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Abstract: The effect of vitamin D receptor gene (VDR) polymorphisms on adverse pregnancy
outcomes—including preterm birth (PTB), low birth weight and small for gestational age—is currently
under debate. We investigated 187 mother-child pairs from the Italian “Mamma & Bambino” cohort
to evaluate the association of maternal VDR polymorphisms—Bsml, Apal, Fokl and Tagl—with
neonatal anthropometric measures and the risk of PTB. To corroborate our results, we conducted
a meta-analysis of observational studies. For the Fokl polymorphism, we showed that gestational
duration and birth weight decreased with increasing number of A allele (p = 0.040 and p = 0.010,
respectively). Compared to the GG and GA genotypes, mothers who carried the AA genotype
exhibited higher PTB risk (OR = 12.049; 95% CI = 2.606-55.709; p = 0.001) after adjusting for
covariates. The meta-analysis confirmed this association under the recessive model (OR = 3.67,
95%CI 1.18-11.43), and also pointed out the protective effect of Bsml polymorphism against the risk
of PTB under the allelic (A vs. G: OR = 0.74; 95%CI 0.59-0.93) and recessive (AA vs. GG + AG:
OR = 0.62; 95%CI 0.43-0.89) models. Our results suggest the association between some maternal
VDR polymorphisms with neonatal anthropometric measures and the risk of PTB.
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1. Introduction

Adverse pregnancy outcomes continue to be major Public Health problems in spite of
improvements in health care [1-3]. Among these, preterm birth (PTB) represents the first cause
of death among newborns and the second among children under five years [4]. Since the World Health
Organization (WHO) estimated that 15 million of children prematurely born each year—it means
more than one out of ten infants—novel strategies and guidelines should be designed and validated
to help prevent PTB. The major risk factors of PTB are certainly maternal age, short inter-pregnancy
interval, multiple gestation, drug abuse, smoking, vaginal dysbiosis and infections, low maternal
pre-pregnancy weight or inadequate gestational weight gain [5-8]. However, the effect of genetic
susceptibility has been also well recognized [9], with novel fetal and maternal genomic variants which
in turn affect both intrauterine environment, pregnancy duration and fetal growth [10]. It has been
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estimated that approximately 32 million low birth weight (LBW) or small for gestational age (SGA)
infants are born annually, with 96.5% of them in developing countries [11]. Approximately two-thirds
of the risk of adverse pregnancy outcomes depend on maternal habits, with maternal nutrition playing
a key role during the preconception and gestational periods [12]. However, uncovering the main
genetic risk factors of adverse pregnancy outcomes remains one of the main challenges for Public
Health, since they conferred about a third of this risk [13-15].

Overall, vitamin D is crucial for the maintenance of adult health [16] and its deficiency—especially
during pregnancy—is associated with potential adverse outcomes for both mothers and children [17].
In humans, most of Vitamin D is provided by the endogenous cutaneous synthesis of pre-vitamin D3,
which is derived from 7-dehydrocholesterol through the exposure to ultraviolet radiation [18]. The best
sources of vitamin D are the flesh of fatty fish (i.e., salmon, tuna, and mackerel) and fish liver oils,
while small amounts of vitamin D are found in beef liver, cheese, and egg yolks [19,20]. Vitamin D in
these foods is primarily in the form of vitamin D3 [21]. In U.S.A. and Canada, fortified foods provide
most of the vitamin D in the D3 form [19,22]. While Vitamin D3 represents almost 95% vitamin D
serum levels [23], a less active form, known as Vitamin D2, is also provided by dietary sources and
supplements [24]. Therefore, serum levels of 25-hydroxylated vitamin D2+D3 (250HD) represent the
vitamin D pool of the body. During pregnancy, the fetus is entirely dependent on maternal sources of
vitamin D, which also regulates placental function [18]. Several observational studies showed that
maternal vitamin D deficiency may influence mother and neonatal outcomes, including recurrent
pregnancy losses, preeclampsia, gestational diabetes, PTB, LBW and SGA [25]. However, as concluded
by recent systematic reviews and meta-analyses, it is currently not clear if adequate dietary intake
and/or supplementation of vitamin D may reduce the risk of adverse pregnancy outcomes [25-28].
Inconclusive results could be partially explained by heterogeneity in study design, exposure variables,
outcomes of interest, study setting and participants.

In this scenario, increasing interest concerns the effect of genetic variants affecting vitamin D
metabolism and functions. Vitamin D activity is mediated by the vitamin D receptor (VDR), a nuclear
receptor which acts as a high-affinity ligand-activated transcription factor [29]. VDR gene—located
on the chromosome 12q12-14—is highly expressed in several human tissues including skin
epithelium, osteoblasts and chondrocytes, muscles, cells from the immune system and placenta [30].
The ligand-bound VDR forms a heterodimer with nuclear retinoid X receptor (RXR) [31],
which recognizes vitamin D response elements (VDRE) in the promoter regions of vitamin D target
genes and recruits co-factors to modulate gene transcription [32]. Recently, some studies proposed
the potential association between VDR polymorphisms and the risk of adverse pregnancy outcomes,
such as PTB, LBW and SGA births [9,33—42]. In this area of research, Bsml (rs1544410), Apal (rs7975232),
FoklI (rs2228570) and Taql (rs731236) polymorphisms are the most commonly investigated: while Taql
and Fokl consist of a single base change (A to G and G to A in exons 9 and 2, respectively), Bsml and
Apal are located in the last intron of the sequence and result from a single base change (G to A
and A to C, respectively). However, evidence of an association between VDR polymorphisms and
adverse pregnancy outcomes is currently weak and not convincing, with high heterogeneity across
studies [43]. To explore the effect of preconception, perinatal and early life exposure on maternal and
infant health—with particular focus on the interaction between epigenetic biomarkers of health and
aging, diet and lifestyles [44—48]—we recently designed the prospective “Mamma & Bambino” study,
which enrols mother-child pairs during pregnancy.

In the present study we used data and samples from this cohort to evaluate the association of
maternal VDR polymorphisms (i.e., Bsml, Apal, FokI and Taql) with neonatal anthropometric measures
and the risk of PTB, even considering dietary intake of vitamin D. Then, we carried out a systematic
review evaluating the effect of VDR polymorphisms on PTB risk and on neonatal anthropometric
measures. Finally, we corroborated our results by pooling them with those reported by previous
studies through a meta-analysis.
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2. Materials and Methods

2.1. Study Design

The “Mamma & Bambino” cohort is an ongoing Italian birth cohort designed to explore the effect
of preconception, perinatal and early life exposure on maternal and infant health (further information
can be found at http:/ /www.birthcohorts.net). During the prenatal genetic counselling, at gestational
week 4-20 (mean = 16 weeks), pregnant women referred to the Azienda Ospedaliera Universitaria
“Policlinico-Vittorio Emanuele”, Catania (Italy) were invited to participate. This study was carried out
in accordance with the Declaration of Helsinki and the protocol was approved by the ethics committee
of the involved institution. All subjects were fully informed of the purpose and procedures and gave
written informed consent. In this cohort, information on sociodemographic and lifestyle data are
collected by trained epidemiologists using a structured questionnaire. Educational level is classified as
low (primary school, i.e., <8 years of school) and high (high school education or greater, i.e., >8 years of
school). Women are also classified as employed or unemployed (including students and housewives).
Smoking status is classified as no smoking (including ex-smokers) and current smoking. Pre-pregnancy
body mass index (BMI) is calculated as weight (kg) divided by height (m?), based on criteria from
the WHO [49]. According to the Institute of Medicine (IOM) recommendations, we define adequate
gestational weight gain (GWG) as follows: 12.5-18 kg (underweight), 11.5-16 kg (normal weight),
7-11.5 kg (overweight), and at least 5-9 kg (obese) [50]. Type of delivery, intrauterine foetal
death, congenital malformations and plurality are also recorded at delivery. Biological samples are
collected from both the mothers (peripheral blood) and the children (amniotic fluid and cord blood).
Furthermore, a two-year follow-up is conducted to collect information on mother-child lifestyle and
health status.

In the current analysis we included mother-child pairs with complete data on sociodemographic
characteristics, lifestyle and vitamin D intake, pregnancy outcomes and maternal VDR genotype
distributions. Primary outcomes were gestational duration and PTB, defined as spontaneous delivery
before 37 weeks. Secondary outcomes were birth weight and length; birthweight was classified as
LBW (birthweight < 2.5 kg) and macrosomia (birthweight > 4.0 kg); birthweight for gestational
age was defined as SGA, AGA or LGA according to sex-specific national reference charts [51].
Mother-child pairs with pre-existing medical conditions (i.e., autoimmune and/or chronic diseases),
pregnancy complications (i.e., preeclampsia, hypertension and diabetes), pre-term induced delivery or
caesarean section, intrauterine foetal death, plurality and congenital malformations were all excluded.

2.1.1. VDR Genotyping

Maternal DNA was extracted from peripheral blood samples using QIAamp DNA Mini Kit
according to the manufacturer protocol (Qiagen, Milan, Italy). VDR polymorphisms were genotyped
using the following commercially available TagMan SNP Genotyping Assays (Applied Biosystem,
Foster City, CA, USA): Apal 1s7975232 (C_28977635_10), Taql rs731236 (C_2404008_10), Bsml rs1544410
(C_8716062_10), FokI rs2228570 (C_12060045_20). All reactions were performed in triplicate on the
QuantStudio™ 7 Flex Real-Time PCR System (Applied Biosystem, Foster City, CA, USA) deploying
conditions set by the manufacturer. Allele determination was carried out using QuantStudio™ 7 Flex
System Software (Applied Biosystem, Foster City, CA, USA).

2.1.2. Assessment of Vitamin D Intake

Vitamin D intake was assessed by a validated 95-item semi-quantitative Food Frequency
Questionnaire (FFQ) as described elsewhere [52]. In brief, women were asked to report the frequency
of consumption (twelve categories from “almost never” to “two or more times a day”) and portion size
(small, medium or large) of each food item, using and indicative photograph atlas. Food intakes were
calculated by multiplying the frequency of consumption with the daily portion size of each food item.
Vitamin D intake was calculated using the USDA Nutrient Database (http://ndb.nal.usda.gov/)
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adapted to the Italian food consumption. The use of multimineral/multivitamin supplements
containing vitamin D was recorded, but the vitamin D intake was based only on food sources, as the
FFQ was not designed to ascertain the quantification of vitamin D intake by supplementation.

2.1.3. Statistical Analyses

Statistical analyses were conducted using SPSS software (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY, USA). Descriptive statistics were used to characterize
the study population, using frequency, mean and standard deviation (SD), or median and interquartile
range (IQR). The Chi-square test was performed to determine if geno-type distributions in mothers
with full-term delivery were deviated from the Hardy-Weinberg Equilibrium (HWE). Prior to analysis,
the normal distribution of all variables was checked using the Kolmogorov-Smirnov test. Based on
skewed distribution, comparisons of maternal and infant quantitative variables across VDR genotypes
were analysed using the Mann-Whitney U test or the Kruskal-Wallis test. Categorical variables were
compared using the Chi-squared test. Linear and binary regression models were applied to evaluate
the associations of VDR polymorphisms with primary and secondary outcomes, using the non-mutated
genotypes as reference. Regression models were adjusted for age, smoking, educational level,
employment status, pre-gestational BMI, GWG, vitamin D intake, use of vitamin D supplements,
type of delivery and parity. Post-hoc statistical power analysis was performed using Epi Info™
software (version 7; CDC, Atlanta, GA, USA). All statistical tests were two-sided, and p values < 0.05
were considered statistically significant.

2.2. Systematic Review and Meta-Analysis

2.2.1. Search Strategy

Two of the Authors carried out a systematic literature search in the PubMed-Medline and Web of
Science databases to identify relevant epidemiological studies, investigating the association of Bsml,
Apal, FokI and Taql polymorphism with neonatal anthropometric measures and incidence of PTB,
LBW and SGA births. The search strategy comprised the terms (Vitamin D receptor OR VDR) AND
(variation OR polymorphism OR mutations OR SNP) AND (Preterm Birth OR birthweight OR birth
weight OR birth length OR Low Birth Weight OR Intrauterine Growth Retardation OR Fetal Growth
Retardation OR Small for Gestational Age). The databases were searched from inception to February
2018 without language restriction; abstracts and unpublished studies were not included. Moreover,
the reference lists from selected articles, including relevant review papers, were searched to identify all
appropriate studies. The preferred reporting items for systematic reviews and meta-analysis (PRISMA)
guidelines were followed.

2.2.2. Selection Criteria

Two of the Authors independently assessed the retrieved articles and any inconsistencies
were resolved through discussion. Studies included were consistent with the following criteria:
(i) observational studies or randomized control trials (RCTs) (ii) on pregnant women of any gestational
age (iii) without pregnancy complications, (iv) focusing on the association of Fokl, Apal, Taql and
BsmlI VDR polymorphisms with PTB, LBW, and SGA. Moreover, (v) studies were selected if they
provide sufficient information on the numbers or genotype frequencies in cases and controls in order
to estimate odds ratios (ORs) and 95% confidence intervals (95% Cis). By contrast, the exclusion
criteria were as follow: (i) systematic reviews or meta-analyses; (ii) abstracts and unpublished studies;
(iii) studies with insufficient or lack of data to estimate ORs and 95% Cls, after attempting to contact the
corresponding authors via e-mail; (iv) investigating the association with other VDR polymorphisms
(v) or with other adverse pregnancy outcomes; (vi) studies with no control group.
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2.2.3. Study Selection and Data Extraction

Two of the Authors independently extracted the following information: first Author’s last name,
year of publication, country where the study was performed, ethnicity and number of participants,
sample type, phenotype of the cases evaluated, genotyping method, genotype distributions in cases
and controls, and p-values for HWE in controls. If additional data were needed, the Authors of
retrieved articles were contacted. Primary outcome was PTB since lack of data and inconsistency of
reported outcomes avoided the quantitative analysis for birthweight, birth length, LBW and SGA.

2.2.4. Procedures of Meta-Analysis

Strength of association between VDR polymorphisms and PTB was estimated as ORs (95% Cls)
under the allelic model (2 vs. 1), the dominant model (22 and 12 vs. 11) and the recessive model (22 vs.
11 and 12). The significance of pooled OR was determined by the Z test. Heterogeneity across studies
was measured using the Q test, considering significant statistical heterogeneity as p < 0.1. As the
Q test only indicates the presence of heterogeneity and not its magnitude, we also reported the I?
statistic, which estimates the percentage of outcome variability that can be attributed to heterogeneity
across studies. An I2 value of 0% denotes no observed heterogeneity, whereas, 25% is “low”, 50% is
“moderate” and 75% is “high” heterogeneity [53]. We also estimated the between-study variance using
tau-squared (t) statistics [54]. According to heterogeneity across studies, we used the fixed-effects
model (Mantel-Haenszel method) when heterogeneity was negligible or the random-effects models
(DerSimonian-Laird method) when heterogeneity was significant. The presence of publication bias
was investigated by Begg’s test and Egger’s regression asymmetry test [55,56]. Except for the Q test,
p < 0.05 was considered statistically significant, and all tests were 2-sided. All statistical analyses
were performed using the Review Manager software (Version 5.3. Copenhagen: The Nordic Cochrane
Centre, the Cochrane Collaboration, 2014).

3. Results

3.1. “Mamma & Bambino” Cohort

From the “Mamma & Bambino” cohort, 187 women aged 15-50 years (median = 37 years) were
enrolled at a median gestational age of 16 weeks (IQR = 4). According to pre-gestational BMI and GWG
we identified 30.9% and 27.1% who exhibited reduced or excessive GWG, respectively. In general,
gestational duration was 39 weeks (IQR = 2) and 55.1% of deliveries were natural. Median birth length
and weight were 50.0 cm (IQR = 2) and 3.2 Kg (IQR = 0.6), respectively. Approximately 8% of new-borns
were underweight while 7.5% was diagnosed with macrosomia. According to sex-specific national
reference charts [51], most of new-borns were AGA (80.2%), while the proportion of SGA and LGA were
8% and 11.8%, respectively. Only 10.7% of women reported the use of multimineral/multivitamin
supplements containing vitamin D. Notably, vitamin D intake was not associated with neonatal
anthropometric measures nor with PTB risk (Table 1). Table 1 also shows the comparison between
mothers with PTB (n = 17; 9%) and full-term delivery (n = 170, 91%). No differences were evident for
maternal socio-demographic characteristics, pre-gestational BMI, GWG, use of vitamin D supplements
and lifestyle. As expected, PTB new-borns exhibited lower birth length (47.5 cm vs. 50.0 cm; p < 0.001)
and weight (2.44 kg vs. 3.2 kg; p < 0.001), with a higher proportion of underweight compared to
full-term new-borns (58.8% vs. 2.9%; p < 0.001).
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Table 1. Population characteristics and comparison between preterm and full-term births.

Study Full-Term
Characteristics Population PTB (n =17) (1 = 170) p-Value
(n =187)
Age, years ? 37.0 (4) 37.0 (5) 38.0 (4) 0.648
Gestational age at enrolment, weeks 16.0 (4) 16.0 (4) 16.0 (4) 0.691
Educational level (% low-medium) 13.9% 5.9% 14.7% 0.316
Employment status (% employed) 55.6% 47.1% 56.5% 0.456
Smoking (% current smokers) 18.3% 5.8% 19.5% 0.165
Pre-gestational nutritional status
Underweight 8.1% 11.8% 7.7% 0.522
Normal weight 65.6% 58.8% 66.3%
Overweight 17.2% 11.8% 17.8%
Obese 9.1% 17.6% 8.3%
GWG, kg ? 12.0 (7) 11.0 (10) 12.0 (6.9) 0.630
GWG classification
Reduced 30.9% 35.3% 30.5% 0.903
Adequate 42% 41.2% 42.1%
Excessive 27.1% 23.5% 27.4%
Vitamin D intake, ng/day @ 3.7 (3.5) 3.7 (4.3) 3.1(3.6) 0.808
Vitamin D supplements (% users) 10.7% 5.9% 11.2% 0.501
Gestational duration, weeks 39.0 (2) 35.5(2) 39.0 (2) <0.001
Sex (% male) 50.3% 47.1% 50.6% 0.781
Birth weight, kg ? 3.2(0.6) 2.440.5) 3.2(0.6) <0.001
Birth length, cm 2 50.0 (2) 47.5 (4) 50.0 (2) <0.001
Type of delivery
Natural 55.1% 47.1% 55.9% 0.486
Caesarean section 44.9% 52.9% 44.1%
Underweight (%) 8% 58.8% 2.9% <0.001
Macrosomia (%) 7.5% 0% 8.2% 0.219
Weight for gestational age
SGA 8% 5.9% 8.2% 0.283
AGA 80.2% 70.6% 81.2%
LGA 11.8% 23.5% 10.6%

2 Data reported as median (IQR). Abbreviations: IQR, interquartile range; PTB, preterm birth; GWG,
gestational weight gain; SGA, small for gestational age; AGA, adequate for gestational age; LGA, large for
gestational age.

Figure 1A shows the distributions of VDR genotypes in the study population; notably, only FokI
and Taql VDR polymorphisms were in HWE. The comparison of neonatal anthropometric measures
across Taql genotypes showed that birth weight increased with increasing number of G allele
(AA=32kg vs. AG =32 kg vs. GG = 3.4; p = 0.020). However, we failed in confirming this
difference after adjusting for covariates. The comparison of maternal and neonatal characteristics
across Fokl genotypes showed that gestational duration and birth weight decreased with increasing
number of A allele (p = 0.040 and p = 0.010, respectively). Accordingly, the proportion of PTB increased
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with increasing number of A allele (GG =5.2% vs. AG =8.3% vs. AA = 33.3%; p = 0.001), whereas no
statistically significant differences were reported for Bsml, Apal and Tagl (Figure 1B). In line with
this evidence, we demonstrated that the risk of PTB increased with the number of A allele both
in the age-adjusted (OR = 3.010; 95% CI = 1.457-6.215; p = 003) and in the multivariable-adjusted
models (OR = 4.015; 95% CI = 1.649-9.771; p = 0.002). Particularly, compared to the GG and GA
genotypes, mothers who carried the AA genotype exhibited a higher PTB risk both in the age-adjusted
(OR =7.389; 95% CI = 2.308-23.660; p = 0.001) and in the multivariable-adjusted models (OR = 12.049;
95% CI = 2.606-55.709; p = 0.001).

A
Apal Bsml Fokl Taq!
4% 10%
13% ‘ 18%
31% 31%
42% 52%
38%
45% 65% 51%
HAA ©AC ECC EGG " GA EAA "GG " GA WAA =AA " AG EGG
B
Apal Bsml Fokl Tagl
Full-t 5% 7%
ull-term 42% - 32% 18%
PTB 13% 32%
0% \
18% 18% 30% 12% 23%
35% 35%
47% 82% 39% 35% 54% 65%
63%
45% 50%
wAA © AC W CC 5GG " GA mAA =GG " GA EAA "AA ©AG mGG

Figure 1. (A) Genotype Distribution of vitamin D receptor gene (VDR) Polymorphisms and
(B) comparison between preterm births (PTB, inner ring) and full-term births (outer ring).

3.2. Systematic Review

3.2.1. Study Characteristics

The detailed steps of study selection are given as a PRISMA flow diagram in Figure 2. A total of
67 articles were retrieved from the databases and 18 duplicates were excluded. After reading titles
and/or abstracts, 25 articles were excluded while 24 underwent full-text screening. Based on selection
criteria we excluded 13 studies, whereas 11 studies were included in the systematic review. No RCTs
focusing on the association of VDR polymorphisms with PTB, LBW, and SGA were found and thus,
only observational studies were included.

A total of 5 studies were from European countries [9,36,38,40,42], 4 from America [33,35,37,41],
and 1 from Asia [34] and Australia [39], respectively. Overall, sample sizes ranged from 189
to 615 mothers and from 90 to 506 infants, respectively. The most reported outcome was PTB
(n=4) [9,33,34,36], while 3 studies investigated neonatal anthropometric measures using birth
weight [37], LBW [35] or SGA [41] as primary outcome. Two studies collected both maternal and cord
blood samples [34,36], while 5 and 3 studies genotyped VDR polymorphisms in cord blood [38-42]
or maternal blood samples [9,33,37], respectively; only Workalemahu et al. collected placental
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samples [35]. Given that the majority analysed more than one polymorphism, Fokl was analysed
by 7 studies [33-37,39,41], Bsml by 8 studies [9,34,36,38—42], Apal by 5 studies [9,34,36,37,39,40] and
Taql by 7 studies [9,34,36-40]. The most common genotyping method was restriction fragment length
polymorphism analysis (RFLP) (n = 6) [34,36—40,42], followed by TagMan SNP Genotyping Assays
(n =4)[9,33,37,41] and Sequenom MassARRAY (n = 1) [35].

—
5 Records identified through database
£ searching
[ %] -
= n=67)
-
=
-7}
E l
Records after duplicates removed Records excluded after
(n=49) — "> reading abstract
n=125)
-")
=
[-F}
o
L%
w
Full-text arficles assessed Full-text articles excluded
for eligibility mn=13)
(n=24) 8 no available data
— 3 no control group
1 other outcome
1 other SNPs
-
=
=
=
= Studiesincuded in
qualitative synthesis
(n= 11}
=
-} h
=
= Studies included in
= quanfitative synthesis
(meta-analvsis)
(n=3)
e

Figure 2. Flow diagram of study selection.

3.2.2. VDR Polymorphisms and Neonatal Anthropometric Measures

In 2011, Swamy and colleagues conducted a prospective study on 615 pregnant women,
evaluating the effect of 38 VDR polymorphisms on several birth outcomes. In brief, they showed that 8
of 38 SNPs examined—including Apal—were significantly associated with birth weight in black but
not in white women [37]. In the same year, Silvano and colleagues studied 97 pre-pubertal singleton
children from 0 to 12 years to assess clinical and biochemical phenotypes that better characterize
SGA children who failed to achieve postnatal catch-up growth. At the baseline, they did not observe
difference in BsmlI and FoklI genotype distributions across categories of birth weight for gestational
age [41]. Consistently with our results, the study by Workalemahu et al. —investigating the effect
of placental VDR polymorphisms on birth size in 506 mother-child pairs—demonstrated that birth
weight decreased with increasing number of A allele of the FokI polymorphism [35].

3.2.3. VDR Polymorphisms and PTB Risk

Manzon and colleagues genotyped VDR polymorphisms in both maternal and cord blood samples
of 33 PTB and 98 full-term delivery [36]. In line with our results, they concluded that women who
carried the A allele of FokI were at higher risk of PTB than those who carried the G allele. By contrast,
women who carried the T allele of Taql polymorphism exhibited a lower risk of PTB [36] compared
to those with non-mutated allele [36]. However, using a logistic regression model they observed
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that only maternal FoklI variant was associated with the risk of PTB. More recently, the study by
Javorsky and colleagues—comparing104 women with PTB to 85 with full-term delivery—confirmed
that maternal Fokl polymorphism was associated with a higher risk of PTB [33]. Next, Rosenfeld and
colleagues added to this knowledge, demonstrating that the proportion of women with PTB decreased
with increasing number of A allele of maternal Bsml polymorphism, after adjusting for some
confounders [34]. Interestingly, among women with previous history of spontaneous miscarriage,
the risk of PTB was higher if their newborns carried the non-mutated allele of Bsml or the mutated
allele of Apal [34].

3.2.4. Meta-Analyses of the Association between VDR Polymorphisms and PTB Risk

As demonstrated by post-hoc statistical power analysis, only the study of the association between
FoklI polymorphism and PTB reached a statistical power of at least 80%, with a significance level of 0.05.
Thus, to summarize evidence about the association between maternal VDR polymorphisms and PTB,
we pooled our results with those reported by three previously published articles [9,33,34] (Table 2).
For the Apal polymorphism, we pooled our results with those reported by Baczyriska-Strzecha et al.
and Rosenfeld et al. [9,34]. The Q-test and I? statistics showed no significant heterogeneity across
studies under the allelic (p = 0.41; I> = 0%), dominant (p = 0.19; I?> = 40%) and recessive (p = 0.61;
2 = 0%) models. Using the fixed effect model, the meta-analysis showed no association of Apal
with PTB under the allelic model (C vs. A: OR = 0.89, 95%CI 0.71-1.12), dominant (CC + AC vs.
AA: OR =0.73, 95%CI 0.53-1.2) and recessive model (CC vs. AA + AC: OR = 1.20, 95%CI 0.81-1.77)
(Figure 3).

For the Bsml polymorphism, we pooled our results with those reported by
Baczyniska-Strzecha et al. and Rosenfeld et al. [9,34]. The Q-test and I? statistics showed no
significant heterogeneity across studies under the allelic (p = 0.31; I = 15%), dominant (p = 0.18;
I? = 42%) and recessive (p = 0.97; I? = 0%) models. Using the fixed effect model, the meta-analysis
showed a significant negative association with PTB under the allelic (A vs. G: OR = 0.74, 95%ClI
0.59-0.93) and recessive (AA vs. GG + AG: OR = 0.62, 95%CI 0.43-0.89) models. By contrast,
no statistically significant association was evident under the dominant model (AA + AG vs. GG:
OR =0.78, 95%CI 0.54-1.12) (Figure 4).

Table 2. Characteristics of studies included in the meta-analysis.

Study - Sample Genotyping
Authors Country Design Ethnicity Size Sample SNPs Method
. Apal
Baczyfiska-Strzecha Poland  Case-control = Caucasian 199 Maternal Bsml TagMan
et al., 2016 [9] blood Assay
Taql
Javorski et al., . g . Maternal TagMan
2018 [33] Brazil Case-control Mixed 189 blood FokI Assay
Rosenfeld et al Maternal gsprra&
M Israel Case-control Mixed 375 and fetal RFLP
2017 [34] FokI
blood
Taql
Apal
Mamma & Bambino Ital Prospective C ian 187 Maternal Bsml TagMan
Cohort, 2018 ay cohort aticasia blood FokI Assay
Taql

Abbreviations: SNP, single nucleotide polymorphism.
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Figure 3. Forest plots of the association between Apal polymorphism and preterm birth under the
(A) allelic, (B) dominant and (C) recessive models.

For the Fokl polymorphism we pooled our results with those reported by Javorski et al. and
Rosenfeld et al. [33,34]. The Q-test and I? statistics showed significant heterogeneity across studies
under the allelic (p = 0.002; I? = 85%), dominant (p = 0.02; I?> = 74%) and recessive models (p = 0.001;
I = 77%). Using the random effect model, the meta-analysis showed a significant association with PTB
under the recessive model (AA vs. GG + AG: OR = 3.67, 95%CI 1.18-11.43). By contrast, pooled ORs
under the allelic (A vs. G: OR = 1.90, 95%CI 0.96-3.75) and dominant (AA + AG vs. GG: OR = 1.65,
95%CI 0.80-3.42) models were not statistically significant (Figure 5).
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Figure 4. Forest plots of the association between BsmI polymorphism and preterm birth under the
(A) allelic, (B) dominant and (C) recessive models.
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Figure 5. Forest plots of the association between FokI polymorphism and preterm birth under the
(A) allelic, (B) dominant and (C) recessive models.

For the Taql polymorphism we pooled our results with those reported by Baczyriska-Strzecha et al.
and Rosenfeld et al. [9,34]. The Q-test and I? statistics showed no significant heterogeneity across
studies under the allelic (p = 0.29; I? = 19%), dominant (p =0.51; I? = 0%) and recessive (p =0.13;
I = 55%) models. Using the fixed effect model, the meta-analysis showed no significant association
with PTB under the allelic (G vs. A: OR = 0.94, 95%CI 0.75-1.18), dominant (GG + AG vs. AA:
OR = 0.88, 95%CI 0.63-1.21), and recessive (GG vs. AA + AG: OR = 1.00, 95%CI 0.69-1.46) models
(Figure 6). Overall, we found no evidence of publication bias for meta-analyses of Apal (Begg’s p = 0.74;
Egger’s p = 0.89), Bsml (Begg’s p = 0.70; Egger’s p = 0.19), Fokl (Begg’s p = 0.87; Egger’s p = 0.81),
and Taql (Begg’s p = 0.42; Egger’s p = 0.24).
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Figure 6. Forest plots of the association between Taql polymorphism and preterm birth under the
(A) allelic, (B) dominant and (C) recessive models.

4. Discussion

In the present study, we used data from the “Mamma & Bambino” cohort to evaluate the effect
of VDR polymorphisms on neonatal anthropometric measures and on the risk of PTB. Interestingly,
we observed that maternal Fokl polymorphism affected both gestational duration and birth weight,
which decreased with increased number of the mutated allele (A). This is consistent with Workalemahu
and colleagues that demonstrated, for the first time, that birth weight decreased with increasing
number of A allele [35]. In line with reduced gestational duration, we also demonstrated that
the risk of PTB increased with increasing number of A allele both in the age-adjusted and in the
multivariable-adjusted models. Notably, compared to mothers with GG or GA genotypes, mothers who
carried the AA genotype exhibited a 12-fold increased risk of PTB, independent of socio-demographic
characteristics (age, educational level, employment status), lifestyle (smoking, pre-gestational BMI,
GWG), vitamin D intake, use of vitamin D supplements, type of delivery and parity. A similar risk
was also observed by Manzon et al. [36] and Javorsky et al. [33], while Rosenfeld and colleagues
failed in demonstrating this association. When we pooled our results with those reported by Javorsky
et al. and Rosenfeld et al. [33,34], we demonstrated a significant positive association between Fokl
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polymorphism and PTB under the recessive model. By contrast, Rosenfeld and colleagues [34] also
demonstrated that the proportion of women with PTB decreased with increasing number of mutated
allele (A) of maternal Bsml polymorphism. Although we failed in demonstrating this association,
the meta-analysis confirmed the protective effect of Bsml against PTB under the allelic and recessive
models. Results about the effect of Taql polymorphism on PTB risk are currently inconclusive:
while Manzon and colleagues proposed that the mutated allele conferred a lower PTB risk [36], we did
not confirm this association by pooling our results with those reported by Baczyriska-Strzecha et al. and
Rosenfeld et al. [9,34]. However, since we observed that birth weight increased with increasing number
of mutated alleles, it cannot be completely excluded the protective effect of Taql polymorphism on
foetal growth and development. A prospective study on 615 pregnant women, conducted by Swamy
and colleagues, evaluated the effect of 38 VDR polymorphisms on several birth outcomes. Since 8
of 38 SNPs examined—including Apal—significantly affected birth weight in black but not in white
women, the Authors concluded that strength of association may depend on ethnicity, proposing a
partial explanation for the observed racial disparity in several pregnancy outcomes [37]. However,
non-significant results in white women may be the result of the substantially smaller sample for
compared to the black group. Nevertheless, comparison between studies should be interpreted with
caution due to the high heterogeneity across studies in terms of design, sample size and type, ethnicity,
geographical diversity, sun exposure, maternal habits and outcomes of interest, that may account for
discrepancies in the obtained results [9,33,34].

The mechanistic link between VDR expression and foetal outcome is still unclear. Calcitriol is
the major active ligand of VDR. The ligand-bound VDR forms a heterodimer with nuclear retinoid X
receptor (RXR) [31], which recognizes vitamin D response elements (VDRE) in the promoter regions of
vitamin D target genes and recruits co-factors to modulate gene transcription [32]. However, vitamin D
can also exert rapid non-genomic effects, probably via VDR located within the plasma membrane [57].
This rapid pathway works via specific enzymes, such as protein kinase C and mitogen-activated
protein kinase [57], which regulate cell proliferation and differentiation, invasive processes and
apoptosis. Although several studies suggest that vitamin D system—including VDR, its ligands and the
metabolizing enzymes—plays a key role in innate immunity and implantation [58-62], the functional
effects of VDR and its allelic variants in pregnancy are not yet clarified. The main weakness of
our study was the relatively small sample size and the statistical power—with a low number of PTB
infants—that raises the need of future analyses on the ongoing “Mamma & Bambino” cohort to confirm
the observed associations. Although we acknowledge that further stratification by ethnicity should be
provided—the “Mamma & Bambino” cohort consisted of Caucasian women—we established the effect
of VDR polymorphisms on PTB risk in the context of previous studies investigating this association
in medium-large populations that included different racial and ethnic groups. However, due to
inconsistency of reported outcomes, we cannot perform a meta-analysis of the association between
VDR polymorphisms and neonatal anthropometric measures. Indeed, only three studies investigated
the effect on neonatal anthropometric measures using birth weight [37], LBW [35] or SGA [41] as
primary outcome. Furthermore, the collection of additional data regarding other anthropometric
measures should be included in future studies. Another weakness was that we did not analysed VDR
polymorphisms in infant samples, not being able to assess the contribution of foetal VDR gene on
adverse pregnancy outcomes. In fact, as reported by Rosenfeld et al., the risk of PTB could be higher in
new-borns carrying the non-mutated Bsml or the mutated Apal allele [34]. Moreover, the influence of
unmeasured variables, such as sun exposure, maternal habits and serum vitamin D levels cannot be
completely excluded. Since the FFQ did not quantify vitamin D from nutritional supplements and
fortified foods, we did not have a precise measure of vitamin D intake status. However, we reported
that the use of vitamin D supplements containing is not common among women from the “Mamma %
Bambino” cohort and no association with PTB risk was evident. Furthermore, the measurement of
250HD would be useful to evaluate whether there was a relationship between serum levels and dietary
intake, including vitamin D supplements. In addition, it should be recognized that, in the present
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study, other variables such as poverty status, mid-pregnancy immune and growth-related factors,
recently associated with PTB prediction in women with and without preeclampsia [63], have not been
included. Notably, our study was conducted in a cohort of the women in Sicily, southern Italy and
a recent systematic review reports that despite high levels of sunshine, maternal hypovitaminosis D
during pregnancy is prevalent in sunny Mediterranean region where optimal vitamin D levels are
expected [64]. Reasons for this phenomenon may rely on different factors that can determine vitamin
D deficiency.

Finally, in future studies the effects of other single nucleotide polymorphisms in genes encoding for
key components of the vitamin D metabolism pathway—such as genes involved in cholesterol synthesis
(DHCR?), hydroxylation (CYP2R1, CYP24A1), and vitamin D transport (GC) that influence vitamin
D status [64,65] should be addressed. We acknowledge that unmeasured variables in the current
analysis limit our ability to draw conclusions on the association of maternal VDR polymorphisms
with neonatal anthropometric measures and the risk of PTB in our cohort. Despite such limitations,
the strictly selection criteria ruled out potential confounders such as pre-existing medical conditions,
pregnancy complications, pre-term induced delivery or caesarean section, intrauterine foetal death,
plurality and congenital malformations. Moreover, extensive data collection enabled to adjust
our results for socio-demographic factors, lifestyle, pre-gestational BMI and GWG, and vitamin
D dietary intake. Additional researches, including observational prospective studies and clinical trials,
are recommended to establish the role of vitamin D and related factors in pregnancy, and to develop
and validate effective preventive strategies against adverse outcomes.

5. Conclusions

In conclusion, we provide novel evidence and a meta-analysis about the effect of VDR
polymorphisms on birth weight and gestational duration, identifying a group of women at risk
of PTB.
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