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Abstract

Background—It is unclear to what extent factors affecting energy balance contribute to the
development of body fatness in youth. The objective of the current study was to describe the
relationship of physical activity, energy intake, and sedentary behavior to BMI, fat free—mass
index (FFMI), and fat mass index (FMI) in children aged 10-18 years.

Methods—In the subsample studied, participants were 245 girls and 227 boys (aged =10 years at
entry or during follow-up assessments, or aged 11-14 years at entry) followed for 4 years from
entry at ages 8, 11, or 14 years. At baseline and anniversary examinations, trained interviewers
used a questionnaire to assess time spent daily in moderate-to-vigorous physical activity (MVPA),
sedentary behavior, and energy intake (kcal/day). Sexual maturation was assessed by direct
observation of pubic-hair development (Tanner Stages 1-5). Triplicate recordings of height and
weight were used to estimate BMI by the standard formula (kg/m?2); bioelectric impedance was
used to estimate percent body fat for calculating FFMI and FMI (kg/m2). Multilevel models were
used to examine the association of MVPA, energy intake, and sedentary behavior with BMI,
FFMI, and FMI. Data were analyzed in 2007-2008.

Results—Energy intake was unrelated to FMI or FFMI in models adjusted for age or sexual
maturation or in any model to BMI. Sedentary behavior was unrelated to FMI in any model or to
FFEMI or BMI in models adjusted for age or sexual maturation. MVPA was inversely related to
FMI.

Conclusions—In children aged 10-18 years, MVPA was inversely associated with fat mass and
with BMI. Investigations in youth of dietary intake and physical activity, including interventions to
prevent or reverse overweight as represented by BMI, should address its fat and lean components
and not BMI alone.

Address correspondence and reprint requests to: Janet E. Fulton, PhD, Division of Nutrition, Physical Activity, and Obesity, Centers
for Disease Control and Prevention, 4770 Buford Highway NE, Mailstop K-46, Atlanta GA 30341-3724. jkf2@cdc.gov.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fulton et al. Page 2

Introduction

The increasing prevalence of overweight and obesity in the U.S. and elsewhere is one of
today’s most critical public health concerns.1=3 The combination of increases in portion
sizes of foods served, increases in intake of sugar-sweetened beverages,* and decreases in
physical activity® may explain the rise in the number of overweight children. Still, it is
unclear to what extent the forces of energy imbalance contribute to this number.

Energy intake and energy expenditure are the forces leading to changes in body weight.® In
youth, small increases in the energy differential theoretically account for current trends in
overweight’; however, the relative responsibility of increased energy intake and decreased
energy expenditure (related to physical activity levels) remains unclear. Few prospective
studies® 12 of youth have examined this question while taking into account the concurrent
effects of dietary intake and physical activity (including sedentary behavior) on changes in
weight or adiposity. Other studies showed that dietary components (total calories and
percentage of calories consumed from fat)13 and sedentary behavior (primarily TV
viewing)14 were directly associated with adiposity. Some prospective studies that adjusted
for dietary intake found that physical activity was inversely related to increases in BM18:2
and adiposity,1911 put others did not.12 Few studies, however, report the specific
contributions of physical activity, energy intake, and sedentary behavior to the development
of weight and adiposity. It has therefore been difficult to determine the relative importance
of these behaviors to weight change.

A recent review!? of longitudinal studies of physical activity and sedentary behavior among
youth and their relationship to weight and adiposity concluded that findings generally,
although not uniformly, showed an inverse association with physical activity and a direct
association with sedentary behavior. That review noted that the effect of physical activity
and sedentary behavior on the development of overweight may be small and therefore
difficult to detect in studies with inadequate designs, imprecise measurements, or less than
optimal analytic techniques. Improving the design and analysis of studies by using valid
measurement methods, shorter intervals between assessments, longer follow-up times, direct
measures of adiposity, and statistical procedures that take into account the prospective nature
of the study design may, therefore, help to clarify previous, inconsistent findings.

Project HeartBeat!, a prospective cohort study of children and adolescents,® offered a
unique opportunity to examine the relative importance of physical activity, energy intake,
and sedentary behavior on differences in body mass and its lean, or fat-free, and fat
components in youth aged 10-18 years. Specifically, the current study examined the
hypothesis that greater energy intake and time spent in sedentary behaviors is directly
associated with higher values of BMI and the fat component of BMI (the fat mass index
[FMI]), and that more time spent in moderate-to-vigorous physical activity (MVPA) is
inversely associated with these two indices. The primary objective of the current study was
to describe the relationship of physical activity, energy intake, and sedentary behavior with
concurrent values of BMI, FFMI, and FMI in children aged 10-18 years. The findings were
based on data adjusted for age, gender, race/ethnicity, and sexual maturation.
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Methods
Study Population

Project HeartBeat! was a longitudinal study designed to evaluate the dynamics of change in
cardiovascular disease (CVD) risk factors and their behavioral determinants among children
and adolescents.1® Of the 678 participants, 49.1% were female, 74.6% were white, 20.1%
were black, and 5.3% were of other race/ethnicity. Three cohorts of children, aged 8 (Cohort
1), 11 (Cohort 2), and 14 (Cohort 3) years, were enrolled between October 1991 and July
1993 from The Woodlands and Conroe TX. The children were examined three times per
year, at 4-month intervals, through August 1995. The design and methods of Project
HeartBeat! have been summarized previously.1:16

The mean number of examinations was 8.3 per participant over 4 years of data collection.
Cumulative withdrawals (153 participants, 22.6% by the close of data collection) were
mainly a result of relocation (73/153, 48%). Participants who withdrew had similar gender
and ethnicity distributions and were slightly older at baseline than those who continued
(mean ages at entry were 11.6 vs 10.6 years, respectively). After accounting for age, no
other significant differences in baseline characteristics were found between those who did
and did not continue.

The study protocol was approved by the IRBs of The University of Texas at Houston Health
Science Center and of Baylor College of Medicine. For each participant, informed consent
or assent and parental consent were obtained.

Sexual Maturation

Trained observers visually assessed each participant’s sexual maturation stage three times
per year according to Tanner Stages 1 (prepubertal) to 5 (adult), on the basis of genitalia and
pubic-hair development for boys, and breast and pubichair development for girls. Staging of
secondary sexual characteristics, based on the work of Reynolds and Wines, 1718 |ater
popularized by Tanner,19-20 js a simple and straightforward means to classify the sexual
development of children and adolescents on the basis of a 5-point scale. Pubic-hair stage was
used in the analysis to estimate stage of sexual maturation, as it was the measure collected
for both boys and girls.

Physical Activity and Sedentary Behavior

Physical activity was assessed using a 24-hour, interviewer-administered recall questionnaire
adapted from a 7 day-recall instrument modified for use with pre-adolescent children. This
questionnaire has been previously?! validated among 3rd- and 5th-grade children; in fifth
graders, correlations between the questionnaire and two validation standards ranged from
0.63 (accelerometer) to 0.72 (heart rate monitor). Using a segmented-day approach, trained
interviewers asked participants to recall the physical activities and sedentary behaviors in
which they participated during the preceding 24 hours. For each recalled physical activity,
participants estimated three time segments: (1) total time spent in the activity (e.g., 2-hour
baseball game); (2) time spent truly participating in the activity (e.g., 1 hour spent actively
participating in the baseball game); and (3) time spent in vigorously intense activity (activity
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that makes one breathe hard or sweat; e.g., 10 minutes of the baseball game). Time segments
were added as a modification to the original questionnaire. Based on published estimates of
physical activity energy expenditure,?2:23 time spent in physical activities of moderate or
greater intensity (e.g., 3.0 METS) defined MVPA (min/day). Time spent truly participating
in activity was used for analysis. As part of the questionnaire, participants also recalled time
spent in three sedentary behaviors (min/day): TV viewing, reading, and computer use.
Physical activity was assessed at baseline and yearly thereafter.

Energy Intake

Energy intake (kcal/day) was estimated from a food-frequency questionnaire (FFQ)
designed for school-aged children.2* Trained interviewers questioned participants about the
frequency and quantity of 137 foods consumed during the preceding week. The food list was
based on an extensive database available from a prior study?4 of food intake among children
and adults in The Woodlands TX. The database included important food sources of nutrients
associated with CVD. Dietary interviews were conducted in the home of the participant or at
the field center. The parent who was involved with food preparation was asked to be
available to help participants aged <11 years. Dietary intake was assessed at baseline and
yearly thereafter. Nutrient amounts were calculated with the use of nutrient and gram weight
information from the U.S. Department of Agriculture Survey Nutrient Database, version 4.0,
and were expressed as amounts of the average daily nutrient intake consumed during the
preceding week. Total energy intake was calculated as described elsewhere.2°

Body Mass Index

Anthropometric measurements were obtained for each participant three times per year by
two trained and certified observers working together using standardized protocols.26:27 To
improve reliability, triplicate measures of weight and height were taken for each participant.
Participants were barefoot and wore surgical scrub suits over underwear while
measurements were taken. Weight was measured to the nearest 0.1 kg with a beam-balance
scale; height was measured to the nearest 0.1 cm with a wall-mounted stadiometer. BMI was
calculated by standard formula (kg/m?).

Percent Body Fat, FFMI, and FMI

Bioelectric impedance and anthropometric measurements were used to estimate percent
body fat (PBF). Bioelectric impedance assessments were obtained every 4 months,
according to standardized procedures (arm-to-leg), with use of an RJL Systems bioelectric
impedance analyzer BIA-101-A to measure reactance and resistance.?8 PBF was calculated
by the gender-specific formulas of Guo and colleagues?® using resistance, anthropometry
(weight, height, arm muscle circumference), and skinfold measurements (using a Tanner—
Whitehouse skinfold dial caliper; for both boys and girls: lateral calf; for girls only: triceps,
subscapular; for boys only: midaxillary).

These formulas were chosen because they have been cross-validated in several studies3C that
included children and young adults and have the smallest SEs among the various formulas
for bioimpedance. The SEs of these prediction equations appear typical of those from other
body composition techniques, such as body density from underwater weighing.3! The use of
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prediction equations such as these have two advantages over simpler anthropometry: They
estimate a specific aspect of body composition (in this case, body fat), and carefully cross-
validated formulas provide more accurate estimates than do single measurements and
indices.31 FFMI was calculated as the product of BMI and fat free-mass percentage (BMI x
[1 - PBF]/100). FMI was calculated as the product of BMI and fat mass percentage (BMI x
[PBF/100]).

Data Analysis

Analytic Population

Children aged <10 years are generally judged unable to provide reliable information about
their physical activity32 or dietary behaviors.33 Therefore, the study sample for the present
analysis was restricted to participants who were either aged >10 years at entry (Cohorts 2
and 3 entered the study at ages 11 and 14 years, respectively) or attained age 10 years during
follow-up assessments (Cohort 1 was aged 8 years at entry and attained age 10 years during
follow-up assessments). Data from participants who reliably completed physical activity and
dietary assessments when aged =10 years were included. Reliability of the physical activity
and dietary interviews was determined by the interviewer’s assessment of the quality of the
information obtained during the interview.

Of the 678 children and adolescents who originally participated in Project HeartBeat!, 1> 472
(70%) were included in the analytic sample. Energy intake, estimated from FFQs, was
available for 587 participants (91 missing, invalid, or incomplete FFQs). Physical activity
information was available from 576 participants (102 missing, invalid, or incomplete FFQs).
Physical activity and dietary information was available for 556 participants. For these,
information was missing for height, weight, PBF, BMI, FFMI, or FMI (14 participants) or
for pubic-hair staging (70 participants), leaving 472 participants as the analytic sample.

The final data set for this analysis comprised the values for BMI, FMI, FFMI, and the other
variables recorded at the same time as the annual assessment of diet and physical activity
among the 472 eligible participants. That is, because of dependence on annual observations
for those two independent variables (diet and physical activity), the interim observations
made at 4-month intervals on other variables were disregarded. Thus, the data examined here
are the concurrent measures of all variables on an annual basis over the course of the study.
This includes both repeated measures within individuals and between individuals, analyzed
in a multilevel approach described below. Data were analyzed in 2008.

Standard statistical analyses were conducted using SPSS, version 9.0. Longitudinal
multilevel modeling3# of the trajectories of BMI, FFMI, and FMI by physical activity,
energy intake, and sedentary behavior was conducted using MLwiN software. The MLwiN
regression analysis program computes maximum likelihood estimates of the parameters for
mixed linear models. Tests of statistical hypotheses were carried out by use of Wald tests
(ratio of estimated parameter to its SE) or deviance tests (changes in —2 log [likelihood]). A
p-value of <0.05 was used as the criterion for significance in all statistical testing.
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Specifically, in three separate sets of multilevel models, repeated measurements of BMI,
FFMI, and FMI were first regressed on physical activity (MVPA, min/day); energy intake
(kcal/day); and sedentary behavior (TV viewing, reading, and computer use; min/day), in
unadjusted multilevel regression models. The basic model-building strategy consisted of
including physical activity, energy intake, and sedentary behavior in Model 1, followed by
adding gender, race, and genderxrace (Model 2); adding age and genderxage (Model 3); and
adding sexual maturation stage (dummy coded) and genderxsexual maturation (Model 4).
The primary hypotheses of interest concerned the expected relationships of BMI, FFMI, and
FMI with concurrent values of physical activity, energy intake, and sedentary behavior.

Table 1 shows Ms, SDs, and frequency distributions of baseline values for demographic
characteristics, physical activity, energy intake, sedentary behavior, BMI, FMI, FFMI, and
sexual maturation. Participants’ ages averaged 10.4 years for eligible members of Cohort 1,
11.5 years for Cohort 2, and 14.4 years for Cohort 3. Boys and girls were approximately
equally distributed in each of the age groups. The widest distribution among cohorts was
46% boys, 54% girls in Cohort 1; the other two cohorts were almost evenly divided between
the genders. The proportions of participants at Stage 4 or 5 of pubichair development, as
expected, were higher among Cohort 3 participants. Time spent in MVPA (min/day) was
lower for girls than for boys at each age. Mean energy intake increased across cohorts
among both boys and girls. Sedentary behavior also increased by cohort among both boys
and girls. Among boys, mean BMI increased by age level from Cohort 1 to Cohort 3; among
girls, mean BMI was lower in Cohort 1 than in Cohort 3, but lowest in Cohort 2. FFMI
increased across age levels in both boys and girls from Cohort 1 to Cohort 3. By contrast,
FMI increased across age levels in girls, from Cohort 1 to Cohort 3, but declined in boys,
from Cohort 1 to Cohort 3.

Partial correlation coefficients, adjusted for age, of BMI, FFMI, FMI with physical activity,
energy intake, and sedentary behavior are shown in Table 2. BMI, FFMI, and FMI were
correlated with one another; BMI and FMI were most strongly correlated, whereas FFMI
and FMI were least strongly correlated. BMI and FMI were negatively correlated with
physical activity. Physical activity was positively correlated with energy intake and
negatively correlated with sedentary behavior.

Multilevel longitudinal regression models for BMI are shown in Table 3. In Model 1
(unadjusted), sedentary behavior was directly associated, and MVPA was inversely
associated, with changes in BMI. Interpretation of the regression coefficient for MVPA
indicates that for every 100-minute-per-day increase in MVPA, there was a 0.23 kg/m?
decrease in BMI among adolescents aged 10-18 years. Gender and race did not appreciably
alter the association (Model 2). With the addition of age (Model 3), sedentary behavior and
MVPA were no longer significantly associated with changes in BMI. The interaction
between gender and race in Model 3 indicated that the estimated effect on BMI was 3.1
(sum of relevant coefficients: —0.1435 + 0.8658 + 2.3855) kg/m? higher in black girls than in
nonblack boys. With the addition of sexual maturation (Pubic-Stages 2-5) and the
interaction between gender and sexual maturation, MVVPA remained associated with a
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decrease in BMI. The interaction between gender and Pubic-Stage 2 in Model 4, for
example, indicated that the estimated effect on BMI in girls in Pubic-Stage 2 was 0.21 kg/m?
higher than in boys in Pubic-Stage 2 and was 0.72 kg/m? higher (sum of relevant
coefficients: 0.2052 + 0.5176) than in girls in Pubic-Stage 1. In none of the models was
energy intake related to BMI.

Multilevel longitudinal regression models for FFMI are shown in Table 4. In Model 1
(unadjusted), and also when the model was adjusted for gender and race/ethnicity (Model 2),
energy intake and sedentary behavior were both directly associated with changes in FFMI.
When age and then sexual maturation stage were added (Models 3 and 4, respectively),
sedentary behavior and energy intake were no longer associated with changes in FFMI. In
none of these models was MVPA related to FFMI.

Multilevel longitudinal regression models for FMI are shown in Table 5. Energy intake and
MVPA were both inversely associated with changes in FMI in Model 1 (unadjusted) and in
Model 2 (adjusted for gender and race). In Models 3 and 4, after further adjustment for age
and for sexual maturation, respectively, only the inverse relation between MVPA and
changes in FMI remained significant. In none of these models was sedentary behavior
related to FMI.

Additional analyses were conducted to examine alternative explanations for the findings.
Weekday versus weekend physical activity recall was examined. In this analysis, no
significant association was observed between weekday (97% of observations) or weekend
day (3%) physical activity recall status on BMI, FFMI, or FMI (data not shown). Alternative
measures of sexual maturation were also examined (breast development for girls and genital
development for boys). In this analysis, there were no appreciable differences in the
coefficients for energy intake, sedentary behavior, or MVVPA for BMI (energy intake:
-0.071; sedentary behavior: 0.050; MVVPA: 0.174); FFMI (energy intake: 0.002; sedentary
behavior: 0.033; MVPA: 0.037); or FMI (energy intake: —0.057; sedentary behavior: 0.029;
MVPA: -0.134). The coefficients remained nonsignificant for energy intake and for
sedentary behavior and were slightly attenuated for MVPA, but they remained significantly
associated with BMI and with FMI, as previously observed (Tables 3 and 5).

Discussion

With respect to the three primary independent variables and their relationships to BMI,
FFMI, and FMI, the major results of this study are as follows: (1) Energy intake was
inversely associated with FMI and directly associated with FFMI in unadjusted models, but
it was unrelated to FMI or FFMI in models adjusted for age or sexual maturation and in any
model to BMI. (2) Sedentary behavior was unrelated to FMI in any model or to either FFMI
or BMI in models adjusted for age or sexual maturation; its association with BMI in
unadjusted models was due to its association with FFMI, not FMI. (3) MVPA was inversely
related to FMI in all models, even after adjustment for age and sexual maturation, a
relationship that was altogether lacking for FFMI but remained, after adjustment for sexual
maturation, for BMI (because of FMI and not FFMI). These findings support the hypothesis
that greater levels of MVPA are generally beneficially associated with lower values of BMI,
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in children aged 10-18 years, and they demonstrate that this relationship is specifically
attributable to the relationship between MVPA and FMI.

Several previous reports provide a context for interpretation of these findings. The finding
that physical activity was beneficially related to the FMI is consistent with other longitudinal
studies®10:35-39 that have examined the behavioral factors thought to influence relative
weight or adiposity in children and adolescents. Most published studies®35-37:39 have
reported a favorable relationship between physical activity and changes in BMI. It appears
that no study has yet examined the relationship of physical activity to changes in the FMI,
although a small number of studies!?:38:39 have examined the relationship of physical
activity to changes in adiposity.

Two long-term cohort studies of preschool9 and adolescent children3® provide an
illustration. Among 103 preschool-aged children (M age was 4 years at baseline) followed
over 8 years, it has been observed?0 that, compared with the least active children, measured
by accelerometry, the most active children had smaller gains in triceps skinfold and the sum
of five skinfolds. Among 2287 adolescent girls (aged 9-10 years at baseline) followed for 8
years, a beneficial relationship has been noted3° between physical activity and the changes
in the sum of three skinfolds. The difference in skinfolds between active and inactive girls
over the course of the study was 16 mm. Findings from the present analysis, perhaps of less
relevance to the individual, lend support to the hypothesis that, independent of energy intake,
population participation in MVPA may have beneficial effects on changes in body fatness
during adolescence.

In the unadjusted models or those adjusted only for gender and race, there was an inverse
relationship between energy intake and FMI and a positive relationship between energy
intake and FFMI. Both of these findings run counter to the theory of energy balance, which
would predict the opposite relationships of increased energy intake with fat and lean mass,
and were therefore unexpected. However, similar findings have been observed in other
studies among youth.#%:41 Investigators have proposed at least two explanations.

One explanation is that active children require an increase in energy intake for proper growth
and development.#? An alternative explanation is that overweight adolescents, compared
with their normal weight peers, may be more likely to under-report energy intake.4041 It is
unclear to what degree these (or other) explanations may explain this finding. What is clear,
however, is that it is especially difficult to examine the true relationship of energy intake to
weight and adiposity in growing children, given the dynamic nature of body size and
composition during this life stage. Future investigations should seek to clarify how energy
intake relates to body mass and its lean and fat components, examining in particular how
factors related to growth, development, and ascertainment bias of body fat components may
affect these relationships.

Several longitudinal studies®-%:35:3742 have shown that sedentary behavior (usually studied
as TV viewing) is directly related to increases in relative weight or adiposity. The current
findings showed the same direction of this relationship. Previous studies of sedentary
behavior and adiposity have included different combinations of variables in statistical
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adjustment of results, and it is therefore difficult to compare findings among studies. For
example, although most studies do not include adjustment for either physical activity or
energy intake,8:36:37:43 some studies adjust for physical activity alone® or for both physical
activity and energy intake,3%42 and these studies do not clearly indicate the specific
contribution of sedentary behavior to weight change. A potential alternative explanation for
the absence of a significant finding in this regard is that reading and computer use, included
in Project HeartBeat! as sedentary behaviors, obscured a true association between TV
viewing and adiposity. However, TV viewing alone was not associated with BMI, FFMI, or
FMI in this study (results not shown). Comparisons with current patterns of sedentary
behavior (e.g., TV viewing) may also be difficult as screen usage has increased over time.*4

Changes in patterns of adiposity indices during adolescence differ for boys and girls and
according to the measure chosen.2” In Project HeartBeat!, BMI was found to increase in a
monotonic fashion with age with little or no gender difference. PBF, however, decreased
with age in boys and remained nearly constant with age in girls. The several body
measurement—based indices of adiposity are influenced to varying degrees by fat and lean
tissue components, as evidenced by the differences in growth patterns. Because BMI is
actually dominated by lean mass, relative to the amount of fat mass,284° relationships
between BMI and other measures of adiposity should not necessarily be expected to be
consistent with one another in the same or different studies. As shown here, findings based
on BMI may reflect an underlying association of FMI, an association of FFMI, or
countervailing associations of the two. These results underscore the need for caution in
interpreting findings for BMI in studies in childhood and adolescence, as well as in practice.

There are unique strengths as well as inherent limitations in the design and methods of
Project HeartBeat! as they pertain to the present analysis. Particular strengths address two
key weaknesses emphasized in a recent review of longitudinal studies on physical activity,
weight, and adiposity in youth.1* The first major strength is assessment of body composition
through inclusion of bioelectric impedance, rather than reliance on weight, height, and other
anthropometric variables alone. (Other more ideal methods, such as underwater weighing,
were considered impractical because of the size of the study and the required frequency and
logistics of examinations.) Second, inclusion of assessments of both dietary behavior and
time spent in sedentary and energy-consuming activities permitted evaluation of the
contributions of these factors to lean and fat mass, as these vary across the wide age range of
10-18 years.

An important limitation of this study is the ascertainment of measures of physical activity,
energy intake, and sedentary behavior not from objective methods such as accelerometry,
heart rate monitoring, or direct observation, but from self-report questionnaires and at annual
intervals rather than more frequently. However, standard dietary methods were used, as
described in greater detail elsewhere.25 With respect to physical activity, the questionnaire
was validated in a previous study?! (using heart rate and accelerometry as the validation
standards) that found correlation coefficients consistent with more recently reviewed
validation studies.*8 The methods used precluded ascertainment of energy intake and
expenditure for participants aged <10 years, with consequent loss of information for this age
group. In addition, the number of black participants, although constituting 20.1% of the total
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Project HeartBeat! sample, may have been too few for reliable assessment of differences by
race/ethnicity. The current findings, therefore, must be interpreted with caution.

Conclusion

These findings from Project HeartBeat! show that time spent in MVVPA was inversely and
independently associated with adiposity, as measured by the fat mass component of BMI, in
children and adolescents aged 10-18 years. Owing to this specific relationship of MVPA
with FMI, BMI also was inversely and independently associated with MVPA. By contrast,
the lean component (FFMI) of BMI appears to be strongly influenced by intrinsic factors
represented by several nonmodifiable characteristics—age, gender, and sexual maturation—
so that neither measures of energy intake nor sedentary behavior nor physical activity had
detectable effects on this component after adjustment for these variables. The unexpected
findings, such as the inverse relationship of energy intake with fat mass and its direct
relationship with lean mass, prior to adjustment for age and sexual maturation, underscore
the importance of studying broad age groups and including data on age and sexual
maturation in seeking to understand the complex relationships among extrinsic factors of
nutrition and physical activity and the development of adiposity and other health indicators
in childhood and adolescence.

Finally, interpretation of BMI, when measured in research or in clinical practice, should be
informed by the understanding that its two distinct components, fat mass and lean mass, may
relate differently to external factors that contribute to such adverse health conditions as
overweight, high blood pressure, dyslipidemia, and impaired glucose tolerance. Accordingly,
devising and evaluating intervention approaches to prevent or reverse these adverse
conditions on the basis of BMI should, as a high priority, incorporate measurement of both
fat and lean components of BMI specifically and not rely on a BMI calculation alone.
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Table 3

Multilevel longitudinal models for BMI in 472 participants in Project HeartBeat!, 1991-1995

BMI (kg/m?)
Model 1 Model 2 Model 3 Model 4
Estimate+SE Estimate+SE Estimate+SE Estimate+SE

Parameter
Fixed parameters

Intercept 20.2332+0.1833 "

Energy intake (1000 kcal/day increments) -0.0456+0.0806
Sedentary behavior (100 min/day increments)?  0.0970+0.0424 *

MVPA (100 min/day increments) ~0.2292+0.0715
Gender?

Race®

Genderxrace
Age
Genderxage

Sexual maturation

Pubic-Hair Stage 2
Pubic-Hair Stage 3
Pubic-Hair Stage 4
Pubic-Hair Stage 5

Genderxsexual maturation
FemalexPubic-Hair Stage 2
FemalexPubic-Hair Stage 3
FemalexPubic-Hair Stage 4

FemalexPubic-Hair Stage 5

2

*

0.0861+0.2769
-0.0350+0.0812

*

0.0996+0.0423

0.2389+0.0747
-0.26320.3844

0.0054+0.6504

2.879620.9182 *

20.3231+0.2938

-0.0549+-0.0520
0.0349+0.0300

-0.0764+0.0506
-0.1435+0.4125

0.8658+0.6524

2.3855+0.8934 *

0.6918+0.0599 *

0.0371+0.0835

19.3467+0.2838
-0.0780+0.0637
0.0552+0.0384

-0.2009:£0.0688
-0.923520.4110

0.2946+0.6291

2.5105+0.8791 *

*

0.5176+0.1886

*

1.1847+0.2322

*

1.2976+0.2212

*

2.1965+0.2214

0.2052+0.2791
0.2922+0.3286

*

0.9129+0.3238
0.6091+0.3354

aSedentary behavior includes TV viewing, computer use, and reading.
bGender is coded as 0O=male, 1=female.
CRace is coded as O=nonblack, 1=black.

*
Boldface indicates significance at p<0.05.

MVPA, moderate to vigorous physical activity
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Table 4

Page 17

Multilevel longitudinal models for fat free—mass index in 472 participants in Project HeartBeat!, 1991-1995

Fat free-mass index (kg/m?)

Model 1
Estimate+SE

Model 2
Estimate+SE

Model 3
Estimate+SE

Model 4
Estimate+SE

Parameter
Fixed parameters

Intercept

Energy intake (1000 kcal/day increments)
Sedentary behavior (100 min/day increments)@
MVPA (100 min/day increments)

Gender?

Race®

Genderxrace
Age
Genderxage

Sexual maturation

Pubic-Hair Stage 2
Pubic-Hair Stage 3
Pubic-Hair Stage 4
Pubic-Hair Stage 5

Genderxsexual maturation
FemalexPubic-Hair Stage 2
FemalexPubic-Hair Stage 3

FemalexPubic-Hair Stage 4

FemalexPubic-Hair Stage 5

15.1669+0.0872

0.187020.0687

*

0.1017+0.0353
-0.1066+0.0588

15.4774+0.1339 *

*

0.1675+0.0682

0.098020.0352 *
-0.1069+0.0595
-0.7913+0.1882

0.0574+0.3220

0.9262+0.4520 *

15.8114+0.1338 *
0.0100+0.0351

0.0128+0.0207
~0.00520.0340
-0.9214+0.1875
0.5816+0.2990
0.9612+0.4119
0.7956+0.0371

-0.2098+0.0516 *

14.4491+0.1303 *
0.0094+0.0412

0.0406+0.0252
-0.0368+0.0412

-0.9722+0.1972
0.2551+0.2816

0.6287+0.3877

0.621620.1211
1.8329+0.1516 *
2.3358+0.1427

3.2599+0.1407 *

-0.1003+0.1784
-0.4317+0.2125 ™
-0.4511+0.2058

-0.9139+0.2104

a _— - .
Sedentary behavior includes TV viewing, computer use, and reading.

bGender is coded as O=male, 1=female.
cRace is coded as 0=nonblack, 1=black.

*
Boldface indicates significance at p<0.05.

MVPA, moderate-to-vigorous physical activity
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Multilevel longitudinal models for fat mass index in 472 participants in Project HeartBeat!, 1991-1995

Table 5

Fat mass index (kg/m?)

Model 1
Estimate+SE

Model 2
Estimate+SE

Model 3
Estimate+SE

Model 4
Estimate+SE

Parameter
Fixed parameters

Intercept

Energy intake (1000 kcal/day increments)
Sedentary behavior (100 min/day increments)@
MVPA (100 min/day increments)

Gender?

Race®

Genderxrace
Age
Genderxage

Sexual maturation
Pubic-Hair Stage 2
Pubic-Hair Stage 3

Pubic-Hair Stage 4
Pubic-Hair Stage 5

Genderxsexual maturation

FemalexPubic-Hair Stage 2
FemalexPubic-Hair Stage 3
FemalexPubic-Hair Stage 4

FemalexPubic-Hair Stage 5

4.8739+0.1086

*

-0.1302+0.0447
0.0452+0.0275

-0.1409+0.0463 *

4.4439+0.1667

*

-0.1153+0.0448
0.0487+0.0275

*

-0.1215+0.0464

*

0.6836+0.2318
-0.0292+0.3917

0.9061+0.5500

4.4284+0.1664 "
-0.0787+0.0432

0.0349+0.0257

-0.1205+0.0441 "
0.7932+0.2285
-0.20500.3912
1.087240.5519

-0.1687+0.0414 "

0.2774+0.0573 "

4.794020.1750 *
-0.0591:£0.0430

0.0406+0.0263
-0.1359+0.0466 *
0.1349+0.2551
-0.1009:£0.3880

0.9273+0.5454

-0.1474+0.1258
-0.56200.1573
-0.9754+0.1484

-1.1050+0.1488

0.4244+0.1848 "
0.6777+0.2200
1.2152+0.2151*

1.5463+0.2229 *

aSedentaw behavior includes TV viewing, computer use, and reading.

bGender is coded as 0=male, 1=female.
DRace is coded as 0=nonblack, 1=black.

*
Boldface indicates significance at p<0.05.

MVPA, moderate-to-vigorous physical activity
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