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Abstract. Total fat mass plays a signiﬁcant role in
determining bone mass, but the speciﬁc role of central
adiposity independent of total fat mass has not
been widely studied. Prepubertal (Tanner 1) children
(n = 181; 65 boys, 116 girls, 7.8 ± 1.5 years), including
99 Caucasians and 82 African Americans from Birmingham, Alabama, participated in this study. Body
composition, including total body and trunk fat mass,
and bone mineral content (BMC) were measured using
dual-energy X-ray absorptiometry. Subcutaneous
abdominal adipose tissue (SAAT) and intra-abdominal
adipose tissue (IAAT) were determined by single-slice
computed tomography (CT). After adjusting for gender,
age, height, total fat, and lean mass, trunk weight
was inversely correlated with BMC in Caucasians
(r = )0.56, P < 0.0001) and in African Americans
(r = )0.37, P < 0.05). In Caucasians, independent of
gender, age, height, total fat, and lean mass, there was
an inverse correlation between SAAT and BMC
(r = )0.58, P < 0.0001) but no signiﬁcant correlation
between IAAT and BMC; in addition, SAAT explained
6% of the variance in BMC. In contrast, in African
Americans, SAAT and BMC were not signiﬁcantly
correlated. However, while adjusting for gender, age,
height, SAAT, total fat, and lean mass, an inverse
association between IAAT and BMC was observed in
African Americans (r = )0.50, P < 0.01); IAAT also
explained 3% of the variance in BMC. These ﬁndings
suggest that, in general, total abdominal weight is negatively associated with bone mass, but there appear to
be racial diﬀerences with regard to the contributions of
subcutaneous and visceral fat to BMC in prepubertal
children.
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The important link between android body fat distribution and several diseases (hypertension, diabetes, stroke,
myocardial infarction) has been described previously
[1, 2]. Metabolic disorders such as insulin resistance,
impaired glucose tolerance, and diabetes have been preCorrespondence to: A. Afghani; E-mail: aafghani@tourou.edu

viously linked to deﬁcits in bone mass [3 6]; but the
possible relationship between abdominal adipose tissue
and osteopenia independent of general obesity has not
been carefully examined. Ethnic disparities in the relationship between central adiposity and bone mass may
be especially complex because of racial diﬀerences in
body size [7], body composition [8], regional fat accumulation [9, 10], insulin levels and insulin resistance
[11 13], hip geometry [14], and rates of skeletal loss [15].
Limited research in adults addressing these potential
racial diﬀerences has found conﬂicting results. Tarquini
et al. [16] concluded that Caucasian women with android-like obesity are protected from osteoporosis.
Similarly, Heiss et al. [17] and Stewart et al. [18] showed
that abdominal fat weight and waist-to-hip ratio (WHR)
were signiﬁcant positive predictors of bone mineral
density (BMD) in postmenopausal women and men. In
contrast, Jankowska et al. [19] found that visceral adiposity as assessed by WHR was signiﬁcantly related to
reduced bone mass in healthy Caucasian men. Likewise,
Huang et al. [20] reported an inverse association between visceral abdominal fat and lumbar spine BMD in
human immunodeﬁciency virus-infected men. Methodological diﬀerences (body mass index [BMI], WHR,
computed tomography [CT], magnetic resonance imaging [MRI], dual-energy X-ray absorptiometry [DXA],
peripheral quantitative CT [pQCT]) across studies make
it diﬃcult to compare results and draw deﬁnitive conclusions regarding the matter. In addition, because
adults have higher amounts of visceral and subcutaneous fat than children, the physiological contribution of
central fat to bone mass in adults may not be measured
as accurately as in children. Also, studies in adults may
be confounded by diﬀerences in hormones, diet, smoking, and alcohol intake. Thus, studies of racial diﬀerences in prepubertal children may be particularly useful
because results are less likely to be confounded by these
factors. Although previous pediatric studies [21 23]
have examined the relationship between fat mass and
bone mineral content (BMC), the speciﬁc contributions
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of subcutaneous and visceral fat to BMC have not been
studied or reported in a population of children.
We studied the role of abdominal weight independent
of total fat and lean mass in a group of prepubertal
children. We hypothesized that independent of total fat
and lean mass there would be an inverse correlation
between abdominal weight and bone mass.

Materials and Methods
Study Cohort and Subject Description
Children were recruited by newspaper and radio advertisements, presentations at local schools, mailings to university and
hospital employees, and by word of mouth. Children were excluded if they had taken or were taking medications known to
aﬀect bone mass or body composition; were diagnosed with
syndromes or diseases known to aﬀect bone mass, body composition, or fat distribution (e.g., CushingÕs, Down, type 1 or
type 2 diabetes); or were diagnosed with any major illness since
birth. Ethnicity (Caucasian or African American) was determined by self-report and deﬁned by all four grandparents being
of the same ethnic group as the child in the study. Participants
were selected on the basis of (1) age 5 10 years and (2) Caucasian or African American ancestry. Data were collected between 1997 and 2001. Only children in Tanner stage 1 were
included. The Institutional Review Board of the University of
Alabama at Birmingham approved this study. Informed consent and assent were obtained from all parents and children,
respectively.
Based on inverse correlation coeﬃcients reported by Jankowska et al. [19] between WHR and BMC (r = )0.34) and
by Huang et al. [20] between visceral fat from CT and BMD
(r = )0.47), we expected an eﬀect size in the range 0.34 0.47,
which would require 27 53 participants. It is noteworthy that
with a sample size of 99 Caucasians and 82 African Americans
and observed r values in the range 0.45 0.65, we had over 99%
power.
Protocol Design
Outpatient screening visit. Children arrived at the General
Clinical Research Center (GCRC) at approximately 8:00 a.m.
after an overnight fast. Weight and height were measured,
followed by a detailed medical history and physical examination conducted by a board-certiﬁed pediatric endocrinologist.
Physical examinations included assessment of Tanner stage
based on breast stage and pubic hair development in girls [24]
and genitalia development in boys [25]. Only children in
Tanner stage 1 were included.
Inpatient visit. Children were admitted to the GCRC in the
early afternoon and then completed tests for bone mass and
body composition using DXA. Central fat distribution was
measured by CT scanning.
Detailed Methodologies
Weight, height, and anthropometry. Height (by a wall-mounted
stadiometer) and weight (by a balance beam medical scale)
were recorded at each visit to the nearest 0.1 cm and 0.1 kg,
respectively; and the average of the two measurements was
used for analysis. BMI and weight and height Z scores for age
and gender were determined based on established Centers for
Disease Control and Prevention (CDC) normative curves
using EpiInfo 2000, version 1.1. (CDC, Atlanta, GA). Waist

girth was measured without clothing; hip girth was measured
over light, single-thickness clothing. Both measurements were
obtained with participants standing in an erect position with
feet together. Waist girth was measured at the smallest circumference of the torso [26]. Hip girth was measured at the
level of maximal extension of the buttocks posteriorly [26].
Values were recorded to the nearest 0.1 cm.
BMC, bone area, and body composition. A whole-body DXA
scan was performed to determine total-body BMC, bone area,
and body composition (trunk weight, trunk fat mass, trunk
lean mass) using a Lunar (Madison, WI) DPX-L. The wholebody scan requires the subject to be placed supine with the arms
and legs positioned according to the manufacturerÕs speciﬁcations. Quality control was performed daily using a phantom.
The precision error (coeﬃcient of variation for repeated measurements) for this technique is 0.46% for the whole body.
Fat distribution. Subcutaneous abdominal adipose tissue
(SAAT) and intra-abdominal adipose tissue (IAAT) were
measured by CT scanning with a HiLight/Advantage Scanner
(General Electric, Milwaukee, WI), as described previously
[27]. A single-slice scan (5 mm) of the abdomen was performed
at the level of the umbilicus and analyzed for cross-sectional
area of adipose tissue using a density contour program. CT
data are presented as cross-sectional area of tissue (cm2) with
Hounsﬁeld units for adipose tissue as )190 to )30. We have
shown the test-retest reliability for IAAT to be 1.7% [28]. All
scans were analyzed by the same investigator.
Exercise testing. A subsample (n = 106) of participants
completed an all-out, progressive walking treadmill protocol
appropriate for children, as described previously [29]. The
children walked for 4 minutes at 0% grade and 4 km/hour,
after which the treadmill grade was raised to 10%. Each
ensuing work level lasted 2 minutes, during which the grade
was increased by 2.5%. The speed remained constant until a
22.5% grade was reached, at which time the speed was increased by 0.6 km/hour until the subject reached exhaustion.
Oxygen consumption and carbon dioxide production were
measured continuously and analyzed using a metabolic cart
(model 2900; Sensormedics, Yorba Linda, CA). Heart rate was
monitored by a Vantage XL heart rate monitor (model
61204; Polar Electro, Woodbury, NY). Three criteria were
used to determine a successful maximal test: (1) a leveling or
plateauing of VO2 (deﬁned as an increase of oxygen uptake <2
mL/kg/minute); (2) heart rate >195 beats per minute (bpm);
and (3) respiratory exchange ratio >1.0. VO2max was deﬁned
by the attainment of at least two of the three criteria.
Statistical Analysis
All analyses were performed using SPSS version 11.0 (SPSS Inc.,
Chicago, IL), with a type I error set at P < 0.05. Analysis of
variance was performed to determine whether there were ethnic
diﬀerences in participant characteristics. Partial correlations
were performed to determine the relationships between BMC,
BMC/kg, bone area, and the independent variables. As determined by the Kolmogorov-Smirnov test of normality, BMC was
not normally distributed and was log-transformed for the
multiple linear regression analyses. Stepwise linear regression
analysis was used to identify the signiﬁcant covariates of BMC.
A power analysis software program (nQuery Advisor, version 3;
Statistical Solutions, Saugus, MA) was used for the power
analysis results.
Results

Means and standard deviations (SDs) of each participant characteristic in each ethnic group are shown in
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Table 1. Descriptive characteristics (mean ± SD)
Variable
Gender
Boys
Girls
Age (years)
Weight (kg)
Weight Z score
Height (cm)
Height Z score
BMI (kg/m2)
Waist girth (cm)
Hip girth (cm)
Total fat mass (kg)
Percent fat (%)
Total lean mass (kg)
Trunk weight (kg)
Trunk fat mass (kg)
Trunk lean mass (kg)
SAAT (cm2)
IAAT (cm2)
SAAT + IAAT (cm2)
VO2max (mL/min)b
Total-body BMC (g)
Total-body bone
area (cm2)

Caucasian
(n = 99)

African American
(n = 82)

44
55

21
61

7.7
31.9
0.84
129.3
0.53
18.7
18.7
62.1
9.0
27.7
20.1
12.6
4.0
10.7
81.5
27.4
109.0
1.24
1,170.1
1,297.7

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.6
10.0
0.98
11.3
0.97
3.7
3.7
9.8
5.6
9.1
4.3
4.1
3.0
2.9
72.4
17.7
88.2
0.31
346.0
280.5

8.0
37.9
1.1
129.8
0.38
22.0
22.0
64.2
10.6
29.4
21.1
14.3
5.3
12.8
106.4
33.7
140.2
1.25
1,154.3
1,315.1

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.4
14.2a
1.1
11.9
1.1
6.2a
6.2
11.7
7.4
10.2
5.0
5.7
5.0
4.7a
100.1
25.0
123.0a
0.31
298.4
238.1

a
b

Signiﬁcantly greater than Caucasians
VO2max values represent 106 subjects (64 Caucasians, 42
African Americans)

Table 1. African American children were heavier (body
weight 37.9 vs. 31.9 kg), had greater trunk lean mass
(12.8 ± 4.7 vs. 10.7 ± 2.9), and had greater abdominal
fat (SAAT + IAAT) (140.2 ± 123.0 vs. 109.0 ± 88.2)
than Caucasians. There were no signiﬁcant diﬀerences in
trunk fat, SAAT, and IAAT in Caucasians and African
Americans. Means of total-body BMC were 1,170 and
1,154.3 g in Caucasians and African Americans,
respectively. BMC and bone area were not signiﬁcantly
diﬀerent between the two ethnic groups.
Table 2 shows partial correlations (adjusting for
gender, age, height, total fat mass, and lean mass) between total trunk weight, trunk fat mass, trunk lean
mass, SAAT, IAAT, and SAAT + IAAT with BMC,
size-adjusted BMC (BMC divided by kilograms of body
weight), and bone area in each ethnic group. Total trunk
weight was signiﬁcantly and inversely correlated with
BMC in Caucasians (r = )0.56, P < 0.0001) and in
African Americans (r = )0.37, P < 0.05). The correlation between total trunk weight and BMC/kg was
r = )0.57 (P < 0.0001) in Caucasians but did not
reach statistical signiﬁcance in African Americans
(r = )0.30, P = 0.06). Total trunk weight was inversely correlated with bone area in Caucasians
(r = )0.53, P < 0.0001) and in African Americans
(r = )0.45, P < 0.01). There were no signiﬁcant associations between trunk fat mass and BMC, BMC/kg, or
bone area in either Caucasians or African Americans.
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Trunk lean mass was not signiﬁcantly correlated with
BMC, BMC/kg, or bone area in Caucasians or African
Americans. In Caucasians, SAAT was inversely correlated with BMC (r = )0.58, P < 0.0001), BMC/kg
(r = )0.53, P < 0.0001), and bone area (r = )0.49,
P < 0.0001). The partial correlations between SAAT
and BMC, BMC/kg, or bone area in African Americans
were not signiﬁcant. In African Americans, IAAT was
inversely correlated with BMC (r = )0.50, P < 0.01),
BMC/kg (r = )0.51, P < 0.01), and bone area
(r = )0.43, P < 0.01). The partial correlations between
IAAT and BMC, BMC/kg, or bone area in Caucasians
were not statistically signiﬁcant. Abdominal fat mass
from CT (SAAT + IAAT) was signiﬁcantly and inversely correlated with BMC in Caucasians (r = )0.61,
P < 0.0001) and in African Americans (r = )0.34,
P < 0.05). SAAT + IAAT was also inversely correlated with BMC/kg (r = )0.55, P < 0.0001) and bone
area (r = )0.54, P < 0.0001) in Caucasians and only
with bone area (r = )0.43, P < 0.01) in African
Americans.
Stepwise multiple linear regression analyses were used
separately in each ethnic group to examine the independent association of gender, age, fat mass, lean mass,
SAAT, IAAT, and VO2max with BMC (Table 3). Table 3 shows that in Caucasians lean mass (76%), SAAT
(6%), and fat mass (5%) explain a total of 87% of the
variance in BMC, with no contribution by gender, age,
IAAT, or VO2max. In African Americans, lean mass
(74%), IAAT (3%), age (3%), fat mass (2%), and gender
(1%) explain a total of 83% of the variance in BMC,
with no contribution by SAAT or VO2max.
Discussion

The physiological basis for the relationship between
body weight/fat distribution and bone mass remains
uncertain. Although obesity-induced mechanical loading is probably the main factor contributing to variation
in bone mass, factors other than skeletal loading also
contribute since the correlations between fat mass and
BMD in non-weight-bearing sites are comparable with
those in weight-bearing sites [17, 30]. Furthermore, if the
relationship between body weight and bone mass was
simply a load-bearing phenomenon, the impact of fat
mass to bone mass would be equal to the contribution of
lean mass to bone mass; we [31 33] and others [30, 34]
have found unequal contributions of lean and fat mass
to bone mass. Therefore, mechanical loading is unlikely
to be the complete explanation, and these relationships
required further investigation.
In this study, we found that, in general, abdominal
weight was negatively correlated with BMC in prepubertal children; this adverse association was independent
of gender, age, height, total fat, and lean mass. In our
preliminary analyses, we found gender diﬀerences in
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Table 2. Partial correlations with BMC, BMC/kg, and bone area (BA; adjusting for gender, age, height, total fat mass, and lean
mass)
Caucasian (n = 99)

African American (n = 82)

Variable

BMC

BMC/kg

BA

BMC

BMC/kg

BA

Trunk weight (kg)
Trunk fat mass (kg)
Trunk lean mass (kg)
SAAT (cm2)
IAAT (cm2)a
SAAT + IAAT (cm2)

)0.56*
0.09
0.18
)0.58*
)0.16
)0.61*

)0.57*
0.16
0.20
)0.53*
)0.16
)0.55*

)0.53*
0.09
0.04
)0.49*
)0.12
)0.54*

)0.37***
)0.02
)0.15
)0.17
)0.50**
)0.34***

)0.30
)0.06
)0.17
)0.12
)0.51**
)0.29

)0.45**
)0.05
)0.16
)0.31
)0.43***
)0.43***

*
a

P < 0.0001, ** P < 0.01, *** P < 0.05
Additionally adjusted for SAAT

Table 3. Multiple linear regression model for log BMC
Caucasian (n = 99)
b ± SE
Intercept
Gender
Age (years)
Fat mass (kg)
Lean mass (kg)
SAAT (cm2)
IAAT (cm2)
VO2max (mL/min)
Total R2

5.95
NS
NS
0.00004
0.00004
)0.002
NS
NS
0.87

African American (n = 82)
R2

b ± SE

0.05
0.76
0.06

6.06
)0.067
0.046
0.00002
0.00004
NS
)0.005
NS
0.83

± 0.05
± 0.00*
± 0.00*
± 0.00*

R2
±
±
±
±
±

0.10
0.029**
0.011*
0.00*
0.00*

± 0.001*

0.01
0.03
0.02
0.74
0.03

b, Multiple regression unstandardized coeﬃcient; SE, standard error
*
Signiﬁcant at P < 0.0001, ** signiﬁcant at P < 0.05; NS, nonsigniﬁcant

BMC (higher in boys than girls, data not shown), which
is consistent with several previous studies in prepubertal
children [35, 36]; for this reason, all partial correlations
were additionally adjusted for gender. It was also
important to remove puberty as a confounder by separating children from adolescents; thus, only Tanner 1
children were included in the analyses and age was also
adjusted for.
In this study, we also found racial diﬀerences in the
independent contributions of subcutaneous and visceral
fat to BMC and bone area. In Caucasian children, there
was a strong inverse correlation between subcutaneous
fat and BMC but no signiﬁcant correlation between
visceral fat and BMC. In contrast, in African American
children, visceral fat and BMC were inversely correlated; there was no signiﬁcant correlation between subcutaneous fat and BMC. Similarly, results from multiple
linear regression analyses revealed that BMC in Caucasians is explained by SAAT (6%) but not by IAAT. In
contrast, BMC in African Americans was explained by
IAAT (3%) and not by SAAT. We believe that there
may be several explanations for these racial diﬀerences
and that they relate to the complex interactions between
ethnicity, body composition, body fat distribution,
insulin resistance, and leptin.

Studies have shown that African Americans are more
insulin-resistant than Caucasians [11, 37]. We have
previously shown more insulin resistance [37] in these
African American compared to Caucasian children.
Studies have shown that insulin has a positive eﬀect on
bone mass [38, 39] and that bone mass is negatively
correlated with leptin [40 43], the eﬀect of which is
inﬂuenced by insulin levels [40]. We therefore are in
agreement with others who have hypothesized that leptin, a polypeptide hormone mainly produced by adipose
tissue [44], possibly acts centrally through the sympathetic system and inhibits bone formation either directly
or indirectly through suppression of insulin secretion
[40]. We believe that in these African American children
the predominant mechanism explaining the inverse
correlation between IAAT and BMC may be insulin
resistance. On the other hand, in Caucasian children, the
adverse role of leptin on bone mass may be the principal
mechanism that describes the inverse correlation between SAAT and BMC. The eﬀect of leptin on bone
mass and the interrelationships between leptin and
insulin concentrations and resistance and their independent contributions to bone mass warrant further
investigation in multiethnic children, adolescents, and
adults.
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To the best of our knowledge, this was the ﬁrst
study to investigate the independent role of abdominal
weight on the pediatric skeletal system and to assess
the relationships between subcutaneous fat, visceral fat,
and bone mass in children. A racial diﬀerence in the
inﬂuence of abdominal fat deposition on BMC and
bone area has also not been previously reported.
However, although we used only few inclusion/exclusion criteria in selecting our sample, generalizability
should be interpreted with caution. A technical limitation of fan beam DXA may be that it would
underestimate BMC and bone area in overweight
individuals because of the fact that bones are elevated
away from the scanner as a result of excess fat [45].
However, in light of the fact that our participants were
prepubertal children with BMIs in the average range
for children and well below the average range for
adults, combined with the fact that we used a pencil
beam DXA which is more accurate than a fan beam
DXA, we believe that the observed BMC and bone
area values in our study were accurate and were neither
underestimated nor overestimated. Further, the use of
a sophisticated technique such as CT scanning to
accurately measure subcutaneous and visceral fat area
is a strength of this study. Because of its high resolution, CT scans are able to distinguish between SAAT
and IAAT and to identify even small deposits of visceral fat [10]. The use of this imaging technique in our
study improves upon most previous studies, which
have used WHR or waist circumference, an approach
which is not able to separate subcutaneous abdominal
fat from visceral fat. It is noteworthy that the correlation we observed between trunk fat mass from DXA
and abdominal fat mass (SAAT + IAAT) from CT
was not high (r = 0.22, P = 0.004); however, trunk
weight from DXA and abdominal fat mass (SAAT + IAAT) from CT were highly correlated (r = 0.92,
P < 0.0001). We think that these observations may be
due to the fact that CT scans are especially accurate in
detecting fat mass and are perhaps able to distinguish
the diﬀerent compartments of weight better than DXA
can. At any rate, the inverse correlations obtained
between abdominal fat mass (SAAT + IAAT) and
those of BMC, BMC/kg, and bone area (Table 2)
complement the signiﬁcant inverse correlations observed between total trunk weight from DXA and the
bone measures.
In conclusion, although general obesity, despite its
severe burden on health, may have one beneﬁcial eﬀect,
that of preventing osteoporosis, the ﬁndings of this
study suggest that abdominal obesity (i.e., trunk weight)
speciﬁcally and independently may adversely inﬂuence
bone mass in children. The racial diﬀerences observed in
the contributions of subcutaneous and visceral fat to
bone mass underscore the complexity of these relationships in a sample of prepubertal children.

387

Acknowledgment. This study was supported by the National
Institutes of Health (R01 HD 33064 and R01 DK 59211) and
in part by the General Clinical Research Center, National
Center for Research Resources (M01 RR 00043). We are
grateful to the nursing and bionutrition staﬀ at the General
Clinical Research Center at the University of Alabama at
Birmingham. We are indebted to the children and their families who participated in this study. This work was presented in
part at the 33rd European Symposium on Calciﬁed Tissues,
Prague, Czech Republic, May 2006.
References
1. Folsom AR, Prineas RJ, Kaye SA, Munger R (1990)
Incidence of hypertension and stroke in relation to body
fat distribution and other risk factors in older women.
Stroke 21:701 706
2. Hans TS, Feskens EJ, Lean ME, Seidell JC (1998) Associations of body composition with type 2 diabetes mellitus.
Diabet Med 15:129 135
3. Roe TF, Mora S, Costin G, Kaufman F, Carlson ME,
Gilsanz V (1991) Vertebral bone density in insulindependent diabetic children. Metabolism 40:967 971
4. Ponder SW, McCormick DP, Fawcett HD, Tran AD,
Ogelsby GW, Brouhard BH, Travis LB (1992) Bone
mineral density of the lumbar vertebrae in children
and adolescents with insulin-dependent diabetes mellitus.
J Pediatr 120:541 545
5. Lettgen B, Hauﬀa B, Mohlmann C, Jeken C, Reiners C
(1995) Bone mineral density in children and adolescents
with juvenile diabetes: selective measurement of bone
mineral density of trabecular and cortical bone using
peripheral quantitative computed tomography. Horm Res
43:173 175
6. Krakauer JC, McKenna MJ, Buderer NF, Rao DS,
Whitehouse FW, Parﬁtt AM (1995) Bone loss and bone
turnover in diabetes. Diabetes 44:775 782
7. Finkelstein JS, Lee MLT, Sowers M, Ettinger B, Neer
RM, Kelsey JL, Cauley JA, Huang MH, Greendale GA
(2002) Ethnic variation in bone density in premenopausal
and early perimenopausal women: eﬀects of anthropometric and lifestyle factors. J Clin Endocrinol Metab
87:3057 3067
8. Yanovski JA, Yanovski SZ, Filmer KM, Hubbard VS,
Avila N, Lewis B, Reynolds JC, Flood M (1996) Diﬀerences in body composition of black and white girls. Am J
Clin Nutr 64:833 839
9. Haﬀner SM, DÕAgostino RB, Jr, Saad MF, Rewers M,
Mykkanen L, Selby J, Howard G, Savage PJ, Hamman
RF, Wagenknecht LE, Bergman RN (1996) Increased
insulin resistance and insulin secretion in nondiabetic
African Americans and Hispanics compared with nonHispanic whites: the Insulin Resistance Atherosclerosis
Study. Diabetes 45:742 748
10. Goran MI, Gower BA (1999) Relation between visceral fat
and disease risk in children and adolescents. Am J Clin
Nutr 70(suppl):149S 156S
11. Gower BA, Nagy TR, Trowbridge CA, Dezenberg C,
Goran MI (1998) Fat distribution and insulin response in
prepubertal African American and white children. Am J
Clin Nutr 67:821 827
12. Jiang X, Srinivasan SR, Radhakrishnamurthy B, Dalferes
ER, Berenson GS (1996) Racial (black-white) diﬀerences
in insulin secretion and clearance in adolescents: the
Bogalusa Heart Study. Pediatrics 97:357 360
13. Gutin B, Islam S, Manos T, Cucuzzo N, Smith C,
Stachura ME (1998) Relation of percentage of body fat
and maximal aerobic capacity to risk factors for atherosclerosis and diabetes in black and white seven-to elevenyear-old children. J Pediatr 125:847 852
14. Cummings SR, Cauley JA, Palermo L, Ross PD, Wasnich
RD, Black D, Faulkner KG (1994) Racial diﬀerences in

388

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.
25.
26.
27.
28.
29.
30.

A. Afghani and M. I. Goran: Bone Mass and Fat Distribution in Children

hip axis lengths might explain racial diﬀerences in rates of
hip fracture. Osteoporos Int 4:226 229
Han ZH, Palnitkar S, Rao DS, Nelson D, Parﬁtt AM
(1997) Eﬀects of ethnicity and age or menopause on
the remodeling and turnover of iliac bone: implications
for mechanisms of bone loss. J Bone Miner Res
12:498 508
Tarquini B, Navari N, Perfetto F, Piluso A, Romano S,
Tarquini R (1997) Evidence for bone mass and body fat
distribution relationship in postmenopausal obese women.
Arch Gerontol Geriatr 24:15 21
Heiss CJ, Sanborn CF, Nichols DL, Bonnick SL, Alford
BB (1995) Associations of body fat distribution, circulating sex hormones, and bone density in postmenopausal
women. J Clin Endocrinol Metab 80:1591 1596
Stewart KJ, Deregis JR, Turner KL, Bacher AC, Sung J,
Hees PS, Tayback M, Ouyang P (2002) Fitness, fatness
and activity as predictors of bone mineral density in older
persons. J Intern Med 252:381 388
Jankowska EA, Rogucka E, Medras M (2001) Are general
obesity and visceral adiposity in men linked to reduced
bone mineral content resulting from normal aging? A
population-based study. Andrologia 33:384 389
Huang JS, Rietschel P, Hadigan CM, Rosenthal DI,
Grinspoon S (2001) Increased abdominal visceral fat is
associated with reduced bone density in HIV-infected men
with lipodystrophy. AIDS 15:975 982
Goulding A, Taylor RW, Jones IE, McAuley KA, Manning PJ, Williams SM (2000) Overweight and obese children have low bone mass and area for their weight. Int J
Obes 24:627 632
Ellis KJ, Shypailo RJ, Wong WW, Abrams SA (2003)
Bone mineral mass in overweight and obese children:
diminished or enhanced? Acta Diabetol 40:S274 S277
Leonard MB, Shults J, Wilson BA, Tershakovec AM,
Zemel BS (2004) Obesity during childhood and adolescence augments bone mass and bone dimensions. Am J
Clin Nutr 80:514 523
Marshall WA, Tanner JM (1969) Variations in the pattern
of pubertal changes in girls. Arch Dis Child 44:291 303
Marshall WA, Tanner JM (1970) Variations in the pattern
of pubertal changes in boys. Arch Dis Child 45:13 23
Lohman TG, Roche AF, Martorell R (1988) Anthropometric Standardization Reference Manual. Human
Kinetics, Champaign: IL
Treuth MS, Hunter GR, Kekes-Szabo T (1995) Estimating
intra-abdominal adipose tissue in women by dual-energy
X-ray absorptiometry. Am J Clin Nutr 62:527 532
Goran MI, Kaskoun MC, Shuman WP (1995) Intraabdominal adipose tissue in young children. Int J Obes
19:279 283
Trowbridge C, Gower BA, Nagy TR, Goran MI (1997)
Aerobic ﬁtness in Caucasian and African American children. Am J Physiol 273:E809 E814
Reid IR, Ames R, Evans MC, Sharpe S, Gamble G,
France JT, Lim TMT, Cundy TF (1992) Determinants of
total body and regional bone mineral density in normal
postmenopausal women — a key role for fat mass. J Clin
Endocrinol Metab 75:45 51

31. Afghani A, Xie B, Wiswell RA, Gong J, Li Y, Johnson CA
(2003) Bone mass of Asian adolescents in China: inﬂuence
of physical activity and smoking. Med Sci Sports Exerc
35:720 729
32. Afghani A, Abbott AV, Wiswell RA, Jaque SV, Gleckner
C, Schroeder ET, Johnson CA (2004) Bone mineral density in Hispanic women: role of aerobic capacity, fat-free
mass, and adiposity. Int J Sports Med 25:384 390
33. Afghani A, Cruz ML, Goran MI (2005) Impaired glucose
tolerance and bone mineral content in overweight Latino
children with a family history of type 2 diabetes. Diabetes
Care 28:372 378
34. Compston JE, Bhambhani M, Laskey MA, Murphy S,
Khaw KT (1992) Body composition and bone mass in
postmenopausal women. Clin Endocrinol 37:426 431
35. Horlick M, Thornton J, Wang J, Levine LS, Fedun B,
Pierson RN Jr (2000) Bone mineral in prepubertal children: gender and ethnicity. J Bone Miner Res
15:1393 1397
36. Taylor RW, Gold E, Manning P, Goulding A (1997)
Gender diﬀerences in body fat content are present well
before puberty. Int J Obes Relat Metab Disord
21:1082 1084
37. Gower BA, Nagy TR, Goran MI (1999) Visceral fat,
insulin sensitivity, and lipids in prepubertal children.
Diabetes 48:1515 1521
38. Barrett-Connor E, Kritz-Silverstein D (1996) Does hyperinsulinemia preserve bone? Diabetes Care 19:1388 1392
39. Reid IR, Evans MC, Cooper GJ, Ames RW, Stapleton J
(1993) Circulating insulin levels are related to bone density
in normal postmenopausal women. Am J Physiol
265:E655 E659
40. Kontongianni MD, Dafni UG, Routsias JG, Skopouli FN
(2004) Blood leptin and adiponectin as possible mediators
of the relation between fat mass and BMD in perimenopausal women. J Bone Miner Res 19:546 551
41. Blum M, Harris SS, Must A, Naumova EN, Phillips SM,
Rand WM, Dawson-Hughes B (2003) Leptin, body composition and bone mineral density in premenopausal women. Calcif Tissue Int 73:27 32
42. Sato M, Takeda N, Sarui H, Takami R, Takami K,
Hayashi M, Sasaki A, Kawachi S, Yoshino K, Yasuda K
(2001) Association between serum leptin concentrations
and bone mineral density, and biochemical markers of
bone turnover in adult men. J Clin Endocrinol Metab
86:5273 5276
43. Ormarsdottir S, Ljunggren O, Mallmin H, Olofsson H,
Blum WF, Loof L (2001) Inverse relationship
between circulating levels of leptin and bone mineral
density in chronic liver disease. J Gastroenterol Hepatol
16:1409 1414
44. Considine RV, Sinha MK, Heiman ML, Kriauciunas A,
Stephens TW, Nyce MR, Ohannesian JP, Marco CC,
McKee LJ, Bauer TL (1996) Serum immunoreactive-leptin
concentrations in normal-weight and obese humans. N
Engl J Med 334:292 295
45. Pocock NA (1997) Magniﬁcation error of femoral geometry using fan beam densitometers. Calcif Tissue Int
60:8 10

