s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Bone. Author manuscript; available in PMC 2015 December 01.

Published in final edited form as:
Bone. 2015 June ; 75: 105-110. doi:10.1016/j.bone.2015.02.015.

Longitudinal changes in lean mass predict pQCT measures of
tibial geometry and mineralisation at 6-7 years

Rebecca J. Moon2P, Zoe A. Cole?¢, Sarah R. Crozier?, Elizabeth M. Curtis?, Justin H.
DaviesP, Celia L. Gregsond, Sian M. Robinson?, Elaine M. Dennison?, Keith M. Godfrey€,
Hazel M. Inskip?, Cyrus Cooper2&f Nicholas C. Harvey?€, and The Southampton Women’s
Survey Study Group’

aMRC Lifecourse Epidemiology Unit, University of Southampton, Tremona Road, Southampton,
S016 6YD, UK

bPaediatric Endocrinology, University Hospital Southampton NHS Foundation Trust, Tremona
Road, Southampton, SO16 6YD, UK

°Rheumatology, Salisbury Hospital NHS Foundation Trust, Salisbury

dMusculoskeletal Research Unit, School of Clinical Sciences, University of Bristol, Learning &
Research Building, Southmead Hospital, Bristol, BS10 5NB

eNIHR Southampton Biomedical Research Centre, University of Southampton and University
Hospital Southampton NHS Foundation Trust, Tremona Road, Southampton, SO16 6YD UK

NIHR Musculoskeletal Biomedical Research Unit, University of Oxford, Nuffield Orthopedic
Centre, Headington, Oxford, OX3 7HE

Abstract

Background—Studies in childhood suggest that both body composition and early postnatal
growth are associated with bone mineral density (BMD). However, little is known of the
relationships between longitudinal changes in fat (FM) and lean mass (LM), and bone
development in pre-pubertal children. We therefore investigated these associations in a
population-based mother-offspring cohort, the Southampton Women’s Survey.

Methods—Total FM and LM were assessed at birth and 6-7 years of age by Dual-Energy X-ray
Absorptiometry (DXA). At 6-7y, total cross-sectional area (CSA) and trabecular volumetric BMD
(vBMD) at the 4% site (metaphysis) of the tibia was assessed using peripheral quantitative
computed tomography [pQCT (Stratec XCT-2000)]. Total CSA, cortical CSA, cortical vBMD and
strength-strain index (SSI) were measured at the 38% site (diaphysis). FM, LM and bone
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parameters were adjusted for age and sex and standardised to create within-cohort z-scores.
Change in LM (ALM) or FM (AFM) was represented by change in z-score from birth to 7y and
conditioned on the birth measurement. Linear regression was used to explore the associations
between ALM or AFM and standardised pQCT outcomes, before and after mutual adjustment and
for linear growth. The B-coefficient represents SD change in outcome per unit SD change in
predictor.

Results—DXA at birth, in addition to both DXA and pQCT scans at 6-7y, were available for 200
children (48.5% male). ALM adjusted for AFM was positively associated with tibial total CSA at
both the 4% (B=0.57SD/SD, p<0.001) and 38% sites (3=0.53SD/SD, p<0.001), cortical CSA
(p=0.48SD/SD, p<0.001) and trabecular vBMD ($=0.30SD/SD, p<0.001), but not with cortical
vBMD. These relationships persisted after adjustment for linear growth. In contrast, AFM adjusted
for ALM was only associated with 38% total and cortical CSA, which became non-significant
after adjustment for linear growth.

Conclusion—In this study, gain in childhood LM was positively associated with bone size and
trabecular vBMD at 6-7 years of age. In contrast, no relationships between change in FM and bone
were observed, suggesting that muscle growth, rather than accrual of fat mass, may be a more
important determinant of childhood bone development.

Keywords
Osteoporosis; epidemiology; body composition; pQCT; growth; childhood

1. Introduction

Bone mineral accrual and bone geometry are important determinants of long term
osteoporosis and fracture risk. Mathematical modelling has suggested that a 10% increase in
peak bone mass will delay the onset of osteoporosis by 13 years [1]. Thus, understanding
factors that influence bone mineral accrual during childhood may inform novel approaches
to fracture prevention. It is well recognised that genotype, physical activity, nutrition and
chronic disease in childhood and adolescence all contribute to bone development. These
factors may have a direct influence on bone, or act indirectly through effects on linear
growth and body composition. Indeed, we have previously demonstrated that growth in
height in early childhood is associated with skeletal size, mineralisation [2, 3] and geometry
[4]. Furthermore, these associations appear to persist into adulthood: in a UK cohort, pre-
pubertal height gain velocity was positively associated with bone cross-sectional area and
strength-strain index of the radius, assessed by peripheral quantitative computed tomography
(pQCT) at 60-64 years [5]. How such relationships between bone development and overall
growth relate to changes in body compartments (lean and fat mass) remains to be elucidated.
Cross-sectional studies which have assessed associations between fat mass (FM) and BMC
or aBMD measured by DXA have found conflicting results: positive [6-10], negative [8, 11]
and non-significant [9] relationships have been reported, whilst some suggest that the
relationships differ by sex [8, 9, 12] and stage of pubertal development [8, 13]. Associations
described between FM and bone geometry assessed by pQCT in children have also been
inconsistent [13-16]. Similar to the findings of the cross-sectional studies, many of the
observed associations between longitudinal changes in body composition and bone
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development varied by sex, age and pubertal status [13], suggesting that the timing, rate and
extent of changes in body composition might be important for bone mineral accrual and
geometric development. In this study we therefore aimed to evaluate relationships between
changes in body composition in infancy and early childhood, and bone geometry and vBMD
assessed by pQCT in a cohort of pre-pubertal children participating in the Southampton
Women’s Survey (SWS).

2. Methods

2.1 The Southampton Women'’s Survey

Details of the Southampton Women’s Survey (SWS) have been published previously [17],
but briefly, the SWS is a study of 12583, initially non-pregnant, women aged 20-34 years,
resident in the city of Southampton, UK. Assessments of lifestyle, sociodemographic factors
and anthropometry were performed at study entry (April 1998 — December 2002) and
women who subsequently became pregnant were followed in detail throughout their
pregnancy.

The SWS was conducted according to the guidelines laid down in the Declaration of
Helsinki, and the Southampton and South West Hampshire Research Ethics Committee
approved all procedures. Written informed consent was obtained from all participating
women and by a parent or guardian with parental responsibility on behalf of their children.

2.2 Childhood assessments of body composition and bone development

There were 3158 singleton live births to mothers participating in the SWS. The children
were followed up at birth and during infancy, and consecutive subsets of children were
invited to participate in detailed assessments of anthropometry, body composition and bone
mineralisation at birth and 6-7 years of age. The presence of a condition known to affect
growth (eg chromosomal abnormalities, endocrinopathy) or bone structure (eg metabolic
bone disease, osteogenesis imperfecta) was an exclusion criterion for follow-up. However,
owing to the population based cohort, and the rarity of such conditions, no children were
actually excluded from the current analysis for this reason.

2.2.1 Anthropometry and Dual Energy Xray Absorptiometry—At birth and 6-7
years, weight was measured using calibrated digital scales (SECA Ltd, Birmingam, UK). At
birth crown-heel length was measured using a neonatometer (CMS Ltd, UK) and at 6-7
years, standing height was measured using a Leicester stadiometer (SECA Ltd, Birmingham
UK). Within 2 weeks after birth and at 6-7 years whole body composition was assessed by
DXA. A Lunar DPX-L instrument (GE Corporation, Madison, Wisconsin, USA) was used
in infancy and a Hologic Discovery instrument (Hologic Inc., Bedford, MA, USA) in
childhood. Neonatal or paediatric software, as appropriate, was used to derive BMC, FM
and fat-free (lean) mass (LM) from a whole body scan using a three-compartment model.
All scans were assessed by 2 reviewers for movement artefacts and those with excess
movement (duplication or deletion of body parts) were excluded from analysis. The
coefficients of variation for body composition analysis using the Lunar and Hologic DXA
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instrument were 1.4% and 1.4 —1.9%, respectively. The reliability of DXA in small subjects
has been demonstrated previously [18].

2.2.2 Peripheral Quantitative Computed Tomography (pQCT)—At 6-7 years of
age, bone geometry and volumetric bone mineral density (vBMD) of the tibia were assessed
by pQCT using a Stratec XCT-2000 instrument (Stratec Inc, Pforzhein, Germany) in a
subset of children. Two sites were scanned: a distal site, which largely reflects trabecular
bone, and a diaphyseal site, comprised largely of cortical bone, corresponding to 4% and
38% of the distance from the medial malleolus to the tibial tuberosity, respectively. A scout
view was obtained to place the reference line at the proximal border of the distal tibial
growth plate. At each site, a single 2mm thick tomographic slice was sampled at a voxel size
of 0.5mm. At the 4% distal site, total bone cross-sectional area (CSA) and trabecular BMC
and vBMD were calculated using the manufacturer’s software version 5.4. A threshold of
280 mg/cm?3 was used to separate bone from soft tissue, and subsequently, the default
peeling algorithm was applied to the distal 4% scans to separate trabecular bone. With this
peeling, 55% of the outer bone area was concentrically separated and defined as cortical and
subcortical; the remaining 45% was defined as trabecular bone. At the 38% diaphyseal site,
measurements of total CSA, cortical CSA and cortical vBMD were made using a threshold
for cortical bone of 710mg/cm3. Torsional resistance was estimated by strength-strain index
(SSI) at the 38% site. Scans with excess movement artefact were excluded from the analysis.
The coefficient of variation for this pQCT instrument has previously been demonstrated to
range from 0.88% (tibial total 4% vBMD) to 8.8% (total radial diaphyseal CSA), but
typically 1-3% [19].

2.3 Statistical analysis

Differences in body composition, bone geometry and vBMD of boys and girls were assessed
using t-tests and Mann-Whitney U tests for normally and non-normally distributed variables,
respectively. Associations with age were assessed using Pearson’s and Spearman’s
correlation coefficients. Owing to differences between boys and girls, the body composition
variables were adjusted for the sex of the child. Additionally, DXA indices at both 6-7 years
and birth were adjusted for age, and those at birth were also adjusted for gestational age,
which was determined from last menstrual period and early ultrasound assessment. Previous
work has demonstrated that body composition assessment by DXA may differ depending on
the instrument used, due to differing measurement and calibration methods. We therefore
used published cross-calibration equations, which were generated from a population
including children aged >5 years, to calibrate measures from the Hologic Discovery
instrument (at age 6-7 years) to measures obtained on the Lunar DPX-L (at birth) [20]
(Figure 1).

Fat mass was not normally distributed. Therefore, for consistency, both FM and LM were
standardized using a Fisher-Yates transformation to a normally distributed variable with a
mean of 0 and a standard deviation (SD) of 1, producing a within-cohort z-score for each
child based on the subset of children who participated in the pQCT scan at 6-7 years
(n=516). Longitudinal changes in body composition were calculated as the difference in FM
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or LM z-scores between two time points. To account for regression to the mean, these were
conditioned on the measurement at birth.

Total CSA at the 4 and 38% sites and cortical CSA were also not normally distributed and
so all pQCT outcomes were also transformed using Fisher-Yates transformations to provide
within cohort z-scores. All pQCT measurements were positively associated with age, except
trabecular vBMD which was negatively associated with age. Therefore the associations
between longitudinal changes in body composition and whole body BMC and pQCT
assessment of tibial bone geometry and vBMD were analysed using linear regression
adjusting for age at pQCT and sex in all models.

As LM tends to increase with FM, the independent effect was assessed by adjusting change
in LM (ALM) for change in FM (AFM) and vice versa using regression. Finally, in order to
determine whether the relationships between change in body composition and tibial
geometry and vBMD were independent of linear growth, we adjusted the models for the
change in height z-score over the same time frame.

All analysis was performed using Stata v13.0 (Statacorp, College Station, Texas, USA). A
p-value of <0.05 was accepted as statistically significant. Given the observational nature of
the study, together with the substantial collinearity amongst both predictors and outcomes,
testing for multiple comparisons was judged to be inappropriate [21].

3. Results

227 children had DXA at birth and 6-7 years in addition to pQCT of the tibia at 6-7 years,
but 27 were not included in the analysis due to movement artefact on the 6-7 year DXA
scan. Six (3.0%) scans at the 4% tibia and 41 (20.5%) at the 38% tibia had to be excluded
from the analysis due to movement artefact. The children with and without scans at the 4%
and 38% sites did not differ in sex, age, height, weight, LM or FM at 6-7 years (p>0.05 for
all).

Children included in this analysis were of similar sex distribution (p=0.34) to those born to
mothers in the remaining SWS cohort, but did have a higher birth weight (adjusted for
gestation and sex) (3505+453g vs 3423+434¢, p=0.01). Maternal age at delivery (p=0.19),
parity (p=0.89), pre-pregnancy BMI (p=0.31), educational attainment (p=0.31) and social
class (p=0.09) did not differ between children included and not included in this analysis. An
additional 803 and 824 children participating in SWS had body compaosition analysis by
DXA at birth and 6 years of age, respectively. FM, LM and percentage FM did not differ in
these children to those included at either time point (p>0.05 for all). 316 children
participated in the pQCT scan but had not had DXA at both birth and 6-7 years of age.
These children were of similar age, sex, height, weight, tibial geometry and vBMD to those
included in the analysis (p>0.05 for all).

At both birth and 6-7 years, the boys and girls included in this analysis were of similar age
and weight (Table 1), but FM was significantly greater in the girls than the boys at both ages
(p=0.001 & p<0.0001, respectively), and at 6-7 years of age, LM was significantly greater in
the boys (p=0.002). Boys were also longer than girls at birth (p=0.01), but this difference
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was not present at 6-7 years (p=0.74). There were no significant differences in tibial
geometric properties or vBMD between boys and girls at 6-7 years (Table 1). However,
bone size and strength of the tibia were positively associated with age (4% CSA: r=0.14,
p=0.05; 38% CSA: r=0.28, p<0.001; cortical area: r=0.42, p<0.001; SSI: r=0.19, p=0.02),
whereas trabecular vBMD (r=-0.20, p=0.006) and cortical vBMD (r=-0.18, p=0.03) were
inversely associated with age.

3.1 Change in body composition and tibial geometry and vBMD

Weight gain from birth to 6-7 years was positively associated with bone size (4%:
[3=0.60SD/SD 95%CI 0.46, 0.74, p<0.001; 38% (=0.64 95%CI 0.51, 0.77, p<0.001) and
trabecular vBMD (=0.16SD/SD 95%CI 0.02, 0.30, p=0.02), but not cortical vBMD (at 6-7
years. Similar associations were also observed with growth in height (4% CSA:
[=0.64SD/SD 95%CI 0.48, 0.79, p<0.001; 38% CSA:p=0.60, 95%CI 0.45, 0.75, p<0.001;
trabecular vBMD: $=0.23, 95%CI 0.08, 0.38, p=0.003). In univariate analysis, both ALM
and AFM were positively associated with tibial geometry and whole body BMC at 6-7 years
(Table 2). However, only ALM was positively associated with trabecular vBMD (3=0.26
SD/SD, 95%Cl: 0.13, 0.40, p<0.001), and neither ALM nor AFM were significantly
associated with cortical vBMD.

ALM was moderately associated with AFM (r=0.44, p<0.001). Therefore, to assess the
independent effects of ALM and AFM on bone development, ALM was adjusted for AFM
and vice versa. After adjustment, the previously observed relationships between ALM and
tibial geometry and trabecular vBMD remained significant (Table 2). Conversely, the
relationships between AFM and tibial geometry were no longer significant, apart from weak
associations with 38% total and cortical CSA (Table 2).

ALM and AFM were correlated with height at 6-7 years (r=0.75, p<0.001 and r=0.47,
p<0.001, respectively) and conditional growth in height from birth to 6-7 years (r=0.76,
p<0.001 and r=0.47, p<0.001, respectively). The relationships between ALM adjusted for
AFM and tibial geometry and trabecular vBMD at 6-7 years remained statistically
significant after adjustment for height growth, although the change in tibial parameter for
each SD change in LM was attenuated (Table 2). No statistically significant associations
were observed between AFM adjusted for ALM and tibial geometry and vBMD after
adjustment for height change (Table 2).

When the relationships were analysed separately by sex, the associations between ALM
adjusted for AFM and tibial geometry remained significant in both the boys and girls, but the
relationship with trabecular vBMD was only present in the girls (Table 3). Furthermore,
inclusion of linear growth between birth and 6-7 years attenuated the relationships to below
statistical significance in the boys but not the girls (Table 3). However, tests for a formal
interaction between ALM adjusted for FM by sex and pQCT were only statistically
significant for cortical CSA (p=0.006).
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4. Discussion

To our knowledge, this is the first study to describe relationships between longitudinal
changes in body composition from birth and bone development assessed by pQCT in pre-
pubertal children. Our findings suggest that in infancy and early childhood, gains in lean
mass are positively associated with tibial bone size, and trabecular vBMD at 6-7 years of
age. Conversely, gains in fat mass, after adjustment for gain in LM, was not significantly
associated with tibial geometry. There were no associations between either ALM or AFM
and cortical vBMD. Furthermore, both ALM and AFM were positively associated with
whole body BMC assessed by DXA, possibly reflecting the increased bone size observed
with pQCT measurements rather than increased mineralisation.

These findings further our understanding of the interrelationships between bone, fat and
muscle development in pre-pubertal children. Few studies have reported on the relationships
between lean mass and bone geometry assessed by pQCT in children. Two studies have
found positive associations cross-sectionally [13, 14] and one study demonstrated a positive
relationship between radial CSA and the increase in size of the lean tissue compartment over
3 years [13]. We similarly demonstrated positive longitudinal relationships between ALM
and tibial size and trabecular vBMD in pre-pubertal children. In this observational cohort,
we cannot conclude a causal relationship between gains in LM and larger bone size and
density, and indeed the relationship between skeletal muscle mass and bone accrual is
difficult to dissect. Possible mechanisms include direct mechanical or hormonal signalling
between muscle and bone [22, 23]; alternatively this finding could represent collinear
growth of both tissue types. The mechanostat theory suggests that bone has a homeostatic
mechanism which enables mineralisation and geometric properties to adapt to loads imposed
on it. Indeed, physical activity in childhood is associated with both bone mineral accrual and
increases in LM [24], and elucidating whether physical activity is acting directly on the bone
and/or via increased muscle mass is difficult. Nonetheless, it is possible that physical
activity is a confounding factor in our findings, although some [25], but not all [26], studies
have shown that peak LM precedes peak bone mass, further supporting the notion that
skeletal muscle may influence bone acquisition. Furthermore, although obese children have
greater bone CSA and BMD than healthy weight children [27], our findings would support
those of Wetzsteon et al [27] that this most likely results from increased LM accrual in
obesity rather than FM accrual or simply higher total body weight. Potential mechanisms for
the association between muscle mass and bone development are still to be fully elucidated,
but might involve direct mechanotransduction of strains via the osteocyte. However, this
would assume that muscle size is an accurate proxy for muscle function, and future studies
to elucidate the relationships between changes in muscle strength and bone development
would further our understanding of the relationships between muscle and bone. There is also
increasing evidence that skeletal muscle secretes myokines which might influence bone size
and mineralisation [23]. However, it also remains possible that there is coupling of muscle
and bone growth without direct interaction between the two tissues. Indeed, hormonal
factors, for example, testosterone, glucocorticoids, GH/IGF-1 axis and vitamin D, can
positively influence both skeletal muscle and bone [23], and we have previously identified
positive associations between early gain in length and indices of bone geometry in childhood
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[3-5]. However, in the current analysis adjustment for linear growth attenuated the
relationships but they remained statistically significant, so it is unlikely that our findings
solely reflect collinear acquisition of height, lean mass and bone mass.

Even in these prepubertal children we found that the relationships between changes in LM
and bone development were stronger in females than males. Hrafnkelsson et al similarly
found using DXA, rather than pQCT, that for every kg increase in LM between ages 7 and 9
years, the increase in whole body BMC and BMD was greater in girls than boys, and the
association between ALM and hip aBMD was only statistically significant in females [28].
However, pubertal maturation was not reported in that study, but might confound its
findings, as a greater proportion of females compared to males would have been expected to
commence puberty during their follow-up period. In our study, the numbers for analysis by
sex were small, and formal interaction terms only achieved statistical significance for
cortical CSA,; further replication of this finding in other cohorts is therefore required.

There have been rather more studies investigating the potential influence of fat mass on
bone development. Previous studies investigating the cross-sectional associations between
fat mass, and bone geometry assessed by pQCT in children, report inconsistent findings,
including positive [14, 15], negative [13] and U-shaped [16] relationships. Furthermore,
these relationships differ by age, sex and pubertal stage. Wey et al. reported a negative
cross-sectional association between FM and radial diaphyseal area in males, but in females
there was a significant interaction with age such that the association changed from positive
in younger girls to negative in adolescents [13]. Clark et al similarly observed contrasting
associations between FM and total body less head bone area and BMC measured by DXA in
girls at Tanner stage 1 compared with Tanner stage 3 [8]; we have previously documented
stronger relationships between lean-adjusted fat mass and tibial trabecular vBMD at 6 years
of age in males than females [14]. As such, there is a need for longitudinal studies over a
narrow age range at recruitment and the need for caution in extrapolating findings from one
stage of pubertal development to another. Indeed our study suggests that longitudinal
changes in FM are not associated with tibial geometry or vBMD in pre-pubertal children.
This is in contrast to two previous studies, though both of these included a more diverse
range of ages and pubertal stages [13, 29].

Furthermore, Wey et al. explored the relationships with measurements at the radius, which
might differ from those in the tibia, and the interpretation of their findings and comparison
to our own is further complicated by interactions between AFM and both age and menarchal
status [13]. For example, in young females, Wey et al found AFM was positively associated
with radial metaphyseal vBMD, a relationship which became negative at older ages.
However, paradoxically, there was a negative association between AFM and the same
outcome in females after menarche, which was null before menarche. Increases in
concentrations of sex steroids, size and location of fat depots and changes to circulating
adipokines during puberty could confound and/or alter the bone-fat relationships and, thus,
future longitudinal evaluation of our cohort through pubertal development, currently
ongoing, might also reveal differing associations with age and sexual maturation.
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We studied a population-based cohort of children, characterised with objective measures of
body composition and bone indices. There are however a number of limitations to this study.
Firstly, we included only a small proportion of children born into the SWS cohort.
Restricting the analysis to only those with complete data was necessary to enable
longitudinal analysis. However, the children had similar body composition at birth and 6-7
years, and bone geometry and vBMD at 6-7 years to children in SWS who had participated
in the some, but not all, aspects of the follow-up studies. Secondly, DXA and pQCT are well
validated in adults, but obtaining scans in children can be more difficult due to their
tendency to move. We used specific neonatal/ paediatric software, and movement artefact
was minimal across the cohort, though we removed scans that exhibited unacceptable
artefact. Body composition assessment by DXA of small subjects has been previously
validated using biochemical assessment of carcass nitrogen content and lipid extraction to
determine LM and FM, respectively, in piglets which were sacrificed immediately after
DXA scanning [18]. The DXA instruments used in the neonatal period and at 6-7 years did
differ, but we used a published cross-calibration equation that was derived from paediatric
data to convert data between Hologic and Lunar DXA instruments [20].. pQCT is
exquisitely sensitive to movement artefact, and resulted in exclusion of a greater number of
scans, particularly at the diaphyseal site. However, the children with movement artefact on
pQCT scans did not differ from those included in the analysis. Furthermore, although partial
volume effects may have influenced absolute pQCT measures, this should not have affected
the ranking of individuals in the population. Finally, in this observational analysis, we
cannot conclude a causal relationship between changes in body composition and bone
development. In particular, although physical activity has been objectively measured in
children born to the SWS, the number of children having undergone these assessments in
this present cohort was too small to allow meaningful statistical analysis. Future work
incorporating an assessment of physical activity might enable clarification of the
mechanisms underpinning these observations.

In summary, our findings would support the notion that lean mass gain in childhood is
positively associated with achieved bone size and mineralisation. Therefore interventions to
increase lean mass during pre-pubertal growth, particularly in girls, might have positive
benefits for bone strength, potentially leading to improved peak bone mass (together with
muscle mass), with a reduced risk of fracture in older age.
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Total body weight (TBW)¢g = TBWhyoi0gic

—2.173 + 1-119FMHologiC)

Total Fat Mass (FM) gz = TBW ( 100

Total BMCzp = —123.517 + 0.891BMCyp104ic
+ 0.013Total Lean Massyorogic + 0.007FMyo10gic

Total Lean Mass (LM) = TBW — (FM + BMC)

Figure 1. Equations used to convert measurements obtained at 6-7 years of age using a Hologic
Discovery DXA instrument to data from a GE Lunar instrument. Taken from Shepherd et al
JBMR 2012[20]
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Body composition of boys and girls at birth and 6-7 years of age. Data shown as mean+SD

Table 1

or median (IQR), unless otherwise stated

Page 14

Neonate 6-7 years
Boys Girls Boys Girls
N 97 103 97 103
Age (days for neonatal/years for childhood), median (range) 8 (1-16) 8 (1-15) 7.10 (6.41-7.65)  7.08 (6.36-7.69)
Height / Length at birth (cm) 50.7 (48.6-521) 497 (48.6-50.8)2  122.9+5.9 122.645.6
Weight (kg) 3.51+0.54 3.52+0.49 235(20.9-26.0)  23.8 (20.6-27.0)
Lean mass (Kg) 3.00£0.42 2.91£0.35 17.1142.21 16.10+2 24P

Fat mass (kg)

Tibial pQCT

4% Total Area (mm?)

4% Trabecular vBMD (mg/cm?3)
38% Total Area (mm?)

38% Cortical Area (mm?)

38% Cortical VBMD (mg/cm?)
Strength Strain Index

0.46 (0.33-061) (55 (0.41-0.72)°

5.44 (4.23-6.79)

695 (567-753)
303455
221 (200-251)
124 (115-139)
1036433
484296

7.04 (5.18-8.58)°

669 (592-758)
30854
228 (199-256)
120 (111-136)
1030437
453+105

8p<0.05

bp<0.01

Cp<0.001 compared to boys of same age.
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Associations between change in body composition from birth to 6-7 years and tibial size

Table 2

Page 15

and volumetric BMD assessed at age 6-7 years assessed by pQCT, and whole body BMC

assessed by DXA. Data shown are standardised beta coefficient (SD per SD) and 95%

confidence interval, with and without mutual adjustment, and for change in height

Change in lean mass

Univariate Adjusted for AFM Adjusted for Univariate
AFM & height
growth

Change in fat mass

Adjusted for ALM

Adjusted for
ALM & height
growth

Tibia (pQCT)

4% CSA 192
38% CSA 157
Cortical CSA 157
SSI 154
Trabecular vBMD 192
Cortical vBMD 157
Whole body (DXA)

BMC 198
Anthropometry

Height 198

0.63(0.49,0.76) ¢ 057 (042,073) ¢ 0.29(0.10,0.49)®  0.35(0.20, 0.50)
0.63(0.50,0.76) ¢ 053 (0.37,069)C  0.26 (0.08.0.44) 2 041 (0.27, 0.55) €

057 (0.45,070) ¢  0.48(0.32,063)C  0.23(0.05 04002 0.39 (0.25, 0.52)

0.70 (0.56,0.84) ¢ 0.62(0.45,0.79) ¢ 0.36(0.18,0.55) ¢  0.38 (0.22, 0.53)°

0.26(0.13,0.40) ¢ 0.30(0.16,0.45) ¢  0.24 (0.05,0.43) 2  0.04(-0.10,0.17)
0.02(-0.14,0.18)  0.08 (-0.10,0.25)  0.17 (-0.04,0.38) -0.10 (~0.25, 0.06)

0,81(0.72,090)% 0.71(0.58,0.83) ¢  0.31(0.18,0.45) ¢  0.54 (0.42, 0.66)

0.76 (0.66,0.86) ¢ 0.68(0.56,0.82) ¢  0.06(-0.020.15) (47 (0.34, 0.59)

0.09 (-0.10, 0.27)

0.18 (0.01, 0.36) @

0.18 (0.02,0.34) &

0.13 (-0.06, 0.31)

-0.10 (-0.25, 0.05)
-0.13 (-0.30, 0.04)

0.23 (0.08,039) °

0.17(0.01,0.32) @

0.00 (-0.15, 0.16)
0.07 (-0.08, 0.22)
0.07 (-0.07, 0.21)
-0.01 (~0.16, 0.14)

-0.13 (-0.27, 0.02)
-0.12 (-0.29, 0.06)

0.12 (0.02,0.23) 2

0.03 (-0.04, 0.09)

CSA: Cross sectional area; vBMD: volumetric Bone Mineral Density; SSI: Strength-strain index; BMC: Bone mineral content; AFM: change in fat
mass; ALM: change in lean mass

0<0.05;
bp<0.01;

€p<0.001;
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Table 3
Associations between change in lean mass (ALM) adjusted for change in fat mass (AM)
from birth to 6-7 years and tibial size and volumetric BMD assessed at age 6-7 years it
boys and girls. Data shown are standardised beta coefficient (SD per SD) and 95%
confidence interval, with and without adjustment for change in height

ALM adjusted for AFM ALM adjusted for AFM and height growth

Boys

Girls

Boys

Girls

4% CSA

38% CSA

Cortical CSA

SSl

Trabecular vBMD

Cortical vBMD

0.47 (0.20, 0.74) °
046 (0.22,0.71) ©
0.24 (~0.00, 0.48)
C
0.50 (0.25, 0.75)
0.12 (-0.12, 0.37)

0.11 (~0.16, 0.39)

0.70 (0.51, 0.89) ©
0.56 (0.33,0.78) ©
Cc
0.67 (-.47, 0.87)
0.76 (0.51,0.98) ©

0.39(0.21,0.57) ©
0.03 (-0.21, 0.27)

0.15 (-0.17, 0.48)
0.16 (-0.10, 0.43)
-0.00 (-0.28, 0.27)
0.23 (~0.05, 0.51)
-0.01 (-0.31, 0.30)

0.26 (-0.07, 0.58)

0.45 (0.22, 0.69) ©
a
0.32 (0.06, 0.58)
0.42 (0.20, 0.63) ©
0.51(0.26,0.76) ©

0.38 (0.14, 0.61) °
0.07 (~0.22, 0.37)

CSA: Cross sectional area; vBMD: volumetric Bone Mineral Density; SSI: Strength-strain index; AFM: change in fat mass; ALM: change in lean

mass
0<0.05;
bp<0.01;

€p<0.001;
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