23, 24).

There are few studies that have evaluated
the relationship between vitamin D and fetus
weight and growth. In a study by Gernand et
al vitamin D levels less than 37 nmal/l in the
first three months were associated with an
increased risk of SGA occurrence (OR=0.5,
95% CI: 0.3-0.9, p=0.01) but this relationship
was not observed in the second trimester (1).
This finding is similar to the study by Bodnar
et al in which they documented a relationship
among the vitamin D levels in mothers in the
first trimester with the risk of SGA in
Caucasian women, but this relation was not
observed among black women (9).

In our study 45% of the women in the SGA
group and 20% of women in the AGA group
had vitamin D deficiencies. Moghbeli et al
reported that the prevalence of vitamin D
deficiency is 66.8% (35< ng/ml) in pregnant
women in Iran (25). In their study pregnant
women were included regardless of their birth
weight; furthermore their geographical region

of study and the cutoff point of vitamin D
deficiency were different in comparison to
ours. There was no significant association
between vitamin D deficiency and BMI and
maternal age. Similar result was reported by
Yasser et al (26).

In our study 25% of the cord blood samples
and 17.5% in the AGA group had vitamin D
levels that were less than 20 ng/ml. In a study
by Hitrova et al the vitamin D levels were
evaluated in mothers and newborn with low
birth weight (27). They reported that 62.5% of
mothers and 38.6% of newborns had vitamin
D deficiency (<20 ng/ml). In comparison to our
study, the frequency of vitamin D deficiency
was more in both the mothers and cord blood
samples. This study was similar to our study
regarding its cutoff point for consideration as
vitamin D deficiency (<20 ng/ml).

We found a significant relation in vitamin D
deficiency between mothers and infants in
both the SGA and AGA groups which is
similar to the findings of Hitrova et al and
Moghbeli et al (25, 26). 75% of women in our
study in the AGA group and 45% of women in
the SGA group were taking multivitamins
during their pregnancy. In our study the multi
vitamin consumption in the AGA group was
more but no significant relation was
documented between vitamin D deficiency in
mothers and the multivitamin consumption.

Marya RK, et al study have demonstrated
third trimester vitamin D supplement to reduce
of SGA and low birth weight (28). In our
investigation relationship between the use of
multivitamin and vitamin D deficiency in
mothers in both groups was not significant.
Some studies found improved vitamin D levels
using multivitamin supplements. In two studies
using multivitamin supplements were more
effective than sunlight in treating vitamin D
deficiency (29, 30). In the study by Song et al
pregnant women using multivitamin
supplements had higher vitamin D levels than
the patients who did not use it (32.3£9.5
ng/ml, vs. 24.9+8.2 ng/ml; p<0.001) (18).
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Conclusion

Our study shows a high prevalence of vitamin
D deficiency in women with SGA infants in
comparison to women with AGA children and
also we found a significant relation in vitamin
D deficiency between mothers and infants in
both the SGA and AGA groups. Additional
Studies are needed to relationship of vitamin
D deficiency and SGA.

Acknowledgments

We would like to thank Kerman University
of Medical Sciences for their financial support
of this study and we would also like to thank
all the women and their families that patiently
participated in the study.

Conflict of interest

None of the authors have any commercial
and financial conflicts of interest to be
declared regarding the manuscript.

References

1. Gernand AD, Simhan HN, Klebanoff MA, Bodnar LM.
Maternal serum 25-hydroxyvitamin D and measures
of newborn and placental weight in a U.S.
multicenter cohort study. J Clin Endocrinol Metab
2013; 98: 398-404.

2. Pérez-Lopez FR. Vitamin D: the secosteroid
hormone and human reproduction. Gynecol
Endocrinol 2007; 23: 13-24.

3. Haugen M, Brantsaeter AL, Trogstad L, Alexander J,
Roth C, Magnus P, et al. Vitamin D supplement and
reduced risk of preeclampsia in nulliparous women.
Epidemiology 2009; 20: 720-726.

4. Camargo Jr CA, Ingham T, Wickens K, Thadhani R,
Silvers KM, Epton MJ, et al. Cord-blood 25-
hydroxyvitamin D levels and risk of respiratory
infection, wheezing, and asthma. Pediatrics 2011,
127: 180-187.

5. Robinson CJ, Alanis MC, Wagner CL, Hollis BW,
Johnson DD. Plasma 25-hydroxyvitamin D levels in
early-onset severe preeclampsia. Am J Obstet
Gynecol 2010; 203: 366.

6. Fernandez-Alonso AM, Dionis-Sanchez EC,
Chedraui P, Gonzalez-Salmerén MD, Pérez-Lépez
FR. Spanish Vitamin D and Women's Health
Research Group. First-trimester maternal serum 25-
hydroxyvitamin D3 status and pregnancy outcome.
Int J Gynaecol Obstet 2012; 116: 6-9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Powe C, Seely E. First Trimester Vitamin D, Vitamin
D Binding Protein, and Subsequent Preeclampsia.
Hypertension 2010; 56: 758-763.

Baker A, Haeri S. A Nested Case-Control Study of
Midgestation Vitamin D Deficiency and Risk of
Severe Preeclampsia. J Clin Endocrinol Metab 2010;
95: 5105-5109.

Bodnar LM, Catov JM, Zmuda JM, Cooper ME,
Parrott MS, Roberts JM, et al. Maternal serum 25-
hydroxyvitamin D concentrations are associated with
small-for-gestational age births in white women. J
Nutr 2010; 140: 999-1006.

Burris HH, Rifas-Shiman SL, Camargo CA Jr,
Litonjua AA, Huh SY, Rich-Edwards JW, et al.
Plasma 25-hydroxyvitamin D during pregnancy and
small-for-gestational age in black and white infants.
Ann Epidemiol 2012; 22: 581-586.

Van den Berg G, van Eijsden M, Vrijkotte TG, Gemke
RJ. Suboptimal maternal vitamin D status and low
education level as determinants of small-for-
gestational-age birth weight. Eur J Nutr 2013; 52:
273-279.

Ertl R, Yu CK, Samaha R, Akolekar R, Nicolaides
KH. Maternal serum vitamin D at 11-13 weeks in
pregnancies delivering small for gestational age
neonates. Fetal Diagn Ther 2012; 31: 103-108.
Bernstein IM, Horbar JD, Badger GJ, Ohlsson A,
Golan A. Morbidity and mortality among very-low-
birth-weight neonates with intrauterine growth
restriction. The Vermont Oxford Network. Am J
Obstet Gynecol 2000; 182: 198-206.

Peleg D, Kennedy C, Hunter S. Intrauterine Growth
Restriction: Identification and Management. Am Fam
Physician 1998; 58: 453-460.

Gardosi J. New definition of small for gestational age
based on fetal growth potential. Horm Res 2006; 3:
15-18.

Morley R, Carlin JB, Pasco JA, Wark JD, Ponsonby
AL. Maternal early pregnancy vitamin D
concentration and offspring birth size: effect
modification by infant VDR genotype. Eur J Clin Nutr
2009; 63: 802-804.

Song SJ, Zhou L, Sh S, Liu J, Zhou J, Feng K, et al.
The high prevalence of vitamin D deficiency and its
related maternal factors in pregnant women in
Beijing. PLoS One 2013; 8(12)e85081.

Morley R, Carlin JB, Pasco JA, Wark JD, Ponsonby
AL. Maternal 25-hydroxyvitamin D concentration and
offspring birth size: effect modification by infant VDR
genotype. Eur J Clin Nutr 2009; 63: 802-804.

Sahu M, Bhatia V, Aggarwal A, Rawat V, Saxena P,
Pandey A, et al. Vitamin D deficiency in rural girls
and pregnant women despite abundant sunshinein
northern India. Clin Endocrinol 2009; 70: 680-684.
Nicolaidou P, Hatzistamatiou Z, Papadopoulou A,
Kaleyias J, Floropoulou E, Lagona E, et al. Low
vitamin D status in mother newborn pairs in Greece.
Calcif Tissue Int 2006; 78: 337-342.

Salek M, Hashemipour M, Aminorroaya A,
Gheiratmand A, Kelishadi R, Ardestani PM, et al.
Vitamin D deficiency among pregnant women and
their newborns in Isfahan, Iran. Exp Clin Endocrinol
Diabetes 2008; 116: 352-356.

Dror DK, Alen LH. Vitamin D inadequacy in
pregnancy: biology, outcoms, and interventions. Nutr
Rev 2010; 68; 465-477.

Iranian Journal of Reproductive Medicine Vol. 13. No. 4. pp: 203-208 , April 2015 207


http://www.ncbi.nlm.nih.gov/pubmed?term=Gernand%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=23162094
http://www.ncbi.nlm.nih.gov/pubmed?term=Simhan%20HN%5BAuthor%5D&cauthor=true&cauthor_uid=23162094
http://www.ncbi.nlm.nih.gov/pubmed?term=Klebanoff%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23162094
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodnar%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=23162094
http://www.ncbi.nlm.nih.gov/pubmed/?term=-+Gernad+AS%2CSimhan+HN%2CKlebanoff+MA%2CBondnar+LM.Maternalserum+25-hydroxyvitamiin+D+and+measures+of+newborn+and+placental+weight+in+a+U.S.+multicenter+cohort+study..
http://www.ncbi.nlm.nih.gov/pubmed?term=P%C3%A9rez-L%C3%B3pez%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=17484507
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-L%C3%B3pez+FR.+Vitamin+D%3A+the+secosteroid+hormone+and+human+reproduction.+Gynecol+Endocrinol+2007%3B23\(1\)%3A13%E2%80%9324.
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-L%C3%B3pez+FR.+Vitamin+D%3A+the+secosteroid+hormone+and+human+reproduction.+Gynecol+Endocrinol+2007%3B23\(1\)%3A13%E2%80%9324.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haugen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brantsaeter%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trogstad%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roth%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/?term=Magnus%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19451820
http://www.ncbi.nlm.nih.gov/pubmed/19451820
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=20692641
http://www.ncbi.nlm.nih.gov/pubmed?term=Alanis%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=20692641
http://www.ncbi.nlm.nih.gov/pubmed?term=Wagner%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=20692641
http://www.ncbi.nlm.nih.gov/pubmed?term=Hollis%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=20692641
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=20692641
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez-Alonso%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=Dionis-S%C3%A1nchez%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=Chedraui%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonz%C3%A1lez-Salmer%C3%B3n%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=P%C3%A9rez-L%C3%B3pez%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=P%C3%A9rez-L%C3%B3pez%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=21959069
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanish%20Vitamin%20D%20and%20Women%27s%20Health%20Research%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanish%20Vitamin%20D%20and%20Women%27s%20Health%20Research%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=6+Alonso+A.+First-trimester+maternal+serum+25-hydroxyvitamin+D3+status+and+pregnancy+outcome.+International+Journal+of+Gynecology+and+Obstetrics+1
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodnar%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed?term=Catov%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed?term=Zmuda%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed?term=Cooper%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed?term=Parrott%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed?term=Roberts%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20200114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bondar+L.+Maternal+Serum+25-Hydroxyvitamin+D+Concentrations+Are+Associated+with+Small-for-Gestational+Age+Births+in+White+Women.+The+journal+of+nutrition.+2010.140%3A+999%E2%80%931006
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bondar+L.+Maternal+Serum+25-Hydroxyvitamin+D+Concentrations+Are+Associated+with+Small-for-Gestational+Age+Births+in+White+Women.+The+journal+of+nutrition.+2010.140%3A+999%E2%80%931006
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Berg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22350924
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Eijsden%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22350924
http://www.ncbi.nlm.nih.gov/pubmed?term=Vrijkotte%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=22350924
http://www.ncbi.nlm.nih.gov/pubmed?term=Gemke%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=22350924
http://www.ncbi.nlm.nih.gov/pubmed?term=Gemke%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=22350924
http://www.ncbi.nlm.nih.gov/pubmed/?term=van+den+Berg+G%2C+van+Eijsden+M%2C+Vrijkotte+TG%2C+Gemke+RJ.+Suboptimal+maternal+vitamin+D+status+and+low+education+level+as+determinants+of+small-for-gestational-age+birth+weight.+Eur+J+Nutr.+2012+Feb+1
http://www.ncbi.nlm.nih.gov/pubmed?term=Bernstein%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=10649179
http://www.ncbi.nlm.nih.gov/pubmed?term=Horbar%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=10649179
http://www.ncbi.nlm.nih.gov/pubmed?term=Badger%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=10649179
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohlsson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10649179
http://www.ncbi.nlm.nih.gov/pubmed?term=Golan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10649179
http://www.ncbi.nlm.nih.gov/pubmed?term=Gardosi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16612109
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gardosi+J.+New+definition+of+small+for+gestational+age+based+on+fetal+growth+potential.+Horm+Res
http://www.ncbi.nlm.nih.gov/pubmed?term=Morley%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlin%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Pasco%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Wark%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Ponsonby%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Ponsonby%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed?term=Si%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed?term=Feng%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24386450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song+SJ%2CZhou+L%2CSi++SH%2Cet+al.The+high+prevalence+ofvitamine+D+deficiency+and+its+related+maternal+factors+in+pregnant+women+in+Beijing.Plos+One.2013%3B12%3Ae85081
http://www.ncbi.nlm.nih.gov/pubmed?term=Morley%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlin%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Pasco%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Wark%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Ponsonby%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed?term=Ponsonby%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19018272
http://www.ncbi.nlm.nih.gov/pubmed/?term=leffelaar+ER%2CVrijkotte+TG%2CVan+Eijsden+M.Maternal+early+pregnancy+vitamin+D+concentration+and+offspring+birth+size%3Aeffect+modification+by+infant+VDR+genotype+.Eur+J+Clin+Nutr+63%3A802-804.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhatia%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Aggarwal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Rawat%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Saxena%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Pandey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18673464
http://www.ncbi.nlm.nih.gov/pubmed?term=Nicolaidou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Hatzistamatiou%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Papadopoulou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaleyias%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Floropoulou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Lagona%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16830197
http://www.ncbi.nlm.nih.gov/pubmed?term=Salek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
http://www.ncbi.nlm.nih.gov/pubmed?term=Hashemipour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
http://www.ncbi.nlm.nih.gov/pubmed?term=Aminorroaya%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
http://www.ncbi.nlm.nih.gov/pubmed?term=Gheiratmand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
http://www.ncbi.nlm.nih.gov/pubmed?term=Kelishadi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
http://www.ncbi.nlm.nih.gov/pubmed?term=Ardestani%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=18700279
https://ijrm.ir/article-1-641-fa.html

[ Downloaded from ijrm.ir on 2025-07-13 ]

23.

24.

25.

Mirzaei et al

Cardus A, Panizo S, Encinas M, Dolcet X, Gallego C,
Aldea M, et al. 1,25-dihydroxyvitamin D3 regulates
VEGF production through a vitamij D response
element in the VEGF promoter. Atherosclerosis
2009; 204: 85-89.

Robinson CJ, Wagner CL, Hollis BW, Baatz JE,
Johnson DD. Maternal vitamin D and fetal growth in
early-onset severe preeclampsia. Am J Obstet
Gynecol 2011; 204: 556. e1-4.

Maghbooli Z, Hossein-Nezhad A, Shafaei AR, Karimi
F, Madani FS, Larijani B. Vitamin D status in mothers
and their newborns in Iran. BMC Pregnhancy
Childbirth 2007; 7: 1.

26.Aly YF, El Koumi MA, Abd El Rahman RN. Impact of

208

maternal vitamin D status during pregnancy on the
prevalence of neonatal vitamin D deficiency. Pediatr
Rep 2013; 5: Ee6.

27.

28.

29.

30.

Hitrova S, Slancheva B, Vakrilova L, Nikolov A,
Popivanova A, Yarakova N, et al. Vitamin D levels in
maternal-VLBW infants pairs. Akush Ginekol (Sofiia)
2012; 51: 31-38.

RK Marya, S Rathee, V Lata, S Mudgil. Effects of
vitamin D supplementation in pregnancy. Gynecol
Obstet Invest 1981; 12: 155-161.

Wicherts IS, Boeke AJ, van der Meer IM, van Schoor
NM, Knol DL, Lips P. Sunlight exposure or vitamin D
supplementation for vitamin D-deficient non-western
immigrants: a randomized clinical trial. Osteoporos
Int 2011; 22: 873-882.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon
CM, Hanley DA, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: an Endocrine
Society clinical practice guideline. J Clin Endocrinol
Metab 2011; 96: 1911-1930.

Iranian Journal of Reproductive Medicine Vol. 13. No. 4. pp: 203-208, April 2015


http://www.ncbi.nlm.nih.gov/pubmed?term=Cardus%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Panizo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Encinas%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Dolcet%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallego%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Aldea%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18834982
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=21507371
http://www.ncbi.nlm.nih.gov/pubmed?term=Wagner%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=21507371
http://www.ncbi.nlm.nih.gov/pubmed?term=Hollis%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=21507371
http://www.ncbi.nlm.nih.gov/pubmed?term=Baatz%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=21507371
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=21507371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson+CH+J%2CWagner+CL%2CHollis+BW%2CBaatz+JE%2CJohnson+DD.+Maternal++vitamin+D+and+fetalgrowth+inearly+%E2%80%93onset+severepreeclampsia.Am+J+Obstet+Gyn2011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson+CH+J%2CWagner+CL%2CHollis+BW%2CBaatz+JE%2CJohnson+DD.+Maternal++vitamin+D+and+fetalgrowth+inearly+%E2%80%93onset+severepreeclampsia.Am+J+Obstet+Gyn2011
http://www.ncbi.nlm.nih.gov/pubmed/17295904
http://www.ncbi.nlm.nih.gov/pubmed/17295904
http://www.ncbi.nlm.nih.gov/pubmed?term=Aly%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=23667735
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Koumi%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23667735
http://www.ncbi.nlm.nih.gov/pubmed?term=Abd%20El%20Rahman%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=23667735
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3649745/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3649745/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3649745/
http://www.ncbi.nlm.nih.gov/pubmed?term=Hitrova%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed?term=Slancheva%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed?term=Vakrilova%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikolov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed?term=Popivanova%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed?term=Yarakova%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23610915
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vitamin+D+levels+in+maternal--VLBW+infants+pairs
http://europepmc.org/search;jsessionid=6OHBLi3LcmpuBhUQyGwu.41?page=1&query=JOURNAL:%22Gynecol+Obstet+Invest%22
http://europepmc.org/search;jsessionid=6OHBLi3LcmpuBhUQyGwu.41?page=1&query=JOURNAL:%22Gynecol+Obstet+Invest%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Wicherts%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=Boeke%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20der%20Meer%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Schoor%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Schoor%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=Knol%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
http://www.ncbi.nlm.nih.gov/pubmed?term=Lips%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20683712
https://ijrm.ir/article-1-641-fa.html
http://www.tcpdf.org

