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Osteoporosis is characterized by 
decreased bone mass and structural 
deterioration of bone tissue resulting 
in increased bone fragility and sus-
ceptibility to fractures.1 While osteo-
porosis is a major health problem for 
roughly 44 million women and men 
> 50 y old,1 it is considered a pediat-
ric disease with geriatric outcomes. 
Pre-adolescence is a critical phase of 
life when maximum rates of skeletal 
growth and accrual of bone mineral 
density are observed and thus modi-
fiable risk factors such as diet could 
influence bone growth and adult 
bone health. However, the extent 
to which diet impacts bone mineral 
density (BMD), and bone geometry 
during growth has not been fully 
elucidated. 

Several nutrients have been identi-
fied as key players in bone health 
and maintenance. Past research has 
shown that by consuming the recom-
mended dietary allowance (RDA) of 
dietary calcium and vitamin D, bone 
structure can be improved and frac-
tures associated with osteoporosis 
may be preventable.2-5 However, little 
is known about the roles of other 
bone related nutrients (magnesium, 
potassium, zinc, iron and vitamin C) 
during bone development. Recently, 
research has focused on optimiz-
ing bone health and the impact of 
dietary factors beyond calcium and 
vitamin D that may affect the accrual 
of BMD, geometry, and ultimately 
bone strength throughout life.6-13

Three hundred and sixty-three 4th 
and 6th grade girls (10.7 ± 1.5 years) 
participated in this cross-sectional 
study investigating the relationship 
of self-reported dietary intake and 
bone macro-architectural structure 

(mass, density, and strength) in pre-
pubescent and early-pubescent girls. 
We tested the hypothesis that higher 
intake levels of bone related nutrients 
will be associated with higher BMD, 
strength, and geometry in pre-ado-
lescent girls. Participants completed 
the Harvard Youth/Adolescent Food 
Frequency Questionnaire (YAQ) and 
wore a pedometer for 5-7 days. Areal 
BMD (aBMD) and bone mineral con-
tent (BMC) were measured by dual 
energy X-ray absorptiometry (DXA) 
(total body, total hip, femoral neck, 
and spine). Volumetric BMD (vBMD), 
geometry and strength were mea-
sured by peripheral quantitative  
computed tomography (pQCT) in  
the non-dominant (ND) leg (tibia  
and femur). 

In 4th graders: vitamin C and zinc 
were positively related to the femur 
(p < 0.05); calcium was inversely asso-
ciated with two femur sites (p < 0.05); 
zinc and iron significantly predicted 
all DXA outcomes (p < 0.05, 0.01, 
respectively); and on average, vita-
min C accounted for 17 and 13% of 
the variance of femur and tibia sites 
respectively. In 6th graders: zinc was 
negatively correlated with one femur 
site (p < 0.05); zinc and magnesium 
were both significant predictors of 
total body BMC and BMD (p < 0.05); 
vitamin C was a significant predictor 
of 31% of tibia sites (p < 0.05); zinc 
generally accounted for 37% of the 
variance of tibia sites; and surprisingly, 
calcium was not a significant predic-
tor of any bone outcome in either 
group. After adjustment for caloric 
intake (CI), physical activity (PA) and 
other covariates, calcium was not 
associated with any bone outcomes 
in either group but vitamin D was 

positively correlated with ND-total 
hip, total body BMD and femur 4% 
cortical area in 4th graders (p < 0.05). 

While the roles of calcium and 
vitamin D are widely known, less is 
known about the functions of other 
bone-related nutrients, such as mag-
nesium, vitamin C, iron, and zinc.16 
However, we expected these nutri-
ents to be significantly correlated 
predictors of most bone parameters 
as previously shown in randomized 
intervention studies in children  
and cross-sectional studies in  
adults.6, 9, 13, 17 In fact, our data sup-
port recent studies that have shown 
a positive impact of vitamin C on 
BMD in children13 and correlations 
between vitamin C, and fruit and 
vegetable intake during child-
hood and higher BMD and reduced 
fracture risk in both children and 
postmenopausal women.7, 9, 10, 12, 13 
Moreover, similar studies have shown 
significant correlations with mag-
nesium intake and bone status,6-8 
although while low serum zinc levels 
have been linked to osteoporosis, 
the evidence remains inconclusive.16 
Our data suggests a favorable role 
for zinc during pre-pubescents that 
may impact bone differently during 
the early-pubertal years. Overall, it is 
important to note that factors such 
as maturation offset (years from 
peak height velocity) and the onset 
of menarche have immense effects 
on bone mass caused by hormonal 
changes that may conceal the impact 
of diet in this age group.2 Our data 
support this idea given that most 
associations were found in 4th grad-
ers and the magnitude and direction 
of associations differed between 4th 
and 6th grade girls. 
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Limitations to this study exist. For 
example: our study lacked an inter-
vention with varying intake levels  
of bone-related nutrients; it evaluates 
cross-sectional relationships of  
individual nutrient intake rather than 
longitudinal relationships of food 
groups and dietary intake patterns; 
interpretation of results may have 
been hindered when the bone-
remodeling transient has not been 
accounted for;14 and also, the possi-
bility of reporting bias. Strengths  
of this study include the fact that, it 
is one of the first to investigate cur-
rent dietary intake and bone status 
in growing children using both areal 
and volumetric bone mineral den-
sities and geometry measured by 
pQCT. While this study did not sup-
port our hypothesis, it demonstrates 
that individual nutrients may impact 
bone status differently throughout 
maturation and that cross-sectional 
dietary intake is related to bone sta-
tus measured by DXA and pQCT in 
young girls. Further research is need-
ed to determine the relationships 
between long-term dietary intakes of 
macro- and micro-nutrients and bone 
development of adolescents, as well 
as assessment of the potential impact 
of these nutrients on peak bone mass, 
geometry and strength to prevent or 
delay the onset of osteoporosis.
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“Comprehensive Guidebook to 
Obtaining Privileges for Nutrition 
Order Writing” by Silver, Skipper 
and Moreland” is being pub-
lished by Helm Publishing, Inc. 
This guidebook is designed to 
provide you with all the informa-
tion currently available that you 
need to determine how, why, 
where and when to obtain clini-
cal privileges for nutrition order 
writing. It will be available in 
October at the ADA FNCE Exhibit 
Hall Booth 49 and Product 
Market Place. 

It may also be ordered at  
www.helmpublishing.com 
or by phone 1-877-560-6025. 
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