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Tracking of body mass index in children in relation to overweight in

adulthood’-3

Shumei S Guo and William Cameron Chumlea

ABSTRACT Body mass index (BMI; in kg/m?) values at or
above the 75th percentile are associated with increased morbidity
and mortality in adulthood, and there are significant correlations
between BMI values in childhood and in adulthood. The present
study addresses the predictive value of childhood BMI for
overweight at 35 + 5y, defined as BMI >28 for men and BMI
>26 for women. Analyses of data from 555 white children
showed that overweight at age 35y could be predicted from BMI
at younger ages. The prediction is excellent at age 18 y, good at
age 13y, but only moderate at ages <13 y. For 18-y-olds with
BMIs above the 60th percentile, the probability of overweight at age
35y is34% for men and 37% for women. A clinically applicable
method is provided to assign an overweight child to a group with
a known probability of high BMI values in adulthood. AmJ
Clin Nutr 1999;70(suppl):145S-8S.
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INTRODUCTION

The first, second, and third US National Health and Nutrition
Examination Surveys (NHANES I, 11, and Ill) indicate that a
large number of Americans are obese (1-3). These national cross-
sectional surveys revealed that overweight occurs at all ages, in
men and women, and across ethnic groups. The prevalence of
overweight is generally higher in blacks than whites (3). Over-
weight is related to cardiovascular disease, hypertension, and dia-
betes (the leading causes of morbidity and mortality in the United
States) in adulthood (4-8). Overweight in childhood is aso
related to morbidity and mortality rates in adulthood (6) because
both body weight and body composition in childhood are impor-
tant determinants of overweight in adulthood (9, 10). The man-
agement of overweight and obesity in children should not be
delayed until adulthood because then it is even more difficult to
achieve lasting weight reductions (11, 12). The prevention or
treatment of obesity requires the identification of individual chil-
dren who would likely become overweight or obese in adulthood.
The predictive value of overweight in childhood for overweight in
adulthood helps in identifying children with a high probability of
becoming overweight adults (13). This article discusses the use of
body mass index (BMI; in kg/m?) as an index of obesity, the
tracking and predictive value of childhood BMI in adulthood, and
the clinical and public health applications of tracking BMI.

BMI ASAN INDEX OF OBESITY

BMI is the most commonly used index of obesity and over-
weight. Weight and height are simple, reliable, and suitable meas-
uresfor field studies and are included in almost all population and
epidemiologic studies. BMI is closely related to body fatness in
whites and in children and adults (14). Values for this index were
compared with national reference data from NHANES |1 and the
85th percentile for BMI in these data during young adulthood has
been recommended as the upper limit of normal for adults (15,
16). This corresponds to a BMI of 27.8 for males and 27.3 for
females. Use of the 95th percentile to define obesity and the 85th
to define overweight impose prevalence rates of 5% for obesity
and 15% for overweight regardless of changes in body composi-
tion in the population. Most importantly, the choice of the 85th
percentile is based neither on body-composition data nor on evi-
dence that this is a threshold beyond which high BMI values are
more closely associated with disease.

Definition of tracking

The concepts of tracking are summarized by Foulkes and
Davis (17). The first concept refers to the prediction of future
measures from earlier values (18, 19). The second is related to
the constancy of an individual’s expected measures relative to
population percentiles (20-22). Tracking is determined by corre-
lations between values at pairs of ages for the same individuals.
Other tracking analyses concern “canalization,” in which a canal
is a zone between adjacent cross-sectional percentiles for a rep-
resentative population plotted against chronologic age. Canal-
ization is the tendency of all of an individual’s serial measure-
ments to be in the same canal of the population distribution. The
significance of canalization can be determined for different
canals, eg, the 75-95th percentile, by using a k coefficient
(23-24). For BMI, the population values can be obtained from
National Center for Health Statistics surveys. Tracking can also
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TABLE 1
Participants in 4 longitudinal studies categorized by BMI as low risk
(BMI <28) or highrisk (BMI 228) at age 35y

TABLE 2
Mean BMI values of participantsin 4 longitudinal studies at ages 3, 8, 13,
18, and 35y by sex and risk categories

Men Women
Study and reference Low risk Highrisk Low risk High risk
The Fels Longitudina Study (27) 92 20 93 18
Guidance (28) 53 2 52 3
Harvard (28) 43 8 46 6
Oakland (28) 54 5 54 4
Total 242 35 247 31

be measured by a U statistic based on a chi-square test of individ-
ual growth curves (17). This involves fitting a family of mathe-
matical models to serial data for individuals, assuming that the
individuals' true curves have a functional form. If the curves for
al individuals are parallel within the time span of interest, there
is perfect tracking. The fitted models can be used to calculate a
future value or to predict risk of category membership. The accu-
racy of these predictions is an index of tracking.

Tracking BMI from childhood to adulthood

Correlation

In published studies, the tracking of BMI has emphasized cor-
relations between childhood and adulthood values. BMI values
during adulthood are largely independent of values during infancy,
but they are related to BMI patterns of change by =6 y of age
(8-10). A rapid change in BMI at =6y of age is associated with
high BMI values at 16 y of age (25). Other analyses have shown
that patterns of change in BMI during later childhood and adoles-
cence are closely related to those during early childhood (26).

Childhood BMI in relation to adulthood risk of obesity

Tracking in this article refers specifically to the prediction of
future measures from earlier values (18, 19) by using data
obtained from 277 white male and 278 white femal e participants
in the Fels, Guidance, Harvard, and Oakland longitudinal studies
(27-29). The number of participants in each study is given in
Table 1. Annual data for height or recumbent length and weight
from age 1 to 18 y and from age 30 to 39 y were included in the
analysis. Recumbent length was used in place of height from age
1to 3y. Pooling of the 4 longitudinal studies was justified by the
absence of significant differences between the coefficients of the
study-specific logistic regressions. Childhood BMI values were
converted to percentile levels for age and sex by using data from
NHANES 11 (30). An average BMI value at age 35y for an indi-
vidual was obtained by averaging all available BMI values from
30to 39y of age. At age 35y, BMIs =28 for men and =26 for
women were the criteria for overweight.

The sample sizes and BMI means and SDs for each risk cate-
gory at ages 3, 8, 13, 18, and 35y are shown in Table 2. These
ages were selected to represent early and late childhood, puberty,
postpuberty, and adulthood. Risk categories were assigned on
the basis of BMI values at age 35 y with BMI values <28 and
<26 defined as low risk for men and women, respectively, and
>28 and =26 considered as high risk in men and women, respec-
tively. In both sexes, BMI values tended to increase with age in
each risk category. In both risk categories in males and females

Males Females

Low risk High risk Low risk High risk
Age (y) (n=242) (n=35) (n=247) (n=31)
3 16+12 17+10 16+14 17+13
8 16+19 17+ 20 16+16 18+ 26
13 18+24 22+35 19+26 22+38
18 21+21 25+ 34 21+21 26+5.0
35 24+22 30+29 21+20 30+46

1X + SD. Risk categories were assigned on the basis of BMI vaues at
age 35y, with BMIs <28 and <26 considered as low risk for males and
females, respectively, and =28 and =26 considered as high risk in males
and females, respectively. Data from references 27-29.

the high-risk group tended to have higher BMI values in child-
hood than did the low-risk group.

A logistic regression of overweight at age 35y (BMI > rec-
ommended range) on BMI for each annual childhood age was
performed separately for males and females. The predicted prob-
abilities of overweight at age 35y were calculated for childhood
BMI values at the 95th percentile and are shown in Figure 1. For
childhood BM1 values at the 95th percentile, the probabilities of
overweight at age 35 y increased by age. The probabilities were
higher for boys than for girls until =8y of age. The sex-associ-
ated differencesin the probability of overweight at age 35y were
slight after age 8 y but varied with age.

The odds ratios of overweight for males at age 35 y with
childhood BMI values at the 95th percentile compared with
those with BMI values at the 75th percentile varied with age and
doubled after =10y of age (Figure 2). The corresponding odds
ratio for girls doubled after =8 y of age. The odds of overweight
at age 35y of male and female participants who were at the 75th

0.8

___. | Boys °

0.7+ —— o Girls

Probability of overweight at age 35 y

Age (y)

FIGURE 1. Probability of overweight at age 35 y predicted from
childhood BMI at the 95th percentile.
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FIGURE 2. Odds ratios of overweight at age 35y for boys and girls
with BMIs at the 95th percentile compared with those of boys and girls
with BMIs at 75th percentile.

percentile at the ages of 8-18 y were at |east doubl e those of par-
ticipants with BMI values at the 50th percentile.

Sensitivity refers to the percentage of participants who were
correctly predicted to be in the overweight group. Specificity
refers to the percentage of participants who were correctly
predicted to be in the remaining group. BMI values at the 60th
percentile for age 18 y were chosen as cutoff points for iden-
tifying overweight at age 35 y because they had greater sensi-
tivity and specificity than other percentiles in predicting adult
obesity (13). The probability of overweight at age 35 vy, pre-
dicted from BMI values at or above the 60th percentile at age
18 y, was 0.34 for males (22 of 64 subjects) and 0.37 for
females (19 of 51 subjects) (Table 3). The sensitivities were
0.81 for males and 0.86 for females, and the specificities were
0.77 for males and 0.81 for females (Table 3). With use of the
cutoff point of the 60th percentile at age 18 y, the odds ratios
of overweight at age 35 y were =15 for males and 27 for
females, and corresponding SEs were 1.9 and 3.5, respectively.

TABLE 3

Applications of findings

The odds of overweight in adulthood for those with childhood
BMI values at the 95th percentile were =1.3-6.1 and 1.4-4.9 times
as great as for those with BMI values at the 75th percentile for
males and females, respectively. The sensitivity and specificity of
selected childhood cutoff points in relation to adulthood over-
weight were analyzed for age at 18 y; the same method could be
applied to establish the cutoff points for other ages. This cutoff
point could facilitate public health screening programs by detecting
children with a high probability of being overweight at age 35y.

Reference percentiles (75th, 85th, and 95th) from NHANES 1
data for BMI at ages 2-18 y for white girls and boys are shown
in Figure 3 (30), aswell asthe likelihood of being overweight at
age 35 y based on their BMI percentile level during childhood.
The lines indicating the 75th, 85th and 95th percentiles in these
figures are shaded differentially to indicate age ranges during
which the probability of overweight at 35 y was either <20%,
20-29.9%, 30-39.9% or 40-80%. For example, a 12-y-old girl
with aBMI of 26.5 is at the 95th percentile for national data. Her
BMI value is near the upper end of the distribution for the gen-
eral US population of white girls. Only 5 of 100 girls her age
have BMI values higher than 26.5, and this group of overweight
girls has a 40-80% probability of being overweight at age 35y.

Future resear ch directions

The present study discussed tracking in BMI from early child-
hood into adulthood and subsequent risk of obesity in white pop-
ulations. Extension of this study to other populations such as
African American, Asian, and Hispanic populations deserves a
high priority. There is general agreement on the use of BMI with
selected cutpoints as guidelines for desirable weight, and this
consensus will provide a basis for assessment of overweight and
obesity, which is important in scientific research and in public
health programs.

BMI is a simple, reliable measure of levels of body fatness.
However, the correlations between BMI and amount or percent-
age of body fat vary among studies and ethnic groups. Because
of the difficulty in obtaining long-term values for body fatness
collected using direct body-composition methods, longitudinal
studies for tracking body fat are few. Further research in all these
areas is needed. ]

Sensitivity, specificity, and odds ratios of the selected cutoff point for BMI values at the 60th percentile at age 18 y for identifying overweight at age 35 y*

BMI percentile at age 18 y

BMI at age 35y <60th >60th Sensitivity Specificity Odds ratio
Males

<28 (n=184) 142 42 0.77?

228 (n=27) 5 22 0.813

Total (n=211) 147 64 14.9
Females

<26 (n=172) 140 32 0.814

226 (n=22) 3 19 0.86°

Total (n = 194) 143 51 27.2

1Data from references 27-29.
2142 of 184 subjects.

322 of 27 subjects.

4140 of 172 subjects.

519 of 22 subjects.

9T0Z ‘TE AeN uo 1sanb Aq 610 uonuinu-uafe wolj papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

148S

BMI (kg/m?)

BMI (kg/m?)

a2
| white femates

30 rewamne BRisk <20% , 95th

=~ ——= Risk20-29.9% e

m— Risk 30-39.9% -

28] =-—-— Risk40—80% et -

324
White males
30| rammem Risk <20%

==~ Risk 20-29.9% / 95th
Risk 30 —39.9% /
28] m—e—- Risk 40— 80% Va

T T T
2 3 4 5 ] 7 8 9 10 " 12 13 14 15 18 17 18

Age (y)

FIGURE 3. Selected percentiles of BMI from the second National
Health and Nutrition Examination Survey (30). Segments of the 75th,
85th and 95th percentile lines are shaded differentially to indicate dif-
ferences in the risk of overweight, ie, that BMI at 35y will be =26 and
>28 in females and males, respectively.

REFERENCES

1

2.

5.

Van Itallie T. Health implications of overweight and obesity in the
United States. Ann Intern Med 1985;103:983-8.

Kuczmarski RJ, Johnson CL, Flegal KM, Campbell SM. Prevalence
of overweight in the United States: data from phase 1 of the Third
National Health and Nutrition Examination Survey, 1988-1991.
FASEB J 1993;1:A410 (abstr).

. Troiano RP, Flegal KM, Kuczmarski RJ, Campbell SM, Johnson

CL. Overweight prevalence and trends for children and adolescent:
the National Health and Nutrition Examination Surveys, 1963 to
1991. Arch Pediatr Adolesc Med 1995;149:1085-91.

. Holbrook TL, Wingard DL, Barrett-Connor E. Sex-specific vs uni-

sex body mass indices as predictors of non-insulin dependent dia-
betes mellitus in older adults. Int J Obes 1990;14:803-7.
Manson JE, Colditz GA, Stampfer MJ, et a. A prospective study of

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

GUO AND CHUMLEA

obesity and risk of coronary heart disease in women. N Engl J Med
1990;322:882-9.

. Scragg RKR, McMichael AJ, Baghurst PA. Diet, alcohol, and rela-

tive weight in gallstone disease: a case-control study. Br Med J
1984,288:1113-9.

. §jostrém LV. Morbidity of severely obese subjects. Am J Clin Nutr

1992;55(suppl):5085-15S.

. Must A, Jacques PF, Dallal GE, Bajema CY, Dietz WH. Long-term

morbidity and mortality of overweight adolescents. N Engl J Med
1992;327:1350-5.

. Abraham S, Nordsieck M. Relationship of excess weight in children

and adults. Public Health Rep 1960;75:263-73.

Guo SS, Chumlea WC, Roche AF, Siervogel RM. Age- and matu-
rity-related changes in body composition during adolescence into
adulthood: the Fels Longitudinal Study. Int J Obes Relat Metab Dis-
ord 1997;21:1167-75.

Brownell KD. Obesity: understanding and treating a serious, preva-
lent, and refractory disorder. J Consult Clin Psychol 1982;50:820-40.
Rees JM. Management of obesity in adolescence. Med Clin North
Am 1990;74:1275-92.

Guo SS, Roche AF, Chumlea WC, Gardner JD, Siervogel RM. The
predictive value of childhood body mass index values for over-
weight at age 35 y. Am J Clin Nutr 1995;59:810-9.

Roche AF, Siervogel RM, ChumleaWC, Webb P. Grading body fatness
from limited anthropometric data. Am J Clin Nutr 1981;34:2831-8.
Abraham S, Carroll MD, Najjar MF, Fulwood R. Obese and over-
weight adultsin the United States. Vital Health Stat 11 1983;11:1-93.
US Department of Health and Human Services, Public Health Ser-
vice. The Surgeon General’s report on nutrition and health. Wash-
ington, DC: US Government Printing Office, 1988.

Foulkes MA, Davis CE. An index of tracking for longitudinal data.
Biometrics 1981;37:439-46.

Rosner B, Hennekens CH, Kass EH, Maill WE. Age specific corre-
lation analysis of longitudinal blood pressure data. Am J Epidemiol
1977;106:306-13.

Ware JH, Wu MC. Tracking: prediction of future values from serial
measurements. Biometrics 1981;37:427-38.

Berenson GS, Foster TA, Frank GC, et al. Cardiovascular disease
risk factor variables at the preschool age: The Bogalusa Heart Study.
Circulation 1978;57:603-12.

Clarke WR, Schrott HG, Leaverton PE. Tracking of blood lipids and
blood pressures in school age children: The Muscatine Study. Cir-
culation 1978;58:626—34.

McMahan CA. An index of tracking. Biometrics 1981;37:447-55.
Cohen J. A coefficient of agreement for nominal scales. Educ Psy-
chol Meas 1960;20:37-46.

Fleiss JL. Measuring nominal agreement among many raters. Psy-
chol Bull 1971;5:378-82.

Rolland-Cachera MF, Deheeger M, Bellisle F, Sempé M, Guilloud-
Bataille M, Patois E. Adiposity rebound in children: a simple indi-
cator for predicting obesity. Am J Clin Nutr 1984;39:129-35.
Rolland-Cachera MF, Deheeger M, Avons P, Guilloud-Bataille M,
Patois E, Sempé M. Tracking the development of adiposity from one
month of age to adulthood. Am J Hum Biol 1987;14:219-29.
Roche AF. Growth, maturation and body composition: The Fels
Longitudinal Study 1929-1991. Cambridge, United Kingdom:
Cambridge University Press, 1992.

Jones MC, Bayley N, MacFarland JW, Honzik MP. The course of
human devel opment. Waltham, MA: Xerox College Publishing, 1971.
Stuart HC, Reed RB. Longitudinal studies of child health and devel-
opment, description of project. Pediatrics 1959;24:875-85.

Andres R, Elahi D, Tobin JD, Muller, DC, Brant L. Impact of age on
weight goals. Ann Intern Med 1985;103:1030-3.

9T0Z ‘TE AeN uo 1sanb Aq 610 uonuinu-uafe wolj papeojumoq


http://ajcn.nutrition.org/

