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Aim

Methods

This study aimed to report on a high prevalence of low bone
mineral density (BMD) and to explore the relationship
between BMD, sex and body composition among a cohort
of Chilean adolescents.

Osteoporosis, associated with low BMD, is a public health
problem. Peak bone mass (PBM) is influenced by genetics,
nutrition, body weight and physical activity, with 90% of
PBM obtained by age 18 years. Recent research challenges
the belief that obesity protects against low BMD. In a study
of overweight and obese adults, researchers noted that
overweight status was neutral or protective of BMD, whereas
obesity was associated with lower bone mass (Greco et al.
2010).
Relationships between adiposity, bone health and fracture
risk in children and adolescents remain under debate. One
study reports overweight/obese children have insufficient
bone health relative to body weight and may be at increased
risk of bone fractures (Goulding et al. 2000). Studies in older
adolescents are needed, as bone mass in this period may best
predict future bone health.

Subjects were part of a larger cohort (n = 1645) studied since
infancy as part of an iron deficiency anemia preventive trial
and follow-up study in Santiago, Chile (Lozoff et al. 2003).
They were recruited at 16–17 years old to participate in a
study of obesity and cardiovascular risk. We report on the
first 308 adolescents studied in this wave of data collection.
Parents signed informed consent, and adolescents signed
informed assent. Ethics Boards at the Institute of Nutrition
and Food Technology, University of Chile, University of
California, San Diego and the University of Michigan
approved this study.
Anthropometry and bone health were measured at a single
time point between 16–17 years. Weight and height were
assessed in duplicate with a Precision Hispana scale and a
stadiometer accurate to 0Æ1 kg and 0Æ1 cm, respectively.
Participants were measured without shoes, wearing underwear, in the Frankfurt position. We determined body mass
index (BMI) percentile using World Health Organization
growth standards. Whole-body BMD was assessed using Lunar
Prodigy dual-energy X-ray absorptiometry scan. All participants were measured according to standard protocols on
the same machine calibrated every other day. BMD z-scores
are based on National Health and Nutrition Examination
Survey III and adjusted for age. We categorised BMD z-score
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as normal (z-score >1) and low (s-score £1). We evaluated
nutrition and physical activity with self-report measures
validated in Chilean children (available on request).
Statistical analyses were performed using SPSS (version 18.0;
SPSS, Chicago, IL, USA). Bivariate associations were determined with Pearson’s correlation coefficients. Using linear
regression, we evaluated the relationship between BMD
z-score, gender, physical activity and nutrition. We estimated
the odds of having low BMD status, considering gender and
BMI status with logistic regression.

Male n (%)

Female n (%)

83 (87%)
12 (13%)

52 (60%)
35 (40%)*

26 (93%)
2 (7%)

25 (81%)
6 (19%)

28 (100%)
0 (0%)

28 (90%)
3 (10%)

Relevance to clinical practice

Participants were 16Æ8 (SD 0Æ3) years old, 49% girls, with an
average BMI percentile of 65. Three per cent were underweight and 38% were overweight or obese (BMI ‡85th
percentile). Twenty-one per cent of the adolescents met the
criteria for low BMD. Girls were more likely to have low
BMD than boys, 31 and 10%, respectively (p < 0Æ01).
Gender differences in all weight groups were maintained; the
normal weight group showed the greatest gender disparity,
with 40% of girls and 13% of boys with low BMD
(p < 0Æ01) (Table 1). Overall, BMD z-score positively correlated with BMI percentile (r = 0Æ51, p < 0Æ001), per cent
fat mass (r = 0Æ16, p < 0Æ01) and waist circumference
(r = 0Æ51, p < 0Æ001) and negatively associated with per
cent lean mass (r = 0Æ17, p < 0Æ01). In multiple linear
regression, higher BMD z-score positively associated with
higher BMI percentile (p < 0Æ001). Physical activity and
nutrition were not related to higher BMD z-score.
Compared with overweight and obese adolescents, the
odds of low BMD were four times greater in normal weight
participants (95% CI 1Æ9–8Æ2, p < 0Æ01) and 4Æ6 times
greater in girls, compared with boys (95% CI 2Æ4–9Æ1,
p < 0Æ01). Nonetheless, 13% of the overweight participants

Table 1 Comparing bone density by gender and BMI status

BMI, body mass index.
*Chi-square test significant at p < 0Æ01.
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Conclusions
In our sample of low- to middle-income Chilean adolescents,
low BMD was prevalent without sparing overweight or obese
participants. Notably, girls had higher proportions of low
density compared with boys. We highlight this disparity as
girls are at higher risk of developing osteoporosis in adulthood.
This disparity may differ by context. In Chile, a substantial
decrease in the nutritional quality of foods consumed among
school-age children has been documented in the last decade –
with insufficient amounts of dairy, fruits and vegetables and
high amounts of energy dense foods and sugar-sweetened
beverages (Olivares et al. 2007). A disparity by socioeconomic status (SES) has also been noted, with Chilean
children of medium–high SES consuming more dairy and less
energy dense foods compared with children of low SES
(Olivares et al. 2007).
Our study furthers the discussion regarding adiposity and
BMD in adolescents. Bone mineral content and area have
been proposed as the preferred measures of bone mass in
growing youth (i.e. pre- and peri-pubertal) (Pollock et al.
2010). We used BMD as our measure of bone health,
considering that, given participants’ age, most would be in
Tanner stage 4 or 5. We found higher BMI was generally
associated with normal BMD, with notable exceptions.
We studied older adolescents, when PBM has been nearly
reached and when it may be most predictive of future fracture
risk.
This study is not without limitations, most notably the
cross-sectional design. Recent work illustrates the necessity
for longitudinal studies related to changes in bone health and
weight loss (Goulding et al. 2000). Longitudinal studies
during adolescence may help to determine whether bone
alterations track into adulthood. Strengths of this study
include a community-based sample with a relatively large
number of adolescents in all weight categories. Future
research should explore how age of onset of adiposity and
fat distribution influence the relationship between low BMD
and fracture risk. Weight-bearing physical activity, calcium
intake, Vitamin D levels and how these factors interact with
adiposity as related to BMD should also be assessed.

Results

Normal weight (n = 129)
Normal bone density
Low bone density
Overweight (n = 38)
Normal bone density
Low bone density
Obese (n = 40)
Normal bone density
Low bone density

met criteria for low BMD. Two obese participants (5% of
obese participants) met the criteria for low BMD.

Fat mass is protective of adult bone health; however, this
relationship remains unclear in children and adolescents.
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Nursing care professionals should be aware that
female adolescents may be at particular risk of poor bone
health and overweight and obese adolescents may not be
immune.
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