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Abstract subcutaneous abdominal fat or total body fat. There were no
HUANG, TERRY T.-K., MARIA S. JOHNSON, gender differences found for any of the growth rates.
REINALDO FIGUEROA-COLON, JAMES H. DWYER, Discussion: Growth of visceral fat remained significant
AND MICHAEL I. GORAN. Growth of visceral fat, after adjusting for growth of subcutaneous abdominal fat,
subcutaneous abdominal fat, and total body fat in chil- implying that the acquisition of the two abdominal fat
dren.Obes Res2001;9:283-289. compartments may involve different physiologic mechanisms.
Objective:To examine the patterns of growth of visceral fat, In contrast, growth of subcutaneous abdominal fat was ex-
subcutaneous abdominal fat, and total body fat over a 3- toplained by growth in total body fat, suggesting that subcuta-
5-year period in white and African American children. neous fat may not be preferentially deposited in the abdominal
Research Methods and Procedure€hildren (mean age: area during this phase of growth. Finally, significantly higher
8.1 + 1.6 years at baseline) were recruited from Birming- growth of visceral fat in white compared with African Amer-
ham, Alabama, and those with three or more repeated an-ican children is consistent with cross-sectional findings.

nual measurements were included in the analysis-(138

children and 601 observations). Abdominal adipose tissue Key words: fat, children, growth, central adiposity

(visceral and subcutaneous) was measured using computed

tomography. Total body fat and lean tissue mass were
measured by DXA. Random growth curve modeling was
performed to estimate growth rates of the different body fat
compartments.

Introduction
Growth during childhood is known to be a time of rapid
change in body composition; however, there have been few
Results: Visceral fat and total body fat both exhibited longitudinal stud|e§ that examined changes in specific fat
compartments during the growth process. The study of

significant growth effects before and after adjusting for chanae of various compartments of fat is important because
subcutaneous abdominal fat and lean tissue mass, respec- 9 variou P IS Imp u

tively, and for gender, race, and baseline age (56.2.2 Ehelpﬁ to elugld?otedthe dynarryfcs of grovt;/th ml c:thlljdtrer;] anl(tjh
cnélyr and 1.9+ 0.8 kglyr, respectively). After adjusting owchanges in body composition may be reated to hea

for total body fat, the growth of subcutaneous abdominal fat ou tcomes. This is especially important for the growth of

was not significant. Whites showed a higher visceral fat visceral fat, which may contribute to metabolic disease risk.

growth than i Afrcan Americans (diference: 190.8 o B L TR RO patments
crélyr), but there was no ethnic difference for growth of b

of fat that have been studied in association with health
outcomes. Previous studies suggest that different types of
Submitted for publication December 4, 2000. adipose tissue may relate to different risk factors of type 2
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secretion, and stimulated insulin secretion (3-5). In addi- proved by the institutional review board at the University of
tion, visceral fat seems to have a negative relationship with Alabama at Birmingham. Parents provided informed con-
insulin sensitivity and high-density lipoprotein cholesterol sent before testing began.

(4—6). Moreover, subcutaneous abdominal fat has been

associated with increased basal and 2-hour insulin concen-protocol

trations in African American girls (8) and greater insulin  chjldren were admitted to the General Clinical Research
area-under-the-curve in African Americans in general (9). Center in the late afternoon for an overnight visit. On
Different associations between body fat and health risk arrival, anthropometric measurements were obtained and
may exist in different segments of the population. For dinner was served at-5:00 Pm. An evening shack was
instance, African American children have been shown to allowed but 0n|y water and energy_free, noncaffeinated
have less visceral fat than whites (7,8), yet African Amer- heyerages were permitted after 8@@until after the morn-
ican adults are at an increased risk for type 2 diabetes anding testing. Between 7:06m and 8:00pm, a single-slice
cardiovascular diseases. Gender diﬁerences, in Contrastcomputerized tomography scan was taken at the level of the
have not been consistently reported. Fox et al. (10) reportedympilicus for the measurement of visceral fat and subcuta-
that 11-year-old girls had more visceral fat than age- neous abdominal fat, using the density contour program of
matched boys. In one recent study, however, no genderthe scanner software as described previously (14). Sexual
differences were found (7). maturity was assessed by a physician using Tanner’s crite-
Although some associations between different adipose rjia. Two weeks later, the children arrived at the Energy
tissues and risk factors have been identified, how visceral petabolism Research Unit at 7:004 while in a fasted
fat or subcutaneous abdominal fat is acquired in children State, and total body fat and lean tissue mass were deter-
and the mechanisms through which visceral fat or subcuta-mined by DXA with a Lunar DPX-L densitometer (Lunar
neous abdominal fat affect disease risks are still unclear. corp., Madison, WI) that was validated previously in the
Furthermore, whether cross-sectional differences found pre-pediatric body weight range (15,16). Using an identical
viously remain true for growth-related changes also needs toprotocol, the current study was carried out for 5 consecutive

be inVeStigated. There have been few preViOUS reports fromyears with a f0||ow_up examination conducted each year.
longitudinal studies that examined the growth trajectory of

visceral fat or subcutaneous abdominal fat in children (11—
13). Information is particularly limited in young children

with precise measures of body composition. However, included in the analyseN(= 138 children and 601 total

given the relationship between childhood obesity and later observations). Mean values of age and body compositions at

disease risks, it is important to obtain a better understandingy . cjine and across repeated observations were compared

_(;fh_the gdrow:]h p?tterns_ of (;hese dllfferehnt adipose ftlshsues. between the two genders and two ethnicities using Student’s
IS study, therefore, aimed to explore the pattern of change o.qi5 General linear models and post hoc Tukey tests were

in viscgral fat, subcutan_eoqs abdomir_1a| fat_, and total_ body then used to examine the two-way factorial mean differences.
fat du_rlng a 5_—year longitudinal stu_dy in white and African In addition, growth curve modeling was performed using
American children. We hypothe5|z_e-d that total body fat’_ the mixed procedure in SAS (SAS Institute Inc., Cary, NC),
s_ubc_qtaneous abdominal fat, gnd visceral fat would exhibit nesting repeated measures within subjects while controlling
significant growth rates over time. for within-subject covariation. Visceral fat, subcutaneous
abdominal fat, and total body fat were the primary depen-
dent variables of interest.
Research Methods and Procedures Visit number (0 to 5) was entered as a class (categorical)
Subjects variable; this variable was also used in the repeated state-
Children were recruited by newspaper and radio adver- ment to take missing data into account (i.e., repeated obser-
tisements and by word of mouth. Subjects were screened byvations were arranged systematically according to the visit
medical history and were ineligible if they were: ¥4 number). The time variable used to estimate growth rates
years of age; 2) taking medications known to affect body was the precise time in years of each visit since baseline.
composition or physical activity (e.g., prednisone, ritalin, or The intercept was defined at baseline. Both the time variable
growth hormone); 3) previously diagnosed with syndromes and intercept were treated as random effects. Age at the first
known to affect body composition or fat distribution (e.g., visit was entered into the hierarchical models as a fixed
Cushing’s syndrome, Down’s syndrome, insulin-dependent covariate to account for the range of ages when children
diabetes, or hypothyroidism); or 4) diagnosed previously first enrolled in the study. Race and gender, coded dichot-
with any major iliness. Because the intent was to recruit a omously, were also entered as fixed covariates. Tanner
heterogeneous group of children, there were no criteria for Stage was not entered into the models because the majority
other characteristics such as obesity. This study was ap-of our subjects remained at Tanner Stages 1 or 2 throughout

Statistical Analysis
Children with at least three annual data points were
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the study. The effect of baseline age, race, and gender on theions in 138 children (Table 2). Table 2 shows the break-

growth rate of the dependent outcome was tested using thedown of sample size across observations by gender and

respective interaction terms with the time variable. ethnicity.

The relevant covariates in the models (i.e., subcutaneous

abdominal fat, total body fat, and total lean tissue mass A . .

were centered at their re)s/pective sample mean value. Whr-znGrOWth Rz_;\tes before Adjusting for Appropriate Adipose

visceral fat was the dependent outcome, subcutaneous ab®" Lean Tissue :

dominal fat was used as a covariate to examine the unique Random growth curve models were constructed to est-

change of visceral fat in the abdomen relative to that of matq the growth r_ates of total body faf[, subcutgne_ous ab-

subcutaneous fat within the same region. When subcutane—dommaI fat,. and visceral fa.t. Models without ad;ustmg for
relevant adipose or lean tissue were conducted first. As

ous abdominal fat was the dependent outcome, a mOdeIshown in Model 1 of Table 3, growth rates were statistically
adjusting for total body fat was performed, because the = =" '
) g y P significant at the 0.05 level for total body fat (2:0 0.9

majority of total body fat is subcutaneous in nature. Total .
lean tissue mass was used as a covariate when estimatin glyn), for supcutaneous abdominal fat (32:610.7 cni/
r), and for visceral fat (11.6 2.9 cnf/yr).

the growth of total body fat to ascertain the degree of total
fat growth beyond that which is expected as a result of
normal maturation. Growth Rates Adjusting for Relevant Adipose
Between/within-subjects degree of freedom was selectedand Lean Tissue
and the covariance structure in the random statement was |n the final random growth curve models, total body fat
left as unconstrained. In the repeated statement, a defaulivas adjusted for lean tissue mass, subcutaneous abdominal
variance component covariance structure was used. fat was adjusted for total body fat, and visceral fat was
All procedures were conducted using SAS, version 6.12 adjusted for subcutaneous abdominal fat (Tables 3 and 4).
(SAS Institute Inc.) and all statistical tests had a type | error Results from Model 2 in Table 3 show that the growth of
set at 0.05. total body fat remained significant after adjusting for lean
tissue mass (1.% 0.8 kglyr; p < 0.05). The growth of
subcutaneous abdominal fat, adjusting for total body fat,
Results was only marginally significant (8.8 5.0 cnflyr; p <
Baseline Characteristics 0.10; Table 3), but visceral fat continued to exhibit a sig-
Baseline characteristics (Table 1) for the 138 children are nificant growth over time (5.2+ 2.2 cnf/yr; p < 0.05;
outlined in Table 1. The mean baseline age for the total Table 3), even after adjusting for growth of subcutaneous
sample was 8.1 1.6 years, with a range from 4.6 to 12.1 abdominal fat.
years. In addition, the overall sample had a mean baseline With regard to total body fat, several significant main
value of 9.6+ 6.1 kg for total body fat, 90.6= 84.9 cnf for effects were found in the final model (Table 4). African

subcutaneous abdominal fat, 29:119.9 cnf for visceral Americans seemed to have a higher level of total body fat
fat, and 20.8+ 0.4 kg for lean tissue mass. Studerittests than did whites at baseling (< 0.05). In addition, those
revealed that boys had higher visceral fat (34.26.7 cnt who were older at the first visit seemed to have a higher

vs. 26.3* 14.7 cnf; p < 0.05) and total lean tissue mass level of total body fat than those who were younger<
(22.7 = 5.5 kg vs. 19.9+ 4.7 kg; p < 0.01) than girls at 0.001). Change in lean tissue mass was also related to
baseline. Furthermore, compared with whites, African change in total body fafp(< 0.01).

Americans had higher baseline total body fat (1t.7.6 kg In terms of subcutaneous abdominal fat (Table 4), change
vs. 8.7* 4.8 g;p < 0.05) and lean tissue mass (22:15.6 in total body fat was the only significant predictor of sub-
kg vs. 20.1* 4.6 kg; p < 0.05). In stratifying the data by  cutaneous abdominal fap (< 0.001).

gender and ethnicity interaction, general linear models sug- In Table 4, results from the final models also showed that
gested that African American boys had significantly higher for visceral fat, boys had a higher level at baseline than girls
levels of lean tissue mass than did white girls (mean differ- (p < —0.05) and whites exhibited a steeper growth than
ence: 4.1 kgp < 0.01). No other differences were found  African Americans over timep(< 0.05). On average, the
between groups. All results regarding baseline characteris-rate of growth of visceral fat was-1.9 cnf/yr greater in

tics were unadjusted. white children than in African American children. A signif-
icant interaction between baseline age and the time variable
Sample across Repeated Observations indicated that the growth of visceral fat might not be linear

In this analysis, 32 individuals had 3 repeated observa- (p < 0.01), suggesting that as age increased, the growth of
tions, 39 individuals had 4 repeated observations, 53 indi- visceral fat decelerated. Change in subcutaneous abdominal
viduals had 5 repeated observations, and 14 individuals hadfat was also significantly positively related to change in
6 repeated observations, for a total of 601 study observa-visceral fat p < 0.001).
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Table 1. Subject characteristics at baseline

African African

Total American American Significant

sample girls boys White girls ~ White boys effects
Characteristics (n = 138) (n = 31) (n = 24) (n = 60) (n = 23) (p < 0.05)
Age (years) 8.1+ 1.6 8.1+ 2.0 7.9+ 15 8.1+t 14 8.6+ 1.9 None
Total body fat (kg) 9.6-6.2 10.8+7.2 11.4+ 8.3 8.4+ 4.2 9.5+ 6.3 Ethnicity
Subcutaneous abdominal

fat (cnt) 90.3+84.9 94.4+83.0 104.3+1248 77.9-61.2 103.2-91.6 None

Visceral fat (cm) 29.1+19.9 24.7+141 36.2+-322 27.3+152 32.6+20.4 Gender
Lean tissue mass (kg) 2085.1 21.2+5.8 23.3+ 5.1 19.2+ 3.8 22,259  Gender, ethnicity
Weight (kg) 321+ 112 33.8-126 36.3t134 29.3+8.0 33.3£ 12.1 Gender, ethnicity

Note: values shown are unadjusted meanSD.

Discussion sample gained body fat in excess of the level to be expected

To our knowledge, this is one of the first studies that has due to normal maturation. One of our most important find-
examined the growth of different adipose tissue compart- ings is that we have quantified the rate of growth~&2
ments in a cohort of white and African American children kg/yr during this age and time period. This is fairly consis-
over time, using precise measurements of body composi-tent with reported findings in the literature, where the un-
tion. The results for total body fat and visceral fat support adjusted gain of total body fat in children and adolescents
our hypotheses, which state that after adjusting for the effectusually falls between 0.7 and 3.0 kg/yr (11,17). However,
of lean tissue mass, the growth rate of total body fat re-
mained significant and after adjusting for the effect of
subcutaneous abdominal fat, visceral fat continued to ex- Table 3. Growth rate of total body fat, subcutaneous
hibit a significant growth. However, there was no signifi- abdominal fat, and visceral fat before and after adjust-
cant growth of subcutaneous abdominal fat over and aboveing for relevant adipose or lean tissue
that explained by total body fat. In addition, whites had a

higher growth rate of visceral fat, compared with African Model 1: Model 2:
Americans. No gender differences were found in any of the before after
growth rates. adjusting for  adjusting for
Total body fat showed significant growth even after ad- relevant relevant
justing for lean tissue mass, implying that children in our adipose or adipose or
lean tissue lean tissue
Dependent variable mass mass
Table 2. Sample size across repeated measures byrotal body fat (kg/yr) 2.0 (0.9)t 1.9 (0.8)t

gender and ethnicity Subcutaneous abdominal

Number fat (crelyr) 32.6 (10.7)t 8.8 (5.0)*
Visceral fat (cni/yr) 11.6 (2.9)t 5.2 (2.2)t

of repeated
measures

Note: figures shown are regression coefficients (SE). All models
Group 3 4 5 6 adjusted for race, gender, and baseline age. In Model 2, the rate of
visceral fat growth was adjusted for subcutaneous abdominal fat;

Wh_'te boys h_ = 23) 8 14 1 0 the rate of subcutaneous abdominal fat growth was adjusted for
African American boysif =24) 5 6 13 0 total body fat; the rate of total body fat growth was adjusted for
White girls (0 = 60) 10 18 20 12 total lean tissue mass.

African American girls fi = 31) 9 1 19 2 *p < 0.10.

Total sample f = 138) 32 39 53 14 tp < 0.05.
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Table 4. Growth rates and significant predictors of total body fat, subcutaneous abdominal fat, and visceral fat

Outcome Predictor Parameter estimate p <
Visceral fat Time 5.2+ 2.2 cntlyr 0.05
Sex 4.2+ 1.8cnf 0.05
Time = race 1.9+ 0.8 cnflyr 0.05
Time * age at baseline —0.8+ 0.3 cnflyr 0.01
Subcutaneous abdominal fat (:20.01 cnt 0.001
Subcutaneous abdominal fat Time 8:84.9 cnflyr 0.1
Sex 8.2+ 4.5 cnf 0.1
Total body fat 0.01+ 0.0 cnt 0.001
Total body fat Time 1.9+ 0.8 kglyr 0.05
Race —2.2+0.9kg 0.05
Age at baseline 1.4 0.2kg 0.001
Lean tissue 0.2 0.1 kg 0.01

Note: parameter estimates are regression coefficier8&. Sex coded as= boys and 0= girls. Race coded as= whites and 0= African
Americans. Visceral fat was adjusted for subcutaneous abdominal fat. Subcutaneous abdominal fat was adjusted for total body fat. Tota
body fat was adjusted for lean tissue mass.

Guo et al. (17) had suggested a quadratic growth of total taneous abdominal fat, was consistent with that reported by
body fat in subjects 8 to 20 years of age€ —0.003), but Owens et al. (12). In contrast, Brambilla et al. (13) did not
the rate was reported as crude and unadjusted. In additionshow any significant change of visceral fat in adolescents
data from that study included older subjects compared with from 13 to 17 years old. In the latter study, however, all 16
our sample and were obtained between 1976 and 1988;adolescents were pubertal or postpubertal and had stable
therefore, they may not reflect changes in body composition weight as adjusted for height during the 4-year study. In the
in contemporary children. Furthermore, in adolescent white current study, the fact that the growth of visceral fat, after
females, it has been shown that there is a crude gain of totaladjusting for subcutaneous abdominal fat, remained statis-
body fat up until~14 years of age, although the rate of tically significant (5.2 crilyr) supports the hypothesis that
change decelerates over time (11). However, because thathe accumulation of visceral fat may not necessarily be
study did not include subjects:11.5 years of age, it is accompanied by the accumulation of subcutaneous fat (7).
unclear from the results what the pattern of change in total This indicates that although the two compartments of intra-
body fat would be in younger ages. Our data did not suggestabdominal fat are positively correlated, change in subcuta-
any curvilinear changes of total body fat in childhood. neous abdominal fat does not fully explain the growth of
Our results with regard to subcutaneous abdominal fat arevisceral fat. Different regulatory mechanisms must exist for
consistent with the fact that the accumulation of total fat is the acquisition of visceral fat versus subcutaneous fat. Sev-
most often accompanied by the accumulation of subcutane-eral sex hormones have been shown to affect regional fat
ous fat. They also suggest that subcutaneous fat is notdeposition (18), and this may explain the differential depo-
preferentially deposited in the abdominal region in children. sition of visceral versus subcutaneous abdominal fat during
This is why change in total body fat was positively related this phase of growth. However, the current study was not
to change in subcutaneous abdominal fat, yet subcutaneousble to examine this due to the large proportion of subjects
abdominal fat was only marginally significant after adjust- in prepubescence and early pubescence. Future studies are
ing for total body fat. The gain in subcutaneous abdominal needed to examine how the growth of fat is influenced by
fat, without adjusting for total body fat, was similar to that and related to changes in various metabolic markers, and
reported by Owens et al. (12), where it was shown that whether these relationships differ between the two genders
among 7- to 11-year-old control children in a physical beyond childhood. Nevertheless, significant gain in visceral
training program, the rate of change wa80 cnf/yr. In a fat after adjusting for subcutaneous abdominal fat suggests
smaller sample of adolescents, Brambilla et al. (13) showedthat the acquisition of visceral fat in childhood may have
similar crude results. important implication for the development of disease later
In comparison with previous reports in the literature, the on in life.
rate of change of visceral fat, without adjusting for subcu-  In addition, our results suggest that whites had a greater
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visceral fat growth than African Americans (1.9 o). who do not share characteristics (e.g., ethnicity, age, base-
The longitudinal finding of an ethnic difference is congruent line adiposity, etc.) similar to those of our subjects. Specif-
with cross-sectional findings in the literature, where African ically, a longer-term study is required to investigate whether
Americans were shown to have less visceral fat and morethe pattern of growth estimated continues in a similar man-
subcutaneous abdominal fat. Genetic factors may play a rolener in late childhood and adolescence, particularly with
in the ethnic difference. The lack of ethnic difference in regard to the linearity and direction of change. Pubertal and
subcutaneous abdominal fat growth may be the fact that thepostpubertal changes may possibly alter these patterns.
covarying total body fat explained much of the variance in Larger samples with repeated measures would also afford
the growth of subcutaneous abdominal fat. In addition, it is the opportunity to better examine differences between sub-
also possible that the single-slice computerized tomographygroups of children.
scan at the umbilicus did not equally represent abdominal Despite the limitations discussed above, the current study
fat distribution in both ethnic groups (7). Multiple-slice is the first of such to estimate the growth pattern of total
scanning may be necessary to fully examine ethnic differ- body fat, subcutaneous abdominal fat, and visceral fat in a
ences in fat distribution within the abdomen. Gender differ- relatively large cohort of prepubertal African American and
ences in the relative accumulation of visceral fat vs. subcu- White children, using advanced measures of body composi-
taneous abdominal fat have not been consistently reportedtion. Visceral fat and total body fat were found to exhibit
in the literature. We did not find any significant differences significant growth even after adjusting for relevant adipose
between the two genders in terms of growth of the various Or lean tissue compartments, implying that their growth
compartments of body fat. cannot simply be explained by growth associated with nor-
The current study uses a complex random coefficients mal maturation. Subcutaneous abdominal fat showed only a
modeling technique to estimate the growth of body compo- marginally significant growth effect after adjusting for total
sitions over time. Much of the strength of the current article body fat, implying that subcutaneous fat is not preferentially
lies in its methodology in treating longitudinal population- deposited in the abdominal region. Because the growth of
based metabolic data. Our approach not only took intraclassdifferent compartments of fat may result from different
correlation into account by building random effects into the regulatory mechanisms, it is also possible that these mech-
models, it also accounted for the disturbances derived fromanisms may have different effects in different populations.
missing measurements, different ages at enrollment, and
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almost inevitable in large-scale studies such as ours. There- This study was supported by the U. S. Department of
fore, appropriate statistical adjustments are necessary toAgriculture Grants 95-37200-1643, R01-HD/HL-33064,
provide accurate estimations. National Institutes of Health Grant DK-02244, and the
The use of advanced techniques to measure body com-University of Alabama, Birmingham General Clinical Re-
position is also a great strength of the current study. As search Center Grant RR-00032.
mentioned previously, few studies have examined longitu-
dinal changes in body composition in children using precise References
measures. In addition, our study sample was relatively large 1. Bjorntorp P. Abdominal fat distribution and disease: an over-
compared with previous studies in children and included _ Viéw of epidemiological dataAnn Med.1992,24:15-8.
both white and African American children. Annual mea- 2. Bjorntorp P. Abdominal fat distribution and metabolic syn-

surements across 5 years also make the current study a drome.J Cardiovasc PharmacollL992;20(suppl 8):526-8.
. . 3. Brambilla P, Manzoni P, Sironi S, et al. Peripheral and
relatively more powerful design.

. abdominal adiposity in childhood obesitint J Obes Relat
Although the effect of sexual maturation may be an Metab Disord.1994:18:795—800.

important confounder to consider, the current study was 4. caprio S, Hyman LD, Limb C, et al. Central adiposity and
unable to address this question due to the small number of  its metabolic correlates in obese adolescent giis.J Physiol
cases that were in sexually advanced stages. Sixty percent of  Endocrinol Metab.1995;269:E118—-E26.

our sample remained at Tanner Stages 1 and 2, which, by 5. Caprio S, Hyman LD, McCarthy S, Lange R, Bronson M,
definition, would imply a transition period from prepubes- Tamborlane WV. Fat distribution and cardiovascular risk
cence to pubescence without having fully moved through factqrs in obese adolesce_nt girls: importance of the intraab-
the changes that occur in pubescent development. To fully _ dominal fat depotAm J Clin Nutr 1996,64:12-7.
examine the effect of sexual maturation, repeated measures ™ G.(.)V\.'er BA, Na}gy .TR’ Goran MI. V.'Scera.l fat, insulin 'ser?-

of individuals who move across the spectrum of sexual sitivity, and lipids in prepubertal childremiabetes.1999;48:

i - 1515-21.
maturation would be necessary. Therefore, our findings may 7 Goran MI, Nagy TR, Treuth MS, Trowbridge CA, et al.

be limited to early puberty. Visceral fat in white and African American prepubertal chil-
Because the current study used a procedure of convenient  dren.Am J Clin Nutr.1997;65:1703—8.

sampling, it is limited in its generalization to individuals 8. Yanovski JA, Yanovski SZ, Filmer KM, et al. Differences

288 OBESITY RESEARCH Vol. 9 No. 5 May 2001



Trends of Fat Growth in Children, Huang et al.

10.

11.

12.

13.

in body composition of black and white girlam J Clin Nutr.
1996;64:833-9.

. Gower BA, Nagy TR, Trowbridge CA, Dezenberg C,

Goran MI. Fat distribution and insulin response in prepuber-
tal African American and white childrerAm J Clin Nutr.
1998;67:821-7.

Fox K, Peter D, Armstrong N, Sharpe P, Bell M. Abdom-

inal fat deposition in 11-year-old childreint J Obes Relat
Metab Disord.1993;17:11—6.

Lloyd T, Chinchilli VM, Eggli DF, Rollings N, Kulin HE.

Body composition development of adolescent white females:
the Penn State Young Women'’s Health Studych Pediatr
Adolesc Med1998;152:998-1002.

Owens S, Gutin B, Allison J, et al.Effect of physical training

on total and visceral fat in obese childrevied Sci Sports
Exerc.1999;31:143-8.

Brambilla P, Manzoni P, Agostini G, et al. Persisting obe-
sity starting before puberty is associated with stable intraab-
dominal fat during adolescenciat J Obes Relat Metab Dis-
ord. 1999;23:299-303.

14.

15.

16.

17.

18.

Goran MI, Kaskoun MC, Shuman WP. Intra-abdominal
adipose tissue in young childreint J Obes Relat Metab
Disord. 1995;19:279-83.

Pintauro S, Nagy TR, Duthie C, Goran MI. Cross-calibra-
tion of fat and lean measurements by dual energy X-ray
absorptiometry to pig carcass analysis in the pediatric body
weight rangeAm J Clin Nutr.1996;63:293-9.

Goran M, Driscoll, P, Johnson R, Nagy TR, Hunter GR.
Cross-calibration of body composition techniques against
dual-energy X-ray absorptiometry in young childrekm J
Clin Nutr. 1996;63:299-305.

Guo SS, Chumlea WC, Roche AF, Siervogel RMAge- and
maturity-related changes in body composition during adoles-
cence into adulthood: the Fels Longitudinal Stulihy.J Obes
Relat Metab Disord1997;21:1167—-75.

Bjorntorp P, Ottosson M, Rebuffe-Scrive M, Xu X. Re-
gional obesity and steroid hormone interactions in human
adipose tissue. InAnonymous Obesity: Towards a Molec-
ular Approach New York, NY: Alan R. Liss; 1990, pp.
147-57.

OBESITY RESEARCH Vol. 9 No. 5 May 2001 289



