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The Interaction of Childhood Height
and Childhood BMI in the Prediction

of Young Adult BMI

Steven D. Stovitz', Mark A. Pereira?, Gabriela Vazquez?, Leslie A. Lytle? and John H. Himes?

The purpose of this study was to examine the interaction of childhood height and childhood BMI in the prediction of
young adult BMI. The 2,802 subjects in this study were from the Child and Adolescent Trial for Cardiovascular Health
(CATCH). The subjects’ heights and weights were measured in 3rd grade (mean age 8.7 years) and again in 12th grade
(mean age 18.3 years). The associations and interactions between height (cm) and BMI (kg/m?) were assessed using
mixed linear regression models with adult BMI as the dependent variable. We found a significant interaction between
childhood height and childhood BMI in the prediction of adult BMI (P < 0.0001). Stratification by Centers for Disease
Control and Prevention (CDC) reference quintiles revealed that a positive association between childhood height and
adult BMI existed only for those subjects in the top quintile of childhood BMI, within whom predicted adult BMI ranged
from 27.5 (95% confidence interval = 26.4-28.6) for those in the shortest height quintile to 30.2 (95% confidence
interval = 29.7-30.6) for those in the highest height quintile. Among children with high BMI levels, those who were
taller, as compared to those who were shorter, had significantly higher young adult BMI levels. This pattern seems
primarily due to the positive association of childhood height and childhood BMI. Clinicians should recognize the risk of
excess body weight in young adulthood for all children who have a high BMI, and pay special attention to those who
are tall, because their childhood height will not protect them from subsequent weight gain and elevated BMI.
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INTRODUCTION

Obesity is now considered a worldwide health epidemic (1).
In the United States, the prevention and treatment of obe-
sity is the subject of a recent Surgeon General’s report and a
major goal for Healthy People 2010 (2,3). Pediatric obesity is
a major risk factor for adult obesity (4-10). Accordingly, to
control the adult obesity epidemic, it is important to study
the growth characteristics of children who are at risk for
adult obesity.

Although obesity generally refers to excessive adipose tis-
sue relative to lean mass, the exact definition of excessive has
not been standardized. As a clinical measure of obesity to be
used in many settings, BMI, defined as weight (in kilograms)
divided by height (in meters) squared, has been advocated for
use in both children and adults (2,11-16). Studies have consis-
tently found an association between childhood BMI and adult
BMI (9,10,17-19). Elevated adult BMI is associated with a
variety of adverse health effects (20). Thus, childhood BMI has
been advocated as an easily assessed and meaningful marker
from which clinicians and researchers should judge a child’s
risk for excessive adult BMI (10).

The formula for BMI was derived, in part, to adjust body
weight for height, with the goal of minimizing the effect of stat-
ure on body weight. However, in children, increased height has
been found to be positively associated with BMI and adiposity
(18,21-23). Given the association of childhood BMI with adult
BMLI, it follows that childhood height has been associated with
both BMI and adiposity in adulthood (18,21,24,25). In adults,
there does not appear to be an association between concurrent
height and BMI, even in longitudinal cohorts where an asso-
ciation between height and BMI existed in childhood (21,26).
Thus, although heavy prepubescent children are generally taller
than average children, they tend to become average height as
adults. Previous research has called for further investigation
into the associations between height and BMI in childhood
and adulthood using other cohorts (18,24,26).

The purpose of this study was to evaluate the longitudinal
associations of childhood BMI and childhood height to young
adult BMI in a geographically diverse US cohort. Our primary
goal was to examine the interaction of childhood height and
childhood BMI in the prediction of young adult BMI in a large
prospective analysis. Our hypothesis was that among children
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with high BMI levels, taller children, as compared with shorter
children, would have higher BMI levels in early adulthood.

METHODS AND PROCEDURES

Study population
The subjects from this study come from the Child and Adolescent
Trial for Cardiovascular Health (CATCH). CATCH was a multicenter,
cluster-randomized field trial aimed at evaluating the effectiveness of
an elementary school-based intervention to improve cardiovascular
risk factors via diet, physical activity, and smoking prevention. Ninety-
six schools near four field centers (the University of California at San
Diego, La Jolla; University of Minnesota, Minneapolis; University of
Texas at Austin; and Tulane University School of Public Health and
Tropical Medicine, New Orleans, LA) were randomized to either inter-
vention (14 schools per site, 56 total) or control (10 per site, 40 total).
The details of the original study are described in detail elsewhere (27).
The study originally assessed 5,106 3rd graders during the fall of 1991.
In the spring of 2001, 2,909 of the original subjects were reevaluated
in 12th grade. Dropouts from the original cohort were those moving
out of the area or choosing not to participate in the follow-up survey
(n=1,968), and those who did not return consent forms (n = 229). In
addition, 107 had missing data in either the 3rd or 12th grade. The final
sample analyzed for this study consisted of 2,802 subjects (55% of the
original cohort) followed longitudinally. Compared with those included
in this longitudinal analysis, those lost to follow-up were boys (55%vs.
49%), older (mean age 8.8 years vs. 8.7 years), and Hispanic (18% vs.
10%). Those lost to follow-up were of similar weight z-scores, but they
were shorter (height z-score = 0.07 vs. 0.14) and had higher BMI z-scores
(0.41vs. 0.34). Among the cohort used in this analysis, the intervention
and control groups did not differ with respect to weight, height, or BMI
at baseline or follow-up and they were therefore merged and analyzed
together as a single cohort. In addition, group assignment was controlled
for statistically as a fixed effect in all analyses. The subjects in 12th grade
were generally over 18 years of age (mean 18.3 years, s.d. 0.5). For the
sake of these analyses, 3rd graders will be referred to as “children” and
12th graders will be “young adults”

Anthropometry

All measurements were taken by certified CATCH examiners who
received training in standard protocols annually from the central coor-
dinating center (28). In both the 3rd and 12th grades the subjects were
measured after removing their shoes, sweaters, and outerwear. Standing
height was measured twice without shoes to the nearest 0.1 cm using
a portable stadiometer (Perspective Enterprises, Kalamazoo, MI), and
the mean of the two values was used for analysis. Weight was measured
twice to the nearest 0.1kg using balance beam scales (Detecto Medic
balance scale; Detecto Scales, Brooklyn, NY), and the mean of the two
measurements was used for the analysis. BMI was calculated as weight
(in kilograms) divided by height (in meters) squared. Age, gender, and
race/ethnicity were recorded for all participants.

Statistical analyses

Sample characteristics for categorical variables (gender, ethnicity, over-
weight, obesity) were described by distribution in percentage. Exact
percentiles for weight, height, and BMI for age and gender were calcu-
lated for the Centers for Disease Control and Prevention (CDC) 2000
reference values derived from the US population of the 1960s, 1970s,
and 1980s (29,30). For children, overweight was defined the 85th per-
centile or more and less than the 95th percentile for CDC reference,
and obese was defined as more than equal to 95th percentile for CDC
reference (31). For adults (those in the 12th grade) overweight was
defined as a BMI >25 and <30, and obese was defined as a BMI >30.
Continuous variables (age, weight, height, and BMI) were described by
means and standard deviation and by medians and 25th percentile and
75th percentile of the cohort.
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The relationships of childhood BMI (kg/m?*) and adult BMI (kg/m?),
and childhood height (cm) and adult BMI (kg/m?) were graphically dis-
played using smoothed adjusted means, using a smoothing spline and
adjusting for age, gender, site, intervention arm, and ethnicity in a gener-
alized additive model (32). Linear and nonlinear associations of anthro-
pometric variables were assessed using linear mixed models, including
age, gender, ethnicity, site, and intervention arm as fixed effects (adjusting
for confounding) and school as a random intercept term. School was
modeled as a random term to consider the clustering effect arising from
the sampling design. Linear associations between the anthropometric
variables were tested by including the variable as a continuous term,
and departure from linearity by including a quadratic term. Spearman
correlations were computed and P values <0.05 were considered to be
statistically significant.

Hypothesis-driven interactions with childhood height to predict
adult BMI were tested by including an interaction term; e.g., child-
hood BMI x childhood height. Childhood BMI and height were strati-
fied according to CDC reference quintiles to analyze their interaction
in predicting young adult BMI. We performed a global test for inter-
action by including childhood BMI and height as categorical variables
in the model. We then analyzed whether childhood height and adult
BMI were linearly associated according to childhood BMI strata, and
if these linear trends differed according to BMI strata. Similarly, we
analyzed the association of childhood BMI and adult BMI accord-
ing to childhood height strata. In addition, test for trend in predict-
ing adult BMI was analyzed for childhood height quintiles across
the childhood BMI quintile strata and for childhood BMI quintiles
across the childhood height strata. The analyses were performed using
a linear mixed model to account for the school cluster and all the
models were adjusted by gender, age, site, ethnicity, and intervention
arm. Analysis was performed in SAS (version 9; SAS Institute, Cary,
NC) and graphical displays performed in Splus (version 6; MathSoft,
Seattle, WA).

RESULTS

Summary statistics describing the study sample are presented
in Table 1. The population was ethnically diverse with 22%
self identifying as either “non-Hispanic black” or “Hispanic”
Compared to the CDC 2000 reference levels, the cohort was
heavier and taller. The median levels for weight, height, and
BMI were higher than the mean levels due to the uneven dis-
tribution of the sample whereby a higher proportion of chil-
dren had values in the upper percentiles of weight, height,
and BMI in comparison to the middle and lower percentiles.
Approximately 25.4% of the children had a BMI that placed
them above the childhood categorical level for overweight
(i.e., 285th percentile of the CDC reference). In young adult-
hood (mean age 18.3 years), the mean BMI was at 24.5kg/m?,
and 35.6% of the subjects had a BMI that was above the cat-
egorical cutoff of 25 for adult overweight.

The longitudinal association of childhood BMI (adjusted for
age, gender, site, and intervention) and young adult BMI is pre-
sented as smoothed adjusted means in Figure 1. The associa-
tion of childhood BMI and young adult BMI was approximately
linear with an overall slope of 1.29 kg/m? (s.e. 0.02, P < 0.0001).
Thus, every childhood BMI unit increase was associated with
about 1.3 units of increase in adult BMI. The Spearman cor-
relation between adjusted BMI in childhood and BMI in early
adulthood was 0.73. The association departed from linearity
(P =0.0012 for the quadratic term). There was no interaction
between gender and childhood BMI in predicting adult BMI
(P=0.58).
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Table 1 Descriptive statistics

Descriptive statistics (n = 2,802)

Children Young adults
Age in years (mean (s.d.)) 8.7 (0.45) 18.3(0.5)
Date of measurement Fall 1991 Spring 2001
Gender (female %) 51.2
Ethnicity (n (%))
Non-Hispanic white 2,070 (74%)
Non-Hispanic black 335 (12%)
Hispanic 290 (10%)
Other 107 (4%)
Weight (kg) (mean (s.d.)) 30.9(6.9) 741 (17.5)
Weight percentile*
Mean (s.d.) 59.6 (28.1) 64.1(28.5)
Median (25th, 75th %) 62.3(37.6,84.9) 70.7 (42.5,89.4)
Height (cm) (mean (s.d.)) 132.5(6.1) 170.5(9.4)
Height percentile*
Mean (s.d.) 53.8 (27.5) 53.7 (28.6)
Median (25th, 75th %) 55.8(31.3,77.1) 54.5(29.2,79.0)
BMI (mean (s.d.)) 17.5(2.9) 24.5(5.3)
BMI percentile*
Mean (s.d.) 59.9 (28.1) 61.9(29.4)
Median (25th, 75th %) 63.3(37.9, 85.3) 67.2(38.7, 88.5)

*Cohort percentiles are based on Centers for Disease Control and Prevention
2000 reference standards (29).
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Figure 1 Association of childhood BMI (kg/m?) and adult BMI (kg/m?)
by gender, represented by smooth means adjusted for age, ethnicity,
site, and intervention. 20th, 50th, and 80th percentiles listed are based
on Centers for Disease Control and Prevention age matched height
reference units and approximate averages of the genders.

As seen in Figure 2, cross-sectional analysis found that child-
hood height (adjusted for age, ethnicity, site, and intervention)
was associated with childhood BMI. The average linear slope was
0.18kg/m?/cm (s.e. 0.01, P < 0.0001). Thus, an increase of 5.6 cm
in childhood height was associated with an increase of 1 child-
hood BMI unit. The relationship is curvilinear with a steeper
slope at taller heights. A test for nonlinearity was significant with
a quadratic term, P < 0.0001. The Spearman correlation between
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Figure 2 Association of childhood height (cm) and childhood BMI
(kg/m?) by gender, represented by smooth means adjusted for age,
ethnicity, site, and intervention. 20th, 50th, and 80th percentiles listed
are based on Centers for Disease Control and Prevention age matched
height reference units and approximate averages of the genders.
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Figure 3 Association of childhood height (cm) and adult BMI (kg/m?)
by gender, represented by smooth means adjusted for age, ethnicity,
site, and intervention. 20th, 50th, and 80th percentiles listed are based
on Centers for Disease Control and Prevention age matched height
reference units and approximate averages of the genders.

adjusted height and BMI in childhood was 0.33. There was a
statistically significant interaction of gender and child height
to predict child BMI, whereby there was a stronger association
within girls as compared with boys (P = 0.04).

As seen in Figure 3, longitudinal analysis revealed a statisti-
cally significant linear association between childhood height
(adjusted for age, ethnicity, site, and intervention) and adult
BMI. The linear slope was 0.2kg/m?/cm, s.e. 0.01, P < 0.0001.
Hence, an increase of 4cm of childhood height was associated
with an increase of 1 adult BMI unit. There was no statistical
departure from linearity (P = 0.13 for the quadratic term). The
Spearman correlation was 0.25. However, after adjustment of
childhood height for childhood BMI, there was not a statisti-
cally significant association of childhood height and adult BMI
(slope = 0.02, s.e. = 0.01, P = 0.12) There was no interaction
between gender and childhood height in predicting adult BMI
(P value for interaction = 0.10). In adulthood, there was no asso-
ciation between height and BMI (Spearman correlation = 0.03).

Our primary goal was to explore the interaction between
childhood height and childhood BMI in predicting young adult
BMI. Observed adjusted means of adult BMI stratified by CDC
reference quintiles of childhood height and childhood BMI is
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Table 2 Predicted adjusted means? of adulthood BMI (kg/m?) according to childhood height and BMI CDC reference quintiles and

95% confidence intervals

CDC quintiles of child BMI

0-20 20-40 40-60 60-80 80-100
n=312 n =443 n =548 n=629 n=_870 P trend
CDC quintiles 0-20 19.6(18.7,20.4) 21.2(20.4,21.9) 22.3(21.4,23.1) 24.7(23.8,25.7) 27.5(26.4,28.6) P <0.0001
of child height n =402 n=8 n=102 n=92 n=75 n=52
20-40 19.8(18.9,20.6) 21.5(20.7,22.2) 22.7 (22, 283.4) 24.2(23.5,24.9) 28.4(27.7,29.1) P <0.0001
n=>566 n=_84 n=108 n=134 n=120 n=120
40-60 20.3(19.3,21.3) 21.4(20.6,22.2) 22.6(21.9,23.4) 24.3(23.6,24.9) 28.2(27.6,28.8) P <0.0001
n=>565 n=>57 n=97 n=107 n=148 n=156
60-80 19.6(18.6,20.6)  20.9(20, 21.7) 22.5(21.8,23.1) 24.8(24.2,25.5) 28.7(28.1,29.2) P <0.0001
n =662 n=>58 n=280 n=137 n=160 n=227
80-100 20.4(19,21.8) 21.5(20.4,22.5) 22.2(21.3,23.1) 24.3(23.6, 25) 30.2(29.7,30.6) P <0.0001
n =607 n=232 n=>56 n=78 n=126 n=315
P trend P=0.40 P=0.98 P=0.83 P=0.80 P <0.0001

CDC, Centers for Disease Control and Prevention.
2Adjusted by age, gender, ethnicity, site, and intervention.

presented in Table 2. Overall, we found a statistically signifi-
cant interaction between childhood height and childhood BMI
in predicting adult BMI (P < 0.0001). As seen by the columns
in Table 2, within each of the four lower quintiles of child-
hood BMLI, there was no association between childhood height
and adult BMI. However, within the top quintile of childhood
BMI, there was a significant positive linear association between
childhood height quintiles and adult BMI levels (P < 0.0001).
Among children in the top quintile of childhood BMI, the tall-
est children had an adult BMI level of approximately two units
more than those children in the middle quintile of childhood
height and nearly three BMI units more than those in the low-
est quintile of childhood height. After adjusting for childhood
BMI, the association between childhood height and adult
BMI among the children in the highest BMI quintile became
nonsignificant (P = 0.25). In addition, there was no difference
between genders (P value for interaction = 0.25).

As seen within the rows of Table 2, within each quintile of
childhood height there was a statistically significant linear
trend between quintiles of childhood BMI and observed adult
BMI (P < 0.0001 for each childhood height quintile). There was
a statistically significant difference in the linear trend whereby
the highest quintiles of height had steeper slopes. For example,
per BMI quintile, the slope for the tallest quintile was 1.02 BMI
units higher than the slope of 1.89 BMI units for the shortest
quintile of height (P < 0.0001).

DISCUSSION

Our study of 2,802 subjects with measured heights and weights
in the 3rd grade (mean age 8.7 years) and then again in the
12th grade (mean age 18.3 years) found a significant interac-
tion between childhood height and childhood BMI for the
prediction of young adult BMI. For those children with a BMI
that was in the top CDC reference quintile, childhood height
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had a significant positive association with young adult BMIL.
Comparing two 3rd grade children of similar age, gender, and
ethnicity who have a BMI above the 80th percentile, one whose
height is the top 80th to 100th percentile would have a pre-
dicted BMI in 12th grade that was approximately two units
higher than a child who stood between the 40th to 60th per-
centile, and nearly three BMI units higher than a child with a
height in the lowest quintile. Assuming the child grows to be
an average height female (e.g., 5 feet, 4 inches tall), or an aver-
age height male (e.g., 5 feet, 10 inches tall), two BMI units sig-
nifies ~12 or 14 pounds of weight, respectively. This amount of
weight gain has been associated with increased obesity-related
cardiovascular risk factors (33,34).

As summarized by Wolff in 1954, studies from the 1930s
began documenting that obese children were taller than their
peers (35,36). More recently, a cross-sectional analysis of
children and adolescents in the Bogalusa Heart Study found
a significant association between height and BMI in children
aged under 10 years, such that the shorter children (height for
age <20th percentile) had only a 1-2% prevalence of obesity
(BMI = 95th percentile), whereas those who were taller (height
for age >80th percentile) had a prevalence of obesity between
11 and 26% (21). Although numerous previous studies have
documented an association of cross-sectional childhood height
and BMI (18,21-23), we are aware of few investigations into
whether the interaction between childhood height and child-
hood BMI alters the prediction of adult BMI. Freedman et al.
analyzed data from 1,055 subjects from the Bogalusa Heart
Study in childhood (aged 2-8 years) and then again an aver-
age of 18 years later (24). They found that childhood height
provided additional information on adult adiposity even if
childhood levels of BMI were known. At similar BMI levels,
a taller child in their cohort had a higher adult BMI level.
However, there discussion section also states that additional
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analyses found that among children aged >9 years, height was
not independently related to adult adiposity. The subjects in
our study were nearly 9 years of age, and thus our finding that
child height adjusted for child BMI was not statistically inde-
pendently associated with adult BMI is likely consistent with
their findings.

Our results confirmed several associations seen in past
research. Specifically, we found a significant positive associa-
tion between childhood BMI and young adult BMI. Childhood
BMI was found to account for 53% of the variation in young
adult BMI. We also found significant positive associations
between childhood height and childhood BMI, and between
childhood height and adult BMI. However, after adjustment
for childhood BMI, there was no longer an association between
childhood height and adult BMI. Thus, childhood height was
not an independent predictor of adult BMI. In young adults,
we found no association between height and BML

In a longitudinal analysis of 626 subjects from the Bogalusa
Heart Study, Freedman et al. found that the effect of child-
hood height on adult BMI was “strongest among children
who were relatively heavy” (25). Our analysis was consistent
with this finding as the association between child height and
adult BMI occurred only in children with a BMI in the upper
quintile. These results support a model whereby proximal
obesogenic factors may be causing an increase in both child-
hood BMI and childhood skeletal growth and maturation. It
is important to note that the association of childhood height
and adult BMI among those in the top quintile of childhood
BMI exists for far >20% of the current population. In our
study, 31% of the subjects had a childhood BMI that was in
the upper quintile of the BMI-for-age CDC reference, and
the proportion in the current US population is even higher.
National Health and Nutrition Examination Survey data for
the years 1999-2004 suggest that ~37% of children in the
United States, aged 6-11 years, have BMI levels in only the
top 15 percentiles (37). Thus, the association between height
in 3rd grade and adult BMI for those children with elevated
childhood BMI may pertain to nearly half of the current US
population of similar aged children. Furthermore, these are
the same children that are at most risk for adult overweight
and obesity. In our study, of the 870 children who had a BMI
over the 80th percentile, 345 (40%) went on to become over-
weight as young adults (BMI = 25 and <30), and another 305
(35%) went on to become obese (BMI > 30) as young adults.
Thus, the association between childhood height and adult
BMI occurs in a large proportion of children in today’s soci-
ety, and in those children who need the closest monitoring
due to their high risk of becoming overweight and obese.

There are several factors about the CATCH dataset that
strengthen our findings. We are unaware of any published
study in the United States with a larger number of subjects with
measured heights and weights in both childhood and in late
adolescence/early adulthood. The subjects were from four geo-
graphically and culturally distinct areas of the United States,
and ethnically diverse. The childhood measurements were
done in the years 1992-1993 and the early adult measurements
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were completed in the years 2000-2001. Thus, the children
grew up in a US environment well after the start of the rise in
obesity rates seen in the 1970s and 1980s.

There were also limitations to our study. Only 55% of the
original cohort was available for the longitudinal analyses.
Analysis of the longitudinal cohort suggests that they were
generally similar to the original cohort. The earliest CATCH
measurements were carried out in the 3rd grade, with the chil-
dren being ~8-9 years of age, and the follow-up measurements
were collected when the subjects were in 12th grade at an aver-
age of 18.3 years of age. Our findings would have likely been
stronger if we had measurements from earlier in childhood
and later in adulthood. We assumed that the stature of the
12th graders was their adult height, although skeletal matura-
tion was not assessed. A large longitudinal study in Sweden
found that 99.2% of their subjects had reached final height by
18 years of age (26).

We believe that our findings raise some important questions
for future research. It would be of interest to know whether
childhood height interacts with body fat measurements per se
to predict adult obesity and obesity-related cardiovascular risk
factors. Use of body fat measurements would also serve to
avoid the statistical conundrum that is inherent when evaluat-
ing both height and BMI, the latter including height-squared
in the equation. Can the assessment of future obesity risk in a
child that is both tall and overweight be improved by body fat
measurements, or by evaluation of skeletal maturity?

Our results have potential implications for clinical practice.
At present, when a clinician or a parent assesses a child whose
BMI is high, but whose stature is also high, there may be the
hope that the child will “thin out” and become a tall and nor-
mal weight adult. Thus, increased stature may be interpreted to
be protective toward the risk of subsequent obesity. However,
our findings suggest the opposite. For children in the upper
BMI percentiles, those with increased height had higher pre-
dicted levels of young adult BMI.

Obesity is associated with excessive morbidity and mortal-
ity in the United States and in much of the world (20,38-40).
This longitudinal prospective study of 2,802 subjects with
measured heights and weights in 3rd grade, and again in
12th grade, found that children with a BMI above the 80th
percentile went on to have mean BMI levels in young adult-
hood that were in the overweight to obese range. Given the
strong association between childhood obesity and adult obe-
sity (4-10), it is important to understand factors of childhood
growth that predict excessive body weight in adulthood. Our
study found a positive association between childhood height
and young adult BMI in children with a childhood BMI at or
above the 80th percentile of CDC standards. Among children
with higher BMI levels, those who were taller, as compared to
those who were shorter, had significantly higher young adult
BMI levels. This pattern seems primarily due to the positive
association of childhood height and childhood BMI. There is
a need for further research into the proximal factors causing
early increases in both childhood height and childhood BMI.
Clinicians should recognize the risk of excess body weight in
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young adulthood for all children who have a high BMI, and
pay special attention to those who are tall, because their child-
hood height will not protect them from subsequent weight
gain and elevated BMI.
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