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Abstract
Background—Body composition and fat distribution change dramatically during adolescence.
Data based on longitudinal studies to describe these changes are limited. The aim of this study was
to describe age-related changes in fat free–mass index (FFMI) and fat mass index (FMI), which are
components of BMI, and waist circumference (WC) in participants of Project HeartBeat!, a
longitudinal study of children.

Methods—Anthropometric measurements and body composition data were obtained in a mixed
longitudinal study of 678 children (49.1% female, 20.1% black), initially aged 8, 11, and 14 years,
every 4 months for 4 years (1991–1995). Trajectories of change from ages 8 to 18 years were
measured for FFMI, FMI, and WC. Because of the small number of observations for black
participants, trajectories for this group were limited to ages 8.5–15 years.

Results—Body mass index, FFMI, and WC increased steadily with age for all race–gender cohorts.
However, in nonblack girls, FFMI remained constant after about age 16 years. For black boys and
girls, FFMI was similar at age 8.5 years but increased more steeply for black boys by age 15 years.
In girls, FMI showed an upward trend until shortly after age 14 years, when it remained constant. In
boys, FMI increased between age 8 years and age 10 years, and then decreased.

Conclusions—The extent to which each component of BMI contributes to the changes in BMI
depends on the gender, race, and age of the individual. Healthcare providers need to be aware that
children who show upward deviation of BMI or BMI percentiles may have increases in their lean
body mass rather than in adiposity.

Introduction
Overweight and obesity in children are commonly defined by CDC growth curves as a BMI
greater than the 85th and 95th percentiles, respectively.1 But BMI is not necessarily a good
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reflection of adiposity; rather, it represents the relationship between weight and height.2–5

Amount and distribution of adiposity is important in cardiovascular disease (CVD) risk.6,7

Fat mass and fat-free mass are the components of total body mass. When stature is taken into
account, these become the fat mass index (FMI) and fat free–mass index (FFMI) and represent
the fat and lean components of BMI, respectively. Several reports support the use of FMI and
FFMI instead of BMI for classifying the weight status of children.5,8,9 Although FMI accounts
for the amount of adiposity, waist circumference (WC) is a commonly used measure of the
distribution of adiposity.

Increased WC is a well recognized risk factor for CVD in adults. In children and adolescents,
WC increases normally with growth. However, there are no established trajectories that enable
determination of abnormal increases in WC.

Adiposity measurements differ among gender–race groups. However, trajectories for the
components of BMI and WC for specific gender–race groups have not been established. It is
important to create trajectories to aid in identifying populations at increased risk for developing
CVD. Recognizing those children who are at greater risk will facilitate early and appropriate
interventions. No attempt is made here to determine which factors affect linear growth,
specifically sexual maturation, diet, and physical activity. The purpose of this paper is to
establish normal trajectories for FMI, FFMI, and WC.

Methods
Study Design and Population

Project HeartBeat! is a longitudinal study designed to evaluate the changes in CVD risk factors
among children and adolescents. A total of 678 boys and girls in three cohorts, aged 8, 11, and
14 years at baseline, were enrolled from The Woodlands and Conroe TX. The participants were
49.1% female, 74.6% white, 20.1% black, and 5.3% of other race/ethnicity (Table 1). Data
collection began in the fall of 1991 and continued every 4 months until 1995, creating a
combined cohort for ages 8–18 years.10 The study protocol was approved by the IRBs of the
University of Texas Health Science Center at Houston and of Baylor College of Medicine. For
each participant, informed consent or assent and parental consent were obtained. The complete
design and methods of Project HeartBeat! have been described elsewhere.11

Data Collection
Anthropometric measures were obtained by two trained and certified technicians. Weight was
measured to the nearest 0.1 kg with a balanced-beam scale; height was measured to the nearest
0.1 cm using a wall-mounted stadiometer. BMI was calculated as weight (kg)/height (m)2.
Waist circumference was measured to the nearest 0.1 cm at the narrowest part of the torso using
a nonelastic tape measure underneath the subject’s clothing. Skinfolds at six different sites
(triceps, subscapular, midaxillary, abdomen, distal thigh, and lateral calf) were measured to
the nearest 0.1 mm in full sets, then repeated two times to improve reliability.12 The three
values at each site were averaged. Fat mass and fat-free mass were derived from a combination
of bioelectric impedance analysis (RJL Systems bioelectric impedance analyzer BIA 101-A),
performed by placing electrodes on the right arm and right foot, and anthropometry.13 Fat mass
index was calculated as fat mass in (kg)/height (m)2, and FFMI was calculated as FFM in (kg)/
height (m)2.

Data Analysis
Descriptive statistics (Ms and SDs) for BMI, FMI, FFMI, and WC were calculated for cohorts
defined by gender, race, and age. Multilevel statistical analysis was used to calculate average
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age trajectories by gender and race/ethnicity for each of the measurements. A p-value of 0.05
was used as the criterion for all statistical testing. Although black participants constituted
20.1% of the total study population, the absolute numbers of observations for black participants
aged 8–8.5 years and aged 15–18 years were relatively small. Accordingly, it was decided that
estimates of trajectories in these age intervals might not be stable and could be misleading.
Therefore, trajectories for black participants are limited to ages 8.5–15 years.14

Repeated measurements of each body composition index and WC were regressed on gender,
race (nonblack/black), and age terms. For each index and WC, gender, race, a gender-by-race
interaction term, three age terms (age, age2, and age3), three gender-by-age interaction terms
(gender × age, gender × age 2, gender × age3), and three race-by-age interaction terms (race ×
age, race × age2, race × age3) were entered first into the equation. A backward-elimination
procedure was used for selecting independent variables. These multilevel regression models
allow construction of separate trajectories for each of the four race–gender groups from a single
model using all observations simultaneously. Details of the statistical analysis have been
reported previously.14 Descriptive statistical analyses were performed with SPSS version 9.0.
The longitudinal modeling of trajectories of selected indices was conducted using MLwiN
version 2.1.

Results
Mean baseline values for each anthropometric measure are presented in Table 1 for each age
cohort by gender. In girls, FMI increased with age. In boys, FMI increased from ages 8 to 10
years, and then decreased. Mean FFMI and WC increased with age for all gender–race groups.

Multilevel linear models for BMI, FFMI, FMI, and WC are presented in Table 2. Their
trajectories by gender and race are shown in Figures 1–4.

Body Mass Index
Average BMI values increased steadily with age, except in nonblack girls, in whom BMI
showed no increase after age 16.5 years and even showed a slight decrease after age 17 years
(Figure 1). In nonblack boys, BMI values increased from 17.0 kg/m2 at age 8 years to ~22.7
kg/m2 at age 18 years. In black boys, BMI was similar to that for nonblack boys aged 8.5 years
(17.1 kg/m2) but increased to 23.0 kg/m2 by age 15 years. The BMI values were consistently
higher in black girls at all ages than in other gender–race groups.

Fat Mass Index
Age patterns of change in FMI differed markedly by gender. In nonblack girls and boys, the
trajectory began at ~4.4 kg/m2 at age 8 years and then diverged, with nonblack girls’ FMI
increasing consistently until reaching a plateau at 5.8 kg/m2 at about age 17 years, and nonblack
boys’ FMI decreasing consistently after a subtle peak of ~4.7 kg/m2 at age 10 years. Average
FMI of 5.0 kg/m2 for black girls aged 8.5 years was higher than that for nonblack boys and
girls (~4.5 kg/m2), and it continued to increase, to ~7.0 kg/m2 at age 15 years. Black boys had
a low FMI of 3.6 kg/m2 at age 8.5 years, which rose to only 4.4 kg/m2 at age 11 years, and
then declined slightly until age 15 years.

Fat Free–Mass Index
Trajectories for FFMI were dramatically different from those for FMI (Figure 3). The average
FFMI increased steadily with age, except for an apparent plateau in nonblack girls aged 17
years (Figure 2). In nonblack boys, FFMI increased from 12.9 kg/m2 at age 8 years to
approximately 19.3 kg/m2 at age 18 years. Among nonblack children, average FFMI values
were consistently higher for boys than for girls at all ages. The FFMI was similar for black
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boys and girls at age 8.5 years (~13.6 kg/m2) but increased more steeply for black boys to
~18.8 kg/m2 by age 15 years. The FFMI demonstrated a similar pattern in black and nonblack
boys, but values were higher for black boys at all ages. Average FFMI values were consistently
higher among blacks than nonblacks.

Waist Circumference
Waist circumference increased steadily with age, except for a plateau at ~71 cm after age 16
years for nonblack girls (Figure 4). Trajectories for nonblack boys and for black boys and girls
followed a similar pattern, increasing steadily for the age range studied, except that the
trajectory started ~2 cm lower for black boys at age 8.5 years (~58 cm) and ended slightly
higher for black girls at age 15 years (~76 cm). The trajectory for nonblack girls was
consistently lower, by ~2–10 cm, than those for the other gender–race subgroups.

Discussion
This analysis provides trajectories for FMI, FFMI, and WC for black and nonblack adolescents.
The trajectories varied remarkably by age and gender and to a lesser extent by race. There were
gender and age differences in the measurements after age 10 years, with a strong divergence
between boys and girls in the growth pattern of FMI; boys decreased in FMI with age, and
girls continued to increase in FMI. This finding was similar to those from other studies,8,15,
16 except in one,8 FMI values in boys did not decrease until after age 12 years.

Although BMI growth pattern and rate were similar for boys and girls, the BMI components
differed greatly between genders, particularly during adolescence. In both genders, BMI was
composed predominantly of lean mass. For boys, the age-related increase in BMI was
concurrent with a large increase in FFMI and a decrease in FMI, which may explain the changes
in boys’ physiques as they become more lean and muscular during adolescence. These results
were similar to those of other studies.3,5,15,17 Demerath et al.3 reported that white boys aged
13–18 years experience an increase in BMI percentile that may be accompanied by a uniform
increase in the FFM component across the range of BMI percentiles; further, older boys
increase faster in FFM than younger boys and experience a decrease in percent body fat, even
in the overweight range.

Waist circumference trajectories differed by gender and race. Black girls had a larger WC
compared with other gender–race groups at all ages, similar to the findings in another report.
18 Waist circumference did not differ between black and nonblack boys, which supports
findings19 of no differences in the rate of visceral and subcutaneous abdominal adiposity
between gender groups. Of the four adiposity trajectories presented in the current study, WC
showed the fewest differences among the four gender–race groups and generally was most
similar to BMI and FFMI, except that black boys had a steeper increase in FFMI. An
explanation for the increase in WC is that it represents the measurement for truncal fat,
including muscles and bones without differentiation of visceral and subcutaneous fat, and the
increase for boys may represent a greater increase in FFM than in fat mass.

The trajectories for all measurements varied remarkably by age and gender and to a lesser
extent by race. In the study cohort, black girls, at all ages, had higher values of FMI, BMI, and
WC than other race–gender groups, likely making them the highest risk group for CVD and
its risk factors. In a study of healthy multi-ethnic children aged 5–18 years,7 distribution of
lean and fat mass was similar to the current findings. The current findings are also in agreement
with national data indicating that BMI values for black girls are higher than those for nonblack
girls during this age period.20 The analyses did not seek to determine the etiology of excess
fat mass development in black girls, but they clearly demonstrate the excess fat mass that occurs
in adolescents, which likely increases their risk for development of CVD risk factors and CVD
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as adults. Some possible mechanisms for the differences between black girls and other youth
in this study are physiologic, genetic, cultural, and socioeconomic.

Our findings support the recommendation17 to use FFMI and FMI in determining the deeper
meaning of BMI. These two measures of adiposity allow independent evaluation and
assessment of the contribution of FFM and fat mass relative to body size.4 Calculation of FFMI
and FMI in the context of BMI enable the clinician to identify children with normal BMI and
excess adiposity (large FMI) to initiate intervention. Similarly, they enable identification of
children who are overweight as a result of a large FFMI for primary prevention counseling.

Standards for FFMI, FMI, and WC need to be established. The current findings contribute to
the understanding of FFMI, FMI, and WC. A possible weakness of the findings is that FFMI
and FMI calculations require measurement of percent body fat. This measurement can be done
using bioelectric impedance analysis or dual x-ray absorptiometry. Neither of these measures
is readily available in the majority of outpatient pediatric clinics. Another limitation of the
current study is that the population was predominantly white with few black children, and there
were no other race/ethnic groups for comparison. Finally, the participants were at a variety of
pubertal stages, which may account for significant differences in trajectories between boys and
girls and between races.

Conclusion
Each component of the adiposity index contributes to the changes in BMI and depends on the
gender, race, and age of the individual. Trajectories were created for FMI, FFMI, and WC,
which were not previously defined for children and adolescents. Additionally, black girls have
the highest values on each measure of adiposity, but they also have a lot of lean mass compared
to white boys and girls. Standards for FMI, FFMI, and WC should be available to identify
individuals at higher risk for having excess adiposity. Intervention strategies should be
developed to target high-risk populations, especially black girls.
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Figure 1.
Gender- and race-specific trajectories of BMI, Project HeartBeat!, 1991–1995 (n=678)
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Figure 2.
Gender- and race-specific trajectories of fat free–mass index, Project HeartBeat!, 1991–1995
(n=678)
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Figure 3.
Gender- and race-specific trajectories of fat mass index, Project HeartBeat!, 1991–1995
(n=678)
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Figure 4.
Gender- and race-specific trajectories of waist circumference, Project HeartBeat!, 1991–1995
(n=678)
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