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PEDIATRIC HIGHLIGHT

General and visceral adiposity in black and white
adolescents and their relation with reported physical
activity and diet

IS Stallmann-]orgensenl, B Gutin!, JL Hatfield-Laube'!, MC Humphriesl, MH Johnson? and
P Barbeau'

'Department of Pediatrics, Medical College of Georgia, Georgia Prevention Institute, Augusta, GA, USA and *Department of
Biostatistics, Medical College of Georgia, Augusta, GA, USA

Background: Excess body fat accumulation may begin in youth and is linked with increased risk of cardiovascular disease.
Examination of physical activity (PA) and diet behaviours predictive of adiposity may help target efforts to reduce chronic disease
risk.

Obijective: We hypothesized that energy intake (EI) from fat, vigorous PA (VPA), and their interaction would predict body fat
percentage (%BF) and visceral adipose tissue (VAT) in youth and that sedentary behaviours and intake of dairy, fruit, vegetable
and whole grain foods would be related to adiposity.

Design: A cross-sectional, observational study of reported PA and diet behaviours and objective adiposity measures.
Subjects: Six-hundred sixty-one healthy black and white adolescents aged 14-18 years.

Measurements: Diet by 24-h recalls using Nutrition Data Systems for Research (Minneapolis, MN, USA), VPA by previous day
physical activity recalls (PAR), and %BF with dual-energy X-ray absorptiometry. VAT by magnetic resonance imaging for 434
subjects.

Results: Reported El and VPA were positively correlated with each other and were negative predictors of %BF. Time spent
watching television or movies and %El from protein were positive predictors of %BF. Adjusted for El, none of the independent
variables predictive of %BF retained their significance. %BF and VAT were highly correlated (r=0.73, P<0.0001). El was the sole
and negative predictor of VAT.

Conclusions: Higher energy ‘throughput’, not energy restriction, characterize leaner youths. Youths should be advised to
engage in VPA so that they can eat sufficient calories to obtain the nutrients required for optimal health while remaining lean.
International Journal of Obesity (2007) 31, 622-629. doi:10.1038/sj.ijo.0803587
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Introduction causal pathway from health to development of cardiovas-
cular disease (CVD).* Excess visceral adipose tissue (VAT)
may be especially deleterious to cardiovascular health > and
central fatness may increase risk for the metabolic syn-
drome.® The increased rates of adolescent overweight and at

risk for overweight in the US are well documented,” but

Adolescence is a period of rapid growth and development
during which youth undergo marked changes in lean and fat
mass.! Physical activity (PA) and diet are two aspects of
lifestyle that interact with genetic and hormonal factors to

determine body composition.? Findings from the Bogalusa
Heart Study showed that the atherosclerotic process starts in
youth, and that high body mass index (BMI) is a risk factor.®
Thus, excess body fat is considered an intermediary in the
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indications that there may be greater gains in abdominal
than in general adiposity ® may not be as widely appreciated.
If this is true, implications for the future health of our youth
may be more serious than suggested by increased rates of
overweight status alone. Use of BMI is a convenient and low
cost method for assessment of overweight, but it does not
distinguish between the contributions of muscle and fat
mass and has been shown to misclassify some individuals in
regard to adiposity status.” Likewise, waist circumference
(WC) lacks precision for assessment of VAT because WC



comprises both subcutaneous abdominal adipose tissue and
VAT.'® Our study utilized dual-energy X-ray absorptiometry
(DXA) and magnetic resonance imaging (MRI) to obtain the
currently best possible estimates of percentage of body fat
(%BF) and VAT.

We tested the hypotheses that (1) lifestyle factors such as
high percentage of kilojoules as dietary fat (%FAT),!1"13 low
vigorous PA (VPA),*!* and their interaction would be
associated with higher %BF and VAT in black and white
adolescents, (2) sedentary behaviours such as television and/
or movie viewing (TV/MOVIE) and use of computer and/or
videogames (COMP/VGAME) '* would be associated with
greater adiposity, and (3) intake of foods considered
beneficial for health, preventive of CVD,'® and linked with
lower BMI or maintenance of a normal weight (i.e. dairy
foods, '7'® fruits and vegetables,'®?° and whole grain foods
2122y ‘would be associated with lower adiposity. The negative
effect of trans fatty acid (TFA) intake on heart health has
been documented.”® We included percentage of energy
intake (EI) from TFA (%TFA) in our analyses to test their
effect on %BF and/or VAT. By including black and white boys
and girls, we wanted to determine whether PA and diet
interacted with race and sex in their influence on adiposity.

Subjects and methods

Subjects

Youths 14-18 years of age were recruited from high schools
in the Augusta, Georgia area. Demographic information
obtained from the school systems was used to select schools
that enrolled both black and white students. After receiving
approval from the county superintendents and school
principals, flyers were distributed to all students in the
selected schools. Subjects were asked to self-identify their
ethnicity. Subjects who identified themselves as being white/
Caucasian or black/African American were eligible for the
study. There are relatively few youths from other racial/
ethnic groups in the Augusta area, and they were excluded
from the project. Interested youths and parents signed
consent forms in accordance with the procedures of the
Human Assurance Committee at the Medical College of
Georgia. The youths were apparently healthy, had no
contraindications to any of the study procedures and were
taking no medications that might influence the results. For
the primary outcome variable of %BF, we had measurements
on 661 youths.

Anthropometrics and body composition

Height and weight were obtained according to standard
procedures, using a stadiometer and calibrated electronic
scale. These measurements were used to derive BMI (kg/m?)
for determination of subject characteristics.
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Dual-energy X-ray absorptiometry

%BF was measured using DXA (Hologic QDR-4500W, soft-
ware version 6.0, Waltham, MA, USA). We have previously
found DXA to provide reliable values for %BF at our
institute. In this project, we performed repeat measurements
using our new QDR-4500W machine with 219 adolescents
and found the intra-class correlation for %BF to be 0.99. For
some subjects, DXA values were not available from the
Hologic QDR-4500W model, but were available only from
the Hologic QDR-1000W model. For these individuals, %BF
values were derived from prediction equations based on 284
youths who were assessed on both instruments, using linear
regression; race, sex and QDR-1000W measurement. The
multiple R* value for %BF was 0.99.%*

Magnetic resonance imaging

VAT measurement was conducted as described previously.?
In brief, VAT was determined using a 1.5T MRI system. VAT
was measured in the Department of Radiology on equipment
dedicated to patient care. We obtained VAT measures on
those subjects who underwent testing on days when the MRI
equipment was available for our research study. Thus, we
have VAT measurements on 434 subjects.

Diet assessment

Diet was measured with individual, non-consecutive, 24-h
recalls that covered the period from midnight to midnight
for the previous day. The first two recalls were conducted in
person at our institute, whereas the remaining interviews
were conducted by phone weekly, with all recalls completed
within a period of 12 weeks. We sought to obtain seven
recalls from each participant, one for each day of the week.
Only youths who provided at least four recalls (1= 661) were
included in the analyses for this paper. A total of 52% of the
youths had recalls for all 7 days. The dietary and PA recalls
were conducted concurrently by a trained dietitian or
dietetic intern. The dietary recalls used the Nutrition Data
System for Research (NDS-R),?%?” which utilizes a multiple-
pass, computer-assisted interview approach. To minimize
subject fatigue with the recall process, which might
negatively impact reliability, interviewers were trained in
conducting the recalls until these could be routinely
completed in 30 min or less. Subjects were not interviewed
if they had been ill on the recall day or when the recall day
fell on a major holiday. To minimize the potential for
undereating during the time frame for 24-h recalls, youths
were blinded to the telephone recall schedule.

Food grouping

Foods in the NDS-R Food and Nutrient Database have been
grouped into nine major food categories: fruits, vegetables,
grains, sweets, miscellaneous, fats, beverages, meats and
dairy/nondairy alternatives. These categories have been
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further divided into 165 subcategories to analyze for the
number of servings consumed of certain types of foods.
Serving sizes were based on recommendations from Dietary
Guidelines for Americans 2000, or on FDA label serving sizes.
For our analyses, we examined EI, macronutrient intake
distribution as percentage of energy from carbohydrate
(%CHO), protein (%PRO) and fat (%FAT). We also examined
intake of the saturated (%SFA), monounsaturated (%MFA),
polyunsaturated (%PFA) and %TFA subclasses of fat, and of
El-adjusted dairy (DAIRY), fruit (FRUIT), vegetable (VEG) and
whole grain food servings (WGFD).

Physical activity assessment

We compiled a list of activities in which adolescents would
typically participate, and assigned metabolic equivalent
values to the activities based on the compendium of physical
activities.”® Self-reported PA was quantified using our
modified version of the previous day PA recall (PAR), which
records activities in 30-min time blocks for a full 24-h period
(midnight to midnight).? Subjects were asked to recall the
activities concurrently with each 24-h diet recall, and state
at which level of effort (light, moderate or vigorous) they
engaged in each activity. Activities were then re-categorized
based on a combination of the activity and the level of effort;
for example, light running was assigned a higher metabolic
equivalent (MET) level than light walking. In the final
categorization, light PA was <3 METs, moderate PA (MPA)
was 3-6 METs and VPA was >6 METs. We were mainly
interested in the daily mean number of hours spent in MPA
and VPA.

Statistical analyses
All variables were checked for normality of distribution, and
appropriate transformations applied when necessary. %BF
and VAT were the measures of body composition used as the
dependent variables in these analyses. The independent
variables of interest were measures of PA (MPA, VPA, TV/
MOVIE and COMP/VGAME) and measures of eating beha-
viour (EI, macronutrient distribution and food servings
adjusted for EI — servings/4186KJ). A 2x2 (race x sex)
analysis of covariance, adjusting for age, was used to assess
race-sex differences for all variables. Pearson correlations
were used to examine bivariate associations among variables.
The base model for each dependent variable included age,
race, sex, and the interaction between race and sex. For each
dependent variable, each independent variable was entered
into this base model as a covariate along with its interaction
with race and sex. The amount of variance explained by each
independent variable was examined. Those effects that were
significant in each of these models were then included as
covariates in the full model for each dependent variable.
Statistical significance was set at «=0.01. SAS version 9.1.3
was used for all analyses.
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Results

Participant characteristics

Subject characteristics are presented in Table 1, which shows
the significant differences for the different race and sex
groups. A detailed discussion of race-sex differences is
beyond the scope of this paper; they are presented to show
the nature of the adjustments that needed to be made in
investigating the relations of the independent variables with
measures of adiposity.

Correlations between the variables

In the interest of parsimony, only those independent
variables that were shown to be predictors of %BF or VAT
are discussed. Of those, only EI and VPA (r=0.29, P<0.0001)
were significantly and positively associated, but no relation-
ship was found among the others. For the subset of subjects
(n=434) with both %BF and VAT assessments, these
measures were highly correlated (r=0.73, P<0.0001, data
not shown).

Determinants of %BF

Table 2 shows the regression analysis for %BFE Only
independent variables that explained significant proportions
of the variance in %BF are shown in the table. After
adjustment for the base model, VPA was negatively related
to %BF, but MPA was not. Average number of hours per day
spent watching TV/MOVIE was positively related to %BF, but
no significant relationship was found between %BF and time
spent with COMP/VGAME use.

EI was a negative predictor of %BF, accounting for about
2% of the variance in %BF. Among the macronutrients,
%PRO was a positive predictor of %BF, explaining 0.6% of
the wvariance. For the subclasses of fat, there was an
interaction between %TFA and race, such that %TFA was a
positive predictor of %BF accounting for 0.7% of the
variance in whites, but no such relationship was evident in
blacks. When the significant predictor variables were
considered simultaneously in the model, none of the
predictor variables retained their significance after adjust-
ment for EI (data not shown).

The macronutrients %FAT, %CHO, %SFA, %MFA, %PFA
and the intakes of DAIRY, FRUIT, VEG and WGFD were also
explored, but no significant associations with %BF were
identified.

Relations of VPA categories with other independent variables
and %BF

Table 3 shows means (s.d.) for MPA, TV/MOVIE, EI and %BF
for three categories of VPA, adjusted for age, sex and race.
There were no significant differences between hours of MPA
for either VPA category. There was no linear relationship
between the amount of TV/MOVIE and the categories of



Table 1 Subject characteristics®

Adolescents’ adiposity, activity and diet

IS Stallmann-jorgensen et af

625

Whites Blacks Significance®
Boys (n=169) Girls (n=170) Boys (n=163) Girls (n=159)

Age (years) 16.2 (1.2) 16.0 (1.1) 16.0 (1.2) 16.3 (1.2) Race*, sex®
Height (cm) 174 (7.3) 163 (5.4) 174 (8.0) 163 (6.1) Increases with age°I M>Fd
Weight (kg) 68.6 (14.6) 58.4 (12.0) 70.8 (17.2) 66.4 (17.7) Increases with age® B>Wd, M>Fd
BMI (kg/m? 22.5 (4.3) 21.9 (4.1) 23.4 (5.2) 25.0 (6.2) Race*, sex®
%BF 19.2 (8.3) 29.2 (7.2) 17.3 (9.1) 30.5 (8.2) F>Mmd
VAT’ (cm?) 103.1 (66.9) n=106 103.6 (55.9) n=106 76.3 (58.2) n=132 116.5 (79.4) n=90 Race*, sex®
MPA (h/day) 1.28 (1.04) 1.07 (0.75) 1.12 (0.79) 1.06 (0.83) Increases with age?
VPA (h/day) 0.78 (0.69) 0.43 (0.48) 0.95 (0.72) 0.27 (0.50) Race*, sex®
VPA, n (%)

None 23 (14) 48 (28) 17 (10) 73 (46)

>0 to <1 h/day 91 (54) 100 (59) 68 (42) 73 (46)

=1 h/day 55 (33) 22 (13) 78 (48) 13 (8)
COMP/VGAME, h/day 0.97 (1.29) 0.56 (0.57) 0.78 (0.73) 0.37 (0.61) W> B¢, M>F¢
TV/MOVIE (h/day) 2.17 (1.26) 1.70 (1.19) 3.25 (1.69) 2.85 (1.50) B>wWd, M>Fd
El (k) 9741 (2436) 7259 (2064) 8853 (2424) 6823 (2013) W>B®, M>Fd
El (kcal) 2327 (582) 1734 (493) 2115 (579) 1630 (481)
%CHO 53.2 (6.2) 55.3 (6.4) 52.5 (5.5) 53.3(5.9) W>BS, F>M*
%FAT 32.9 (4.8) 32.4 (5.1) 34.5 (4.2) 34.2 (4.5) B>wd
%PRO 14.6 (2.8) 13.6 (2.8) 13.8 (2.1) 13.5 (2.8) M > F¢
%SFA 11.5 (2.0) 11.3 (2.4) 11.9 (1.8) 11.5(1.8) NS
%MFA 12.7 (2.1) 12.4 (2.2) 13.5(1.9) 13.4 (2.0) B>wd
%TFA 2.7 (0.8) 2.8 (0.8) 2.9 (0.8) 3.0 (0.8) B>W¢
9%PFA 6.0 (1.7) 6.2 (1.4) 6.2 (1.4) 6.5 (1.6) NS
FRUIT, servings/ 4186 k|

(1000 kcal) 0.34 (0.34) 0.47 (0.48) 0.37 (0.33) 0.44 (0.38) F>M®
VEG, servings/ 4186 k|

(1000 kcal) 0.71 (0.39) 0.89 (0.65) 0.57 (0.31) 0.66 (0.37) W>B9, F>Me
WGFD, servings/ 4186 k|

(1000 kcal) 0.50 (0.45) 0.60 (0.46) 0.33 (0.34) 0.34 (0.39) w> B¢
DAIRY, servings/ 4186 k|

(1000 kcal) 1.05 (0.49) 1.05 (0.48) 0.77 (0.37) 0.71 (0.39) w> B¢

2Means (s.d.) are given for each race-sex group unless otherwise noted. ®Groups were compared by ANOVA for age and by ANCOVA (with age as the covariate) for
the other variables. °P<0.01. “P<0.0001. ®P<0.001. Log transformed before analysis. Abbreviations: BMI, body mass index; MPA, moderate physical activity; VPA,
vigorous physical activity; COMP/VGAME, computer and/or video game use; TV/MOVIE, television and/or movie viewing; El, energy intake; %CHO, percentage of
energy from carbohydrate; %FAT, percentage of energy from fat; %PRO, percentage of energy from protein; %SFA, percentage of energy from saturated fatty acids;
%MFA, percentage of energy from monounsaturated fatty acids; %TFA, percentage of energy from trans fatty acids; %PFA, percentage of energy from
polyunsaturated fatty acids; FRUIT, servings of fruit; VEG, servings of vegetables; WGFD, servings of whole grain foods; DAIRY, servings of dairy foods; %BF,
percentage body fat; VAT, visceral adipose tissue; s.d., standard deviation; M, males; F, females; W, whites; B, blacks; NS, not significant.

VPA. For El, there was a significant difference between
subjects in the no VPA and those in the highest amount of
VPA category, with EI positively related to VPA. For %BE
there was a statistically significant difference between those
who reported no VPA and those with the most reported VPA,
with VPA inversely related to %BF.

Table 4 shows that after adjustment for EI, there was no
statistically significant difference in %BF between the three
categories of VPA, but there was a trend towards lower %BF
with higher amounts of VPA.

Determinants of VAT
Table 5 shows that for log VAT, the only significant beha-
vioural predictor was EI, which was negatively related to VAT.

Discussion

Our study examined reported PA and diet behaviours of
black and white adolescents. We identified behavioural
determinants of %BF and VAT, and determined how demo-
graphic characteristics influenced these relationships. Dis-
cussion of racial and sex differences in behavioural factors
are beyond the scope for this paper, but we identified a
number of differences (Table 1).

Physical activity factors
VPA was negatively related to %BF, but did not maintain
significance when controlling for EI. Thus, in these black and
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Table 2 Behavioural predictors of percentage body fat®

Base model VPA TV/MOVIE El %PRO %TFA
Age 20.2 (0.3) . . . . .
RaceP -1.2(0.9) — — — — —
Sex© —~13.1 (0.9)¢ F>M4 F>Md F>Mmd F>me F>md
Race*, sex 2.8 (1.3) — — — — —
Predictor® — Negative’ Positive Negative® Positive —
Predictor*, race®® — — — — — Positive for W'
Model R? 0.333 0.340 0.340 0.354 0.339 0.340

2Model parameter estimates (s.e.) and model R? values (n= 661). PBlack race is reference group. Female sex is reference group. 9P<0.0001. °Negative and positive
indicate the direction of association between the predictor variable and percentage body fat. /P<0.01. Abbreviations: VPA, vigorous physical activity; TV/MOVIE,
television and/or movie viewing; El, energy intake; %PRO, percentage of energy from protein; %TFA, percentage of energy from trans fatty acid; M, male; F, female,

W, white; B, black; s.e., standard error.

Table 3 Moderate physical activity, television and/or movie watching, energy intake and percentage body fat for three categories of VPA?

N MPA, h TV/MOVIE, h° El, kJ ((kcal))® %BF®
VPA
None 161 1.09 (0.82) 2.48 (1.47)*° 7296 (2206)* 28.6 (9.5)°
>0to <1 h/d 332 1.17 (0.91) 2.53 (1.62)* 8091 (2440)*° 24.1 (9.6)*°
>1h/d 168 1.10 (0.80) 2.39 (1.43)° 9217 (2645)° 19.4 (9.7)°
P-value® NS P<0.01 P<0.01 P<0.01

Abbreviations: MPA, moderate physical activity; TV/MOVIE, television and/or movie viewing; El, energy intake; %BF, percentage body fat; VPA, vigorous physical
activity; s.d., standard deviation. *All values are means (s.d.). PMeans followed by the same letter are not statistically different from each other. “The effect after

adjustment for age, race and sex.

Table 4 Body fat percentage by category of VPA?

9%BF
VPA
None 25.6 (0.7)
>0to <1 h/day 23.8 (0.4)
>1 h/day 23.0 (0.7)
P-value® 0.024

Abbreviations: %BF, percentage body fat; VPA, vigorous physical activity.
3Least-squares means (s.e.) after adjusting for energy intake. PThe effect after
adjustment for age, race, sex and energy intake.

white youths, VPA and EI contributed somewhat indepen-
dent information about %BF. A reason for the negative
relation of EI with %BF could be that higher EI intake is a
‘marker’ for an active lifestyle with both higher EI and
energy expenditure (EE). VPA increases EE, and may also be
contributing independently to the lower %BF through a
temporary increase in nutrient oxidation. Resting EE has
been shown to be elevated post-exercise in young men;*°
this mechanism would favour a less positive energy balance
(EB). Enhanced fat oxidation from activity diminishes fat
available for storage into body depots,>*3! and especially
VPA increases oxidation of certain fats.** Our data showed
no relation of MPA with %BF; perhaps the amount of MPA
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Table 5 Relation of energy intake with visceral adipose tissue (VAT),
adjusting for the influence of age, race and sex?

Base model El
Age 0.008 (0.011) —
Race® —0.018 (0.038)° B>WF¢
Sex¢ —0.19 (0.04)° F>M°
Race*, sex 0.17 (0.05)° BM <WM, WF, BFf
Predictor — Negative"9
Predictor*, sex® — —
Model RP 0.089 0.111

Abbreviations: VAT, log-transformed visceral adipose tissue; El, energy intake;
B, black; W, white; M, male; F, female; s.e. standard error. “Model parameter
estimates (s.e.) and model R? values (n=434). Black race is reference group.
°P<0.01. “Female sex is reference group. °P<0.0001. /P<0.001. 9Negative
relationship between El and VAT.

was insufficient to affect %BF. Of the sedentary behaviours
examined, only TV/MOVIE positively predicted part of the
variance in %BF. TV viewing and video use have been shown
to be related to BMI.3® Sedentary youths may be at risk for
higher %BF because their low EE could place them in a more
positive EB than that required for normal growth. Although
TV/MOVIE and COMP/VGAME demand similarly low EE, TV
viewing may encourage greater EI through the influence
of TV food advertising,>* but COMP/VGAME would not



provide the same exposure. Once adjusted for EI and VPA,
TV/MOVIE failed to predict an independent proportion of
%BF. Combining these two slightly different activities (TV
and MOVIE watching) into one factor may have weakened
any relationship with %BF. TV viewing has been shown to be
a risk for increased %BF in children followed over time, even
adjusting for EI and PA. Perhaps the longitudinal study
design was able to capture the cumulative affect of even small
excesses in EB on %BE.'® Youths with no reported VPA did
not watch significantly more TV/MOVIE than those in the
intermediate or highest category of VPA. Youths in all VPA
categories exceeded the guideline of a maximum of 1-2h of
TV per day,® suggesting that even considerable TV/MOVIE
watching did not necessarily preclude VPA participation.

Dietary factors

Reported EI was the strongest negative predictor of %BF,
accounting for about 2% of the variance. While perhaps
counterintuitive, weak or no relations of EI and general
adiposity have been reported,?® suggesting that a positive EB
is mainly the result of a low EE.*® Inverse relations between
EI and adiposity have been shown by others,?” lending
support to the results of this study.

Underreporting of EI in youth is a phenomenon which
could in part explain conflicting results between studies of
diet and adiposity, and could obscure existing relationships.
Subjects’ age and adiposity status®® have been noted to
influence reporting accuracy, but not all studies that include
subjects likely to underreport have confirmed this beha-
viour.>® Without proven methods for accurately identifying
underreporters in paediatric studies,** the exclusion of
suspected underreporters may introduce unknown biases
and eliminate subjects of greatest interest to the study
questions.*' We included all subjects with 4- or more 24-h
recalls and PARs for these analyses, recognizing that we
measured reported diet and PA behaviours.

TFA research has focused mainly on their effect on CVD
risk;?® the effect of TFAs on adiposity is not established with
certainty. Our results indicate that black adolescents con-
sume a greater %TFA than whites, yet %TFA was related to
%BF only in whites. The reason for this is unclear. Possible
explanations include racial differences in intake of specific
TFA isomers, which may affect body composition differently,
and genetic differences between blacks and whites in TFA
metabolism. The %TFA and %BF relation likely involves
factors not studied in this investigation. %PRO was a positive
predictor of %BF. Protein intake at 2 years has been found to
be related to body fatness at 8 years,** but little is known
about relations between %PRO and %BF in adolescents.
More research is needed to confirm this result. We were not
able to show that %FAT and %BF were related in these
youths. Studies of fat intake and adiposity in children have
shown both nonexistent'® and positive relations.!! The
difficulty of estimating fat intake, use of different body
composition assessment methods and study designs might
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explain the varied results. Likely, %FAT is not a main
influence on %BF and other factors are more important.*®
Dairy foods have been shown to be negatively related to
body fat!'” with racial differences in the strength of the effect.
We were not able to show that intake of DAIRY, FRUIT, VEG
and WGFD were associated with adiposity in these black and
white adolescents, although this has been reported in other
studies.???1 4445 Intake of these foods averaged about half
the servings of fruit and vegetables, half to three-fourth the
servings of dairy foods, and a third or less the whole grain
food servings currently recommended.*® Intakes at these
levels may not have been sufficient to show relations with
%BF in these black and white adolescents.

VAT was highly correlated with %BF, so similar results
could be expected. Only EI was associated with VAT. To our
knowledge no large studies of VAT in adolescents have been
reported with which to compare our results. The benefit of
high energy throughput appears to apply to VAT as is the
case with %BFE.

Our findings that both EI and VPA were inversely related to
%BF makes sense in the context of overall EB. VPA increases
EE, and increased post-exercise fat oxidation reduces energy
available for storage as fat. The inverse %BF and VPA relation
is supported by other results from our institute in which
adolescents’ VPA was measured with accelerometers.?

In summary, our hypothesis that VPA would predict %BF
was confirmed, but %FAT, DAIRY, FRUIT, VEG and WGFD
showed no relation with %BF. We found that white
adolescents with a greater %TFA, or black and white youth
with higher %PRO intake, could be at some risk for higher
%BF. An examination of the %TFA by race interaction for
differences in intakes of specific TFA isomers might explain
the interaction. Our results do not suggest that restricting EI
is desirable to help youths develop a healthy body composi-
tion. Youth should be encouraged to limit TV/MOVIE
watching and include VPA daily, so that they can ingest
high levels of energy from a variety of nutrient-dense foods
to derive the benefit of the nutrients, while remaining lean.
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