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Abstract
Background—The extent to which nutrient intake may influence bone structure and strength
during maximum rates of skeletal growth remains uncertain.

Objective—To examine the relationship of dietary intake of micronutrients and bone macro-
architectural structure in young girls.

Design—This cross-sectional analysis included baseline data from 363 4th and 6th grade girls
enrolled in the Jump-In study. Nutrient intake was assessed using the Harvard Youth/Adolescent
Food Frequency Questionnaire. Volumetric BMD (vBMD), bone geometry and strength were
measured by peripheral quantitative computed tomography (pQCT). Correlations and regression
modeling assessed relations between usual nutrient intake and bone parameters.

Results—In 4th grade girls, metaphyseal and diaphyseal area and circumferences, and diaphyseal
strength were associated with vitamin C intake (r = 0.15–0.19; p<0.05). Zinc intake was correlated
with diaphyseal vBMD (r = 0.15–0.16; p<0.05). Using multiple linear regression to adjust for
important covariates, we observed significant independent associations for vitamin C and zinc
with bone parameters. For every mg/d of vitamin C intake trabecular area increased by 11%,
cortical strength improved by 14%; and periosteal and endosteal circumferences increased by 5%
and 8.6%, respectively. For every mg/d of zinc intake, cortical vBMD increased by <1%. No
significant associations were observed in 6th-grade girls.

Conclusion—Results of this study suggests that vitamin C and zinc intake are positively
associated with objective measures of bone geometry, size and strength in 4th-grade girls. This
indicates potential differences in micronutrient and bone associations at various age-associated
stages of bone maturation perhaps indicative of competing hormonal influences.
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INTRODUCTION
Osteoporosis is among the diseases proposed to have origins in childhood eating and
physical activity habits. Optimizing bone strength during growth is imperative for bone
health and may decrease the incidence of osteoporosis [1] and related fracture risk. Peak
bone strength is determined by bone mass, and composition, and material properties,
geometry and microstructure [2]. The accrual of bone mineral occurs gradually throughout
childhood and adolescence until the 2 years surrounding peak linear growth, when
acquisition peaks. It is during this adolescent growth spurt, also known as peak height
velocity (PHV), that approximately 40–60% of peak bone mass (PBM) is achieved [3]. It is
widely accepted that PBM and peak bone strength, obtained during this phase of rapid
skeletal growth, are critical determinants of adult bone status [3–4]. Poor mineral accrual
and lower PBM are key factors in the etiology of osteoporosis, which can be exacerbated by
a deficiency of nutrients essential to bone metabolism and maintenance [5].

The roles of calcium and vitamin D in bone health are well established in adults and children
[6–9] (Figure 1). Past research has demonstrated increased bone mineral content (BMC),
bone mass and presumably greater PBM in children supplemented with 300–1200 mg
additional calcium and 200 IU vitamin D/d [10–12]. Conversely, supplementation of this
magnitude frequently produces no change or only modest increases in bone mineral density
(BMD) at clinically relevant sites (hip, spine, total body) that are often transient and usually
arise roughly two years after the onset of menarche [13]. As research focuses on maximizing
PBM for reduction of osteoporotic fracture risk later in life, it is critical to study modifiable
dietary factors beyond calcium and vitamin D that may affect bone development [14–18]. It
is equally important to investigate associations using more precise measures of bone status,
e.g., as assessed by peripheral quantitative computed tomography (pQCT), in addition to
dual energy x-ray absorptiometry (DXA), which can measure volumetric density directly
and other aspects of bone strength such as bone geometry.

Other nutrients known to be important for adult skeletal health include magnesium,
potassium, iron, zinc and vitamin C (Figure 1) [7, 19–20]. Vitamin C and zinc are required
for collagen production and bone growth [5]. Vitamin C is an important cofactor in the
cross-linking of collagen fibrils [21]. Collagen, a critical component of bone matrix, is vital
to bone’s resistance to permanent deformation and fracture [13]. Its development is of
particular concern during critical periods of rapid growth when longitudinal and
circumferential skeletal growth outpace increases in mineralization (bone mass), leaving
bones weak and more susceptible to fracture [4]. Zinc is essential for osteoblast activity [22]
and may stimulate synthesis of insulin-like growth factor I (IGF-I) [22], a mediator of linear
growth and a bone anabolic factor [12]. Perhaps surprisingly, little is known about the
impact of the intake of these nutrients during important periods of maturation and growth
[20]. The purpose of the present study was to examine associations between less frequently
studied dietary intake of micronutrients [23], and bone material and structural (density and
geometry) properties as components of bone strength using pQCT in pre and early pubertal
girls.

METHODS
Study design and participants

Baseline data from 453 healthy 4th and 6th grade girls, aged 8–12 years who were
participating in the “Jump-In: Building Better Bones” study were considered for inclusion in
this cross-sectional analysis (Figure 2). Details of the Jump-In study have been described
elsewhere [24]. Briefly, Jump-In is a randomized, controlled trial of the effects of exercise
on bone development in preadolescent girls. Participants were recruited from 14 elementary
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and 4 middle schools from two school districts in Tucson, Arizona. Schools were matched
on school demographics (enrollment; mobility rates; socioeconomic status, reflected in
percent enrollment qualifying for free and reduced lunch; race/ethnicity) and block
randomized to the exercise intervention or control groups. Inclusion criteria were any female
in school grade 4 or 6. Exclusion criteria included learning disabilities (identified by
schools) that made it impossible to complete questionnaires or otherwise unable to comply
with assessment protocols; medications, medical conditions, or a disability that limited
participation in physical exercise [25]; and the inability to read and understand English. This
study was approved by the University of Arizona Institutional Review Board; written child
assent and parental consent were obtained for all participants.

Physical maturation
Although Tanner staging is common in developmental studies, its ability to accurately assess
maturation is limited [26]. Therefore, an alternate index of maturation (maturity offset) was
estimated using Mirwald’s gender specific prediction equations [27], based on six-year
longitudinal data in boys and girls [28]. The algorithms incorporate interactions between
height, weight, sitting height, leg length, and chronological age to predict where an
individual is in relation to peak height velocity (PHV). As a benchmark of maximum growth
rate during adolescence, age of PHV is a common indicator of maturity.

Dietary assessment
Energy and micronutrient intakes were assessed using the semi-quantitative Harvard Youth/
Adolescent Food Frequency Questionnaire (YAQ). Acceptable validity and reproducibility
of the YAQ have been established in children and adolescents [29]. Participants completed
the YAQ with supervision and with the guidance of written instructions. YAQs were
reviewed by trained study staff for completeness and were coded following standard coding
procedures [29]. YAQs were then sent to Channing Laboratories (Boston, MA) for nutrient
analysis.

Physical Activity (PA) assessment
PA was estimated from pedometer step counts [24]. Subsequent to laboratory testing,
participants were instructed to wear an Omron HJ-720ITC (Bannockburn, IL) pedometer on
their right hip for 7 contiguous days during all waking hours, except when in water [24].
Validity and reliability for this pedometer has been tested under prescribed and self-paced
walking conditions [30]. Physical activity levels (PAL) were assigned as follows: sedentary
< 7,000 steps/day (PAL = 1.2); low active 7,000–9,499 steps/day (PAL = 1.5); somewhat
active 9,500–11,999 steps/day (PAL = 1.8); active 12,000–14,499 steps/day (PAL = 2.0);
and highly active > 14,500 steps/day (PAL = 2.2) [31]. PALs were then used to estimate
total energy expenditure (TEE).

Anthropometry
Anthropometric measures were completed according to standard protocols; the average of
two measurements was used as the criterion measure [32]. Standing and sitting height
(nearest 0.1 cm) were assessed at full inhalation using a stadiometer (Shorr Height
Measuring Board, Olney, MD). Body mass was measured (nearest 0.1 kg) with a calibrated
digital scale (Seca, Model 881; Hamburg, Germany). Body mass index (BMI) was
calculated as weight (kg)/height (m2). Femur and tibia lengths were measured on the non-
dominant (ND) leg (nearest mm). Femur length was measured from the base of the patella to
the inguinal crease. Tibia length was measured from the proximal end of the medial border
of the tibial plateau to the distal edge of the medial malleolus. Coefficients of variation
(CVs) for femur and tibia lengths were 0.09% and 0.08%, respectively (n = 363).
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Bone and body composition assessment
Dual energy x-ray absorptiometry—Whole body and regional (total hip and lumbar
spine, LS), BMC (kg), areal BMD (aBMD, g/cm2) and soft tissue composition (lean soft
tissue and fat masses (kg)) were assessed by DXA (GE/Lunar Radiation Corp; Madison, WI;
PRODIGY). All scans were performed and analyzed by a certified technician following
standard procedures. CVs for DXA (0.6% for spine phantom, BMD, L2–L4) and BMD
precision (± 1.8% for lumbar spine, ± 2.4% for femoral neck and trochanter, and ± 0.8% for
total body BMD) in our laboratory have been reported previously based on the repeat scans
(approximately 1 week apart) of 261 women [21].

Peripheral quantitative computed tomography—pQCT was performed using the
Stratec XCT 3000 scanner (STRATEC Medizintechnik GmbH, Pforzheim, Germany,
Division of Orthometrix; White Plains, NY). Details regarding pQCT bone measurements
and procedures have been published previously [24]. At baseline, volumetric BMD
(vBMD), bone geometry (trabecular density, area and periosteal circumference, and cortical
density, area, endosteal and periosteal circumferences) and indices of bone strength (bone
strength index (BSI, mg2/mm4) and strength-strain index (SSI, mm3) were measured at the
4% and 20% femur and 4% and 66% tibia sites relative to the respective distal growth plates
of the non-dominant limb. BSI, calculated as described by Kontulainen [33], is an estimate
of the bone’s ability to withstand compression at metaphyseal sites. SSI, calculated as
described by Macdonald [34], estimates the bone’s ability to resist torsion and bending
forces at diaphyseal sites. Scout scans were performed at the distal growth plates of the
femur and tibia, and measured sites were subsequently located based on tibia and femur
lengths. The pQCT instrument was calibrated and quality assurance procedures were
completed daily. All scans were performed by a single operator and were analyzed using
Stratec software (Version 5.50) by a second trained technician. CVs (n = 29 per skeletal site)
previously reported in our laboratory [24] were <1.1% for vBMD, bone geometry, and
indices of bone strength (BSI, SSI).

Statistical analysis
Descriptive statistics (means, SDs, and ranges) were calculated and the distributions of all
nutrient variables were examined for outliers and normality. Skewed nutrient intakes
(vitamin D, vitamin C and iron) were normalized using log transformations; transformed
data were used in all subsequent analyses. An independent t-test was used to test each
nutrient and all bone variables for significant differences between 4th and 6th grade girls.
Paired t-tests were used to assess significant differences between reported micronutrient
intakes estimated with and without reported supplement use (calcium, vitamin D, potassium,
magnesium, vitamin C, zinc, and iron). Pearson correlation coefficients were computed to
assess bivariate relationships between bone-related micronutrient intakes and bone
measures.

Multiple linear regression was used to examine independent associations of bone parameters
and micronutrient intakes while controlling with covariates known to influence bone during
growth (i.e. age, height, weight, fat and lean masses, tibia or femur length, and maturation).
Biological impacts on bone and statistical implications were considered for each covariate.
To protect against colinearity from highly correlated covariates (i.e. height and leg lengths (r
>0.90), and weight and fat mass (r=0.90)), and overcorrecting our model, only lean mass
(from DXA) and maturation (maturity offset) were included in the model (Model 1). This
simplified model retained maximum predictability (adjusted R2 ≥ 0.584 for all bone sites)
and minimized probable biological and statistical noise that may mask the less prominent
impact of nutrient intake. Regression analyses were repeated adjusting the basic model for
EI and PA (Model 2) to account for the potentially confounding influence of these factors.
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Analyses were repeated substituting Tanner Stage for maturity offset (data not shown). All
data were analyzed using SPSS for Windows statistical software, Version 18.0 (Chicago, IL,
USA).

RESULTS
Subject characteristics

The descriptive characteristics the participants (n=363 4th and 6th graders) are shown in
Table 1. Sample ethnicity (4th and 6th grade, respectively) was 22% and 21% Hispanic, and
78% and 79% non-Hispanic, Sample race was 85% and 89% white, 10% and 4% Asian, 3%
black or African American, 1% and 2% Latino, 1% Native Hawaiian or other Pacific
Islander, and 0.5% and 0.6% others in 4th and 6th graders, respectively. Significant
differences between 4th and 6th grade girls were evident for all characteristics including
bone measurements. Based on the Centers for Disease Control and Prevention (CDC)
percentiles for BMI [35]: 3.8% (4th grade) and 4.5% (6th grade) of the girls were
underweight (BMI < 5th percentile), 77.2% and 70.4% were healthy weight (BMI 5th–85th
percentile), 13% and 17.3% were overweight (BMI 85th–95th percentile), and 6% and 7.8%
were obese (BMI > 95th percentile) in 4th and 6th graders, respectively. Maturity offset
values indicated that 40% of 6th grade girls had reached PHV and 34.6% were estimated to
be within 6 months of it. None of the 4th grade girls had reached PHV; 95.1% were one or
more years pre-PHV.

Dietary intake and energy expenditure
Mean reported daily intake of total energy, macro and micronutrients, and estimated TEE
are shown in Table 2. Fourth grade girls reported higher intakes of total energy, all
macronutrients, and more PA than 6th grade girls. Fourteen (7.6%) 4th grade and 3 (1.7%)
6th grade girls achieved the recommended 12,000 steps/d (females aged 6–12 yrs). The
portion of 4th and 6th grade girls respectively who met the RDA for the bone-related
nutrients were as follows: calcium (27%, 18%), vitamin D (55%, 51%), potassium (AI, 1%,
0%), magnesium (51%, 35%), vitamin C (87%, 89%), zinc (78%, 69%), iron (84%, 87%),
total energy (59%, 47%), and protein (91%, 93%). Paired t-tests showed significant
differences in reported intake of calcium, iron, zinc, magnesium, and vitamins C and D
estimated with and without supplements (Table 3).

Associations between bone measurements and bone related micronutrients
Bone geometry, size and density from pQCT were significantly correlated with calcium,
vitamin C and zinc intake in 4th grade girls (Table 4). There were no significant associations
between the intakes of any of the evaluated micronutrients and bone measures in 6th grade
girls (Table 4).

Multiple linear regression analysis
In 4th grade girls, vitamin C was independently associated with femoral trabecular area,
periosteal and endosteal circumferences, and tibial SSI (Table 5). Zinc had a positive
independent association with femoral cortical density and iron was negatively associated
with femoral cortical area, and tibial SSI (Table 5). The regression analysis (M1) did not
reveal significant independent associations for bone-related nutrients at any of the femur
sites in 6th grade girls. After adjustment (M2), significant linear relationships were found
between magnesium, tibial trabecular area (β = −0.46, P < 0.05) and periosteal
circumference (β = −0.42, P < 0.05). Zinc had an independent negative association with
tibial cortical area (β = −0.35, P < 0.05) and TBBMC (β = −0.26, P = 0.01). Analyses with
Tanner stage substituted for maturity offset gave similar results and did not change the
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magnitude or direction of the observed relationships between dietary nutrient intake and
bone measures.

DISCUSSION
We examined the relationships between mean intakes of dietary micronutrients and bone
status, with adjustments for the most influential and potentially confounding factors
including maturation, lean body mass, total EI and PA [36] in preadolescent girls. The
finding of a positive association between vitamin C intake and metaphyseal geometry as
well as diaphyseal strength in prepubescent girls is novel, since most past studies have used
2-dimensional DXA measures. This work expands upon the prior literature in several ways
including the use of pQCT along with DXA to evaluate micronutrient-bone health
associations in preadolescent females undergoing skeletal maturation. Our ability to assess
associations at different benchmarks of maturation was another novel aspect of the research.

The nutritional factors that were studied are thought to be of particular importance during
periods of rapid skeletal growth due to their involvement in bone formation, quality and
status overall [5, 26, 37]. Nevertheless, relationships between intakes of these nutrients,
bone development and attainment of bone strength have not been fully investigated.
Consequently, apriori we hypothesized that all of these nutrients would be significant
predictors of strength and structural parameters, as well as (as shown in previous studies)
mass and density. Interestingly, only vitamin C and zinc intake were positively associated
with bone measures in the current analysis and most consistently in the younger (4th grade)
girls. Negligible relationships between intake of micronutrients and bone status observed in
6th graders may underscore the increasing and predominant influence of hormones (i.e.
Oestrogen, etc.) on bone accretion as girls approach maturity. Around age 10y, hormonal
changes occur more rapidly and likely begin to overshadow the influence of micronutrient
intakes on skeletal growth. Similarly, the potential for micronutrient intakes to influence
bone may vary during critical phases of bone apposition throughout maturation. With key
roles in collagen production, vitamin C and zinc may be more influential during periods
when collagen production is prominent. In general, the divergence in maturation between
the two groups may explain the differential results in 4th compared to 6th grade girls.

Previous studies in children and adults have reported a positive influence of vitamin C on
aBMD of the hip, the heel and BMC of the LS [14–15, 17]. In this study, using DXA, the
association was positive as hypothesized and approached significance (total hip (p = 0.07)
and LS (p = 0.09)), although only in 4th grade girls. Using pQCT, our data showed that
vitamin C is positively related to trabecular geometry and cortical strength in 4th grade girls.
Importantly, vitamin C intake in the current study was more than twice the RDA in both
groups.

Despite reported associations between zinc intake and BMD in premenopausal women [17]
and with bone formation in animal studies [22], a study in healthy 12-year old girls did not
show an effect of zinc supplementation on bone metabolism [22]. In the current study, zinc
was positively correlated with femoral and tibial cortical vBMD and tibial cortical strength
in 4th grade girls, whereas iron was negatively associated with cortical strength and area.
Inconsistent relationships for iron and zinc suggest a stronger influence of the covariates in
the regression models on bone status cross-sectionally than the intake of these specific
nutrients. The negative relation of iron to bone measures in this study is novel given that
iron is thought to be beneficial for bone [5]. The impact of iron intake and menstruation on
iron status combined with the multifactorial relationship of iron to lean body mass during
the adolescent growth spurt in girls, are grounds for cautious interpretation. Unfortunately,
the variability in these longitudinal factors could not be assessed in this cross-sectional
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study. However, these new observations may underscore the importance of pQCT in the
study of rapidly changing bone.

Previous studies in adolescents (7–17 y) have reported positive effects of supplementation
with calcium and vitamin D on BMD and BMC [12]. The lack of significant associations
between calcium and vitamin D intake and bone parameters in our sample may be
attributable to intake below those reported in “supplemented” intervention studies and
current recommendations. Additionally, dietary sources of vitamin D intakes are limited and
are not commonly consumed by girls in this age range, and thus contribute minimally to
overall vitamin D status in young girls residing in Arizona who generally experience
generous daily UV sunlight exposure.

Although DXA is frequently used to assess skeletal status in research involving children
[14–16, 19, 37–41], it is confounded by the accelerated changes experienced during growth,
an important limitation of past work in this area. Unlike DXA, pQCT provides 3-
dimensional measures of true volumetric density and geometrical features of the bone and it
is possible to differentiate between cortical and trabecular BMD compartments [42–43]. To
date, few studies have used pQCT [44–45] to investigate bone-micronutrient relationships,
and none have examined the diversity of micronutrient intake assessed in our sample.
Continued and broader use of pQCT should help clarify the relationship between dietary
intake and bone parameters, particularly among children. Replication of our findings related
to vitamin C and pQCT are necessary.

This study is limited by the cross-sectional design; causal relationships cannot be inferred.
The lack of racial diversity in this sample is also problematic, limiting generalizability. The
fact that our data show a consistent positive influence of vitamin C and a potential for zinc
and iron to be related to bone status in prepubescent, but not early-pubescent girls is novel
and warrants further investigation. The findings also demonstrate that nutrients other than
calcium and vitamin D play vital roles in early bone development. Longitudinal analyses are
warranted.

CONCLUSION
In summary, intakes of vitamin C and zinc are related positively to bone size, geometry and
strength in preadolescent girls as measured by pQCT. Differential micronutrient-bone
relationships in 4th and 6th grade girls demonstrate that the influence of nutrient intake on
bone may vary through the peri-pubertal years. Our data are consistent with the
recommendation that girls consume adequate vitamin C and zinc, from foods like citrus
fruit, lean meat, poultry and fortified cereals to maximize bone development.
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Fig. 1.
Influences of select micronutrients on bone development and fracture risk

Laudermilk et al. Page 11

Calcif Tissue Int. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig. 2.
Consort Diagram
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Table 1

Descriptive characteristics, maturation status and bone measurements of 363 young girls

4th Grade (N = 184) 6th Grade (N = 179)

Mean ± SD Range Mean ± SD Range

Age, y 9.8 ± 0.5 8.8 – 11.5 11.7 ± 0.5 10.2 – 12.8

Height, cm 138.8 ± 6.6 120.3 – 155.3 152.2 ± 7.6 131.2 – 171.9

Weight, kg 34.1 ± 7.2 19.3 – 55.9 45.1 ± 9.9 22.7 – 71.3

BMI, kg/m2 17.6 ± 2.7 12.4 – 27.3 19.4 ± 3.5 13.0 – 32.1

Lean Mass, kg 23.2 ± 3.3 15.8 – 33.1 30.2 ± 4.7 17.4 – 43.8

Fat Mass, kg 9.5 ± 4.8 1.6 – 27.6 13.6 ± 6.8 3.7 – 37.7

Tibia Length, cm 31.6 ± 2.1 25.5 – 36.9 35.2 ± 2.3 29.2 – 40.7

Femur Length, cm 32.5 ± 2.2 24.4 – 37.3 36.4 ± 2.5 29.5 –43.1

Maturation Status

  a Maturity Offset, y −1.9 ± 0.5 −3.2 - (−0.6) −0.1 ± 0.6 −1.9 – (1.2)

pQCT bone measurements

 Femur 4% sites

  Trabecular Density, mg/ccm 232.2 ± 32.6 149.6 – 309.9 242.1 ± 32.7 153.9 – 335.0

  Trabecular Area, mm2 935.0 ± 162.2 545.5 – 1564.6 1190.8 ± 203.8 709.1 – 2028.1

  Periosteal Circumference, mm 118.9 ± 9.5 93.9 – 152.3 133.6 ± 10.5 104.3 – 172.4

  b BSI, mg2/mm4 84.3 ± 21.9 42.0 – 154.5 109.9 ± 29.2 53.5 – 215.6

 Femur 20% sites

  Cortical Density, mg/ccm 1040.9 ± 22.2 983.0 – 1088.4 1049.1 ± 24.3 976.8 – 1107.6

  Cortical Area, mm2 157.0 ± 23.8 109.6 – 226.6 197.3 ± 31.2 128.9 – 275.0

  Periosteal Circumference, mm 73.2 ± 6.8 55.4 – 97.1 83.1 ± 7.4 64.3 – 103.5

  Endosteal Circumference, mm 58.1 ± 7.4 39.0 – 81.4 66.5 ± 7.8 46.5 – 88.2

  c SSI, mm3 1119.7 ± 257.5 565.5 – 2076.6 1625.7 ± 377.3 881.4 – 2822.3

 Tibia 4% sites

  Trabecular Density, mg/ccm 218.9 ± 26.8 155.1 – 306.1 224.6 ± 27.6 154.1 – 301.4

  Trabecular Area, mm2 422.9 ± 75.6 174.5 – 644.1 537.2 ± 100.2 231.7 – 869.1

  Periosteal Circumference, mm 81.9 ± 6.4 59.4 – 98.9 91.9 ± 7.7 68.6 – 114.9

  b BSI, mg2/mm4 46.1 ± 11.3 23.1 – 80.8 58.4 ± 15.2 28.2 – 106.8

 Tibia 66% sites

  Cortical Density, mg/ccm 1017.9 ± 29.5 886.3 – 1098.6 1041.1 ± 31.8 953.4 – 1121.0

  Cortical Area, mm2 172.2 ± 28.9 78.6 – 250.7 212.1 ± 32.9 123.8 – 306.1

  Periosteal Circumference, mm 68.6 ± 5.8 55.4 – 87.7 75.7 ± 6.1 54.8 – 92.8

  Endosteal Circumference, mm 50.4 ± 6.1 34.2 – 70.3 55.3 ± 6.7 38.0 – 73.4

  c SSI, mm3 999.9 ± 247.8 320.7 – 1795.8 1391.3 ± 313.9 583.8 – 2225.1

DXA bone measurements

 d TBBMC, kg 1.2 ± 0.2 0.8 – 2.0 1.7 ± 0.4 0.8 – 2.7

 e TBBMD, m/kg 0.9 ± 0.1 0.7 – 1.0 1.0 ± 0.1 0.8 – 1.1
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4th Grade (N = 184) 6th Grade (N = 179)

Mean ± SD Range Mean ± SD Range

 f ND Total Hip, m/kg 0.8 ± 0.1 0.5 – 1.1 0.9 ± 0.1 0.6 – 1.2

 g L2–L4 Spine, m/kg 0.8 ± 0.1 0.6 – 1.1 0.9 ± 0.1 0.6 – 1.3

All characteristics and bone measures are significantly different between 4th and 6th grade girls

a
Maturity Offset = years from peak height velocity (PHV). Maturity offset values can include zero and the range may include both negative and

positive integers where a value of 0 = at PHV, < 0 = number of years before PHV, and > 0 = number of years after PHV.

b
BSI = bone strength index

c
SSI = Strength-strain index

d
TBBMC = total body bone mineral content

e
TBBMD = total body areal bone mineral density

f
ND Total Hip = non-dominant total hip areal bone mineral density

g
L2–L4 Spine = Lumbar 2 - Lumbar 4 Spine areal bone mineral density
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Table 3

Paired t-test for micronutrient intakes estimated with and without supplement use (N = 363)

Micronutrient Mean Standard Deviation p-value (2-tailed)

Pair 1 Calcium, mg 976.3 425.9
.000

Calcium, mg (without supplements) 948.7 418.0

Pair 2 Magnesium, mg 234.9 83.3
.000

Magnesium, mg (without supplements) 228.1 81.1

Pair 3 Potassium, mg 2282.5a 834.5
N/A

Potassium, mg (without supplements) 2282.5a 834.5

Pair 4 Zinc, mg 12.3 5.7
.000

Zinc, mg (without supplements) 9.6 3.5

Pair 5 Iron, mg 15.4 7.7
.000

Iron, mg (without supplements) 12.0 5.1

Pair 6 Vitamin C, mg 107.9 64.6
.000

Vitamin C, mg (without supplements) 94.2 58.6

Pair 7 Vitamin D, IU 272.8 179.7
.000

Vitamin D, IU (without supplements) 203.9 132.1

a
The correlation and t cannot be computed because the standard error of the difference is 0.
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