RACIAL DIFFERENCE IN LEAN MASS DISTRIBUTION AMONG
REPRODUCTIVE-AGED WOMEN

Objective: Lean mass is an important determi-
nant of bone mineral density (BMD) accrual, yet
data regarding its correlates based on multieth-
nic premenopausal women are lacking. We
examined the influence of age, race/ethnicity,
and lifestyle variables on total and regional lean
mass distribution in this population.

Design: A cross-sectional study was conducted
on 708 healthy Black, White, and Hispanic
women aged 16-33 years who were seen in an
outpatient clinic. In addition, 218 of these women
were followed for up to 36 months to observe
changes in the relevant variables. We measured
body weight, height, and lean mass distribution
using a digital scale, wall-mounted stadiometer,
and dual-energy absorptiometry (DXA), respec-
tively. Multiple linear regression and mixed-
model regression analyses were used to model
the relationship of age, race/ethnicity and lifestyle
variables to total and regional lean mass.

Results: For a given body mass index (BMI),
Black women had higher total body lean mass
(LMiota) @nd leg lean mass (LMjeg) than White
and Hispanic women. Hispanic women had
significantly lower LM, trunk lean mass
(LMyunk), and LMjeg than Black and White
women. The difference between Blacks and
Whites with regard to LMy significantly
magnified with increasing BMI. Weight-bear-
ing exercise and age at menarche were
positively associated with lean mass variables,
while parity was negatively associated with
[Mieg:  LMioral @and LMyruni increased  over
36 months. Calcium intake was positively
associated with increase in LMy, over time.

Conclusions: Our study shows that racial
differences exist in the distribution of lean
mass for a given BMI among reproductive-aged
women. (Ethn Dis. 2010;20:346-352)
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INTRODUCTION

Lean body mass is an important
determinant of bone mineral density
(BMD). It is considered as the surro-
gate of muscle force, which drives the
accrual of bone mass and strength
during childhood and adolescence'
through osteogenesis,zf4 and maintains
BMD during adulthood and the later
years.”® As lean mass is associated with
BMD, it may be especially important
to consider the racial influence of lean
mass distribution and its predictors in
women. First, race is a determinant of
body composition in women.” Howev-
er, lean mass has not been examined in
a sample of muld-ethnic reproductive-
aged women, although some studies
have documented the differences in
bone mineral density, bone mass, and
lean mass between non-Hispanic Black
and non-Hispanic White women.” "
Few data are available on Hispanic
women as they have not been included
in prior studies, or analyses have not
been conducted by race. A few studies
based on small sample size observed
higher level of adiposity and lower level
of fat free mass in adult Hispanic
women than adult White or Black
women.'>!? However, the results were
not adjusted by body mass index (BMI)
or height. Second, maintaining opti-
mum BMD during the reproductive
years is crucial to prevent fracture in
postmenopausal years, so it is impor-
tant to identify modifiable correlates to
ensure the maximum accrual of BMD.
Third, reproductive-aged women are
prone to lose BMD due to hormonal
contraceptive use, especially depot me-
droxyprogesterone acetate.'*"” Thus,
protective measures against any loss
could be useful in reducing the burden
of osteoporosis-related fracture in later

life.
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The purpose of this study was
to examine the influence of
age, racelethnicity, and
lifestyle variables for a given
BMI on total and regional
lean mass among White,

Black, and Hispanic women.

The purpose of this study was to
examine the influence of age, race/
ethnicity, and lifestyle variables for a
given BMI on total and regional lean
mass among White, Black, and Hispan-
ic women. Better understanding of lean
mass predictors has important implica-
tions for bone health among reproduc-
tive-aged women who are vulnerable to
osteoporosis and fracture in later life.

MATERIALS AND METHODS

A total of 805 healthy, reproductive-
aged non-Hispanic Black, non-Hispanic
White, and Hispanic women, aged 16
to 33 years who participated in a
prospective study of the effect of
hormonal contraception on bone min-
eral density (BMD) between October 9,
2001, and September 14, 2004, were
included in this investigation. The
methods for the larger study are report-
ed in detail elsewhere.'

Briefly, recruitment was planned to
achieve a sample that was balanced by
race/ethnicity, age group (16-24 years
and 25-33 years), and contraceptive
method. Of the 805 women who
consented to participate, 92 failed
additional screening tests and 5 were
removed from the study following the



baseline bone scan due to results indi-
cative of osteoporosis (T-score =—2.5).
Thus, a total of 708 women were
included in the current analyses. Those
excluded (»=97) did not differ from
women included in the analyses
(n=708) on age, but they were more
likely to be Black (22% vs 10%
Hispanic and 2% white, P<.001) and
have a higher BMI (28.4 kg/m2 vs.
24.4 kg/m?, P<.001). Data reported in
this paper were collected at the baseline
visit for the longitudinal study. All
participants received free well-woman
care during participation in the study
and were compensated for their time
and travel to the clinic. The study
received approval from the Institutional
Review Board at the University of Texas
Medical Branch at Galveston.

In the present analyses, we included
data collected for weight, height, cur-
rent age, age at menarche, tobacco and
alcohol wuse, participation in weight
bearing physical activities, and body
composition measurements collected in
the clinic on the day of the study visit.
Weight and body composition data
included body weight (kg), total body
lean mass (LMyq1), trunk lean mass
(LMruni)> and leg lean mass (LMeg).
Body composition measures were ob-
tained using dual-energy X-ray absorp-
tiometry (DXA) (Hologic QDR 4500W
densitometer).

Standing height and weight were
measured with women wearing light
indoor clothing and no shoes. Standing
height was measured to the nearest
.1 centimeter using a stadiometer. Body
weight was measured using a digital
scale accurate to the nearest .1 kg. Body
mass index was calculated as weight (kg)
divided by the square of height (m).
Daily calcium intake (mg) was assessed
in an interview conducted by a regis-
tered dietician who administered a 40-
item calcium checklist.'® Smoking sta-
tus was measured with questions from
the MONICA Smoking Assessment.'”
Current smokers were those who re-
ported either regular or occasional
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smoking, while nonsmokers were those
women who currenty did not smoke,
although they could have smoked in the
past. Alcohol use was characterized as a
composite of self-report questions from
the Diet History Questionnaire®® re-
garding how often subjects drank alco-
hol (including beer, wine or wine
coolers, or liquor or mixed drinks) and
the amount consumed during the past
12 months. Alcohol intake was calcu-
lated as grams/day. Weight bearing
exercise was calculated from a measure
that included a list of 56 common
activities and questions on the frequency
and duration of up to two physical
activities performed during the past
month. We categorized weight bearing
exercise into two groups including no
exercise to light exercise (=120 minutes
per week) and medium to high levels of
exercise (=121 minutes per week).?!
In addition, we used the longitudi-
nal data of the 218 women who served
as the control group in the prospective
study on the effect of hormonal contra-
ceptives on bone mineral density. They
were followed every 6 months up to
36 months to record information on
weight, height, and lean mass variables.

Statistical Analysis

Univariate comparisons were per-
formed using the rtest for continuous
variables and chi square test for cate-
gorical variables. Multiple linear regres-
sion was used to model the relationship
of lean mass variables with age, race/
ethnicity, and lifestyle variables (smok-
ing, alcohol use, exercise) after adjusting
for BMI, age at menarche, parity, and
past use of contraceptive pill or DMPA.
Nonlinear terms of BMI (eg, logarithm,
quadratic, cubic) were also tested as
independent variables to fit the models.
To examine racial/ethnic differences in
lean mass amount at different levels of
BMI, the (BMI X race) interaction
term was also included in the model. A
separate regression model was used for
cach of the dependent variables (LM,
LMunio and LM). Similar multiple
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regression procedures were used to
model the relationship after adjusting
for height instead of BMI as height is also
a physiologically relevant parameter for
lean mass. To accommodate the repeated
measurements, longitudinal data (=
218) were modeled with the use of a
mixed effects regression procedure
(xtmixed module; Stata Corporation,
College Station, TX), which allowed us
to obtain regression coefficients for
various predictors while adjusting for
the estimated errors for the repeated
measurements. This class of model also
allows inclusion of time-dependent co-
variates and accommodates subjects with
incomplete data because of variation in
number and spacing in observations over
the period of follow-up, which frequent-
ly occurs in longitudinal studies. All
analyses were performed using STATA
10 (Stata Corporation, College Station,
TX).

RESULTS

Chronological age, age at menarche,
alcohol use, and weight bearing exercise
did not differ among the three racial/
ethnic groups (Table 1). However,
Black women were more likely to have
higher values for body weight, BMI,
total and regional lean mass, and
months of prior DMPA use relative to
White and Hispanic women. White
women were more likely to be current
smokers, high school graduates, have
the longest duration of pill use, higher
daily calcium intake, and lowest BMI
and parity.

Table 2 shows the correlates of
different lean mass variables based on
multiple regression analyses. After ad-
justing for age, BMI, age at menarche,
calcium intake, smoking, alcohol use,
weight bearing exercise, months of pill/
DMPA use, and parity, substantial
differences in lean mass distribution
were observed among Black, White,
and Hispanic women. For a given
BMI, Black women had significantly
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Table 1.

Characteristics of study participants by race/ethnicity (N=708)

Characteristic

Black (n=204) White (n=247)

Hispanic(n=257)

Group differences

Age, y, mean (SE)

Height, cm, mean (SE)

Weight, kg, mean (SE)

BMI, mean (SE)

LMicotal, kg, mean (SE)

LMyunk, kg, mean (SE)

Mg, kg, mean (SE)

Calcium intake, mg/day, mean (SE)
Age at menarche, y, mean (SE)
Currently married, %

Parity, mean (SE)

Months of oral contraceptive pill use, mean (SE)

Months of depo medroxyprogesterone acetate use,

mean (SE)
High school graduate, %
Current smoker, %
Alcohol intake, g/day, mean (SE)
Weight bearing exercise > 120min/wk, %

23.6 (.3) 24.6 (.3)
162.8 (.5) 164.1 (.4)
78.5 (1.5) 70.5 (1.1)
29.6 (.5) 26.2 (4)
47.4 (.7) 42.6 (.6)
22.2 (.3) 21.0 (.2)
16.9 (.2) 14.4 (.2)
575 (28) 663 (21)
12.2 (1) 12.4 (1)
10.3 29.6
1.12 (.08) 96 (.07)
15.0 (1.8) 25.5(2.3)
10.2 (1.3) 4.0 (.7)
74.5 84.6
16.2 393
9 (.6) 2.4 (.9
33.8 32.4

24.5 (3) NS
158.4 (.4) W>B>H
70.0 (1.0) B>W, H
27.8 (4) B, H>W
41.7 (.5) B>W, H
20.5 (.2) B>W, H
13.6 (.2) B>W> H
629 (21) W>B
12.3 (1) NS
37.4 W, H>B
1.40 (.08) H>B, W
15.5 (1.6) W>B, H
6.1 (1.0) B>W, H
70.7 W>B, H
24.9 W>H>B
1.5 (4) NS
44.9 NS

LMiotal (total body lean mass), LMy (trunk lean mass) and LMy (leg lean mass).

B, Black; W, White; H, Hispanic; NS, non-significant.

One-way analysis of variance with Bonferroni correction was used for continuous variables and chi-square tests were used for categorical variables.

higher LM,y than White (2.1 kg,
P<.001) and Hispanic (4.8 kg,
P<.001) women. The same was true
for LM,z (1.5 kg, P<.001; 2.7 kg,
P<.001, respectively). They also had
significantly higher LM .. (1.0 kg,
P<.001) than Hispanic women.
LM ;unk was similar among Black and
White women. White women had
significantly higher values for all lean
mass variables than Hispanic women. In
addition to the importance of race/
ethnicity, predictors of different lean
mass variables included weight-bearing
exercise, parity, and age at menarche
(Table 2). Those who participated in
weight bearing exercise >120 min/wk
were more likely to have higher LM, .1,
LM uns and LMy, Higher age at
menarche was associated with higher
LMo and LMjq,. Parity was negatively
associated with the LM|¢,.

Similar situations were observed
when the multdple regression models
were adjusted by height instead of BMI
(data not shown). For a given height,
Black women had significantly higher
LM,ra than White (5.4 kg, P<.001)
and Hispanic (4.0 kg, P<<.001) women.
The same was true for LM 1 (1.5 kg,
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P<.001; 0.7 kg, P<.018, respectively)
and LM, (2.7 kg, P<.001; 2.4 kg,
P<.001, respectively). Hispanic women
had significantly higher LM (P<
.025) and LMy (P<.009) than
White women. However, LMy, (P=
.167) was similar among Hispanic and
White women.

Race/ethnicity was an effect modifi-
er of the relationships between BMI and
body lean mass variables (Figure 1).
The difference between Blacks and
Whites significantly magnified for
LM,y (Figure 1a, P<.039), and mar-
ginally magnified for LM, (Fig-
ure 1b, P=.094) and LM,, (Figure Ic,
P=.055) with increasing BMI. Howev-
er, no such effect was observed between
Black and Hispanic women. Similarly,
race/ethnicity was also found to be an
effect modifier between height and lean
mass variables. The difference between
Blacks and Whites significantly magni-
fied for LM (P<.014) and LM,
(P<.002), and marginally magnified for
LM unk (P=.074) with increasing
height (data not shown).

A longitudinal analysis based on
mixed-model regression analysis (#=
218) after adjusting for baseline lean
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mass, age, age at menarche, parity, past
use of pill and DMPA, and lifestyle
variables showed an increase in LM 1
(.016 kg per month, P<.001) and
LM unk (011 kg per month, P<.001)
over time, but not for LMje,. Higher
calcium intake was associated with
higher LM,,; (30 g increase in lean
mass per 100 mg increase in daily
calcium intake over 36 months
(P<.038). Race/ethnicity was not ob-
served as a predictor of changes in lean
mass over the period of time.

DISCUSSION

The results of this study suggest that
there are racial differences in total and
regional lean mass for a given BMI. We
found that Black women had greater
levels of total and regional lean mass
than the other two races/ethnicities
while Hispanic women had even lower
values than White women. The finding
that Black women have greater level of
lean mass than White women is consis-

tent with the existing literature.” "'

Although a few studies'>'? observed

that Hispanic women had lower level of
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Table 2. Correlates of lean mass variables based on multiple linear regression

analyses (N=708)*

Coefficient SE P value R?
LMtotaI (kg) .69
Age =11 41 .784
Whitet$§ —2.12 44 <.001
Hispanic§ —4.75 42 <.001
BMI .89 .03 <.001
Age at menarche .21 .10 .046
Weight-bearing 91 .34 .007
exercise
Parity —.06 15 .68
LMtrunk (kg) .66
Age —.02 .20 934
Whitet$ .04 .22 .86
Hispanic§ —1.04 .20 <.001
BMI 43 .01 <.001
Age at menarche .09 .05 .079
Weight-bearing A1 A7 .012
exercise
Parity A2 .07 .099
LMieg (kg) .68
Age -.12 17 473
Whitet$§ —1.47 18 <.001
Hispanic§ —2.72 17 <.001
BMI .34 .01 <.001
Age at menarche .10 .04 .021
Weight-bearing .33 14 .02
exercise
Parity -.19 .06 .002

* Separate multiple linear regression model was used for LMq (total body lean mass), LMk (trunk lean mass)
and LM¢g (leg lean mass). Dependent variable: LMot (kg), LMyunk (kg), and LM (kg) in three multiple linear
regression models. The following variables were also included in each model, but were not significant in any
model: Age (1=16-24 y; 2=25-33 y), smoking (current smoker vs. not current smoker), alcohol use (g/day),
calcium intake mg/day), and previous history of pill and DMPA use (months).

t Significant difference was observed between White and Hispanic women at the level of P<.001.

§ African American is the reference group.

total and regional lean mass than White
women, their findings were not based
on a smaller sample size and not
adjusted by BMI or height. Our study
extends previous findings by determin-
ing the BMI adjusted difference in total
and regional lean mass in different
races/ethnicities with much higher sam-
ple size. In this study, we also found
that the magnitude of the difference
between Black and White women with
regard to LM, significantly increased
with increasing BMI. Thus, in White
women higher BMI does not corre-
spond with higher lean mass as a whole.
In addition, our findings that weight-
bearing exercise and calcium are posi-
tively associated with lean mass imply

that these two modifiable correlates can
be promoted during adolescence and

adulthood for better bone health.

We found that Black women
had greater levels of total and
regional lean mass than the
other two races/ethnicities
while Hispanic women had
even lower values than White

wormer.
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There is no doubt that physical
activity increases lean mass. We also
found that it was significantly associated
with total and regional lean mass.
Evidence is widespread in this regard
based on both cross-sectional and
longitudinal studies.”>2* However, the
timing of lean mass accrual should be
taken into account for the overall
benefit for bone health. As maximum
bone growth takes place during puberty
and early adulthood, physical activity
during this period should be considered
as an effective step for osteoporosis
prevention in later life. In addition,
physical activity was also found to
reduce the incidence of falls through
lean mass formation.”® Thus, physical
activity should be heavily promoted
among reproductive-aged women to
prevent osteoporosis and falls.

Our finding that calcium intake is
positively associated with lean mass in
the longitudinal analysis but not in the
cross-sectional analysis has several im-
plications. First, as changes in calcium
intake were taken into account in the
longitudinal analysis, it is the better
predictor for body composition changes
than the single data point recorded at
baseline. Second, there is huge scope for
increasing calcium intake in our popu-
lation as the calculated daily calcium
intake at baseline was 625 mg/day,
which was far below the recommended
amount of 1300 mg/day for those 9—
18 years of age and 1000 mg for those
19-50 years of age.26 Third, in addition
to its direct effects, calcium increases
bone mineral density indirectly through
lean mass accrual. Efforts should be
made to increase the calcium intake of
reproductive-aged women by providing
counseling and awareness materials.

Findings from Cummings et al
showed that maintaining BMD at the
proximal femur region is important to
prevent hip fracture.”” A 1-unit decrease
in proximal femur BMD increases the
risk of hip fracture 2.7 times. In
addition, Travison et al reported that
lean mass influence is the likely factor
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Fig 1. Influence of race/ethnicity on the relationships between BMI and lean mass
distribution variables: (a) BMI and LMga; (b) BMI and LMyyni; (€) BMI and LM,
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that maintains bone mass in case of
increased body size.”® Further, low lean
mass is associated with fracture located
at osteoporotic sites.”®! Thus, enhanc-
ing lean mass-mediated osteogenesis
during the reproductive years may
reduce the osteoporosis-related fracture
in later life. Considering the lifetime
risk of (one out of two women in the
United States older than aged 50
years)>>?? osteoporosis-related hip frac-
ture and its mortality (12-20%) in
women, lean mass-mediated BMD in-
crease through its modifiable correlates
would have a substantial impact as a
whole.

Lean mass has been reported to be
associated with extra-skeletal health
outcomes also. For example, in elderly
patients, depletion of lean mass was
related to longer hospital stay,>* and in
chronic obstructive pulmonary disease
patients, it predicted mortality.”” Fur-
thermore, in children, increased lean
mass in cystic fibrosis patients was
associated with improved respiratory
function and outcome.®® Thus, further
studies are required on beneficial effects
of lean mass deposition with regard to
its tming (childhood deposition vs.
deposition in adult life) and benefits of
interventions.

Although this study adds to the
growing literature on the importance
and correlates of lean mass for overall
bone health, several limitations should
be noted. First, we obtained data on
calcium intake, amount of exercise, and
age at menarche by retrospective self-
report, which is subject to recall bias.
Second, the women we studied were
enrolled in a larger clinical study related
to contraceptive use and bone mineral
density; it is unknown the extent to
which this introduced sampling bias.
For example, women were not included
if they were unable to receive hormonal
contraceptives containing estrogen, or
wished to become pregnant in =3 years
because the primary specific aims of the
larger study. Finally, Hispanic women
in our study were predominantly from



Mexico or of Mexican descent. Exten-
sion of our interpretation of the data to
Hispanic women of other origins should
be done with caution. Together, these
limitations could impact the overall
generalizability of our findings and
selection bias cannot be ruled out.

In conclusion, racial differences exist
in the distribution of lean mass for a
given BMI among reproductive-aged
women. Weight-bearing exercise and
calcium intake were observed as the
modifiable correlates of lean mass,
which should be promoted for better
bone health. Future studies need to
examine the relationship of lean mass
with osteoporosis and fracture preven-
tion among women.

ACKNOWLEDGMENTS

This project was supported by the Eunice
Kennedy Shriver National Institute of Child
Health & Human Development (NICHD)
(ROIHDO039883), a Midcareer Investigator
Award In Patient-Oriented Research Award
(K24HD043659) and General Clinical Re-
search Centers program (MO01RR00073),
National Center for Research Resources,
National Institutes of Health (NIH). The
content is solely the responsibility of the
authors and does not necessarily represent
the official views of the NICHD or the
NIH.

REFERENCES

1. Schoenau E, Neu CM, Beck B, Manz F,
Rauch F. Bone mineral content per muscle
cross-sectional area as an index of the
functional muscle-bone unit. / Bone Miner
Res. 2002;17:1095-1101.

2. Tudor-Locke C, McColl RS. Factors related to
variation in premenopausal bone mineral
status: a health promotion approach. Osteo-
poros Int. 2000;11:1-24.

3. Ilich-Ernst J, Brownbill RA, Ludemann MA,
Fu R. Critical factors for bone health in
women across the age span: how important is
muscle mass? Medscape Womens Health.
2002;7:2.

4. Frost HM. Muscle, bone, and the Utah
paradigm: a 1999 overview. Med Sci Sports
Exerc. 2000;32:911-917.

5. Ferretti JL, Capozza RF, Cointry GR, et al.
Gender-related differences in the relationship
between densitometric values of whole-body

bone mineral content and lean body mass in

RACE/ETHNICITY AND LEAN MASS DISTRIBUTION - Rahman and Berenson

humans between 2 and 87 years of age. Bone.
1998;22:683-690.

6. Rittweger J, Beller G, Ehrig J, et al. Bone-
muscle strength indices for the human lower
leg. Bone. 2000;27:319-326.

7. Gasperino J. Ethnic differences in body
composition and their relation to health and
disease in women. Ethn Health. 1996;1:
337-347.

8. Aloia JF, Vaswani A, Mikhail M, Flaster ER.
Body composition by dual-energy X-ray
absorptiometry in black compared with white
women. Osteoporos Int. 1999;10:114-119.

9. Aloia JF, Vaswani A, Ma R, Flaster E. Body
composition in normal black women: the four-
compartment model. / Clin Endocrinol Metab.
1996;81:2363-2369.

10. Ortiz O, Russell M, Daley TL, et al.
Differences in skeletal muscle and bone
mineral mass between Black and White
females and their relevance to estimates of
body composition. Am J Clin Nutr. 1992;55:
8-13.

11. Wagner DR, Heyward VH. Measures of body
composition in Blacks and Whites: a compar-
ative review. Am J Clin Nutr. 2000;71:1392—
1402.

12. Thomas KT, Keller CS, Holbert KE. Ethnic
and age trends for body composition in
women residing in the U.S. Southwest: II.
Total fat. Med Sci Sports Exerc. 1997;29:
90-98.

13. Casas YG, Schiller BC, DeSouza CA, Seals
DR. Total and regional body composition
across age in healthy Hispanic and White
women of similar socioeconomic status.
Am ] Clin Nutr. 2001;73(1):13-18.

14. Berenson AB, Rahman M, Breitkopf CR, Bi
LX. Effects of depot medroxyprogesterone
acetate and 20 pg birth control pills on bone
mineral density. Obstet Gynecol. 2008;112:
788-799.

15. Clark MK, Sowers M, Levy B, Nichols S. Bone
mineral density loss and recovery during
48 months in first-time users of depot
medroxyprogesterone acetate. Fertil Steril.
2006;86:1466-1474.

16. Cromer BA, Bonny AE, Stager M, et al. Bone
mineral density in adolescent females using
injectable or oral contraceptives: a 24-month
prospective study. Fertil Steril. 2008;90:
2060-2067.

17. Lara-Torre E, Edwards CP, Perlman S,
Hertweck SP. Bone mineral density in
adolescent females using depot medroxypro-
gesterone acetate. J Pediatr Adolesc Gynecol.
2004;17:17-21.

18. Hertzler AA, Frary RB. A dietary calcium
rapid assessment method (RAM). Top Clin
Nutr. 1994;9:76-85.

19. World Health Organization. Smoking Ques-
tionnaire. MONICA Manual (1998-1999),

Ethnicity & Disease, Volume 20, Autumn 2010

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Part III, Section 1. The WHO MONICA
(Multinational Monitoring Trends in Cardio-
vascular Disease) Project. Available at: htep://
www.ktl.fi/publications/monica/manual/
part3/smquest3.htm. Last accessed: 07-15-
2008.

National Cancer Institute. Diet History Ques-
tionnaire (DHQ). National Institutes of
Health. Available at: http://riskfactor.cancer.
gov/DHQ)/. Last accessed: 07-08-2008.

Kolle E, Torstveit MK, Sundgot-Borgen J.
Bone mineral density in Norwegian premen-
opausal women. Osteoporos Int. 2005;16:
914-920.

Baxter-Jones AD, Eisenmann JC, Mirwald RL,
Faulkner RA, Bailey DA. The influence of
physical activity on lean mass accrual during
adolescence: a longitudinal analysis. / Appl
Physiol. 2008;105:734-741.

Barbeau P, Gutin B, Litaker M, Owens S,
Riggs S, Okuyama T. Correlates of individual
differences in body-composition changes re-
sulting from physical training in obese chil-
dren. Am J Clin Nutr. 1999;69:705-711.
Kyle UG, Morabia A, Schutz Y, Pichard C.
Sedentarism affects body fat mass index and
fat-free mass index in adults aged 18 to
98 years. Nutrition. 2004;20:255-260.
Campbell AJ, Robertson MC, Gardner MM,
Norton RN, Tilyard MW, Buchner DM.
Randomised controlled trial of a general
practice programme of home based exercise
to prevent falls in elderly women. BMJ.
1997;315:1065-1069.

National Institutes of Health. Dietary Supple-
ment Fact Sheet: Calcium. Office of Dietary
Supplements. Available at: http://ods.od.nih.
gov/factsheets/calcium.asp. Last accessed: 07-
08-2008.

Cummings SR, Black DM, Nevitt MC, et al.
Bone density at various sites for prediction of
hip fractures. The study of Osteoporotic
Fractures Research Group. Lancet. 1993;341:
72-75.

Travison TG, Araujo AB, Esche GR,
McKinlay JB. The relationship between
body composition and bone mineral content:
threshold effects in a racially and ethnically
diverse group of men. Osteoporos Int. 2008;
19:29-38.

Capozza RF, Cure-Cure C, Cointry GR, et al.
Association between low lean body mass and
osteoporotic fractures after menopause. Men-
opause. 2008;15:905-913.

Ito M, Ohki M, Hayashi K, Yamada M,
Uetani M, Nakamura T. Relationship of
spinal fracture to bone density, textural, and
anthropometric parameters. Caleif Tissue Int.
1997;60:240-244.

Takata S, Ikata T, Yonezu H. Characteristics
of regional bone mineral density and soft tissue
composition in patients with atraumatic

351



RACE/ETHNICITY AND LEAN MASS DISTRIBUTION - Rahman and Berenson

32.

33.

352

vertebral fractures. / Bone Miner Metab.
2000;18:287-290.

National Institute of Arthritis and Musculo-
skeletal and Skin Diseases. Osteoporosis
Overview. National Institutes of Health,
Department Health and Human Services.
Available at: http://www.niams.nih.gov/
Health_Info/Bone/Osteoporosis/default.asp.
Last accessed: 09-10-2008.

National Osteoporosis Foundation. Osteopo-
rosis Fast Facts. Available at: http://www.nof.
org/osteoporosis/diseasefacts.htm. Last ac-
cessed: 09-10-2008.

34.

35.

36.

Pichard C, Kyle UG, Morabia A, Perrier A,
Vermeulen B, Unger P. Nutritional assess-
ment: lean body mass depletion at hospital
admission is associated with an increased
length of stay. Am J Clin Nuwr. 2004;79:
613-618.

Mallampalli A. Nutritional management of
the patient with chronic obstructive pulmo-
nary disease. Nutr Clin Pract. 2004;19:
550-556.

Klijn PH, van der Net J, Kimpen JL, Helders
PJ, van der Ent CK. Longitudinal determi-
nants of peak aerobic performance in children

LEthnicity & Disease, Volume 20, Autumn 2010

with cystic fibrosis. Chest. 2003;124:2215—
2219.

AUTHOR CONTRIBUTIONS

Design concept of study: Rahman, Berenson

Acquisition of data: Rahman, Berenson

Data analysis and interpretation: Rahman

Manuscript draft: Rahman, Berenson

Statistical expertise: Rahman

Acquisition of funding: Berenson

Administrative, technical, or material assis-
tance: Berenson

Supervision: Berenson



