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Abstract 

 

Purpose 

 To examine the association of maternal bone markers (sclerostin, sRANKL, 

osteocalcin, 25OHD3) with fetal intra-abdominal and subcutaneous adipose tissue deposition 

and birthweight during normal pregnancy. 

Methods 

 One hundred pregnant women (aged 30.45.6 years, mean±SD) with pre-pregnancy 

BMI=24.1±4.6 kg/m² were seen prospectively during each trimester. At each visit they were 

submitted to anthropometric measurements, a fasting blood sampling, a 75gr oral glucose 

tolerance test (OGTT) and a fetal ultrasonogram. At birth, neonates had birth weight 

measurement. 

Results 

 In the 2
nd

 trimester maternal sclerostin concentrations correlated positively with fetal 

abdominal circumference and birth weight; maternal sRANKL concentrations correlated 

positively with fetal abdominal subcutaneous fat thickness, sagittal abdominal diameter and 

abdominal circumference. Fetuses born to mothers with greater (>254 ng/mL) compared to 

fetuses born to mothers with lower (≤254 ng/mL) sRANKL concentrations had greater 

abdominal circumference, sagittal diameter and abdominal subcutaneous fat thickness. 

Maternal serum sclerostin concentrations were the best positive predictors of birth weight. In 

the 3
rd

 trimester maternal sclerostin concentrations correlated positively with fetal sagittal 

abdominal diameter; maternal sRANKL concentrations positively correlated with fetal 

abdominal circumference and fetal abdominal sagittal diameter.  
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Conclusions 

 Maternal bone markers sclerostin and sRANKL may relate with fetal intra-abdominal 

adipose tissue deposition through direct or indirect unknown as yet mechanisms contributing 

thus, to birthweight.  

 

keywords: sclerostin, sRANKL, birthweight, fetal intra-abdominal fat, pregnancy 
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Introduction 

 Pregnancy is characterized by insulin resistance (particularly in the second and third 

trimesters) which facilitates the transfer of maternal glucose into the fetus. In the past, we and 

others have shown that during normal pregnancy of nonobese women there is a progressive 

increase of insulin resistance together with an increase of first and second phase insulin 

secretion (1,2,3). Τransfer of glucose from the maternal circulation into the fetal is one of the 

main mechanisms determining fetal growth and fat mass distribution. Higher maternal 

glucose concentrations may lead to increased fetal adipose growth and fetal abdominal 

adipose tissue deposition (4). Fetal abdominal fat deposition, is evaluated by ultrasound (U/S) 

measured fetal abdominal circumference and sagittal diameter. The latter is a good measure 

of intra-abdominal fat as well as metabolic risk as we have shown (5, 6). Furthermore, studies 

have found U/S measured subcutaneous tissue thickness to correlate positively with postnatal 

caliper skinfold measurements as well as birth weight (7). Thus, it seems that U/S measured 

fetal subcutaneous tissue thickness is a reliable method to determine fetal subcutaneous fat 

thickness (8, 9). Overall, maternal metabolism and several maternal endocrine organs such as 

pancreas, placenta and adipose tissue interfere directly and/or indirectly with fetal growth 

(10, 11, 12) while birthweight and neonatal body fat mass distribution are determinants of 

metabolic disorders during adult life (13, 14). 

 Bone metabolism is characterized by a highly coordinated process responsible for 

bone resorption and formation, which is necessary to repair damaged bone and to maintain 

mineral homeostasis. Maternal bone turnover markers such as sclerostin, soluble receptor 

activator of nuclear factor- kappa B ligand (sRANKL), and osteocalcin participate in this 

process. Sclerostin has anti-anabolic effects on bone formation (15). Study in mice shows that 

sclerostin exerts an endocrine action influencing body composition and white adipose tissue 

by regulating catabolic and anabolic metabolism in adipocytes (16). Furthermore, sRANKL 
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is involved in the bone resorption process. Age-related bone marrow adipogenesis is linked to 

increased expression of sRANKL in bone marrow cells at the pre-adipocyte stage (17). 

Recently Matsuo et al. have shown sRANKL to increase energy expenditure by inducing 

beige adipocyte differentiation in preadipocytes (18). In addition, in mice maternal oral 

administration of uncarboxylated osteocalcin protects from high fat- and high sucrose- fed 

female offspring from metabolic disorders, such as adipose tissue inflammation and body 

weight, induced by maternal obesity (19). Furthermore, in a prospective human study of 922 

mother-child pairs, authors found that 10 nmol/L increase in maternal 25-hydroxyvitamin D 

concentration at 15 weeks gestation was associated with a 2% decrease in offspring 

percentage body fat but not with child BMI z-score at the age 5-6 years old (20) 

 Changes in maternal bone density and markers during pregnancy suggest that the 

latter is associated with deterioration of maternal bone mass (21). Indeed,  increased maternal 

osteoclast activity during pregnancy has been suggested to facilitate the building of fetal 

bones (22). However, the relationship of maternal bone markers such as sclerostin, sRANKL, 

osteocalcin, 25OHD3 with fetal intra-abdominal and subcutaneous adipose tissue deposition 

as well as birthweight have not been fully studied in humans during pregnancy.  

 The aim of this study was to examine the association of maternal bone markers such 

as sclerostin, sRANKL, osteocalcin and 25OHD3 with fetal intra-abdominal and 

subcutaneous adipose tissue deposition as well as birthweight during normal pregnancy. 

Subjects and Methods 

Subjects 

 One hundred and five primigravidae women of Caucasian origin (age range of 20-38 

years old) and no medical history of obesity or diabetes, were recruited randomly with no 

preference of fetal sex, during the 1
st
 trimester of pregnancy in an antenatal outpatient clinic 

of Aretaieion University Hospital between May 2016 and December 2018. To avoid bias, 
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women were recruited based on a computer software random numbers generator. A 

posteriori, one hundred women (age, mean±SD: 30.45.6 years; pre-pregnancy BMI: 

24.1±4.6kg/m²) were included in the study protocol due to the exclusion of five women who 

developed gestational diabetes mellitus (GDM). Exclusion criteria included: non-caucasian 

origin (in an effort to study a homogeneous population regarding insulin resistance traits); 

pre-pregnancy BMI>30 kg/m
2
; history of type 1 or type 2 diabetes mellitus, and glucose 

intolerance; presence of GDM; multiple pregnancy; major vaginal bleeding; hypertension; 

preeclampsia; urinary tract infection; fetal-placental abnormalities, such as congenital 

anomalies; placenta previa; placental abruption; nephropathy; liver disease; current smoking; 

alcohol intake. Babies born small (SGA, birth  weight  below  the  10th   percentile  for  

gestational  age) or large (LGA, birth  weight  above  the  90th   percentile  for  gestational  

age) for gestational age (23) or premature were also excluded. The study was approved by the 

institutional ethical committee, functioning according to the 4
th

 edition of the Guidelines on 

the Practice of Ethical Committees in Medical Research issued by the Royal College of 

Physicians of London (Royal College of Physicians, 2007). Written consent has been 

obtained from each pregnant woman after full explanation of the purpose and nature of all 

procedures used. 

Protocol 

 Women were seen once during each of the three trimesters of their pregnancy 

between 10-12
th

, 24
th

-26
th

 and 34
th

-36
th

 week of gestation, respectively. Pregnant women had 

a basic dietetic advice at the beginning without regular dietetic follow up. At each visit they 

were submitted to anthropometric measurements; a fasting blood sampling at 8 am for 

measurement of bone metabolism markers (sclerostin, sRANKL, osteocalcin, vitamin D); a 

75gr oral glucose tolerance test (OGTT) with blood samples drawn at 0, 30, 60, 90 and 120 

min time-points for measurement of glucose and insulin concentrations and a fetal 
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Ultrasound. Diagnosis of GDM was based on the OGTT according to the diagnostic criteria 

set by WHO (24). Five of the recruited women, as mentioned earlier, were diagnosed with 

GDM and were excluded from the study. Age and pre-pregnancy BMI of the remaining one 

hundred women who participated in the study were 30.4±5.6 years and 24.1±4.6kg/m
2
, 

respectively. Pregnancies gave birth to 52 and 48 male and female neonates, respectively. 

Mean gestational age at birth (in gestational weeks) was 39
th

 week. At birth, neonates were 

submitted to birth weight measurement while at the third post-partum day they were 

submitted to waist measurement. Blood samples for measurement of bone markers were 

collected in tubes with EDTA. After blood collection, Millipore’s serine protease inhibitor 

was added. Tubes were inverted several times to mix and they were centrifuged immediately. 

After centrifugation plasma was collected, aliquoted and stored at –70° C until assayed. 

Indices of carbohydrate metabolism 

 Insulin resistance was estimated by the homeostasis model assessment (HOMA-IR= 

[insulin at baseline, pmol/L x glucose at baseline, mmol/L]/135) (25, 26) 

Anthropometric measurements  

 All measurements of pregnant women were carried out by a single observer. For all 

women pre-pregnancy weight was measured to the nearest 0.1 kg using a beam balance, 

while height was measured to the nearest mm using a stadiometer. At each visit, weight 

without shoes and light clothing was measured and BMI in kg/m
2 

was calculated. Birthweight 

was measured in kilograms with a portable digital electronic scale (Seca GMBH and Co. kg 

Germany, model 834) accurate to the nearest 10 gr, without clothing or diapers. Neonatal 

waist was measured at third post-partum day using a measuring tape over the iliac crest. 
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Fetal ultrasound measurements 

 During U/S fetal measurements (estimated weight, abdominal circumference, head 

circumference, biparietal diameter) were recorded by a single observer. Ultrasound measured 

abdominal sagittal diameter was estimated by the anteroposterior diameter of the fetus at the 

umbilical level. Abdominal subcutaneous fat thickness was evaluated by measuring the 

thickness of the anterior abdominal subcutaneous tissue on the same axial image as that used 

for abdominal circumference measurement. Ultrasonograms were performed by employing a 

Philips HD11 ultrasonographer. 

Blood chemistry and hormone assays  

 Blood chemistry including measurements of serum glucose as well as insulin, 

osteocalcin and 25OHD3 concentrations were performed using the Cobas 501 and Cobas 

e411 analyzers (Roche Diagnostics, Basel, CH). sRANKL was performed with 

immunoenzymatic assay (ELISA) (BioVendor - Laboratorni medicina a.s. Brno, Czech 

Republic) with  intra- and inter- assay CVs ranging from 7.2-11.5% and 11.2-12.8%, 

respectively. Sclerostin was measured by ELISA (R&D Systems, Inc. Minneapolis, MN , 

USA) with intra- and inter- assay CVs ranging between 1.8-2.1% and 8.2-10.8%, 

respectively. 

 Statistical analysis 

Data are presented as mean  SD or median and interquartile range (25
th

-75
th

 

percentile) for data normally and not normally distributed, respectively. To test the change of 

each variable during the three trimesters of pregnancy the one-way repeated measures 

ANOVA test was used in case of normally distributed variables and the non parametric 

Friedman ANOVA test in case of non-normally distributed variables. To test for correlations 

between different variables the Spearman correlation analysis was performed. Stepwise 

multiple regression analysis was undertaken to define second and 3
rd

 trimester predictive 
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variables. A p-value of <0.05 was considered to be significant. The SPSS 21 statistical 

software was used for statistical analysis (27). 

Results 

1. Change of maternal and fetal anthropometric variables, maternal bone metabolism 

variables and carbohydrate variables during pregnancy (Table 1). 

Maternal weight values increased significantly from the 1
st
 to the 2

nd
 and 3

rd
 

trimesters (p<0.05) with a median increase of 14.5kg between 1
st
 and 3

rd
 trimester. 

Ultrasound fetal measurements of estimated weight, abdominal circumference, sagittal 

diameter and subcutaneous fat thickness, head circumference and biparietal diameter 

increased significantly from 2
nd

 to 3
rd

 trimester (p<0.05). From the 1
st
 to the 2

nd
 to the 3

rd
 

trimester, maternal HOMA-IR increased significantly (p<0.05). Maternal fasting sclerostin 

and sRANKL concentrations decreased significantly from the 1
st
 to the 2

nd
 trimester (p=0.01 

and p=0.041, respectively) and remained statistically unchanged between the 2
nd

 to the 3
rd

 

trimester (p>0.05) (Table 1). 

2. Correlations of maternal bone markers with fetal and neonatal anthropometric 

variables at each trimester (Table 2). 

 In the 2
nd

 trimester maternal sclerostin concentrations correlated positively with U/S 

measured fetal abdominal circumference (r=0.361, p=0.03) and birth weight (r=0.632, 

p<0.001) (Figure 1) measurements; maternal sRANKL concentrations correlated positively 

with U/S measured fetal abdominal subcutaneous fat thickness (r=0.357, p=0.034), sagittal 

diameter (r=0.502, p=0.004) and circumference (r=0.416, p=0.015) measurements; maternal 

25OHD3 concentrations correlated positively with U/S measured fetal abdominal 

subcutaneous fat thickness (r=0.287, p=0.032) and neonatal abdominal circumference 

(r=0.344, p=0.407) measurements at birth. 
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 In the 3
rd

 trimester maternal sclerostin concentrations correlated positively with U/S 

measured abdominal diameter (r=0.763, p=0.019) measurements; maternal sRANKL 

concentrations positively correlated with U/S measured fetal abdominal circumference 

(r=0.328, p=0.044) and sagittal abdominal diameter (r=0.402, p=0.038) measurements.  

3. Comparison of U/S fetal adiposity markers divided according to higher and lower 

maternal sRANKL concentrations through the 2
nd

 trimester (Table 3) 

 Ultrasonography fetal abdominal adiposity markers were compared in the 2
nd

 

trimester between women with sRANKL circulating concentrations greater and lower than 

254 ng/ml in the same trimester, respectively. Value 254 ng/ml was the median value of 

circulating maternal sRANKL concentrations in the 2
nd

 trimester. It was chosen arbitrarily to 

distinguish the 50% of greater concentrations (n=50) from the 50% of lower concentrations 

(n=50). Mothers with greater sRANKL concentrations (sRANKL>254 ng/mL) carried fetuses 

with greater U/S measured abdominal circumference (p<0.003), U/S measured sagittal 

diameter (p<0.001) and subcutaneous abdominal thickness (p<0.0002) compared to fetuses of 

mothers with lower sRANKL concentrations (sRANKL ≤254 ng/mL) (Table 3). 

4. Predictors  

 Best maternal bone marker predictors of birthweight: In the 2nd trimester, multiple 

regression analysis showed that maternal serum sclerostin concentrations were the best 

positive predictors of birthweight (dependent variable) (p=0.003, standardized coefficient 

beta=0.568, adjusted R
2
=0.264) in a model that included maternal BMI, HOMAR values, 

sRANKL, sclerostin, 25OHD3 and osteocalcin concentrations (all taken as independent 

variables) (Table 4). The results of the multivariate regression model between birthweight 

values and maternal 2
nd

 trimester sclerostin concentrations did not change when the model 

was corrected either for 2
nd

 trimester insulin concentrations or gestational age or sex of the 

infant. 
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Discussion 

 In a cohort of non-obese, non-diabetic pregnant women studied during the three 

trimesters of pregnancy, we found that, in the 2
nd

 trimester, maternal sclerostin concentrations 

correlated positively with birthweight and were its best positive predictors, among the rest of 

maternal bone markers studied and HOMA-IR values, an insulin resistance marker. 

Furthermore, maternal sclerostin concentrations in the 2
nd

 and 3
rd

 trimesters correlated 

positively with U/S fetal intra-abdominal fat measurements (abdominal circumference and 

sagittal diameter, respectively). It is not clear as yet whether maternal sclerostin 

communicates with the human fetal compartment and modulates fetal adiposity in a direct or 

indirect fashion (21). In a recent study, in 1,325 children and adolescents, sclerostin 

concentrations were 29.3% greater in obese than in normal-weight children and correlated 

positively with BMI SDS and waist-to-hip ratio SDS as well as area-under-the-curve (AUC) 

insulin/AUC glucose (28). Furthermore, in postmenopausal women serum sclerostin 

concentrations correlate positively with percentages of abdominal and gynoid fat (29). 

Sclerostin is secreted by osteocytes and some chondrocytes, inhibits bone formation 

by osteoblasts and has anti-anabolic effect on bone formation via inhibition of the Wnt 

signaling pathway (30). However, recently, sclerostin has emerged as an endocrine factor 

regulating fat metabolism. Recently when mice which overproduce sclerostin, as a result of 

adeno-associated virus expression in their liver, were fed a high-fat diet, fat mass, serum 

insulin concentrations, and pancreatic β-cell area per tissue area and islet size were increased 

as compared to control wild animals (31). In that study it was shown that sclerostin promotes 

differentiation of precursor cells into white adipocytes and negatively regulates browning of 

white adipocytes into beige adipocytes. Thus, the authors concluded that sclerostin, in mice, 

regulates adipocyte hypertrophy while it is not produced by adipocytes. Indeed, in mice, 

sclerostin modulates bone marrow adipose tissue differentiation by inhibiting Wnt signaling 
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in pre-adipocytes and by promoting thus, adipose tissue formation in the bone marrow (32). 

Although there are already experimental and clinical studies showing the positive association 

between sclerostin and adipose tissue, in the present study, for the first time to our 

knowledge, an endocrine effect of maternal sclerostin into fetal intra-abdominal adipose 

tissue deposition during pregnancy is suggested. 

 Maternal sRANKL is a regulator of osteoclastogenesis and an osteoclast activator 

(17). In this study maternal sRANKL concentrations were lower in the 2
nd

 than the 1
st
 and 3

rd
 

trimesters. Interestingly, in this study, maternal sRANKL concentrations correlated positively 

with U/S measured intra-abdominal fetal fat markers such as fetal abdominal circumference, 

sagittal diameter and subcutaneous fat thickness measurements during the 2
nd

 and 3
rd

 

trimesters of pregnancy. Furthermore, in the 2
nd

 trimester, fetuses characterized by increased 

maternal sRANKL serum concentrations were found to have increased U/S measured 

abdominal circumference and sagittal diameter measurements, markers of fetal intra-

abdominal fat deposition (5, 6). Research in mice revealed that there is a communication 

regarding sRANKL passage between fetal and maternal compartments promoting maternal-

fetal tolerance (33). In addition, studies in pups have demonstrated that the fetal phenotype 

associated with sRANKL invalidation is attenuated through compensation by maternal 

sRANKL suggesting that the latter could compensate into fetal physiology (34). This 

molecule has also been associated with the regulation of glucose metabolism. Indeed, 

inhibition of sRANKL signaling has been suggested to improve hepatic insulin sensitivity 

and to have a role in ß cells replication in mouse models (35) while in patients with 

osteoporosis, its inhibition improves muscle strength and insulin sensitivity (36). Thus, it 

appears that sRANKL contributes to the development of insulin resistance which may 

contribute indirectly to deposition of adipose tissue. Taken together, it would appear that as 

maternal sRANKL passes into the fetal circulation this could lead to fetal fat deposition for 
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unknown pathophysiological reasons yet. In this study, sRANKL does associate with fetal 

adiposity markers in the 2
nd

 trimester but not with final birthweight The exact mechanisms of 

physiology connecting maternal bone markers with fetal adiposity is not known as yet. Fetal 

weight depends on several other than fetal adiposity factors, either endogenous or exogenous, 

especially at the 3
rd

 trimester. In addition, neonatal body composition consists of different 

tissues, the growth of which depends on different physiologic factors. 

 In summary, although the exact pathophysiological mechanism is not yet clear, it 

appears that maternal bone markers sclerostin and sRANKL are endocrine factors associated 

directly or indirectly in fetal intra-abdominal adipose tissue deposition, during pregnancy. 

Maternal sclerostin has at yet not been proven to pass into fetal circulation but it seems that it 

is a strong predictor of birthweight independent of maternal insulin resistance. It seems that 

in pregnancy, maternal bone metabolism is associated with fetal adipose tissue deposition 

during the process of fetal growth. Regarding the limitations of the study, it would be 

desirable to have studied pregnancies in bigger numbers from a different ethnic and racial 

spectrum. The results of the study apply to a Caucasian origin population in normal 

pregnancy. Generalized conclusions regarding different ethnic groups or pregnancies with 

gestational diabetes or obesity cannot yet be drawn. Another limitation is the lack of neonatal 

body fat composition at birth.  

               In conclusion, it appears that the studied maternal bone markers sclerostin and 

sRANKL during pregnancies of non-obese, non-diabetic women may modulate fetal intra-

abdominal adipose tissue deposition and birthweight through direct or indirect unknown as 

yet mechanisms. Maternal bone seems to be an important organ into fetal intra-abdominal 

adipose tissue development and growth via mechanisms not fully understood yet. In 

accordance to the previous findings maternal bone metabolism could be an important factor 

contributing to fetal adipose tissue deposition and thus affecting possibly the process of 
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endometrial programming during fetal growth in pregnancy. The future direction would be to 

conduct human prospective multinational multicenter studies focusing into the effects of 

maternal bone metabolism markers, such as sclerostin and sRANKL, into fetal adipose tissue 

deposition, neonatal body composition and beyond. In addition, studies should look into fetal 

bone metabolism and fetal adipose tissue metabolism in normal and complicated (i.e. with 

gestational diabetes or obesity) pregnancies. Furthermore, it would be interesting to conduct 

translational research studies to unravel mechanisms of physiology relating maternal bone 

metabolism with fetal adipose tissue deposition.   

 

Data Availability: Some or all dataset generated or analysed during the current study are not 

publicly available but are available from the corresponding author on reasonable request. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 15 

References 

1) Catalano PM, Tyzbir ED, Roman N, Amini SB, Sims EAH. Longitudinal changes in 

insulin release and insulin resistance in non obese pregnant women. Am J Obstet 

Gynecol. 1991; 165:1667-1672 

2) Mastorakos G, Valsamakis G, Papatheodorou DC, Barlas I, Margeli A, Boutsiadis A, 

Kouskouni E, Vitoratos N, Papadimitriou A, Papassotiriou I, Creatsas G The role of 

adipocytokines in insulin resistance in normal pregnancy: visfatin concentrations in 

early pregnancy predict insulin sensitivity. Clin Chem. 2007 ;53(8):1477-83 

3) Godfrey KM, Lillycrop KA, Burdge GC, Gluckman PD, Hanson MA. Epigenetic 

Mechanisms and the Mismatch Concept of the Developmental Origins of Health and 

Disease. Pediatr Res. 2007; 61:5–10 

4) Scholl TO, Sowers MF, Chen X, Lenders C. Maternal glucose concentration 

influences fetal growth, gestation, and pregnancy complications. Am J  Epidemiol. 

2001; 154: 514–520 

5) Ohrvall M, Berglund L, Vessby B. Sagittal abdominal diameter compared with other 

anthropometric measurements in relation to cardiovascular risk. Int J Obes Relat 

Metab Disord. 2000; 24: 497-501,  

6) Valsamakis G, Chetty R, Anwar A, Banerjee AK, Barnett A, Kumar S Association of 

simple anthropometric measures of obesity with visceral fat and the metabolic 

syndrome in male Caucasian and Indo‐Asian subjects. Diabet Med., 2004 

;21(12):1339-45 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://pubmed.ncbi.nlm.nih.gov/17586594/
https://pubmed.ncbi.nlm.nih.gov/17586594/
https://pubmed.ncbi.nlm.nih.gov/17586594/
https://www.nature.com/articles/pr2007124#auth-1
https://www.nature.com/articles/pr2007124#auth-2
https://www.nature.com/articles/pr2007124#auth-3
https://www.nature.com/articles/pr2007124#auth-4
https://www.nature.com/articles/pr2007124#auth-5
javascript:;
javascript:;
javascript:;
javascript:;


Acc
ep

ted
 M

an
us

cri
pt

 

 16 

7) Buhling KJ, Doll I, Siebert G, Catalano PM. Relationship between sonographically 

estimated fetal subcutaneous adipose tissue measurements and neonatal skinfold 

measurements. Ultrasound Obstet Gynecol. 2012; 39: 558–562 

8) Chen L, Wu JJ, Chen XH, Cao L, Wu Y, Zhu LJ,Lv T, Ji CB, Guo XR Measurement 

of Fetal Abdominal and Subscapular Subcutaneous Tissue Thickness during 

Pregnancy to Predict Macrosomia: A Pilot Study PLoS One. 2014; 9(3): e93077  

9) Dadhval V, Aurora V, Mittal S, Kumar S Subcutaneous fat in fetal abdomen and 

correlation with birth weight.  Ultrasound Internat. 2002 8(4):157-160 

10) Valsamakis G, Papatheodorou DC, Margeli A, Bakoulas V, Kapantais E, 

Papassotiriou I, Creatsas G, Kumar S, Mastorakos G. First trimester maternal BMI is 

a positive predictor of cord blood c-peptide levels while maternal visfatin levels is a 

negative predictor of birth weight. Hormones (Athens). 2014 ;13(1):87-94. 

11) Barbour LA, Shao J, Qiao L, Leitner W,  Anderson M, Friedman JE, Draznin B. 

Human Placental Growth Hormone Increases Expression of the P85 Regulatory Unit 

of Phosphatidylinositol 3-Kinase and Triggers Severe Insulin Resistance in Skeletal 

Muscle. Endocrinol., 2004 ;145: 1144–1150,  

12) Linda A. Barbour,Carrie E. McCurdy, Teri L. Hernandez, RN, John P. Kirwan,Patrick 

M. Catalano,Jacob E. Friedman. Cellular mechanisms for insulin resistance in normal 

pregnancy and gestational diabetes. Diab Care. 2007 ; 30: S112-S119. 

13) Barker D, Osmond, C. Infant mortality, childhood nutrition, and ischaemic heart 

disease in England and Wales. Lancet. 1986. 327 (8489): 1077–1081.  

14)  Hales, C Nicholas; Barker, David J P. The thrifty phenotype hypothesis: Type 2 

diabetes. Br Med Bulletin. 2001; 60 (1): 5–20. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://www.ncbi.nlm.nih.gov/pubmed/24722131
https://www.ncbi.nlm.nih.gov/pubmed/24722131
https://www.ncbi.nlm.nih.gov/pubmed/24722131
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


Acc
ep

ted
 M

an
us

cri
pt

 

 17 

15) Li X, Zhang Y, Kang H, Liu W, Liu P, Zhang J, Harris SE, Wu D. Sclerostin binds to 

LRP5/6 and antagonizes canonical Wnt signaling". The Journal of Biol Chem.2005; 

280: 19883–7 

16) Soohyun P. , Frey JL, Li Z, Kushwaha P, Zoch ML,  Tomlinson RE, Da H, Aja S, 

Noh HL, Kim JK,Hussain MA, Thorek DJ, Wolfgang MJ, Riddlea RC.Sclerostin 

influences body composition by regulating catabolic and anabolic metabolism in 

adipocytes Proc Natl Acad Sci. 2017; 114(52): E11238–E11247 

17) Takeshita S, Fumoto T, NaoeY, Ikeda KAge-related marrow adipogenesis is linked to 

increased expression of RANKLJ. Biol. Chem. 2014;289(24):16699-710 

18) Matsuo FS , Cavalcanti de Araújo PH, Mota RF , RossoniCarvalho AJ , Santos de 

Queiroz M , Baldo de Almeida B, de Oliveira Santos Ferreira 

KC, MorandiMetzner RJ, Ferrari GD, Alberici LG, Osako MK. RANKL induces 

beige adipocyte differentiation in preadipocytes. Am J Physiol Endocrinol Metab 

2020;318(6): E866-877 

19) Kawakubo-Yasukochi T, Kondo A, Mizokami A, Hayashi Y, Chishaki S, Nakamura 

S, Takeuchi H, Hirata M. Maternal oral administration of osteocalcin protects 

offspring from metabolic impairment in adulthood. Obesity 2016 ;24 (4):895-907 

20) . Boyle VT, Thorstensen EB, Thompson JMD, McCowan LME,  Mitchell EA, 

Godfrey KM, Poston L, Wall CR, Murphy R, Cutfield W, Kenealy T, Kenny LC, 

Baker PN. The relationship between maternal 25-hydroxyvitamin D status in 

pregnancy and childhood adiposity and allergy: an observational study.  Int J Obes. 

2017; 41 (12): 1755-1760 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://pubmed.ncbi.nlm.nih.gov/?term=Wu+D&cauthor_id=15778503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frey%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kushwaha%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zoch%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomlinson%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Da%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aja%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noh%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorek%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfgang%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riddle%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=29229807
https://pubmed.ncbi.nlm.nih.gov/?term=Takeshita+S&cauthor_id=24753250
https://pubmed.ncbi.nlm.nih.gov/?term=Fumoto+T&cauthor_id=24753250
https://pubmed.ncbi.nlm.nih.gov/?term=Ikeda+K&cauthor_id=24753250
https://pubmed.ncbi.nlm.nih.gov/?term=Matsuo+FS&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Cavalcanti+de+Ara%C3%BAjo+PH&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Mota+RF&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Carvalho+AJR&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Santos+de+Queiroz+M&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Santos+de+Queiroz+M&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Baldo+de+Almeida+B&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira+KCOS&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Metzner+RJM&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Ferrari+GD&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Alberici+LC&cauthor_id=32315212
https://pubmed.ncbi.nlm.nih.gov/?term=Osako+MK&cauthor_id=32315212


Acc
ep

ted
 M

an
us

cri
pt

 

 18 

21) Sanz-Salvador L, Garcıa-Perez MA, Tarın JJ, Cano A. Bone metabolic changes 

during pregnancy: a period of vulnerability to osteoporosis and fracture. Eur J 

Endocrinol. 2015;172:52-65 

22) Kovac C. Maternal Mineral and Bone Metabolism During Pregnancy, Lactation, and 

Post-Weaning Recovery. Physiol Reviews. 2016; 96: 449-547 

23) Hanley GE, Janssen PA. Ethnicity-specific birthweight distributions improve 

identification of term newborns at risk for short-term morbidity. Obstet Gynecol. 

2013;209:428 

24) Diagnostic criteria and classification of hyperglycaemia first detected in pregnancy. 

Geneva: World Health Organization; 2013 

(WHO/NMH/MND/13.2;http://www.who.int/diabetes/publications/Hyperglycaemia_I

n_ Pregnancy/en/, accessed 29 September 2016 

25) Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.  

Homeostasis model assessment: insulin resistance and β-cell function from fasting 

plasma glucose and insulin concentrations in man.  Diabetol. 1985; 28: 412-419 

26) Cohen O, Epstein GS, Weisz B, Homko CJ, Sivan E. Longitudinal assessment of 

insulin sensitivity in pregnancy. Validation of the homeostasis model assessment. Clin 

Endocrinol.  2006; 64: 640-644 

27) SPSS Inc., Chicago, IL, USA 

28) Stanik J, Kratzsch J,Landgraf K,Vogel M, Thiery J,Kiess W, Körner A. The bone 

markers sclerostin, osteoprotegerin, and bone-specific alkaline phosphatase are related 

to insulin resistance in children and adolescents, independent of their association with 

growth and obesity. Horm Res Paediatr. 2019;91:1–8 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://journals.physiology.org/doi/full/10.1152/physrev.00027.2015
https://journals.physiology.org/toc/physrev/96/2
http://www.who/


Acc
ep

ted
 M

an
us

cri
pt

 

 19 

29) Urano T, Shiraki M, Ouchi Y, Inoue S. Association of circulating sclerostin levels 

with fat mass and metabolic disease--related markers in Japanese postmenopausal 

women J Clin Endo Metab. 2012;97:1473-77. 

30) Delgado-Calle J, Sato AY, Bellido T. Role and mechanism of action of sclerostin in 

bone. Bone 2017; 96:29–37. 

31) Kim SP, JFrey JL. Li Z,.Sclerostin influences body composition by regulating 

catabolic and anabolic metabolism in adipocytes. Proc. Natl. Acad. Sci. USA 

2017;114: E11238–E11247. 

32) Fairfield HC, Falank EH, Demambro
 
V, McDonald

 
M, Pettitt 

JA, Mohanty
 
ST, Croucher A, Kramer I, Kneissel M, Rosen CJ, Reagan

 
MR

.
 The 

skeletal cell-derived molecule sclerostin drives bone marrow adipogenesis. J. Cell. 

Physiol. 2018;233: 1156–1167. 

33) Meng YH, Zhou WJ, Li-Ping J, Li-Bing L, Chang KK, Mei J, Wang HL, Da-Jin L, 

Ming-Qing L. RANKL-mediated harmonious dialogue between fetus and mother 

guarantees smooth gestation by inducing decidual M2 macrophage polarization. Cell 

Death Dis. 2017 ; 8(10): e3105  

34) Navet B, Vargas-Franco JW, Gama A, Amiaud J, Choi Y, Yagita H, Mueller CG, 

Rédini F, Heymann D, Castaneda B, Lézot F. Maternal RANKL Reduces the 

Osteopetrotic Phenotype of Null Mutant Mouse Pups. J Clin Med. 2018 ;7 (11):426. 

35) Kiechl S, Wittmann J, Giaccari A, Knoflach M, Willeit P, Bozec A, Moschen 

AR, Muscogiuri G, Sorice GP, Kireva T, Summerer M, Wirtz S,  Luther J, Mielenz 

D, Billmeier U, Egger G, Mayr A, Oberhollenzer F, Kronenberg F, Orthofer 

M, Penninger JP, Meigs J, Bonora E, Tilg H, Willeit A, Schett G. Blockade of 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://pubmed.ncbi.nlm.nih.gov/?term=Urano+T&cauthor_id=22639287
https://pubmed.ncbi.nlm.nih.gov/?term=Shiraki+M&cauthor_id=22639287
https://pubmed.ncbi.nlm.nih.gov/?term=Ouchi+Y&cauthor_id=22639287
https://pubmed.ncbi.nlm.nih.gov/?term=Inoue+S&cauthor_id=22639287
https://pubmed.ncbi.nlm.nih.gov/?term=Demambro+V&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=McDonald+M&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Pettitt+JA&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Mohanty+ST&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Croucher+P&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Kramer+I&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Kneissel+M&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Rosen+CJ&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Reagan+MR&cauthor_id=28460416
https://pubmed.ncbi.nlm.nih.gov/?term=Moschen+AR&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Muscogiuri+G&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Sorice+GP&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Kireva+T&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Summerer+M&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Wirtz+S&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Luther+J&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Mielenz+D&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Billmeier+U&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Egger+G&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Mayr+A&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Oberhollenzer+F&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Kronenberg+F&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Orthofer+M&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Penninger+JM&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Meigs+JB&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Bonora+E&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Tilg+H&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Willeit+J&cauthor_id=23396210
https://pubmed.ncbi.nlm.nih.gov/?term=Schett+G&cauthor_id=23396210


Acc
ep

ted
 M

an
us

cri
pt

 

 20 

receptor activator of nuclear factor-κB (RANKL) signaling improves hepatic insulin 

resistance and prevents development of diabetes mellitus. Nat Med.2013;19:358–63 

36) Bonnet N, Bourgoin L,Biver E, Douni E, Ferrari S. RANKL inhibition improves 

muscle strength and insulin sensitivity and restores bone mass. J Clin Invest. 2019; 

129(8): 3214–3223. 

 

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonnet%20N%5BAuthor%5D&cauthor=true&cauthor_uid=31120440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourgoin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=31120440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biver%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31120440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Douni%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31120440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31120440
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6668701/


Acc
ep

ted
 M

an
us

cri
pt

 

 21 

Conflict of interest: there is no conflict of interest that could be perceived as prejudicing the 

impartiality of the research reported 

 

Author contribution paragraph: G.V. developed the concept, interpreted data, wrote and 

revised the manuscript; D.M., S.K. and A.B. researched data; C.S. and I.P. measured 

hormones, T.Μ.B. and S.K. interpreted data and revised the manuscript.  G.F. performed 

ultrasonograms and N.V. revised the manuscript; G.M. interpreted data and revised the 

manuscript 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 22 

 

 

 

 

Table 1: Maternal anthropometric, hormone, and metabolic variables during pregnancy. 

Variables are expressed as mean (±SD) or median (25th–75th interquartile range); the 

asterisk (*) denotes statistically significant difference from the 1
st
 trimester (P<0.05); (#) 

denotes statistically significant difference (P<0.05) from the 2
nd

 trimester. 

Ν=100 

MATERNAL VALUES 

Pre-pregnancy BMI 

(kg/m²) 

24.1±4.6 

Age (years) 30.4± 5.6 

PREGNANCY 1
st
 trimester 2

nd
 trimester 3

rd
 trimester 

Weight (kg) 67.3 (±13.8) 73.7 (±14.8)
*
 79.5 (±16.6)

 * #
 

Glucose (mg/dL) 79.3 (±9.5)  77.6 (±8.9) 74.2 (±3.9) 

Insulin (IU/mL) 4.2 (2.3-6.5) 6 (3.2-11.3)
* 

7.6 (4.1-12.8)
* # 

HOMA-IR 0.9(0.5-1.4) 1.2(0.7-2.5)
*
 1.4 (0.8-3.6)

* #
 

25OHD3 (ng/mL) 13.3 (8.8-26.2) 14.3 (7.4-21.9) 13.7 (3.9-28.9)
 

Osteocalcin (µg/L) 14 (10.7-19.4) 11.7 (8.8-14.6) 18.9(16.9-32.5)
#
 

sRANKL (ng/mL) 292.4 (214.4-582.5) 254.1 (163-

441.2)
*
 

271.2 (177.9-530.5) 

Sclerostin (ng/mL) 58.4 (35.5-94) 39.9 (25.7-61.6)
*
 35.5(27.3-66.5)

 

FETAL U/S VALUES 

Abdominal circumference 

(mm) 

 179.6 (±16.5) 305.8 (±35.5)
# 

Sagittal abdominal 

diameter (mm) 

 53.4 (±5.1) 97.3 (±9.5)
 #

 

Subcutaneous depth 

thickness (mm) 

 2.7 (±0.8) 4 (±0.8)
 #

 

Head circumference (mm)  218.6 (±20.7) 308.5 (±14.9)
# 

Estimated weight (gr)  650 (503–815) 2270 (1800–2413)
#
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Biparietal diameter (mm)  58.6 (±5.1) 84.3 (±5.4)
 #

 

NEONATAL Anthropometry 

Gestational age  (week) 39
th

  

Birthweight (g) 3201.7 (2075-4470) 

Birth waist (cm) 29.7 (±3) 
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Table 2:  Correlations (r-values) of maternal sclerostin, sRANKL and 25OHD3 

concentrations with fetal U/S abdominal (circumference, saggital diameter, subcutaneous fat 

thickness) and neonatal (birthweight, birth waist) anthropometric variables in the 2
nd

 and 3
rd

 

trimesters. Statistical significance was set at p<0.05. (r and p of significant correlations are in 

bold characters). 

 sclerostin sRANKL 25OHD3 osteocalcin 

2
nd

 trimester     

Abdominal 

circumference 

r=0.361 

p=0.032 

r=0.416 

p=0.015 

r=0.137 

p=0.248 

r=0.106 

p=0.300 

Sagittal 

diameter 

r=0.199 

p=0.160 

r=0.502 

p=0.004 

r=0.122 

p=0.271 

r=0.103 

p=0.304 

Subcutaneous 

fat thickness 

r=-0.122 

p=0.272 

r=0.357 

p=0.034 

r=0.291 

p=0.070 

r=0.327 

p=0.048 

birthweight r=0.632 

p=0.000 

r=-0.252 

p=0.112 

r=0.066 

p=0.376 

r=0.235 

p=0.129 

Birth waist 

circumference 

r=0.308 

p=0.142 

r=0.219 

p=0.226 

r=0.344 

p=0.070 

r=-0.009 

p=0.488 

3
rd

 trimester      

Abdominal 

circumference 

r=-0.500 

p=0.196 

r=-0.328 

p=0.052 

r=0.000 

p=0.500 

r=-0.700 

p=0.094 

Sagittal 

diameter 

r=-0.763 

p=0.019 

r=-0.402 

p=0.019 

r=-0.100 

p=0.446 

r=-0.500 

p=0.196 

Subcutaneous 

fat thickness 

r=-0.400 

p=0.252 

r=-0.100 

p=0.436 

r=-0.600 

p=0.142 

r=-0.100 

p=0.436 
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birthweight r=-0.100 

p=0.436 

r=-0.600 

p=0.142 

r=0.100 

p=0.436 

r=-0.600 

p=0.142 

Birth waist 

circumference 

r=-0.600 

p=0.200 

r=-0.600 

p=0.200 

r=0.200 

p=0.400 

r=-0.800 

p=0.100 
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Table 3: Comparison of fetal abdominal adiposity markers by ultrasonography (U/S) in the 

2
nd

 trimester between women with sRANKL circulating concentrations greater and lower 

than 254 ng/ml in the same trimester, respectively.  Value 254 ng/ml was the median value of 

circulating maternal sRANKL concentrations in the 2
nd

 trimester. It was chosen arbitrarily to 

distinguish the 50% of greater concentrations (n=50) from the 50% of lower concentrations 

(n=50). The asterisk (*) denotes statistically significant difference at the level of p<0.05. 

Fetal U/S abdominal adiposity 

markers 

Maternal sRANKL 

≤254 ng/mL 

Maternal sRANKL 

>254 ng/mL 

circumference (mm) 169.2±15.1 189.1±14.2
*
 

sagittal diameter (mm) 51.2±4.9 56.3±5.2
*
 

subcutaneous fat thickness (mm) 2.3±0.9 3.1±0.9
*
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Table 4: In the 2nd trimester, multiple regression analysis showed that maternal serum 

sclerostin concentrations were the best positive predictors of birthweight (dependent variable) 

(p=0.003, beta=0.568, adjusted R
2
=0.264) in a model that included maternal sclerostin, 

25OHD3, sRANKL and osteocalcin concentrations, and BMI and HOMAR values (all taken 

as independent variables) 

 

Model Standardized coefficient 

beta 

Significance 

p-value 

sclerostin 0.568 0.003 

25OHD3 0.068 0.725 

sRANKL -0.273 0.105 

osteocalcin -0.298 0.176 

BMI -0.049 0.809 

HOMAR 0.274 0.173 

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgab152/6169065 by guest on 12 M

arch 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 28 

Legend to the Figure 1 

Figure 1: Correlation between maternal sclerostin concentrations at the 2nd trimester and 

birthweight (r=0.632, p=0.000) 
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