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Placental morphology is variable and can greatly affect the efficiency of nutrient transfer to the developing fetus [1]. Furthermore, the role of the placenta within the developmental origins of health and disease (DOHaD) paradigm is well recognised, with placental size and function being associated with a number of adulthood non-communicable diseases, including hypertension [2], ischaemic heart disease [3] and diabetes [4]. Osteoporosis is another such chronic non-communicable disease and represents a significant public health burden due to its association with age-related fractures and the resulting morbidity and mortality [5,6]. Greater peak bone mass (PBM) can significantly delay the onset of osteoporosis [7], with adult PBM likely to be influenced by bone development in utero and during early childhood [8,9]. Therefore, much importance has been placed on elucidating the early determinants of bone mineral accrual within the human lifecourse. 
There is growing evidence of associations between placental morphology and offspring bone health. We have previously shown in the Southampton Women’s Survey (SWS) cohort that estimated placental volume (PV) in mid-pregnancy (at 19 weeks’ gestation) is associated with neonatal bone size and mineral content [10]. We have also shown in the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort that placental size measured at birth is associated with offspring bone size and density at 9.9 years and in later adolescence [11]. However, it is not known whether relationships between placental size and offspring bone mass are evident when placental size is assessed in the first trimester. The Southampton Women’s Survey (SWS) cohort offers an ideal opportunity to investigate this relationship as PV was measured in a subset of participants at 11 weeks’ gestation using 3D ultrasound scanning (3DUS) methods (which is superior to 2D ultrasound PV estimates used in many older studies) and bone measures in the offspring were subsequently characterised in detail using dual-energy X-ray absorptiometry (DXA) scanning. 
Therefore, the aim of this study was to investigate whether PV measured at 11 weeks gestation using 3DUS is associated with offspring bone composition at birth within the SWS, a longitudinal prospective cohort study of women and their children, and whether these relationships persist into later childhood. 

Methods
Participants
The SWS is a prospective mother-offspring cohort study, investigating the effects of pre-pregnancy and pre-natal characteristics on offspring health. Details of the SWS have been described elsewhere [12]. In brief, between 1998 and 2002, 12,583 non-pregnant women aged 20-34 years were recruited via their GP from the general population of Southampton, England. Anthropometry and lifestyle assessments were carried out at entry into the study and again in early (11 weeks’ gestation) and late pregnancy (34 weeks’ gestation) in those women who became pregnant. Maternal height was measured using a stadiometer (Seca, Birmingham, UK), weight with calibrated digital scales (Seca, Birmingham, UK) and skin fold thickness (biceps, triceps, subscapular and supra-iliac) with Holtain callipers (CMS Instruments, London, UK). Research nurses carrying out these measurements underwent training and regular re-assessment to ensure consistency. Information on parity, smoking habit and socioeconomic status was gathered via questionnaire. Women were also asked to characterise their walking speed into one of five groups (very slow, stroll at an easy pace, normal speed, fairly brisk or fast). A total of 3,158 singleton pregnancies were followed. Only singleton pregnancies and the first child born during the study time frame were included in the analysis. Child sex, gestational age, birthweight (measured using calibrated digital scales [Seca, Birmingham, UK]) and crown-heel length (measured using a neonatometer [CMS Ltd, UK]) were recorded at birth. 
Prenatal 3D ultrasound 
A subset of pregnancies underwent 3DUS at the 11 weeks’ gestation follow-up appointment on an opportunistic basis as part of a feasibility trial for future 3DUS assessment. A high resolution 3DUS system (Kretz Voluson 730, Zipf, Austria) fitted with a 3D curvilinear multi-frequency transducer was used to collect PV data. In order to accommodate the exposure being derived from ultrasound, gestational age at 11 week 3DUS was calculated using an algorithm accounting for last menstrual period, cycle length and measurements taken from the 11 week 3DUS [13]. An experienced sonographer (PM) located the longest longitudinal section of the placenta on screen. From this location, a mechanical sweep within the transducer was activated to collect a 3D acquisition of the placenta in voxels. Using the 4D VIEW application (GE Medical Systems, Kretztechnik, Zipf, Austria) sequential parallel measurements of placental area in the longitudinal plane were acquired using the 3D multiplane function of the ultrasound system software. Each longitudinal section of placenta then had its border traced on-screen by the sonographer. This circumference excluded the placental vascular bed. The distance between the parallel slices was set to 5 mm increments at the periphery of the placenta and in 10mm increments towards the centre of the placenta. The software calculated the volume of tissue between slices using the area traced and the distance between the slices, to obtain the full PV in mm³. This measurement process was repeated three times and the mean volume was used in the final analysis. The coefficient of variation between the three PV measurements ranged between 0.1% and 13%, with an average of 1.2%. Any large or anteriorly sited placentae were omitted from the analysis if the entirety of the placental tissue was not captured in scans, as were any scans where increased maternal body habitus or bowel gas content obscured placental boundaries.
Neonatal DXA assessment
A random subset of mothers recruited to the SWS from specific GP practices were approached to participate in a bone assessment substudy. Specific GP practices were chosen in order to avoid participants being recruited into multiple substudies. This subset was representative of the population of Southampton as a whole. Neonates underwent DXA assessment within two weeks of birth. The child’s crown-heel length and weight were obtained from birth records, measured as described above. The child’s age at the time of DXA assessment was also recorded. A Lunar DPX-L scanner (GE Corporation, Madison, WA, USA) with specific paediatric software (paediatric small scan mode v4.7c) was used. Neonates were completely undressed, pacified and fed if necessary and swaddled in a standard towel. The neonate was then placed on a waterproof mat in a standardised position for DXA assessment. Rice bags were placed at the bottom of the towel to minimise movement. Whole body scans were obtained, generating data on bone indices. Short-term and long-term coefficients of variation for this instrument for adult whole body BMD were 0.8% and 1.4% respectively. DXA scans were reviewed and those with excessive movement or clothing artefacts were omitted from the analysis.
6-year and 8-year DXA assessment
At 6 and 8 years of age, children were invited for a repeat DXA assessment. The child’s height, using a Leicester height measurer (Seca, Birmingham, UK), and weight, using calibrated digital scales (Seca, Birmingham, UK) were measured. The child’s age at the time of DXA assessment was also recorded. A Hologic Discovery scanner (Hologic Inc., Bedford, MA, USA) was used in paediatric scan mode. To encourage compliance children were shown an age-appropriate DVD and a bright sheet with appropriate pictures was laid on the couch. Whole body scans were obtained, generating data on bone indices. Coefficients of variation for this instrument for whole body BMD were 0.75%. DXA scans were reviewed and those with excessive movement or clothing artefacts were omitted from the analysis.
Statistical analysis
All baseline characteristics were checked for normality of distribution. Unpaired t-tests and Mann-Whitney U tests were used to compare normally distributed and non-normally distributed maternal baseline characteristics respectively against the larger SWS cohort. The same tests were used to compare offspring baseline characteristics by sex. Bone outcomes of interest were whole body bone area (BA), whole body bone mineral content (BMC) and whole body areal bone mineral density (aBMD). To allow for body size, whole body size-corrected bone mineral content (scBMC) was also assessed (i.e. BMC adjusted for BA and the offspring’s length or height, and weight using linear regression). For 6- and 8-year DXA data outcomes were whole body measurement, excluding heads. All 11 week PVs were pre-adjusted for gestational age at 11 week 3DUS scan before further analysis using linear regression. Outcomes of interest at neonatal, 6-year and 8-year DXA assessment were initially related to 11 week PV using univariable linear regression analyses. 
A series of multivariable linear regression analyses were then carried out to adjust for confounding variables. A directed acyclic graph (DAG) was first constructed using the DAGitty web application (www.dagitty.net) incorporating maternal and offspring factors informed by literature review and biological plausibility (see Supplementary Figure 1). A minimal set was generated by DAGitty using these covariates which included: maternal age, smoking status, triceps skinfold thickness, walking speed (all measured at 11 weeks’ gestation), maternal height and parity (both measured at study recruitment) and offspring sex and gestational age at 11 week 3DUS scan. Offspring age at DXA scan was included as an additional covariate to increase precision of the associations. Furthermore, gestational age at delivery was included as an additional covariate for neonatal data only, due to positive associations being evident in preliminary analyses between gestational age at delivery and bone outcomes at this time point, but not at later ages. A further model including birthweight in addition to the previous covariates was also used to investigate whether PV-bone associations might be explained in part by birthweight. Finally, in order to investigate potential relationships over time, we additionally performed a multilevel model looking at the effect of placental volume on scBMC over time, taking into account the within-subject correlation. 
Analyses at each timepoint used all available participants with data for the dependent variable of interest. 11 week PV and outcome variables were transformed to normality using a Fisher-Yates transformation (z-scores with a mean of 0 and a SD of 1) [14]. Regression coefficients represent an SD change in the normalised outcome variable per unit SD change in the normalised 11 week PV. Stata V15.1 (StataCorp LP, College Station, TX, USA) was used for all analyses. 
The SWS was approved by the Southampton and South West Hampshire Local Research Ethics Committee. Written consent was obtained from the parent or carer of all participants at each study stage.

Results
Characteristics of mothers and offspring
242 mothers underwent 3DUS at 11 weeks gestation. Of those, 236 mothers had scan images which captured the entirety of placental tissue, allowing calculation of placental volume, and forming the sample for this study. Figure 1 shows a flowchart, demonstrating how our sample was reached in relation to the wider SWS cohort. The mothers’ baseline characteristics are summarised in Table 1A. The mean (SD) age of mothers at 11 weeks gestation was 30.7 (3.8). Their mean (SD) height was 164.2 (6.4) and their median (IQR) BMI pre-pregnancy was 23.6 kg/m2 (21.7, 26.4). Compared with mothers of singleton livebirths from the larger SWS cohort, mothers in this sub-study were slightly older (30.7 years vs 29.9 years). Mothers in this sub-study also had a lower Index of Multiple Deprivation (IMD) 2004 (15.7 vs 17.7), indicating that they were less deprived than the cohort as a whole, and the proportion of nulliparous mothers was greater (59.3% vs 50.4%). Fewer mothers in this study smoked before pregnancy (25.4% versus 30.9%) and fewer mothers were smoking at 11 weeks gestation (12.6% versus 16.2%). No clear differences between this study sample and the larger SWS cohort were evident for maternal height, pre-pregnancy BMI, triceps skinfold thickness at 11 weeks’ gestation or walking speed at 11 weeks gestation. 
As demonstrated in Table 1B, when compared to the larger SWS cohort, offspring at birth in this sub-study were more likely to be older at DXA scanning (9 days vs 4 days) and have lower BA (107.6 cm2 vs 117.7 cm2) and lower BMC (56.4 g vs 62.7 g). The full characteristics of the 83 offspring (45 boys) assessed at birth; 111 offspring (51 boys) assessed at 6 years; and 87 offspring (38 boys) at 8 years are presented in Online Supplementary Tables 1A, 1B and 1C respectively. Their dates of birth ranged between September 2003 and January 2006, while the difference between recruitment and dating scan ranged between 9 months to almost 7 years.
 When observing complications of pregnancy within our sample, only 2 mothers (0.9%) developed gestational diabetes, 7 (3.0%) had pre-eclampsia and 11 (4.7%) had a premature delivery (before the 37th week of pregnancy).
11 week placental volume and DXA bone outcomes at birth, 6 years and 8 years
Table 2 summarises the relationships between 11 week PV and DXA bone outcomes. 11 week PV was positively associated with all bone outcomes at all time points, with associations remaining similar after adjustment. At birth, the most strongly associated outcomes were BA (β=0.23 [95%CI=0.03, 0.42]) and BMC (β=0.26 [0.06, 0.46]). Similar associations were observed for aBMD (β=0.21 [-0.04, 0.47]). The magnitude of the associations for these three bone outcomes tended to decrease with increasing age (see Figure 2A, B and C). 11 week PV was only weakly associated with scBMC at birth (β=0.07 [-0.21, 0.35]). This association tended to strengthen, albeit with modest magnitude, with increasing age (see Figure 2D).
The correlation between 11 week PV and birthweight was 0.2. Adjusting for birthweight either led to attenuation or minimal material alteration of the relationships between 11 week PV and all bone outcomes at all time points, with the exception of scBMC whose associations were somewhat strengthened after adjustment (see Online Supplementary Table 2).
Multilevel model
The multilevel model examining the effect of placental volume on scBMC over time showed that time was not significant if it was either entered as a continuous variable (β=-0.01 [-0.04, 0.02]), or as a categorical variable when comparing 6 year and 8 year with birth (6 years vs birth: β=-0.06 [-0.31,  0.19], 8 years vs birth: β=-0.07 [-0.35, 0.20]).
Discussion
To our knowledge, this is the first study to examine the relationship between early pregnancy placental volume and offspring bone measures. We have shown that 11 week PV is positively associated with neonatal BA and BMC and that these associations are robust when adjusted for maternal factors previously associated with offspring bone mass. In addition, we observed that associations for BA and BMC at birth persist into later childhood at 6 years and 8 years, albeit with attenuated relationships with increasing age (see Figure 2A and 2B). In contrast, we found evidence that size-corrected BMC may be more strongly associated with 11 week PV in older childhood than at birth. Whilst the observed associations are relatively modest, regression coefficients for all bone outcomes at all time points (excluding aBMD at 8 years) were >0, suggesting a persistent signal for the associations between early pregnancy placental volume and offspring bone metrics in early childhood.
This study used a well-characterised prospective mother-offspring cohort study, with “gold-standard” measures of placental volume and bone mass. However, several limitations should be considered in the interpretation of our results. Firstly, our sample was a subset of the larger SWS cohort, and both mothers and offspring differed in several ways from the overall study population, especially in regards to neonatal BA and BMC. Although this may limit the generalisability of our findings, all described observations are in relation to internal comparisons. Secondly, DXA scanning of neonates and children is subject to several limitations, due to their lower BMD when compared with adults and the propensity of younger participants to move during scanning. To allow for this, specific paediatric software was used at all three DXA scanning time points which minimises the loss of edge detection and images with excessive movement artefacts were excluded from the analysis. Furthermore, previous studies have demonstrated that DXA measurements of bone mass correlate well with whole body bone mineral content in small mammals such as piglets [15]. It should also be noted that intrauterine ultrasound measurements are prone to variation due to operator dependent factors. However, all measurements were carried out by a single experienced sonographer, using a standard protocol. Finally, placentas which were not captured in their entirety in 3DUS scans were omitted from the analysis and placental position (which can impact measurement of placental volume) was not recorded during 3DUS scanning, due to difficulties regarding commenting on placental position at this very early stage of pregnancy. If anything, this may have conservatively biased our results, with the associations between very large placentae and offspring bone outcomes not being represented.
The data we present here complement our previous findings in the SWS cohort [10]. In this earlier analysis, 19 week PV was positively associated with neonatal BA and BMC. Similarly, in the present study we have shown that 11 week PV is also associated with neonatal BA and BMC, but that the associations persist, albeit with reduced magnitude, in relation to outcomes at 6 and 8 years. We have also previously demonstrated in the ALSPAC cohort that postpartum PV is associated with several offspring bone metrics at 9.9 years of age, which also included BA and BMC [11]. We found similar positive associations in the present study between 11 week PV and BMC at a roughly comparable time point (8 years). The general pattern of a waning magnitude of association for DXA bone measures with increasing offspring age is consistent with the findings in the ALSPAC cohort, which showed attenuation from 9.9 years, though 15.5 years to 17.7 years. In contrast, in this earlier study we found evidence that associations with measures of bone from peripheral quantitative computed tomography (pQCT), such as tibial cortical density and periosteal circumference, persisted during adolescence from 15.5 years to 17.7 years, suggesting that placental size is likely to be relevant to aspects of later bone health.
We cannot derive specific mechanistic conclusions from the present analyses and as this was an observational study causality cannot be inferred these data. Placental size has a well-documented relationship with birthweight, which is perhaps unsurprising as the size of the placenta partly reflects its ability to transfer nutrients to the fetus [16]. Several previous studies have documented associations between birthweight and placental volume measured in early pregnancy [17,18], in later pregnancy [19-22] and at delivery [23]. As bone contributes to birthweight, it is possible that our observed findings simply reflect a larger placenta facilitating greater birthweight and corresponding greater skeletal size. Indeed, as with PV measured at 19 weeks’ gestation in our previous SWS study, inclusion of birthweight in the present DXA models led to attenuation of the relationships with neonatal bone mass (other than for scBMC), suggesting this may be at least partly the case. However, this adjustment had no material effect on associations with DXA measures at 6 and 8 years, consistent with findings in the ALSPAC cohort [11], suggesting that, particularly in the longer term, associations are not fully explained by birthweight. 
Whilst it is logical to assume the causal direction of placenta – birthweight – bone, the determinants of birthweight are complex. These include contributions from genotype, maternal pelvis size and the functional capacity per unit volume of the placenta itself. As a result, it may be that placental volume is in part dictated by an opposite sequence of causality, with the genetic and physiological potential for bone density and birthweight contributing to the demand for maternal-fetal nutrient transfer, and subsequently placental development [24,25]. Further possible mechanisms might involve the capacity of the placenta to transport calcium and amino acids to the skeleton of the developing fetus. Indeed we have previously demonstrated links between activity of placental calcium [26-28] and amino acid transporters [29-31] and offspring bone mass and body composition. In this regard, a larger placenta is simply one dimension of potential variation, with transporter density and activity also contributing to foetal growth. Therefore, both the overall size of the placenta, as well as its ability to transport nutrients per unit surface area, are likely to be key variables in determining offspring bone outcomes. 
Early growth is an important contributor to peak bone mass achieved in young adulthood [8,9] and has implications for the onset of osteoporosis [7] and hip fracture risk [32] in later life. In this study, we found that for every 1 SD increase in 11 week PV there is an increase of 0.26SD in neonatal BMC, when fully adjusting for a range of offspring and maternal factors. Whilst these size-related associations were somewhat attenuated in relation to bone measures at 6 and 8 years, there was, consistent with previous findings [11], evidence to support associations between 11 week PV and scBMC with increasing childhood age. These data suggest a persistent relationship between placental volume, when measured in even the earliest stages of pregnancy, and offspring skeletal development throughout early childhood.

Conclusion 
We have shown that 11 week placental volume is associated with measures of bone size and mineral content at birth, remaining robust after adjusting for a wide range of offspring and maternal factors previously associated with bone outcomes. These associations were somewhat attenuated in older childhood, with the exception of size-corrected bone mineral content, consistent with the pattern for more size-independent bone measures observed in our ALSPAC cohort analysis. When this study is taken together with our previous work, greater placental size, measured at several different time points (early-pregnancy [11 weeks’ gestation], mid-pregnancy [19 weeks’ gestation] and at birth) has now been shown to be associated with improved offspring bone outcomes. These findings provide further support for the importance of the placenta in setting the trajectory of bone accrual in childhood and inform approaches to future mechanistic investigations.
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	Figure 1
Flowchart detailing how study sample was derived from the SWS cohort.
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	Table 1
Characteristics of mothers and neonates compared with SWS singleton livebirths not included in this study.

	
A) Maternal characteristics

	
	SWS participants not in sample n=2,920
	Study sample n=236

	Maternal age at 11 weeks gestation (years)
	29.9 (3.7)
	30.7 (3.8)

	Height (cm)
	163.1 (6.5)
	164.2 (6.4)

	BMI pre-pregnancy (kg/m2)
	24.2 (21.9, 27.5)
	23.6 (21.7, 26.5)

	Triceps skinfold at 11 weeks gestation (mm)
	20.3 (6.5)
	20.3 (6.0)

	Non-white ethnicity
	138 (4.7)
	2 (0.9)

	Nulliparous
	1471 (50.4)
	140 (59.3)

	Smoking before pregnancy
	819 (28.1)
	60 (25.4)

	Smoking at 11 weeks gestation
	411 (16.1)
	32 (13.6)

	Walking speed at 11 weeks gestation
	
	

	Very slow
	21 (1.1)
	1 (0.4)

	Stroll at an easy pace
	288 (14.5)
	39 (17.0)

	Normal speed
	1041 (52.3)
	112 (48.9)

	Fairly brisk
	585 (29.4)
	73 (31.9)

	Fast
	56 (2.8)
	4 (1.8)

	Serum 25(OH) Vitamin D at 11 weeks gestation (nmol/l)
	62.0 (25.6)
	65.8 (25.9)

	Index of Multiple Deprivation 2004
	17.7 (9.7, 27.6)
	15.7 (9.2, 23.4)

	Placental volume at 11 weeks gestation,
corrected for gestational age (cm3)
	-
	40.2 (31.2, 50.2)

	
B) Neonatal DXA characteristics

	
	SWS participants not in sample n=917
	Study sample n=83 1

	Gestational age at 11 week 3DUS scan (weeks)
	-
	11.8 (0.6)

	Gestational age at birth (weeks)
	40.2 (39.2, 41.1)
	39.9 (38.9, 40.9)

	Birth weight (g)
	3511.8 (504.9)
	3427.9 (471.9)

	Birth crown-heel length (cm)
	50.0 (2.1)
	49.6 (2.0)

	Age (days)
	4.0 (2.0, 11.0)
	9.0 (2.0, 12.0)

	BA (cm2) 2
	117.7 (26.4)
	107.6 (24.9)

	BMC (g)  2
	62.7 (16.0)
	56.4 (14.8)

	aBMD (g/cm2) 2
	0.5 (0.0)
	0.5 (0.0)

	scBMC (g) 2
	62.1 (2.9)
	62.2 (2.5)

	Data are mean (SD), median (IQR) or number (%). Bold text denotes p value <0.05.

1 Characteristics are based on offspring with data on neonatal BMC.
2 Outcomes are whole body measurement.









	Table 2
11 week placental volume (SD, pre-adjusted for gestational age at 11 week 3DUS scan) and bone outcomes at birth, 6 years and 8 years.

	
A) BA (SD)

	
	Unadjusted
	
	Adjusted 3

	
	n
	β (95% CI)
	
	n
	β (95% CI)

	Birth 1
	83
	0.20 (-0.05, 0.45)
	
	80
	0.23 (0.03, 0.42)*

	6 years 2
	111
	0.18 (-0.01, 0.38)
	
	110
	0.17 (-0.01, 0.36)

	8 years 2
	87
	0.10 (-0.10, 0.31)
	
	85
	0.13 (-0.09, 0.36)

	
B) BMC (SD)

	
	Unadjusted
	
	Adjusted 3

	
	n
	β (95% CI)
	
	n
	β (95% CI)

	Birth 1
	83
	0.23 (-0.02, 0.48)
	
	80
	0.26 (0.06, 0.46)*

	6 years 2
	111
	0.24 (0.05, 0.43)*
	
	110
	0.20 (0.02, 0.39)*

	8 years 2
	87
	0.17 (-0.04, 0.38)
	
	85
	0.14 (-0.08, 0.35)

	
C) aBMD (SD)

	
	Unadjusted
	
	Adjusted 3

	
	n
	β (95% CI)
	
	n
	β (95% CI)

	Birth 1
	83
	0.16 (-0.09, 0.41)
	
	80
	0.21 (-0.04, 0.47)

	6 years 2
	111
	0.23 (0.04, 0.42)*
	
	110
	0.19 (-0.01, 0.38)

	8 years 2
	87
	0.10 (-0.10, 0.31)
	
	85
	-0.00 (-0.22, 0.22)

	
D) scBMC (SD)

	
	Unadjusted
	
	Adjusted 3

	
	n
	β (95% CI)
	
	n
	β (95% CI)

	Birth 1
	81
	0.05 (-0.20, 0.31)
	
	78
	[bookmark: _Hlk45121375]0.07 (-0.21, 0.35)

	6 years 2
	108
	0.14 (-0.05, 0.34)
	
	107
	0.13 (-0.08, 0.34)

	8 years 2
	72
	0.18 (-0.04, 0.41)
	
	71
	0.19 (-0.05, 0.43)

	Table shows regression coefficient (95% confidence interval) from univariable and multivariable linear regression analyses. Asterisk denotes 95%CI which do not include zero.

1 Outcomes are whole body measurements.
2 Outcomes are whole body measurements, without heads.
3 Adjusted for maternal age, smoking status, triceps skinfold thickness, walking speed (all measured at 11 weeks gestation), maternal height and parity (measured at study recruitment) and offspring sex and age at DXA assessment. Neonatal outcomes are additional adjusted for gestational age at delivery. 











	Figure 2
11 week placental volume (SD, pre-adjusted for gestational age at 11 week 3DUS scan) and bone outcomes at birth, 6 years and 8 years (adjusted models).

	

	Data are regression coefficients (95% confidence interval) adjusted for maternal age, smoking status, triceps skinfold thickness, walking speed (all measured at 11 weeks gestation), maternal height and parity (measured at study recruitment) and offspring sex and age at DXA assessment. Neonatal outcomes are additional adjusted for gestational age at delivery.

1 Outcomes are whole body measurements for neonatal data and whole body measurements, without heads, for 6 year data and 8 year data.
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