Dr Spyridon N Karras 
email: karraspiros@yahoo.gr
  
Stergios Α Polyzos 
  
Danforth A Newton 
  
Carol L Wagner 
  
Bruce W Hollis 
  
Jody Van Den Ouweland 
  
Erdinc Dursun 
  
Duygu Gezen-Ak 
  
Kalliopi Kotsa 
  
Cédric Annweiler 
  
Cedric Annweiler 
  
Declan P Naughton 
  
  
Adiponectin and vitamin D-binding protein are independently associated at birth in both mothers and neonates

Keywords: adipokines, adiponectin, irisin, neonates, vitamin D, vitamin Primary care . Main Outcomes Features: Biochemical markers from maternal and cord: VDBP, adiponectin, irisin, calcium, albumin, parathyroid hormone, 25OHD,

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

gestation, maternal age, BMI. The finding of a strong association of VDBP (355.3 ± 29.2 μg/ml) and adiponectin (11.9 ± 2.0 μg/ml) but not irisin (174.4 ± 26.0 ng/ml), was also evident in neonates (p=0.03 and p=0.94, respectively). No association was observed in both maternal and neonatal vitamin D, adiponectin and irisin.

Conclusions:

The main findings of this study are i) the perspective of a potential independent interaction of VDBP and adiponectin in both mothers and neonates and ii) the lack of a causative model effect of both maternal/neonatal vitamin D status and adipokine profile on neonatal anthropometry at birth, as a surrogate marker of future metabolic health of the offspring.

Precis

In mother-neonate pairs at birth, adiponectin is independently associated vitamin D binding protein but not vitamin D status or significant anthropometric indices.

Introduction

Vitamin D, recognised as essential for maintaining bone homeostasis and calcium absorption [START_REF] Dusso | Vitamin D[END_REF][START_REF] Holick | Vitamin D deficiency[END_REF], has been recently established as a biological contributor in different cells and tissues [START_REF] Rajakumar | Solar ultraviolet radiation and Vitamin D: a historical perspective[END_REF][START_REF] Block | Nutrient sources in the American diet: quantitative data from the NHANES II survey. I. Vitamins and minerals[END_REF][START_REF] Prosser | Enzymes involved in the activation and inactivation of vitamin D[END_REF]. Despite having endogenous and dietary sources, hypovitaminosis D insufficiency and deficiency is common in all ages [START_REF] Karras | Maternal vitamin D levels during pregnancy and neonatal health: evidence to date and clinical implications[END_REF][START_REF] Ritterhouse | Vitamin d deficiency in a multiethnic healthy control cohort and altered immune response in vitamin D deficient European-American healthy controls[END_REF][START_REF] Palacios | Is vitamin D deficiency a major global public health problem?[END_REF].

Numerous studies have investigated the association between vitamin D and disease onset or remission in a range of conditions including obesity, inflammation and insulin resistance [START_REF] Jackson | Associations of 25-hydroxyvitamin D with markers of inflammation, insulin resistance and obesity in black and white communitydwelling adults[END_REF][START_REF] Dhaliwal | The vitamin D dose response in obesity[END_REF][START_REF] Mangin | Inflammation and vitamin D: the infection connection[END_REF][START_REF] Grammatiki | Vitamin D and diabetes mellitus: Causal or casual association?[END_REF]. Recent advances in analytical capability have led to increasing interest in the roles of a wider range of molecules in the vitamin D metabolome [START_REF] Shah | Exploring the role of vitamin D in type 1 diabetes, rheumatoid arthritis, and Alzheimer disease: new insights from accurate analysis of 10 forms[END_REF][START_REF] Black | Analytical bias in the measurement of serum 25hydroxyvitamin D concentrations impairs assessment of vitamin D status in clinical and research settings[END_REF]. These advances, including accurate measurements of vitamin D forms, extend to the role of vitamin D-binding protein (VDBP), which primarily contributes to the transportation in the bloodstream of vitamin D metabolites [START_REF] Dusso | Vitamin D[END_REF].

VDBP binds up to 80% of circulating vitamin D, playing a key role in regulating bioavailability and bioactivity of vitamin D, increasing its plasma half-life and modulating its distribution to target tissues. Therefore, its measurement along with vitamin D concentrations seems to be of importance [START_REF] Chun | Vitamin D and DBP: the free hormone hypothesis revisited[END_REF]. Moreover, VDBP has been hypothesized to exert regulatory immunological and metabolic actions [START_REF] Delanghe | Behind the scenes of vitamin D binding protein: more than vitamin D binding[END_REF].

Prior studies have investigated the relationship between vitamin D and adipokines.

Adiponectin, secreted from adipose tissues, has key functions in energy homeostasis, including insulin action, food intake and metabolism [START_REF] Kadowaki | Adiponectin and adiponectin receptors[END_REF]. A proteomic study identified downregulation of adiponectin in vitamin D deficient obese children, and importantly a 12-month vitamin D 3 supplementation course increased adiponectin levels [START_REF] Kadowaki | Adiponectin and adiponectin receptors[END_REF]. In isolated adipocytes, 1,25-(OH) 2 D 3 increased adiponectin [START_REF] Kadowaki | Adiponectin and adiponectin receptors[END_REF]. On the other hand, vitamin D supplementation did not increase adiponectin levels in a recent meta-analysis of 9 randomized controlled trials (RCTs) (18). Taken together, the interaction between vitamin D and adiponectin may be condition-specific and affected by a number of mechanisms, including adipogenic gene expression and adipocyte apoptosis [START_REF] Abbas | Physiological functions of Vitamin D in adipose tissue[END_REF].

Irisin, a myokine secreted primarily by skeletal muscle, is inversely correlated with vitamin D levels in small gestational age newborns [START_REF] Keleş | Evaluation of cord blood irisin levels in term newborns with small gestational age and appropriate gestational age[END_REF]. Previous reports linked irisin with circulating vitamin D levels [START_REF] Al-Daghri | Impact of vitamin D correction on circulating irisin: a 12 month interventional study[END_REF]. To date, there have been no reports of associations between adiponectin or irisin and VDBP.

VDBP concentrations are known to increase in pregnancy. In addition, body weight and adipokine profile at birth, have been recently associated with fat mass in late childhood and adolescence, respectively [START_REF] Simpson | Programming of adiposity in childhood and adolescence: associations with birth weight and cord blood adipokines[END_REF]. The potential role of VDBP as a mediator, confounder or neither in the metabolic regulation of maternal and offspring adipokine profile has not been investigated so far.

The primary aim of this study was to explore the association between adiponectin, irisin and VDBP concentrations in both mothers and neonates at birth of full-term and uncomplicated pregnancies. Secondary aims were to investigate the associations between neonatal anthropometric parameters, and maternal and neonatal adiponectin, irisin, VDBP, 25OHD and 1,25(OH) 2 D. The results of this study may provide insight in the physiological associations of VDBP beyond vitamin D, and possibly provide the basis for further research.

Patients and methods

Study population

This was a cross-sectional study of pregnant women and their neonates, conducted from April 2014 until October 2015. Recruitment was discontinued from November 2014 to March 2015 to minimize significant seasonal variation of study findings with regard to maternal and neonatal vitamin D status. Pregnant women were recruited from the Maternity Unit of the First Department of Obstetrics and Gynaecology, Aristotle University, Thessaloniki, Greece, with latitude of 40°N. All women were fair skinned. Inclusion criteria were age>18 years, body mass index (BMI)≤30 kg/m 2 and full-term pregnancy (37-42 th gestational week). Maternal non-inclusion criteria were BMI ≥30 kg/m 2 , primary hyperparathyroidism, secondary osteoporosis, osteomalacia, liver disease, hyperthyroidism, nephrotic syndrome, inflammatory bowel disease, rheumatoid arthritis, morbid obesity, gestational or pre-existing diabetes, active infection and use of medications affecting calcium or vitamin D homeostasis. Neonatal non-clusion criteria were prematurity ≤37 weeks of gestation, being small and large-for-gestational age neonates and the presence of severe congenital anomalies, as a result of one or more genetic, infectious, nutritional or environmental factors including heart and neural tube defects and Down syndrome.

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the ethics committee of Medical School of Aristotle University of Thessaloniki. All mothers provided written informed consent for themselves and for their neonates.

Methods

Demographic and anthropometric data

At enrolment, demographic and social characteristics were recorded. Maternal prepregnancy BMI was either normal (18-25 kg/m 2 ) or overweight (25-30 kg/m 2 ). We collected maternal, infant, and labor data from the medical records, collected umbilical cord blood samples at the time of delivery, and stored aliquots of plasma and serum at -70 o C until assays were performed. We also evaluated neonatal anthropometry at birth. All neonatal anthropometric measurements were performed by the same trained nurse, between 12h and 72h of age according to standard techniques [START_REF] Mcgrath | Seasonal fluctuations in birth weight and neonatal limb length; does prenatal vitamin D influence neonatal size and shape?[END_REF][START_REF] Keeping | Determinants and components of size at birth[END_REF]. The following measurements were recorded: birth weight, height, neck-rump, upper arm, femur and knee heel lengths; head, chest, abdominal, upper arm and middle thigh circumferences, and abdominal skinfold thickness.

The birth weight of the neonates was measured on regularly calibrated scales. Knee-heel length was measured with a hand-held BK5 infant knemometer (Force Technology, Brondby, Denmark). Instrument software calculated the mean of 10 sequential readings and generated a printed report of all readings and the calculated mean. We also measured neonatal height to the nearest millimeter using an Ellard newborn lengthboard (Ellard Instrumentation Ltd., Seattle, WA). Abdominal, upper arm and middle thigh head, mid-upper arm, and maximal head circumferences were measured using a plastic encircling tape (Child GrowthFoundation, London, UK).

Abdominal, skin fold was measured using Holtain calipers (Holtain, Crymych, UK).

Biochemical and hormonal assays

Blood samples were obtained from mothers by antecubital venipuncture 30-60 minutes before delivery. Umbilical cord blood was collected immediately after clamping, from the umbilical vein. Calcium (mg/dl), albumin, parathyroid hormone (PTH) (pg/mL, 25OHD (ng/ml) 1,25(OH) 2 D (pg/ml), VDBP (μg/ml) adiponectin (μg/ml) and irisin (ng/ml) were measured in one batch at the end of the study.

Corrected calcium was calculated based on total calcium and albumin concentrations using standard equation [Corrected calcium= 0.8 ×(4 -serum albumin)]. Biochemical analysis of total calcium and albumin were performed with standard methods using the Cobas INTEGRA clinical chemistry system (D-68298; Roche Diagnostics, Mannheim, Germany). PTH was measured with electro-chemiluminescence immunoassay (ECLIA; Roche Diagnostics GmbA, Mannheim, Germany). The reference range for PTH was 15 -65 pg/ml, functional sensitivity 6.0 pg/ml, withinrun precision 0.6 -2.8% and total precision 1.6 -3.4%. VDBP, irisin and adiponectin were measured with enzyme-linked immunosorbent assay (ELISA) on a Synergy H1 Hybrid reader and Gen5 software (BioTek, Winooski, VT, USA): Gc-Globulin/VDBP (AssayPro, St. Charles, MO, USA); irisin (MyBioSource, San Diego, CA, USA); adiponectin (R&D Systems, Minneapolis, MN, USA). 25OHD and 1,25(OH) 2 D were measured by radioimmunoassay using commercial kits obtained from DiaSorin Corporation (Stillwater MN, USA). Intra-assay and inter-assay variance was 5% and 11% for 25(OH)D and 8% ,< 12% for 1,25(OH) 2 D, respectively). Intra-assay and inter-assay variance was <8% and <10% for adiponectin and <8% and <10%

for irisin ,respectively. Detection limits for assays were 0.098 μg/ml for VDBP, 3.12 ng/ml for irisin,0.039 μg/ml for adiponectin, 5 ng/ml -100 ng/ml for 25OHD and 7.5-100 pg/ml for 1,25(OH) 2 D.

Vitamin D status (25OHD) was classified as sufficient or insufficient according to consensual Institute of Medicine criteria [sufficiency: 20-40 ng/ml (50-100 nmol/L); insufficiency < 20 ng/ml (50 nmol/L) (25).

3. Statistical Analysis

Continuous data are presented as mean ± standard error of the mean (SEM).

Categorical data are presented as absolute numbers and/or frequencies. Kolmogorov-Smirnov test was used to check the normality of distributions of continuous variables.

Chi-square test was used for between group comparisons, in case of categorical variables. Independent samples t-test or Mann-Whitney test was used for between group comparisons, in case of continuous variables. Spearman's coefficient (r s ) was used for binary correlations. Multiple linear logistic regression analysis (method "enter") was used to identify independent associates for adiponectin, irisin levels or other parameters when needed. For the need of regression analysis, any of the included variables that did not follow normal distribution was logarithmically transformed. Statistical analysis was performed with SPSS 21 for Macintosh (IBM Corp., Armonk, NY). Significance was set at p<0.05 in all the tests.

Results

Description of the cohort and comparative data

Seventy pairs of newly delivered neonates and their mothers were included in this study. The demographic and anthropometric characteristics of the cohort are presented in Table 1. As selected, all women were non-obese (pre-pregnancy) and apparently healthy. Their educational level was elementary in 52 (74.3%) and secondary in 14 (20%), and unknown in 4 (5.7%) women. Eleven (15.7) women had previously given birth to one child; eight (11.4%) to two; one (1.4%) to three; and one

(1.4%) to four children.

Thirty-seven (52.9%) women had received calcium supplementation during pregnancy, either 500 mg (n=30) or 1000 mg (n=7 was used as a cut-off, no statistically significant difference was observed in maternal and neonatal serum parameters between groups.

Correlations of maternal parameters

A correlation matrix for maternal parameters only is presented in Table 3. As expected, corrected calcium was inversely correlated with PTH levels, and positively with 25OHD and 1,25(OH) 2 D; 25OHD levels also were positively correlated with 1,25(OH) 2 D and height. PTH, 25OHD and 1,25(OH) 2 D levels were not correlated with VDBP, adiponectin or irisin levels. Notably, VDBP levels were positively correlated with adiponectin and irisin levels, whereas inversely with age. Adiponectin levels were inversely correlated with weight and BMI at term, and irisin levels positively with weight (Table 3).

After sequential adjustment for weeks of gestation (model 1), weeks of gestation and maternal age (model 2), weeks of gestation, maternal age and BMI (term) (model 3), maternal adiponectin and irisin levels remained significantly positively associated with VDBP levels (Table 4 and 5, respectively). However, weeks of gestation did not remain significantly associated with irisin levels (Table 5).

Correlations of neonatal parameters

A correlation matrix for neonatal parameters only is presented in Table 6.

Corrected calcium was inversely correlated with PTH levels, but not with 25OHD and 1,25(OH) 2 D levels. 25OHD levels were positively correlated with 1,25(OH) 2 D levels and upper arm length. VDBP levels were positively correlated with adiponectin, but not irisin levels. Irisin levels were inversely correlated with PTH levels and knee-heel length.

After sequential adjustment for weeks of gestation (model 1), weeks of gestation and neonate gender (model 2), weeks of gestation, neonatal gender and weight (model 3), neonatal adiponectin levels remained significantly positively associated with VDBP levels (Table 7). Νeonatal irisin remained non-significantly associated with VDBP levels, after similar sequential adjustment.

Correlations between maternal and neonatal parameters

A correlation matrix between maternal and neonatal parameters is presented in 

Discussion

This is the first study to investigate potential associations between vitamin D metabolites, VDBP and adiponectin (adipokine) and irisin (myokine) in motherneonate pairs and the associations between neonatal anthropometry and maternalneonatal vitamin D, adiponectin and irisin at birth. To the best of our knowledge, we provide here the first evidence of an association between VDBP and adiponectin levels in both mothers and neonates. On the other hand, no association was observed in both maternal and neonatal vitamin D metabolites, adiponectin and irisin.

Maternal VDBP levels demonstrated a positive association with maternal adiponectin and irisin concentrations, which remained significant after adjustment for multiple potential confounders. VDBP and adiponectin, but not irisin, also were independently associated in neonates. This finding raises consideration regarding the role of VDBP as a carrier protein or regulator of biological activity of adiponectin and irisin during pregnancy. The expected rise of VDBP in the pregnant state might also distort the association, but this finding was observed in neonates as well, at least for adiponectin. Mechanistic studies are required to elucidate whether VDBP plays a carrier or regulatory role for adiponectin and/or irisin during pregnancy.

This study also confirmed data from previous observational studies [START_REF] Zhang | Maternal and cord blood adiponectin levels in relation to post-natal body size in infants in the first year of life: a prospective study[END_REF][START_REF] Kotani | Plasma adiponectin levels in newborns are higher than those in adults and positively correlated with birth weight[END_REF] showing that cord blood adiponectin levels were higher than those observed in adults.

This finding could be explained by the observed increase in adiposity with aging. The increase in adiposity is most evident in visceral adipose tissue, while there may be decreases in subcutaneous adipose tissue. being most evident in visceral adipose tissue, while there may be decreases in subcutaneous adipose tissue. This ageassociated change in body composition, where adiposity increases throughout midlife

but decreases once late-life is reached, has been consistently found in several different ethnic groups and may be influenced by dietary intake however, unlike many adipocyte derived factors, circulating adiponectin levels decrease with increasing adiposity [START_REF] Zhang | Maternal and cord blood adiponectin levels in relation to post-natal body size in infants in the first year of life: a prospective study[END_REF][START_REF] Kotani | Plasma adiponectin levels in newborns are higher than those in adults and positively correlated with birth weight[END_REF].On the other hand, irisin concentrations were lower in neonates than mothers, a finding which has been previously observed in pathological conditions, including diabetes and obesity, as well as in uncomplicated pregnancy [START_REF] Hernandez-Trejo | Relationship between irisin concentration and serum cytokines in mother and newborn[END_REF].

Differences in neonate and adult muscle mass could explain the increased concentrations of maternal irisin compared to neonatal ones ,in this study.

As previously reported ( 29), there was no correlation between maternal circulating VDBP and PTH, 25OHD and 1,25(OH) 2 D concentrations. A high estrogen status such as pregnancy ( 29) is associated with high serum VDBP concentrations.

Of note, a negative correlation of VDBP with age, was evident. Previous findings demonstrated, that serum VDBP concentrations are lower in post-than premenopausal women which could potentially be attributed to differences in estrogen status [START_REF] Pop | Vitamin D -binding protein in healthy pre-and postmenopausal women:relationship with estradiol concentrations[END_REF]. However, the finding of age related of VDBP according to age within the same pregnant cohort warrants further investigation.

Vitamin D metabolites were also not correlated with adiponectin and irisin in both mothers and neonates, although previous results, reported an association of adiponectin, advanced oxidation protein products and advanced glycation endproducts, with vitamin D status [START_REF] Krivošíková | Vitamin D levels decline with rising number of cardiometabolic risk factors in healthy adults: Association with adipokines, inflammation, oxidative stress and advanced glycation markers[END_REF][START_REF] Vaidya | The independent association between 25hydroxyvitamin D and adiponectin and its relation with BMI in two large cohorts: the NHS and the HPFS[END_REF]. However, as aforementioned, a recent metaanalysis did not indicate any significant effect of vitamin D supplementation on adiponectin profile in the general non-pregnant population (18). Although further studies are necessary, this finding may imply that vitamin D metabolites are not correlated with adiponectin irrespective of vitamin D status.

Regarding correlations between maternal and neonatal parameters, contrary to our findings, Luo et al. observed a positive correlation in adiponectin levels of maternal and fetal circulation [START_REF] Luo | Maternal and fetal leptin, adiponectin levels and associations with fetal insulin sensitivity[END_REF]. In our study however, no such association was observed for adiponectin and irisin across maternal-neonatal pairs, which possibly implies that neonatal adiponectin and irisin at birth are not substantially affected by maternal ones. The study of Luo et al. [START_REF] Luo | Maternal and fetal leptin, adiponectin levels and associations with fetal insulin sensitivity[END_REF], investigated adiponectin concentrations in maternal (at 24-28 and 32-35 weeks of gestation) and fetal circulations, whereas our study assessed these adiponectin levels at birth. This difference in the time point of maternal-neonatal sampling might be the reason for the differences between the two studies. Similar to our findings, other authors observed no correlation between maternal and umbilical cord adiponectin concentrations [START_REF] Sivan | Adiponectin in human cord blood: relation to fetal birth weight and gender[END_REF], suggesting that adiponectin in cord blood is possibly of fetal origin. With regard to potential gender differences for adipokines in neonates, no significant differences in adiponectin levels were found between female and male neonates in a previous study [START_REF] Sivan | Adiponectin in human cord blood: relation to fetal birth weight and gender[END_REF].

Upper arm length was the only anthropometric parameter associated with both maternal and neonatal 25OHD, although this association attenuated for neonates after adjustment for potential confounders. Although lower mean neonatal knee-heel length at birth has been associated with lower maternal 25OHD levels at 28-32 weeks' gestation [START_REF] Morley | Maternal 25 hydroxyvitamin D and parathyroid hormone concentrations and offspring birth size[END_REF], we were not able to confirm this association at birth. No consistent correlations were evident between maternal and neonatal adiponectin or irisin and neonatal anthropometry as well.

Although the present study was not designed for this purpose, it reported maternal and neonatal hypovitaminosis D in a sunny European area, with none receiving vitamin D supplementation according to current guidelines [START_REF] Wagner | Vitamin D administration during pregnancy as prevention for pregnancy, neonatal and postnatal complications[END_REF]. These results are consistent with previous larger scale findings from the same region [START_REF] Karras | Maternal vitamin D status during pregnancy: the Mediterranean reality[END_REF][START_REF] Karras | Hypovitaminosis D in pregnancy in the Mediterranean region: a systematic review[END_REF]. Of note, a similar pattern of distribution of hypovitaminosis D between maternal and neonatal 25OHD concentrations was observed in both mothers and neonates being at insufficiency range [START_REF] Kovacs | The role of vitamin D in pregnancy and lactation:insights from animal models and clinical studies[END_REF][START_REF] Karras | An observational study reveals that neonatal vitamin D is primarily determined by maternal contributions: implications of a new assay on the roles of vitamin D forms[END_REF][START_REF] Grant | Vitamin D during pregnancy and infancy and infant serum 25-hydroxyvitamin D concentration[END_REF].The lack of maternal vitamin D status with BMI could be attributed to the small study sample .In addition, previous findings on the association of maternal vitamin D levels and educational status (43), were also observed in this study.

The main strength of our study relies on its originality. The absence of prior reports on associations between VDBP and adiponectin warrants further mechanistic research on the role of VDBP in bioavailability and bioactivity of adiponectin. This study, however, has certain limitations. First, while the sample size was relatively small, it was sufficiently powered to show significant differences regarding the main aim of the study. Second, the cross-sectional design of the study cannot prove a causal relationship. Third, all women were Caucasian, so our results cannot be safely generalized to other ethnicities, known to differ at least in adiponectin levels.

Furthermore, multiple comparisons render some correlations prone to a false positive error. However, the association between VDBP and adiponectin and irisin remained robust after adjustment for potential confounders. Finally calcium intake was based on self-reporting and we did not systematically assess calcium intake with a validated questionnaire.

In conclusion, our study reports that neonatal anthropometry at birth was not associated with maternal or neonatal vitamin D concentrations, but suggests an independent association between VDBP and adiponectin in both mothers and neonates, and between VDBP and irisin only in mothers. These findings warrant further research on the potential role of VDBP in regulating adiponectin and irisin. Weeks of gestation was rated as 0 for <38, and 1 for ≥38, respectively.

Abbreviations: VDBP, Vitamin D-binding protein.

  Our results are in accordance with recent findings by McManus et al. (33), who reported no correlations between maternal and neonatal 25OHD and adipokine concentrations at birth in both controls and women with gestational diabetes. Unlike the present population, McManus et al. population was vitamin D sufficient (33).
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 8 Maternal PTH levels were inversely correlated only with neonatal 25OHD levels. Maternal 25OHD levels were positively correlated with neonatal 25OHD and 1,25(OH) 2 D levels, and upper arm length. Maternal 1,25(OH) 2 D levels were inversely correlated with neonatal irisin levels and positively with abdominal skin fold. Maternal VDBP levels were inversely correlated with neonatal height and upper arm length, but not adiponectin or irisin levels. Maternal adiponectin levels were inversely correlated, albeit marginal, with neonatal weight. Maternal irisin levels were inversely correlated with neonatal 1,25(OH) 2 D levels and positively with knee-heel length.Notably, apart from 25OHD levels that were highly correlated between mothers and neonates, there was no correlation between maternal and neonatal levels of PTH, 1,25(OH) 2 D, VDBP, PTH, adiponectin and irisin (Table8).
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Since upper arm length was associated with both maternal and neonatal 25OHD and knee-heel length was associated with both maternal and neonatal irisin, we performed additional regression analyses with knee-heel length or upper arm length as dependent variables. Neonatal upper arm length remained significantly positively associated with maternal 25OHD after sequential adjustment for weeks of gestation (model 1), weeks of gestation and maternal age (model 2), weeks of gestation, maternal age and BMI (term) (model 3), and weeks of gestation, maternal age, BMI (term) and maternal VDBP (model 4; Table

9

). On the other hand, neonatal

Table 1 .

 1 Maternal and neonatal demographic and anthropometric characteristics.

	Maternal
	Number (n)

Table 2 .

 2 Comparative maternal and neonatal biochemical and hormonal parameters

		Mothers	Neonates	p-value *
	Corrected Calcium (mg/dl)	10.1 ± 0.1	11.7 ± 0.1	<0.001
	PTH (pg/ml)	27.2 ± 1.6	6.4 ± 0.2	<0.001
	25OHD (ng/ml)	18.3 ± 1.2	16.3 ± 1.0	0.217
	1,25(OH) 2 D (pg/ml)	51.9 ± 2.4	43.8 ± 3.6	0.057
	VDBP (μg/ml)	364.1 ± 11.9	355.3 ± 29.2	0.780
	Adiponectin (μg/ml)	4.4 ± 0.4	11.9 ± 2.0	<0.001
	Irisin (ng/ml) #	308.8 ± 50.8	174.4 ± 26.0	0.041
	Data are presented as mean ± standard error of the mean (SEM) for continuous
	variables.			
	* Independent sample t-test or Mann-Whitney test were used for between group
	comparisons.			
	# n=61 for mothers; n= 42 for neonates		
	Abbreviations: 1,25(OH) 2 D, 1,25(OH) 2 -Vitamin D; 25OHD, 25(OH)-Vitamin D;
	PTH, parathyroid hormone; VDBP, Vitamin D-binding protein.	

Table 3 .

 3 Correlations of maternal parameters.

		PTH	25ΟΗD	1,25(ΟΗ) 2 D	VDBP	Adiponectin	Irisin
		(pg/ml)	(ng/ml)	(pg/ml)	(μg/ml)	(μg/ml)	(ng/ml) #
	Age (years)	0.15 (0.22)	-0.08 (0.51)	-0.05 (0.68)	-0.26 (0.04)*	-0.23 (0.08)	-0.06 (0.64)
	Height (cm)	-0.08 (0.51)	0.26 (0.04)*	-0.17 (0.16)	0.10 (0.40)	-0.12 (0.35)	0.02 (0.83)
	Weight; pre-pregnancy (kg)	-0.06 (0.61)	0.09 (0.46)	0.06 (0.06)	-0.08 (0.51)	-0.21 (0.09)	0.13 (0.31)
	Weight; term (kg)	0.03 (0.81)	-0.01 (0.92)	0.01 (0.89)	-0.04 (0.73)	-0.28 (0.03)*	0.27 (0.047)*
	BMI; pre-pregnancy (kg/m 2 )	-0.08 (0.53)	0.03 (0.76)	0.11 (0.11)	-0.11 (0.39)	-0.17 (0.18)	0.10 (0.43)
	BMI; term (kg/m 2 )	-0.03 (0.83)	-0.07 (0.59)	0.01 (0.92)	-0.12 (0.33)	-0.27 (0.04)*	0.17 (0.21)
	Weeks of gestation (n)	-0.10 (0.49)	0.12 (0.41)	0.19 (0.19)	-0.14 (0.33)	0.05 (0.72)	0.28 (0.06)
	Corrected calcium (mg/dl)	-0.46 (<0.001)*	0.38 (0.002)*	0.28 (0.002)*	0.13 (0.28)	-0.07 (0.55)	-0.02 (0.85)
	PTH (pg/ml)	-	-0.46 (<0.001)*	0.00 (0.97)	-0.03 (0.77)	0.17 (0.15)	0.10 (0.43)
	25(ΟΗ)D (ng/ml)	-	-	0.49 (<0.001)*	0.01 (0.92)	0.10 (0.39)	0.00 (0.98)
	1,25(ΟΗ) 2 D (pg/ml)	-	-	-	0.21 (0.07)	0.08 (0.51)	0.25 (0.05)
	VDBP (μg/ml)	-	-	-	-	0.41 (0.001)*	0.30 (0.02)*

*: Statistically significant correlation. # n=61 Abbreviations: 1,25(OH) 2 D, 1,25(OH) 2 -Vitamin D; 25OHD, 25(OH)-Vitamin D; BMI, body mass index; PTH, parathyroid hormone; VDBP, Vitamin D-binding protein.

Table 6 .

 6 Correlations of neonatal parameters.

	PTH	25(ΟΗ)D	1,25(ΟΗ) 2 D	VDBP	Adiponectin	Irisin
	(pg/ml)	(ng/ml)	(pg/ml)	(μg/ml)	(μg/ml)	(ng/ml) #

*: Statistically significant correlation # n=42 Abbreviations: 1,25(OH) 2 D, 1,25(OH) 2 -Vitamin D; 25OHD, 25(OH)-Vitamin D; PTH, parathyroid hormone; VDBP, Vitamin D-binding protein.

Table 8 .

 8 Correlations between maternal and neonatal parameters.

	Maternal parameters

Data are presented as Spearman's correlation (p-value). *: Statistically significant correlation # n=61 for mothers; N= 42 for neonates Abbreviations: 1,25(OH) 2 D, 1,25(OH) 2 -Vitamin D; 25OHD, 25(OH)-Vitamin D; PTH, parathyroid hormone; VDBP, Vitamin D-binding protein.

Table 4 .

 4 Sequential models of linear logistic regression analysis evaluating independent associates of maternal adiponectin levels (μg/ml).

		Unstandardized	Standardized		95% CI for
	Variable			p-value	
		β	β		β
	Model 1				
	Maternal VDBP (μg/ml)	0.02	0.41	0.005	0.01 -0.03
	Weeks of Gestation	1.01	0.14	0.31	-0.92 -2.97
	Model 2				
	Maternal VDBP (μg/ml)	0.02	0.38	0.011	0.01 -0.03
	Weeks of Gestation	1.00	0.15	0.29	-0.92 -3.00
	Maternal age (years)	-0.07	-0.14	0.34	-0.22 -0.08
	Model 3				
	Maternal VDBP (μg/ml)	0.02	0.35	0.026	0.01 -0.03
	Weeks of Gestation	0.74	0.10	0.47	-1.32 -2.80
	Maternal age (years)	-0.04	-0.07	0.64	-0.21 -0.13
	Maternal BMI; term				
		-0.07	-0.15	0.33	-0.23 -0.08
	(kg/m 2 )				

Disclosure statement:

The authors have nothing to disclose. Weeks of gestation was rated as 0 for <38, and 1 for ≥38, respectively.

# n=61 for mothers

Abbreviations: VDBP, Vitamin D-binding protein. Weeks of gestation was rated as 0 for <38, and 1 for ≥38, respectively.

Boys were rated as 0, and girls as 1 within gender.

Abbreviations: VDBP, Vitamin D-binding protein. Weeks of gestation was rated as 0 for <38, and 1 for ≥38, respectively.

Abbreviations: 25OHD, 25(OH)-Vitamin D; VDBP, Vitamin D-binding protein.