“Child height and the risk of young-adult obesity”

A THESIS
SUBMITTED TO THE FACULTY OF THE GRADUATE SCHOOL
OF THE UNIVERSITY OF MINNESOTA
BY

Steven David Stovitz

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE

John H. Himes, PhD, MPH, Advisor

December 2010



Copyright page:

Steven David Stovitz, MD
© 2010



Acknowledgements:

This work was supported by a career research training grant (for SDS) from the
NIH/NCRR (5K12-RR023247-04), funds from the NCI Centers for
Transdisciplinary Research on Energetics and Cancer (U54CA116849), and the
University of Minnesota Obesity Prevention Center. The opinions or assertions
contained herein are the private ones of the authors and are not considered as

reflecting the views of the National Institutes of Health.

| would like to acknowledge the support of Macaran Baird, MD, MS and the
Department of Family Medicine and Community Health, and to Russell Luepker,

MD, PhD and the K12 program at the University of Minnesota.

Thanks to my committee members and to my many mentors in the School of
Public Health who directly contributed to this work, such as: John Himes, PhD,
MPH, Mark Pereira, PhD, Peter Hannan, MStat, Ellen Demerath, PhD, Leslie
Lytle, PhD, Bob Jeffrey, PhD (senior mentor), Gabriela Vazquez, PhD, and Sue
Duval, PhD. Thanks to Bill Roberts, MD, MS in the Department of Family
Medicine. And, thanks to the teachers of my coursework.

With a special thanks to Rebecca, Sammy and Noah.



Abstract
BACKGROUND: Childhood obesity is a major risk factor for adult obesity. Our research
aim is to evaluate whether the association of child height and BMI alters the longitudinal
tracking from childhood into young adulthood of clinically recommended categories of
overweight status.
METHODS: A multicenter prospective cohort study of subjects assessed in both 3"
grade and 12" grade, n = 2,802. Main exposures were CDC childhood body mass index
(BMI) categories and height quartiles from 3™ grade measurements. Main outcome
measure was CDC adult BMI categories from 12" grade measurements. Associations
between childhood height quartiles, childhood BMI categories and adult BMI categories
were assessed using chi-square tests and logistic regression models.
RESULTS: Overall, 79% of overweight children remained overweight as young adults.
Among children who were overweight or obese, the probability of becoming an
overweight or obese young adult was 85% for children in the top quartile of height and
67% for children in the bottom quartile of height (p = 0.007). Among children who were
normal weight, the probability of becoming an overweight or obese young adult was 25%
for children in the top height quartile v. 17% for children in the bottom height quartile (p =
0.003).
CONCLUSIONS: When clinicians classify children by BMI categories and counsel about
the risk for future obesity, they should recognize that greater height is not protective.
Rather, greater height may be a marker for increased risk of adult overweight and

obesity.
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Child height and the risk of young-adult obesity

Background of thesis research question:

During my clinical time as a Family Physician in Lawrence, Massachusetts in the
mid-to-late 1990’s, | noticed that overweight and obese children tended to be
taller than the reference standards for their age and gender. This was particularly
odd as (1) the reference standards were from a population of primarily Non-
Hispanic whites, (2) the clinic cared for a population that was primarily of
Hispanic/Latino ethnicity, and (3) Hispanics/Latinos tend to be shorter than Non-
Hispanic whites. | was taught that these overweight and tall children would follow
along their growth curves, and that the goal for the clinician was to have the
child’s weight stabilize and then the obesity would disappear. Following these
children over the years, it was apparent that these tall children did not have
continued growth in stature with normalization of their body composition. Rather,
they tended to have a deceleration in height growth, a continuation of weight gain

and a worsening of obesity.

These observations left me with some initial research questions, such as the
following:
(1) Was it true that overweight and obese youth were also of above average
height?

(2) If so, are overweight and obese adults taller than average?

(1) Was it true that overweight youth were also of above average height?
As summarized by Wolff in 1954, studies from the 1930’s began documenting
that obese children were taller than their peers® ?. More recently, a cross-
sectional analysis of children and adolescents in the Bogalusa Heart Study found
a positive association between height and BMI in children under 10 years old,
such that the shorter children (height-for-age < 20" percentile) had only a 1-2%

prevalence of obesity (BMI = 95"%), whereas those who were taller (height for



age > 80" percentile) had a prevalence of obesity between 11% and 26%°>. Our
previous analysis of 2,802 participants from the Child and Adolescent Trial for
Cardiovascular Health (CATCH), with measured heights and weights in both 3™
grade (mean age 8.8 years old) and 12" grade (mean age 18.3 years old), also
documented a positive association between height and obesity in the 3™

graders”.

(2) Are overweight and obese adults taller than average? The clinical
measurement for obesity is body mass index, BMI (defined as weight (kg)/height
(m)?). Quetelet developed the measure after studying adults in the early part of
the 19" century with the tenets that it is both associated with adiposity and
independent of height® . Future studies have generally confirmed this lack of
association of BMI and height in adults. However, of particular interest, when an
association between height and obesity in adults has been found, it has generally
been a negative one, i.e. the opposite of what has been found in children®. A
commentary discussing these conflicting associations was the lead editorial in
the British Journal of Nutrition and listed in the appendix of this thesis’ .

Thesis question: If overweight and obese children do not remain taller with

age, then does their increased childhood height alter the prediction of

future, adult obesity?

It is well established that childhood obesity is a major risk factor for adult obesity®
° . As a clinician trying to properly curtail the epidemic of adult obesity, | was
interested in whether the conflicting associations between height and obesity in
children compared with adults impacted the longitudinal tracking of obesity. This
question led to the research publication that is the focus of this thesis, “Child
Height and the Risk of Young-Adult Obesity”'°. This manuscript was published in
the American Journal of Preventive Medicine in January 2010. Permission has

been granted by Elsevier publishing (see Appendix C).



REFERENCES for Introduction

1. Wolff OH. Obesity in childhood; a study of the birth weight, the height, and the onset
of puberty. Q J Med. 1955;24(0033-5622; 94):109-123.

2. Bruch H. Obesity in childhood: Physical growth and development of obese children.
Am J Dis Child. 1939;58(3):457-484.

3. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. Inter-
relationships among childhood BMI, childhood height, and adult obesity: The bogalusa
heart study. Int J Obes Relat Metab Disord. 2004;28(0307-0565; 1):10-16.

4. Stovitz SD, Pereira MA, Vazquez G, Lytle LA, Himes JH. The interaction of
childhood height and childhood BMI in the prediction of young adult BMI. Obesity
(Silver Spring). 2008;16(1930-7381; 10):2336-2341.

5. Heymsfield SB, Gallagher D, Mayer L, Beetsch J, Pietrobelli A. Scaling of human
body composition to stature: New insights into body mass index. Am J Clin Nutr.
2007;86(1):82-91.

6. Bosy-Westphal A, Plachta-Danielzik S, Dorhofer RP, Muller MJ. Short stature and
obesity: Positive association in adults but inverse association in children and adolescents.
Br J Nutr. 2009;102(3):453-461.

7. Stovitz SD. Shorter adults, yet taller children: What's up? Br J Nutr. 2009;102(3):329-
330.

8. Parsons TJ, Power C, Logan S, Summerbell CD. Childhood predictors of adult obesity:
A systematic review. Int J Obes Relat Metab Disord. 1999;23 Suppl 8(0307-0565):S1-
107.

9. Whitlock EP, Williams SB, Gold R, Smith PR, Shipman SA. Screening and
interventions for childhood overweight: A summary of evidence for the US preventive
services task force. Pediatrics. 2005;116(1098-4275; 1):e125-e144.

10. Stovitz SD, Hannan PJ, Lytle LA, Demerath EW, Pereira MA, Himes JH. Child
height and the risk of young-adult obesity. Am J Prev Med. 2010;38(1):74-77.



Title: Child Height and the Risk of Young-Adult Obesity

Author names and affiliations:
Steven D. Stovitz, MD?*, Peter J. Hannan, MStat?, Leslie A. Lytle, PhD?, Ellen W.
Demerath, PhD?, Mark A. Pereira, PhD?, John H. Himes, PhD, MPH?

! Department of Family Medicine & Community Health, Medical School,
University of Minnesota, Minneapolis

Z Division of Epidemiology & Community Health, School of Public Health,
University of Minnesota, Minneapolis

Corresponding author: Steven D. Stovitz, MD

Address: University of Minnesota, Department of Family Medicine and Community
Health, 717 Delaware St., SE
Minneapolis, MN 55414

Telephone: 612-625-0931

Fax: 612-624-1466

Word Count, Text: 1199

Word Count, Abstract: 238

Number of tables: 2

Abbreviations: BMI = body mass index, kg = kilograms, m = meters, PPV = positive
predictive value, NPV = negative predictive value

Keywords: Child, Obesity, Adult, Body Mass Index, Body Height

Financial disclosure: The authors have no financial relationships relevant to this article to

disclose
Conflicts of interest: None

Published January, 2010 and used with permission from Elsevier Press.



INTRODUCTION

For the prevention and treatment of obesity, clinicians are instructed to categorize
children according to body mass index (BMI) percentiles, and then counsel(1-3). BMI
was derived as an index of adiposity that adjusts a subject’s weight for his/her height so
there is minimal association between BMI and height. While this has generally been true
in adults, in children several studies have noted a positive association between BMI and
height(4-8).

We previously analyzed the interrelationship between child height and BMI as a
continuous variable and found a statistical interaction in the prediction of young adult
BMI(9). In children with a BMI below the 80™ percentile the association of child and adult
BMI did not differ between children of different heights. However, among children with a
BMI above the 80" percentile, those who were taller had significantly higher young adult
BMI compared with those who were shorter.

Our current research aim is to evaluate whether the association of child height and
BMI alters the longitudinal tracking from childhood into young adulthood of clinically

recommended categories of overweight status.

METHODS:
Study population:

Participants are from the Child and Adolescent Trial for Cardiovascular Health
(CATCH), a multi-center, cluster-randomized field trial designed to evaluate the
effectiveness of school and home-based interventions to reduce cardiovascular risk
factors. In Fall 1991, 5,106 third-graders were assessed. As twelfth-graders (Spring

2001), 2,909 were reassessed, of which 2,802 had complete data and were used for this



analysis. Details of the original study(10) and this longitudinal cohort are described
elsewhere(9).

The intervention and control groups did not differ with respect to weight, height, or
BMI at baseline or follow-up. They were therefore merged and analyzed as a single

cohort. Furthermore, group assignment was controlled statistically as a fixed effect.

Anthropometry:

Weight and height were measured in 3" and 12" grades by trained and certified
study examiners(11). The mean of two measurements were used for analysis. BMI was
calculated as weight (kg)/height (m)-squared.

Exact percentiles for weight, height and BMI for age and gender were calculated
relative to the CDC-2000 reference growth charts(12;13). Third-graders were referred to
as “children,” with normal weight defined as BMI < 85™ percentile, overweight defined as
BMI = the 85" percentile and < the 95™ percentile, and obesity defined as BMI = 95"
percentile(3). Twelfth-graders were referred to as “young adults,” with normal weight
defined as BMI < 25, overweight defined as BMI = 25 kg/m? and < 30 kg/m?, and obesity

defined as BMI = 30 kg/m?.

Statistical Analyses:

Cross tabulations of childhood height (quartiles by CDC norms) with weight
status (normal, overweight or obese) were constructed, and tested for association by
chi-square tests. The predictive values of childhood overweight status for adult
overweight status were assessed via logistic regression adjusted for age, gender,
race/ethnicity, geographic region and intervention condition. Individual school was

included as a random effect. Differences in positive and negative predictive values



between strata of childhood height were tested by large-sample t-tests. All analyses
used SAS version 9.1(14).
RESULTS

Table 1 shows descriptive data.

Child height was positively associated with both child overweight status (r = 0.29,
p < 0.0001) and adult overweight status (r = 0.21, p < 0.0001). In young adults,
overweight status and height were uncorrelated (r = -0.005).

As seen in Table 2, there was a strong association between childhood
overweight and adult overweight. Among the 712 children who were overweight or
obese in 3" grade, 566 (79%) remained overweight or obese as young adults. Among
the 2090 children who were normal weight in 3" grade, 1659 (coincidentally, also 79%)
remained normal weight as young adults.

Within similar childhood BMI categories, greater childhood height was
significantly associated with adult overweight or obesity. We merged the two middle
guartiles of child height. Among children who were overweight or obese, those who were
also tall had an 85% probability of becoming an overweight or obese young adult (i.e.
PPV). Among those children who were short and either overweight or obese, the
probability of becoming an overweight or obese adult was significantly lower at 67% (p =
0.007). Assessing children who were normal weight, those who were tall had a 75%
probability of remaining normal weight as a young adult (i.e. NPV). Among children who
were normal weight and short, 83% remained normal weight as a young adult (p =
0.003). Adjustment for race/ethnicity, gender, site, school, and location did not materially
alter the findings.

DISCUSSION

Consistent with our previous analysis(9), this investigation found a positive

association between child height and young adult overweight status among children who
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had an elevated BMI. Overweight children who were in the tallest quartile had an 18%
higher probability of remaining overweight or obese as young adults compared with
overweight children who were in the shortest quartile (85% v. 67%, respectively).

The current study has novel findings in children who had normal BMIs. Among
children who were normal weight, taller child height was associated with a higher risk of
young adult overweight or obesity. Specifically, among those children who were normal
weight, 25% who were in the tallest quartile became young adults who were overweight
or obese. Only 17% of those who were normal weight and in the shortest quartile
became overweight or obese adults. These differences in risk are comparable to
differences seen between those with and without accepted obesity-related risk factors,
such as ethnicity and geographic location(15;16). Possible explanations for this positive
finding in children with normal BMI percentiles in contrast to the null finding in the
previous study could be due to different outcome variables (i.e. categorical, BMI = 25, in
the current study v. continuous BMI in the previous study) or due to an interaction
occurring between child height and BMI in those with a BMI between the 80" and 85"
percentiles compared with those with a BMI < 80" percentile.

There are many aspects to our study which make it relevant to clinical and
research issues in preventive medicine. We have not found any published study of a
larger longitudinal U.S. cohort with measured heights and weights from both childhood
and adulthood. We are unaware of any previous analysis evaluating the effect
modification of child height on the relationship of child overweight status and the
prediction of young adult overweight status.

Our study had limitations. 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 but with a tendency to be female (51% v. 45%)

and Non-Hispanic (90% v. 82%).



Overweight children are at high risk for becoming overweight adults(17). When
assessing a child who is overweight and also tall, one may hope the child’s weight
growth will slow, his/her height growth pattern will continue, and his/her BMI will
normalize. From this perspective, tallness may be interpreted as protective against
future obesity. Our results suggest the opposite. Compared with shorter children;
overweight and obese children who were tall were more likely to remain overweight and
obese as young adults. In addition, normal weight children who were tall were more
likely to become overweight or obese young adults. For the prevention of young adult
overweight and obesity, health professionals should recognize that greater childhood

height may be a marker for increased risk.



Table 1. Descriptive characteristics of the CATCH cohort with measurements in

both 3" and 12" grades, n = 2802.

Descriptive characteristics of the CATCH cohort with

measurements in both 3" and 12" grades, n = 2,802
Gender (female %) 51.2
Race/Ethnicity, n (%)

Non-Hispanic White 2,070 (74%)
Non-Hispanic Black 335 (12%)
Hispanic 290 (10%)
Other 107 (4%)
Children Young
Adults
Age in years, Mean (SD) 8.7 (0.45) 18.3 (0.5)
Date of measurement Fall 1991 Spring 2001
Weight (kg), Mean (SD) 30.9 (6.9) 74.1 (17.5)
Weight percentile”: Mean (SD) 59.6 (28.1) 64.1 (28.5)
Median [25™, 62.3 [37.6, 70.7 [42.5,
75" 84.9] 89.4]
Height (cm), Mean (SD) 132.5(6.1) 170.5 (9.4)
Height percentile”: Mean (SD) 53.8 (27.5) 53.7 (28.6)
Median [25", 55.8 [31.3, 54.5 [29.2,
75"%] 77.1] 79.0]
BMI, Mean (SD) 17.5 (2.9) 24.5 (5.3)
BMI percentile”: Mean (SD) 59.9 (28.1) 61.9 (29.4)
Median [25", 75"%)] 63.3 [37.9, 67.2 [38.7,
85.3] 88.5]
Overweight and Obese,* n (%) 712 (25.4%) 998 (35.6%)
Obese only,T n (%) 295 (10.5%) 367 (13.1%)

*Overweight for children is a BMI = 85™%ile and for adults is a BMI = 25
TObese for children is a BMI = 95"%ile and for adults is a BMI = 30

10



Table 2: Predictive values for the longitudinal tracking of overweight status from childhood into young
adulthood, stratified by childhood height.

Childhood Height Quartile

Childhood Height

Childhood Height Quartile

Total #1 Quartiles #2 and 3 #4
(Shortest) (Tallest)
Adult- Adult- Adult- Adult- Adult- Adult- Adult- Adult-
Normal Overweight Normal Overweight Normal Overweight Normal Overweight
weight* or Obese** weight* or Obese** weight* or Obese** weight* or Obese**
(n= (n =997) (n = 426) (n =120) (n = 995) (n =491) (n =384) (n = 386)
1,805)
Childhood 1659 431 408 83 917 239 334 109
Weight, Normal® TN FN TN FN TN FN TN FN
(n = 2090)
Childhood 146 566 18 37 78 252 50 277
Weight, FP TP FP TP FP TP FP TP
Overweight or
Obese! (n =
712)
Positive 79% 67% 76% 85%"°
Predictive Value
Negative 79% 83% 79% 75%]

Predictive Value

T Childhood normal weight defined as BMI < 85™%ile, T Childhood overweight or obese defined as BMI 285" %ile.

* Adult normal weight defined as BMI < 25, ** Adult overweight or obese defined as BMI = 25.
TP = True positives, FP = False Positives, FN = False Negatives, and TN = True Negatives

Positive Predictive Value = TP/(TP + FP)
Negative Predictive Value = TN/(FN +TN)
STest of difference in PPV between top and bottom quartiles has p = 0.007.
ITest of difference in NPV between top and bottom quartiles has p = 0.003.
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Appendix A

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 intaraction of childhood height and childhood EMI in the prediction of
young adult EMI. The 2,802 subjects in this study were from the Child and Adolescent Trial for Cardiovascular Health
({CATCH). The subjects’ heights and weights ware measured in 3rd grade (mean age 8.7 years) and again in 12th grade
(mean age 18.3 years). The asscciations and interactions betwean haight (cm) and EMI (kg/m?) were assassad using
mixed linear regression modals with adult BMI as the depandent variable. We found a significant interaction between
childhood height and childhood BMI in the prediction of adult EMI {P < 0.000H ). Stratification by Centers for Disease
Conftrol and Prevention (CDC) reference quintiles revealed that a positive association between childhood height and
adult BMI axisted only for those subjects in the top quintile of childhood BMI, within whom predicted adult EMI ranged
from 27.5 (95% confidence interval = 26.4-28.6) for those in the shortest height quintile to 30.2 (85% confidance
imterval = 29.7-30.8) for thosa 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 seams
primarily due to the positive association of childhood height and childhood BMI. Clinicians should recognize the risk of
excess body weight in young adultheod for all children who have a high BMI, and pay special attention to those who
are tall, bacauss their childhood height will not protect them from subsaquent welght gain and slevated BMI.

Oty [PO0E) ci: 1 0. 1008 ckry 008,350

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 ohesity 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 15 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 EMI 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-
cation 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 EMI in the prediction of young adult BMI in a large
prospective analysis. Our hypothesis was that among children

'Department of Family Medicne and Community Heslth, University of Minnesota, Minneapolis, Minnesota, LISA; Tivision of Epiderniology and Community Health,
Sahool of Public Heakh, Universiy of Minnesate, Minnespols, Minnesota, USA. Comespondence: Steven [ Stovitr {sstovitr@umphnysicans. umn.edu)

Reosived & Septernber 2007 ; acoepied 20 Aprd 2008; achance oniine publication 24 Juky 2008, dot 1001088 %0k 2008 350
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with high BMI levels, taller children, as compared with shorter
children, would have higher BMI levels in eardy adulthood.

METHODS AND PROCEDURES
Study population
The subjects from this study come from the Child and Adolescent
Trial fior Cardiovasoalar Health (CATCH). CATCH was a multicenter,
cluster-randomized field trial almed at evaluating the efectivensss of
an elementary school-based Intervention to improve cardiovascular
risk factors via dlet, physical activity, and smokdng prevention. Minety-
six schools near four field centers (the University of Callfornia st San
Diego, La Jolla; University of Minnesotz, Minneapalis; University of
Texas at Austin; and Tulane University School of Public Health and
Troplcal Medicine, New Orlezns, LA) were randomized to ether inter-
wventian {ldsc'h.u-:]spa site, 56 total) l:l:l'l:l:IIH‘.I'l:I'l.{]ﬂ-]Jﬂ' site, 40 total).
The detzlls of the orlginz] study are described In detall elsewhere (27
The study originally assessed 5,106 3rd graders during the f=2ll of 1951,
In the spring of 2001, 2,909 of the original subjects were reevaluated
In 12th grade. Dropouts from the orginal cobort were those moving
ot of the ares or choosing not to participate In the follow-up survey
(n = 1,868, and those who did not return consent forms (n = 229). In
addition, 107 had missing datz in atthar the 3rd or 12th grade. The final
sample analyzed for this study consisted of 2,802 aubjects (55% of the
original cohort) followed longiudinally. Compared with those Included
In this longitudinal analysis, those lost to follow-up were boys (55%vs.
49%]), older {mean zge B8 years vs. B.7 years), and Hispanlc (18% v
10%). Thosa lost to follow-up were of similar welght z-scores, but they
were shorter (helght z-score = 007 vs 0.14) and had higher BMI z-scores
(.41 vs. 0_34). Amang the cohort wsed in this analysis, the Intervention
and comtrol groups did not differ with respect to welght. helght, or BMI
&t hasaline or follow-up and they were thersfore merged and anzhbyzed
hngﬂmraamgiemhmluaiﬂum group assignment was contrallsd
mﬂyaaﬁmaﬁumﬂmmmm 1zth grade
wiere geneTally ower 18 years of age (mean 18.3 years, s.d. 0.5). For the
sakee 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
recalyed training in standard protocols anoually from the central coor-
dinating center (28). In both the 3rd and 12th grades the subjects were
measured after remerving thelr shoes, sweaters, and outerwear. Standing
hielght was mezsured twice without shoes to the nearest 0.1 cm using
& portshle stadiometer (Perspective Enterprises, Kalamaznag, M1), and
thi: mean of the two valwes was usad for analysis. Welght was measured
twice to the nearest 0.1 kg usng balance beam scales (Detecto Medic
balance scale; Detecto Scales, Brooklyn, W), and the mean of the two
measurements was used for the anakysis. BMI was caloalated a5 welght
(In kllograms) divided by helght {In meters) squared. Age, gender, and
racefethnlclty were recorded for all participants.

Statistical analyses

Sample characteristics for categorical variables (gender, ethnicity, over-
welght, obesity) were described by distribution In percentage Exact
percentllies for welght, helght, and BMI for age and gender were calcus-
lated for the Centers for Disease Control and Prevention (CTHC) 2000
refierence values dertved from the US population of the 1960s, 19705,
and 1980 (29,30). For children, overwelght was defined the 85th per-
centile or more and less than the 95th percentile for CIMC reference,
and obese was dafined as more than aqual to 95th percentile for CIC
refierence (31). For adults (those In the 12th grade) overwelght was
defined a5 a BMI 225 and <30, and obese was defined as a BMI 230,
‘Comtinuous variables (age, welght, helght, and BMI) were described by
means and standard deviation and by medizns and 25th percentils and
75th percentile of the cohort.

2

The relztionships of childhood BMI (kg'm?) and zdult By (kg/m?),
and childhood height (cm) and adult B3I (kg/m?) were graphically dis-
played using smoothed adjusted means, using a smoothing spline and
adjusting for age, gender, site, InteTvention arm, and ethnicity Ina gener-
alzad addstive modeal (32). Linear and nonlinear assoclations of anthro-
pometric varlables were assessed using linear mixed models, Including
age, gender, ethnic iy, site, and intervention amm as fixed effects (adjusting
for confounding) and school 25 a random Intercept term. School was
madeled as a rndom term to consider the chestering effect arising from
the sampling design. LInear sssoclations between the anthropometric
varizhles ware tested by Including the varisble 25 a continuous term,
and departure from Enearity by Including & quadratic term. Spearman
correlations were computed and P values <0005 were conslderad to be
statistically significant.

Hypothesis-driven Interactions with childhood hetght to predict
adult BMI were tested by Including an interaction term; e.g., child-
hood BMI x childhood helght. Childhood BMI 2nd helght wers strat-
fied according to CD4C reference quintiles to analyze their Interaction
in prediciing young adult BMI. We performed a global test for inter-
action by including childhood BabT and height as variahbles
in the model. we then analyzed whether childhood helght and adult
BMI were Unearly assoclated acoording to childhood BMI strata, and
if these Iinear trends differad according to BMI strata. Similarly, we
analyzed the association of childhood BMT and adult EMI accord -
ing to childhood helght strata. In additon, test for trend In predict-
ing adult EM1 was znalyzed for childhood helght quintiles across
thi childhood BEMI quintile strata and for childhood BMI quintiles
across the childhood helght strata. The analyses were performed using
a linear mixed model to account for the school duster and a1l the
midels were adjusted by gender, age, site, ethnlcity, and intervention
arm. Analysis was performed In 5A% (verslon % SAS Institute, Cary,
W) and graphical displays performed In Splus (verslon 6; MathSodt,
seattle, WAL
RESULTS
Summary statistics describing the study sample are presented
in Table 1. The population was ethnically diverse with 22%
self identifving as either "non-Hispanic black™ or "Hispanic”
Compared to the CDC 2000 reference levels, the cobort 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 bevel for overweight
{ie., z85th 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 showe the cat-
egorical cutoff of 25 for adult overweight.

The longitudinal association of childhood BMI (adjusted for
age, pender, site, and intervention) and young adult M1 is pre-
sented as smoothed adjusted means in Figure 1. The associa-
tion of childhood BMI and young adalt BMI was approscamately
linear with an overall slope of 1.20kg/m? (s.e. 0.02, P < L0001,
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=058)
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Table 1 Descriptive statistics

Descriptive statistics 7 - 2,602)
Children Young adults.
A N YEErS [Miaan (5.4 2.7 [0.45) 18.3[0.5)
Date of maasurement Fall 1591 Spiing 2001
Gender (fEmala %) s1.2
Etrmicity fn (%))
Mon-Hispank: white 2,070 [F4%)
Mon-Hispanks black X35 [12%)
Hispanic 00 [10%)
Other 107 (4%}
Weight kg jmeen fs.dj) 308 B9 TAA[IT.5
Weight percantiie”
Mean (m.ad) 506 [28.1) 641 (3.5
Meden (25ih, 7SI  G23(37E,848) 707 [42.580.4)
Haight jom) meanj=.dy 1325 EB.1) 170.5[8.4)
Halght percentler
Mean s 538 [27.5) 537 [#.5
Meden (25ih, 7SI 558 (313,77.1) 54.5(29.2, 7O.0)
EMI [miaan jz.d.}} 17520 24553
BMI percentlie”
Mean s 50,9 (28.1) 61.9[29.4
Meden (25th, 7SI G33(@78.853  GTI[@.7.85)

"Cohort pomanties o besad on Cantars jor Discass Contol and Prervantion
2000 raforonos srckws (29,

— o

== G

10 m15 e mx, a5
Childhood EM flgin'}

FAgure 1 Association of childnood BMI (kp'm?) and adull BMI g/
by gender, represanted by smooth means adjusted for age, sthnichy,
sha, and Imervention. 20th, B0th, and Bath percentlies Ested are basad
‘on Cantars for Disease Comninal and Prevention age matchad helgit
relerence uniis and epprodmate averages of the gendars.

As seen in Figure 2, cross-sectional analysis found that child-
hood height (adjusted for age, ethnicity, site, and intervention)
was associated with childhood BML The average linear slope was
018 kg'mem {se. 0,01, P < 0U0001). Thus, an increase of 5.6cm
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 helght (om) end chidnood B
{KQ¥¥) by pender, reprasenied by EMOoM means adusted for G,
eihnicity, site, and Intarvantion. 20th, 50, and B0 percantiles listed
@re based on Centers for Dissese Control and Prevention age maiched

halght referenca units and eoproximate averages of tha gandars.

a5

By
=== Gk

Acull B (e gy

r ¢t
Chilhned haighl {ami]

Figure 3 Asscclation of chikdhood height (Cm) &nd Ut BMI (/me)
by penter, reprasented by Moo means adjusted for ege, athnicty,
slte, and Inteverntion. 20th, 50%, &nd 80tn parcentlies listed ans based
on Centers for Disease Conbrod end Praventon &pe meiched hekght
refarance units &nd approximais evarages of the genders.

adjusted height and BMI in childhood was 0.33. There was a
statistically sipnificant interaction of pender 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, longimdinal analysis revealed a statisti-
cally significant linear association between childhood height
{adjusted for age, ethnidty, site, and intervention) and adult
BMI. The linear slope was 0.2kg/m*/cm, se. 0.01, P < 0.0001.
Hence, an increase of 4.cm 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 = 002, s.e. = 0.01, P = 0.12) There was no interaction
between gender and childhood height in predicting adult BMI
(P vahse 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 yvoung adult
BMI. Observed adjusted means of adult BMI stratified by CDC
reference quintiles of childhood height and childhood BMI is

3
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Table 2 Predicted adjusted means® of adulthood BMI { kg'm®) according to childheod height and BMI CDC reference quintiles and

g5% confidence intervals

COC quintiies of child BMI
0-20 20-40 40-60 6060 80100
n-312 n-443 =548 n - 6208 n =870 P trend
COC quinties 0-20 106187, 20.4) 21.2(20.4,219 223(21.4,231) 247[298,257) OI75(264, 206 P 00001
of crikd hieigrt =402 n =@t n=102 =82 n=T5 =52
2040 108188, 206 215(207,223) 227([E,23d4) MMI[EI5 MO M4@ETF,201)  P<00001
n-556 n =4 n=108 n=134 =120 n-120
A-BD  S03(19.3, 213 D1A4(206237) 20610234 DMAEIEIAE MI[ETEIEE  P<00001
n= 585 =57 n=-g7 n=107 =148 N =156
B0-80  1BE(186205 20.0(20,217) 225(218,231) 2ME[M2,I55 287[81,202 P<0.0001
n=-6a2 n-53 n =80 n=13r =160 n =237
A0-100  20.4{15,218) 215(204, 525 22{215231) 24336125 302 @07,00 FPe0000i
n=607 n=12 M =58 =T =126 n=315
Firand F=040 P08 Fa0A3 P =080 P o 0.0001

CDC, Cantors for Discass Contrd and Prescntion.
efustod by age, gandar, othnicity, s, and imtorsantion.

presented in Table 2. Overall, we found a statistically signifi-
cant interaction between childhood height and childhood BMI
in predicting adalt BMI (P < 0.0001). As seen by the columns
in Table 2, within each of the four lower quintiles of child-
hood BMI, 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 guintile of childhood BMI, the tall-
est children had an adukt BMI level of approximately two units
mare 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 adiusting for childhood
BMI, the association between childhood height and aduh
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 = 0.35].

Az seen within the rows of Table 2, within each quintile of
childhood height there was a statistically significant linear
trend between quintiles of childhood BM1 and observed adult
BMI (P < 00001 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 1.9 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 vears) 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

had a significant positive association with young adolt BMI.
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 s0th per-
centile, and neardy 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 tll}, or an aver-
age height male (e.g., & feet, 10 inches tall), two BMI units sip-
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 (3536). 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
ape <20th percentile} had only a 1-2% prevalence of obesity
{BMI = 95th percentile), whereas those who were taller (height
for age »&th percentile) had a prevalence of obesity between
11 and 26% (21). Although numerous previous studies have
dooumented 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 ahters the prediction of adult BML Freedman ef al.
analyred 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 aped 29 years, height was
not independently related to adult adiposity. The subjects in
our study were nearly 9 vears of ape, and thus our finding that
child height adjusted for child BMI was not statistically inde-
pendently associzted 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 sipnificant 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. Thuos, childhood height was
not an independent predictor of adult BMI. In young adulis,
we found no association between height and BMI.

In a longitudinal analysis of 626 subjects from the Bogalusa
Heart Study, Freedman ef al. found that the effect of child-
hood height on adult BMI was “strongest among children
who were relatively heawvy™ (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-
hod 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 CDNC reference, and
the proportion in the current US population is even higher.
Mational Health and Mutrition Examination Survey data for
the years 1999-2004 suppest that -37% of children in the
United States, aged 6-11 vears, 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 ourrent US
population of similar aged children. Furthermore, these are
the same children that are st most risk for adult overweight
and obesity. In our study, of the 370 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/earty adulthood. The subjects were from four peo-
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 19705 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 eadiest 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 larpe 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 indings raise some important questions
for future research. 1t 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 znd 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 sugpest the opposite. For children in the upper
BMI percentiles, those with increased height had higher pre-
dicted lewels of young adult BMIL

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 apain 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-
hod height will not protect them from subsequent weight
gain and elevated BMI.

ACKNOWLEDGMENTS

Thisworiwas supporied by funds from the Motional Cancer institute Centers
for Transdisciplinary Hessarch on Ensmatios and Cancer (UESCAT16844)
assertions contained hensin are the private ores of the authons and ane not
considered as reflecting the views of the Mational Institutes. of Health.

DISCLOSURE
The muthors declarsd no conflict of interest.

& P00B Tha Dby Sacily

REFEREMCES

1. ‘vork D4, Rissner 5, Caterson | of al. Prevention Confersnce Yik obesitg o
worichwic epidemic relaied to heart dseese and stroke: Goup | wonideide
demographics of obesisg Crmuation 20041 10ed 63-ed 70

2. Surgmon Garerals Call io Adctiore A call to action bo prevent snd deormesse
overweight ond obesity. i pol s sUngeongenenl gowlop s‘obesitye
[PO07). Accessad 30 Auguss 2007,

3. Healhy People 2010, <hispuiheakhypeople. gow'documentpaly!
Wohame2" 3 hutrition pdfx [2007). Accessed 30 August 2007,

Fmsons TJ, Power G, Logan 5. Summerbel 0. Childhood predicions
of nduit o systematio e i J Obes Fisist Metab: Disond
1RO uppl A S1-S107.

5. Feedman 0E, Khan LK, Serduls ME =t &l The restion of childhood BMI o
adull adiposity: the Bogalusa Heart Saudy. Padinncs 2006;11622-27.

B, Guo 55, Huang C, Mayrand LM =t &l Body mess index: during chidhood,
ndoksoonos and young exduithood in relation o aduflt ightt and
adiposity: the Fels Longiudinal Shudy. inf J Obes Fsiat Metab Disord
200016281535,

7. Whitaker FC, Wright A Pepe ME, Seidel KID, Diet: WH. Pradicting
ini young aduithood from childhood and panenial obesity. N Engl J Med
HEOT AT AE-ATA.

8. Clarke'WF, Lousr AM. Doss childhood cbesity track into adubhood?
Gt Rew Food Sof Netr 1983;23:4 22430,

4. Feld AE, Cook NH, Gillman MW, Weight stotus in childhood os & predicor

of brooming overwsight or hyperersive in ooy adulthood. Ofes Fas

H00EC13163-168.

Whitiock EF, Wilkams 58, Gold A, Senith PH, Shipman SA. Screening and

mersmntions for chidhood overwsght: @ simmarny of evidence for the LIS

Preveniive Services Tosk Force. Pediaines 20061 1Ee 126144,

11. Bedlizri MC, Dtz WH. «on ahildhood chesiy: summarny of the:

disoussion. Am J Clin Norr 1995, 7051 73-51TE.

Cioles Tol, Blaflizri MAC, Flagal KM, Distz WH. Estabishing & standard derinition

for child igit and wordwider inbemationsl suresy

R 2000, 2M0-1243.

et WeH, Robirmon TH. Use of the: body mess nde B0 o 8 messurs of

ighl in children and adolescents. J Pedier 1998;132 160193

Beriow SE, Distz WH. Moregement of child and adolescent obesity:

summary and recommendations based on reporis from podisiricions,

00110226238,

Europsen Chidhood Cbesity group. Acts Paecislr 100584-051-BE3

Lobstsin T, Bar L. Usy L Obesity in children and young peoples o oriss in

public haskh. Obes Fev 2004550ppl 1ed-104.

10

12,

13

14

15

16

T Gurhﬂl.hﬂ'ﬂ. Must A, Perrin JW, Sobal A6, Diste WH. Social and
EOONOTic consequenoes of ovensesight n adolesnence ond young
acuithood, N Engl J Med 1993;323: 10081012,
18. Freadman 0G, Khan LK, Distr WH, Srinvesan SH, Berenson G5
Fedtionship of dhildhood obesity o coonary heart disease risk
factors in adulthood: the Bogalusn Heerl Study. Pediamics 2001:108:
T2-718.
Gua 55, Wu W, Chumiza WC, Foche AF. Predicting ovsrweight and chesity
n adufthood from body mass ndes: vl es s childhoed snd adolesosnos.
A J Clin Nestr 2002 TEBE3-5548,
Owerseight, ond hendth risk. Mational Task Foros on the: Presssnion
and Treafrment of Obesity. Aech Infem Mad 2000;1 60E53-904.
. Froedman DS, Khan LK, Senduln ME of al. Imer-redationships amaong
chidhood BML chidhood height, and adult chesity: the Bogakes Heart
Shudy int J Obes Reiat Metab Disord 2004, 28:10-16.
Wil AL Wesghl and height geowth rate and the fiming of adiposity
rebourd. Obes Aes 2006;13:1 1231130,
Freedman D5, Thomton JC, Mei £ ed ol Height and ediposity smong
children. Jbes Hes 2004, 12846853,
Freedman [15, Khan LE, Mei £ et al. Felation of childhood height 1o obesity
among acubs: the Bogaiusa Heerd Sudy. Pediamos 2002 108:E23,
Freedman 15, Ketiel KL, Serduls ME, Siniesan SH, Bersrson G5 BM
rehauned, childhoad height snd obesity smaong adults: the Bogaheas Heart
Shudy It J Obes Reint Metab Disord 2001, 28:543-540,
He 0, Karfberg 1. BMM in chikdhood and its associstion with height gein,
fiming of pubery, and final height. Padintr Bes 200143244261,
Pemy CL, Stone El, Parced G2 of &, School-besed cardiovesculor heaith
promotior: the child and adolesoont irisl or cordiowsoular heeith (GATCH).
o Soh Haeith 199080406413,
. Visbber LT, Ospaninn V) Luspher BV of of. Cordovesoilr ek faclors
armong third grade childen in four regiors of fie Unisd States. The CATCH
Shudy Child and Adolesoent Trial for Candiovesculer Heslh, Am J Epidemicl
1995;141:428-430,
Kuczmanski R, Ogden CL, Grummer-Strewn LM of &l COC growih chars:
United Siates. Aoy Dests 2000:1-27.
30. A SAS program for the CDC 2000 growth charts. «hpowsvwodo.gow’
nioodphpdnpe’prowthchers'sas htme. (2007). Acosssed 30 Aogust
2007.
rgmhgfupmuimmuﬂﬂmmlddﬁuﬂ
adokeoont ovenseight and chesiy: summarny report. Pedisinics
20071 20050ppl E5164-51892,
Hesstie: T, Tibshirani AL Ganemiid' Addftve Modats. Chepmen ond Hal:
Lordon, 1980,
Galber AP, Garino M, Manson JE, Buring JE, Sessa HD. A prospecies
sty of body mass index and the: ik of dewsoping hyperiersion nmen
Am J Hypertens 2007 200370-377.
weight charge in middk: aged man: impaot on cordovasculnr dissase and
dinbetes. J Epidarmiol Community Haalth 2006;58:134-138,
ol OH. Obesity in childhood: & study of the birth weight, the haight, and
the orest of pubsrty. O J e 1965 24: 100123
Eiruch H Obvessity in childhood: physical grovth and derveiopment of obess
chidren. Am.J [ Chid 1E30EAET- 484
Ogden Gl Carroll MDD, Curtin LA of &, Prevadenoe of oversssightt and cbesity
in the United Ssates, 1999-2004. JAMA 2006235, 1548-155E,
thlml:iu.budﬂ Wilkameon OF, Gail MH. Exosss deaths associsied
with uncersesight, overseight, and obesiy, JAMA 21]:&29&1%1 —1857.
fisin Paoific Cohort Studies Collsberation. The burden of
abmsity in the Asin-Pacifc mgion. Oes ey 2007 8: 181-106.
Andreyeva T, Michaud PG, van 54, Dbesity and heaith in Europessns aged
B years and clder. Public Healf, 2007:121:437-509.

18

B

ﬁ?ﬁﬁ'—"l

B

20,

3.

B

ond

EEE%EH

wearw. obosityjournalorg

20



NS British Journal of MNutrition

Appendix B

Brtish Joumal of Nutrition (AN, pege 1 of 2
T The Author 2004

Invited Commentary

oz 1L 10N 720N T 11 45081 9031 &

Shorter adulis, vet taller children: what’s up?

We know that obesity tracks steadily from childhood inio
young adulthood, and ten onward into middle age. We
know that tall children tend to become tall adults. Yet, the
study in this isswe of the Brinsh Jowrnal of Nwrigor by
Bosy-Westphal er ol " finds that heavier children are taller
than average and heavier adults are shorter than average.
What's up with that?

Although obesity is truly excessive body fat in relatgon o
lean mass, the definiton of “excessive” has not been standar-
dised. Given the difficulty of accurately measuring body fat-
mess, the assessment and teatment of obesity are most
commaonly hased on the measure of BMI, defined as weight
(kg) divided by the height l[m:j. This formula, onginally
known as the Quetelet index, was described in 1832 by
Adolphe Cuetelet, a Belgian statistician. Quetelet noted that
heyond the first few years of life, the weights of individuals
increase proportional o the sguare of deir heights. While
critics accuraiely point out the failure of BMI to cormelate
with body famess in certain individuals (for example, in
wvery muscular athletes), it has proved generally accurate as
a measune for the study of populations.

A tenet of both the Quetelet index and our sense of fairmess
i= that ohesity is independent of height. With the exception of
envimnments where nutrition is inadequate, it is felt that
height is genetically determined, and an individual's weight
iz due to a combinaton of their height and behaviours deter-
mining energy balance (energy-in minus energy -out) . Ohesity,
it is helieved, is an egual opportunity condition. However,
=ome past mesearch, confirmed by this large cmss-sectional
analysis by Bosy-Westphal e ol ‘", has questioned this
ASSUMption.

Using cross-sectional data from a variety of weight-man-
agement facilities (183 176 women and 30628 men) and the
Kiel Obesity Prevention Smdy (6240 girls and G171 baoys),
Bosy-Westphal er af ‘" assessed the melationship between
obesity and height in adults and in children. For the adulis,
they found a higher prevalence of obesity among those who
were shoner. This observation has been noted in a few past
studies, with the associaton strongest when evaluating obes-
ity-related candiovascular risk faciors and the shormess of
leg length specifically (rather than total 1cngdij‘2'q. However,
most studies on obesity have not commented on any associ-
ation hetween adult height and adull obesity, perhaps assum-
ing that no relationship exists.

I we ame i combat the adult obesity epidemic, it is impera-
tive to decrease the rate of childhood obesity. Childhood BMI
has a strong comelation with adult BMI. Although we may
have a mental image of the shont and overweight child, in

fact, studies from the 1930s hegan documentng that obese
children are taller than their pees™™ ', More recent invesi-
gations, and the childhood cohont studied by Bosy-Westphal
ef al. ™™ confimn this association™ "2,

In summary, using very large cohornts, Bosy-Westphal
er al. ™" have provided us with an analysis documenting the
height—obesity relationship of two generations, and left us
with a conundnum. Since BMI in childhood is direcdy come-
lated with BMI in adulthood, and taller children tend to be
taller adults, the posiive association of height and obesity in
children seems to contradict the inverse association of height
and obesity in adults. Why? Some of the answer appears to
be that the excess energy intmke that promotes obesity in chil-
dren also spoeds up the body maturation process. An over-
weight §-year-old child may have the amatomy and
physiology of a normal-weight 10-year-old child. This concept
should not be used as an excuse for the child's weight by the
argument that they are not overweight but jus measured at
the wrong age cut-off. In fact, it scems that these @]l and over-
weight children have an even higher risk of becoming over-
weight young adults compared with their overweight peers
who are shorter” ™", Using BMI as a continuous variable,
for younger children (aged 2-8 years) childhood height may
have an independent effect gi.c. even after adjusting for child-
hood BMD on adult BMI™. Thus, increased height in chil-
dren may be a surogate marker for higher risk of ohesity in
later life. On the surface, this may suggest that these over-
weight and tall childen become overweight and short
adults. The authos pose a possible explanation for this
whemehy the ‘preiemn skeletal maturity in obese children
may limit [subsoguent lincar] growth and final height in
adults’. As suppon, they cite articles noting that “the countries
with the @llest adults have the lowest mies of obesity” ™',

However, beware of conclusions megarding longitudinal
associations derived from ecological cross-sectional studies
done simultaneously on different generations! The adults in
the study by Bosy-Westphal er ol ™ had a mean age of
approximately 43 years and wemne assessed botween the years
of 1996 and 2006, Thus, many grew up befone the childhood
ohesity epidemic. Additionally, the study found an invemse
relationship between age and height (with a range from the
shonest to the tallest of approximately 15 years). Since indi-
viduals tend i gain weight with age, the inverse asociation
of height and BMI in the adults may be a function of the
older subjects being heavier. Given the recent gains in adult
height {especially in Europe), these older subjects may also
have hoen shorer dwe o gencrational, and ot individual
TEASONS.,
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Since the evidence ssems overwhelming that obese chil-
dren are taller than their non-ohese peers, what other possi-
bilitics might explain the swhors’ findings that the obese
adults were shoner tan average? The authors offer one
wvery interesting possibility: food serving sizes. Serving
szes of foods bought at a market or a restaurant are similar
for tall and shon individuals. Tall individuals have higher
BMR aof energy expenditure and thus can hetier tolerate
larger intakes. Since many individuals consume food hased
on visual cues"®, it is reasonable that shomer individuals
would take in relatively maore energy than their body
noeds. Put another way, the very large serving sizes offered
in many countrics may be adversely affecting shont individ-
uals mone than tall individuals.

Another possible explanation for obesity having different
asenciations with height in the adult and child cobhors may
have been due to mecruitment isswes. The children came
from a divese sample of the populadon. However, the
adults came from weight-loss programmes. Since cultural
issues of body morphology may be a driving force for some-
one i enier a weight-loss progrmmme, heavy individuals whao
are dso shont may have been oversampled.

5till, this study and others evaluating the nelationship of
obesity with stature leave us with some fascinating issues
fior research.

Firat and foremost, mone longitudinal studies ane neaded to
assess the tracking of both BMI and height from pre- pubescent
children into adulthood. This is especially impontant to finllow
children who grew up in the recent era of the childhood
obesity epidemic.

Until longimdina studies are available, obesity rescanchers
need to include analyses that are stratified by height, even if
the findings are null. If adult ohesity is consistently associated
with shonness, and if serving sizes are a poiential expla
nation, then perhaps this relationship would he stonger
in mome recent oohons as compared with cohons from the
pre-" aper-size me' days.

We should seek to find any easily measured markers
that could distinguish the child who is tall because hefshe is
destined to be tall from the one who is tall from excessive
energy intake.

Even with these mesearch guestions oustanding, some
clinical changes can be justified.

Do not use advanced childhood height as an excuse for
excessive childhood weight. When evaluating a child who is
overweight and also tall, one may hope that the child's
weight growth will slow, that his'her height growth pattern
will continue, and hisher BMI will normalise. From this per-
spoctive, tallness may be inempreed as protective against
future obesity. However, it appears that the exact opposite
may be tue.

Follow childhoeod growth closely beyond the eady immu-
nisation years. The medical profession is very good at follow-
ing children throwgh their first few yeams of life. However, we
miss the changes in adolescence, which is where the action
spems to lie for the issuwe of skeletal growth patems. We
must pay spocial attention to the height trajectories of over-
weight children, many of whom enter pubeny taller than
their peers.
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