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22Objective: To determine whether low vitamin D levels in pregnant women are associated with the occurrence of
23neural tube defects (NTDs) in Tunisia. Methods: In a prospective study, pregnant women were recruited at a
24center in Tunis between January 1, 2012, and December 30, 2013. Women carrying a fetus with a severe NTD
25were recruited before elective termination. Matched, healthy pregnancy women were enrolled into a control
26group. Plasma levels of 25-hydroxyvitamin D were measured by a competitive chemiluminescence immunoas-
27say. Results: Overall, 68 women formed the NTD group and 64 the control group. The mean maternal vitamin
28D level was significantly lower in the NTD group (20.65 ± 10.25 nmol/L) than in the control group (28.30 ±
2913.82 nmol/L; P b 0.001). Vitamin D deficiency was recorded for 53 (78%) women in the NTD group and
3039 (61%) in the control group. Vitamin D insufficiency was recorded for 15 (22%) women in the NTD group
31and 20 (31%) in the control group. Vitamin D sufficiency was found only in the control group (n = 5 [8%];
32P b 0.001). Conclusion: The findings confirm an association between a decreased vitamin D level in pregnant
33women and the risk of fetal NTDs.
34© 2016 Published by Elsevier Ireland Ltd. on behalf of International Federation of Gynecology and Obstetrics.
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44 1. Introduction

45 Vitamin D is a fat-soluble vitamin that has key roles in calcium–
46 phosphorus homeostasis and bone mineralization. The main source is
47 synthesis in the skin following exposure to ultraviolet light, with dietary
48 intake making only a small contribution to the body’s vitamin D supply
49 [1]. The impact of vitamin D on aspects of health has attracted much at-
50 tention. Not only does vitamin D deficiency lead to rickets and reduced
51 bonemineral density, but it has also been linkedwithmanyother health
52 conditions, including diabetes mellitus, hypertension, stroke, autoim-
53 mune diseases, epilepsy, multiple sclerosis, and cancer [2].
54 In pregnancy, an adequate vitamin D status is imperative for fetal
55 skeletal growth, maternal health, and optimal maternal and fetal out-
56 comes. Low vitamin D levels during pregnancy and infancy can lead to
57 adverse outcomes, such as neonatal hypocalcemia, a low birth weight,
58 bone fragility, poor postnatal growth, and autoimmune diseases [3]. A
59 meta-analysis of observational studies [4] confirmed an association

60between vitamin D insufficiency and small-for-gestational-age (SGA)
61birth. However, a previous observational study [5] did not find an asso-
62ciation between vitamin D deficiency and birth weight or length. Javaid
63et al. [6] reported that bone mass was decreased among the children of
64mothers with reduced vitamin D concentrations, but a subsequent
65prospective and well-designed study [7] did not find any association.
66Additionally, a systematic review [8] indicated that vitamin D status
67during pregnancy could affect risk of multiple sclerosis among
68newborns, particularly in areas with poor sunlight exposure.
69In a Spanish cohort [9], a positive correlation was found betweenma-
70ternal vitamin D status and child mental and psychomotor development
71scores at age 14months.Maternal vitaminD insufficiency has been linked
72with impaired language development in school-aged children [10] and
73with autism spectrum disorder [11], indicating that vitamin D has crucial
74roles in neuronal function, gene regulation, and brain development. Ani-
75mal studies have indicated that key enzymes and receptors implicated
76in the metabolism of vitamin D are expressed in the rat brain [12], and
77an in utero deficit of vitamin D has been correlated with irregular brain
78development in experimental animals [13]. In another study in rats [14],
79it was shown that a lack of vitamin D leads to considerable changes in
80brain development by affecting cellular proliferation, the gross morphol-
81ogy of the brain, and growth factor signaling.
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82 Neural tube defects (NTDs) are fairly common congenital
83 malformations that arise during neurulation in early embryonic devel-
84 opment. Spina bifida and anencephaly—caused by incomplete closure
85 of the neural tubes—are the most prevalent subtypes, occurring in one
86 in 1000 pregnancies [15]. A previous study [16] highlighted a significant
87 increase in the prevalence of NTDs in Tunisia from 1991 to 2011, with a
88 median prevalence during this period of 2.03 ± 0.87 per 10 000 births.
89 The etiology of NTDs is multifactorial and complex: genetic, lifestyle,
90 and environmental factors all have a role [17]. Published evidence
91 on the association between vitamin D levels in pregnant women and
92 NTDs is limited. A previous study [18] found that vitamin D was not
93 associated with the occurrence of such defects.
94 As far as we are aware, there has been no study of the association
95 between vitamin D status and the risk of NTDs in Tunisia. Therefore, the
96 present study was conducted to determine whether NTDs are associated
97 with low vitamin D levels in pregnant women.

98 2. Materials and methods

99 A prospective study was conducted in the embryo-fetopathology
100 unit of the Maternity and Neonatology Wassila Bourguiba Center in
101 Tunis, Tunisia. This unit receives referrals of pregnant women carrying
102 a fetus with a severe NTD from all regional hospitals and private clinics
103 in Tunisia, in addition to those from the center. Pregnant women were
104 recruited between January 1, 2012, and December 30, 2013. Women
105 carrying a fetus with a severe NTD were enrolled before elective
106 termination. For each women enrolled into the NTD group, a healthy
107 pregnant woman with normal ultrasonography and a normal obstetric
108 history (no previous spontaneous abortion, fetal death, stillbirth, or
109 fetal intrauterine growth restriction) was enrolled into a control group
110 when attending the study unit. Women in the control group were
111 matched to those in the NTD group by date/month of conception and
112 use of folate supplementation. Participants could come from any region
113 across the country. Women with hypertension, cardiac disease, or
114 atherosclerosis were excluded from the study. Ethics approval for the
115 study was obtained from the Ethics Committee of the Maternity and
116 Neonatology Center La Rabta in Tunis. All participants gave written
117 informed consent.
118 A fasting blood sample was collected from each study participant,
119 and the plasma was separated and stored at –80°C until analyzed.
120 Plasma levels of 25-hydroxyvitamin Dwere measured by a competitive
121 chemiluminescence immunoassay cospecific for vitamin D3 and
122 vitamin D2 using the Liaison autoanalyzer and specific reagent kit
123 (both from DiaSorin, Stillwater, MN, USA). The participants were
124 grouped into vitamin D status categories on the basis of the 2011 cutoff
125 levels defined by the Institute ofMedicine [19], with vitamin D deficien-
126 cy, insufficiency, and adequacy defined as a 25-hydroxyvitamin D
127 concentration of less than 30 nmol/L, 30–50 nmol/L, and more than
128 50 nmol/L, respectively.
129 The length of pregnancy at the time of blood sampling was calculated
130 from the date of the last menstrual period. Face-to-face interviews with
131 participants were also undertaken by K.N. to establish maternal and
132 fetal characteristics. Medical records were reviewed.
133 A pilot study including 10 women carrying a fetus with an NTD and
134 10 control mothers showed a prevalence of vitamin D deficiency of 80%
135 among cases and 60% among controls. The sample size for the present
136 study was calculated on the basis of these data using the Power and
137 Sample Size program (Department of Biostatistics, Vanderbilt University
138 School of Medicine, Nashville, TN, USA). A total of 68 participants in
139 each group were needed to give a power of 80% in an independent
140 two-sided t test with an α level of 0.05 to detect a difference of 22% in
141 the frequencies of vitamin D deficiency between the two groups.
142 The statistical analysis was performed using SPSS version 18 (SPSS
143 Inc, Chicago, IL, USA). Continuous variables were examined for normality
144 using the Kolmogorov–Smirnov test. The χ [2] test was used to compare
145 categorical data such as gravidity, and parity. Differences in vitamin D

146and maternal age means between NTD and control groups were exam-
147ined by the t test. P b 0.05 was considered statistically significant. Odds
148ratios (ORs) and their 95% confidence intervals (CIs) were calculated to
149investigate the possible association between feto-maternal characteristics
150and vitamin D deficiency.
151The reporting of the present study conforms to the Strengthening
152the Reporting of Observational Studies in Epidemiology (STROBE)
153statement for observational studies.

1543. Results

155Overall, 68 women aged 22–43 years were included in the NTD
156group and 64 women aged 21–41 years were included in the control
157group. Data for four mothers selected for the control group were
158missing because the mothers refused to participate in the study. In the
159NTD group, 2 (3%) women had had a previous NTD pregnancy. There
160were no differences in maternal age, consanguinity, and pregnancy
161duration between the two groups, but gravidity and parity differed
162significantly between the groups (Table 1).
163The mean 25-hydroxyvitamin D concentration was significantly
164lower among women in the NTD group (20.65 ± 10.25 nmol/L, range
1655.40–43.75) than among women in the control group (28.30 ±
16613.82nmol/L, range 7.57–76.00; P b 0.001). VitaminDdeficiency and in-
167sufficiency were more common in the NTD group than in the control
168group (Fig. 1). In the NTD group, 53 (78%) women had vitamin D defi-
169ciency and 15 (22%) had vitamin D insufficiency. In the control group,
17039 (61%) women had vitamin D deficiency and 20 (31%) had vitamin
171D insufficiency. Vitamin D sufficiency was only found in the control
172group (n = 5 [8%]). Vitamin D status varied significantly between
173groups (P b 0.001).
174In the NTD group, vitamin D status and vitamin D deficiency
175were not associated with maternal age or parity (Table 2). The mean
17625-hydroxyvitamin D level was higher among mothers with two or
177more pregnancies than among thosewith onepregnancy, but the differ-
178ence was not significant (P = 0.075) (Table 2). Additionally, vitamin D
179deficiency was more common in mothers with only one pregnancy,
180but the difference was not significant (P = 0.05) (Table 2).
181Women in the NTD group with a consanguineous marriage had
182a higher 25-hydroxyvitamin D concentration than did those
183without such a marriage, although the difference was not significant
184(P = 0.071) (Table 2). Vitamin D deficiency was not associated with
185consanguinity either.
186The season of blood sampling was significantly associated with the
187vitamin D status in the NTD group, with the highest 25-hydroxyvitamin
188D concentrations found in mothers with blood drawn in summer

t1:1Table 1
t1:2Maternal characteristics.a

t1:3Characteristic NTD group
(n = 68)

Control group
(n = 64)

P value

t1:4Age, y 0.65
t1:5≤30 27 (40) 23 (36)
t1:6N30 41 (60) 41 (64)
t1:7Length of pregnancy, wk 0.95
t1:8≤20 29 (43) 27 (42)
t1:9N20 39 (57) 37 (58)
t1:10Gravidity 0.016
t1:111 23 (34) 10 (16)
t1:12N1 45 (66) 54 (84)
t1:13Parity b0.001
t1:140 31 (46) 10 (16)
t1:15≥1 37 (54) 54 (84)
t1:16Consanguinity 0.11
t1:17Consanguineous marriage 10 (15) 4 (6)
t1:18Non-consanguineous marriage 58 (85) 60 (94)

t1:19Abbreviation: NTD, neural tube defect.
t1:20a Values are given as number (percentage) unless indicated otherwise.
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