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Abstract: The development of body fatness and leanness is
examined in an ongoing prospective nutrition and growth study.
Individual skinfold thicknesses, relative weights, weight gains,
activity levels, and caloric intakes were examined at seven ages
between 6 months and 9 years. Changes in body fatness in this group
of children provide evidence that the obese infant usually does not

Introduction

Concern with obesity prevention has prompted interest
in its prediction and early detection. Two key questions,
"Does the obese infant become an obese child?" and "Does
the obese child become an obese adult?" have not yet been
answered, but certain research evidence has suggested affir-
mative answers.' 2 Rapid weight gain as well as obesity in
infancy and early childhood have been considered predictive
of later obesity.3-5 Zack concluded from studying data from
two cycles of the Health Examination Survey that childhood
fatness was highly predictive of adolescent fatness.' A
longitudinal study of teenagers from junior high school
through senior high school revealed that subjects who were
obese at age 14 tended to remain obese to the ages of 17 and
18 years.2 Continuous longitudinal studies of obesity devel-
opment, starting with an infant population, have not been
reported, however.

This report from an ongoing study traces the develop-
ment of body fatness and leanness as indicated by skinfold
thickness, relative weight, and weight gain during successive
years in a cohort of children from the time they were 6
months old to the age of 8 years, 9 months.* In addition,
physical activity and caloric intake patterns of the subjects
are compared with their subsequent body fatness.

Methods

The original sample consisted of 450 six-month old
infants living in the Berkeley, California area. The sample
was selected from among the 1,193 infants whose birth
certificates were filed at the Berkeley Health Department in
1969. Parents who could be located six months later were
asked to participate in a longitudinal nutrition and growth
study if the family planned to be in the Berkeley area for a
minimum of three years. Parents were contacted only if the

*Children aged 8 years 9 months are hereafter referred to as 9-year old
children.
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become the obese child. Weight gain in infancy is also a poor
predictor of 9-year old obesity. Changes from obese to non-obese or
lean are often not linear. There is evidence that impending or actual
obesity begins at ages 6 to 9 years with some predictability provided
as early as age 2 years for girls, age 3 years for boys. (Am J Public
Health 1984; 74:968-972.)

certificate indicated a normal birth and absence of birth
defects and was not stamped: "Requests omission from
solicitation." Resulting recruitment was as follows: 450 (38
per cent) in study; 526 (44 per cent) exclludedfrom study (did
not meet eligibility criteria or had moved from area); 217 (18
per cent) refusals (working mother or too busy or other
reason).

The sample consisted of 227 boys and 223 girls. The
ethnic distribution was 319 White (71 per cent), 85 Black (19
per cent), 28 Japanese and Chinese (6 per cent), and a group
of Others (4 per cent) which included Mexican Americans,
Native Americans, East Indians, Filipinos, and Vietnamese.
Sampling details have been given in previous publications.,-

Data were collected at timed intervals, within one
month of the child's birth date. Numbers of children mea-
sured at succeeding ages are: 6 months, 450; 1 year, 386; 2
years, 312; 3 years, 270; 4 years, 242; 6 years, 186; and 9
years, 170. Not all children remaining in the study at 9 years
of age had been measured at every preceding interval. As is
almost universally the case in longitudinal studies, the
sample became increasingly unrepresentative of the popula-
tion with the passage of time. Our more important concern
was that the sample be representative in terms of obesity and
leanness. Measurements of children subsequently lost to
attrition indicated that such children were neither more nor
less obese than the children remaining in the study. Attrition
after age 2 was primarily due to those moving out of the
geographic area of the study. The children in this study were
compared annually with national norms for anthropometry.9
At no age were the children in our study dissimilar to the
age- and sex-specific US norms.

Anthropometry included weight, height, five circumfer-
ences (head, chest, waist, biceps, calf), and four skinfolds
(triceps, subscapular, suprailiac, and chest). All measure-
ments were taken by a highly trained technician and mea-
surement was replicated. Detailed anthropometric method-
ology is described in previous publications.6-$

Three-day measured food intake records were obtained
for each child. Parents were trained to record exact amounts
of food consumed in household units as well as methods of
preparation, and brand names where indicated. Food rec-
ords were checked for details by a registered dietitian in the
presence of the parent. When children were 9 years of age,
they were trained to record their own information in a
manner similar to that described above.

Activity records were collected in a way similar to that
of diet records. One-day activity records with type of
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activity recorded every 5 minutes by a parent were collected
at ages 6 months and 1, 2, 3, 4 years. At age 9 years the child
actively assisted with the quantification of daily activity.
Activities were quantified using Durnin and Passmore's
caloric expenditure chart.'0

The skinfold values in our population, as well as their
distribution, were similar to those found in the Health and
Nutrition Examination Survey.9 The classic problem of
defining obesity was avoided by using these norms of
obesity: upper 15 per cent of the population defined as
obese; lowest 15 per cent of the study population defined as
lean, middle 70 per cent as non-obese.** Specific cutoff
points are listed in Table 1. However, because the grouping
of obesity by definition eliminates those near the cutoff,
most correlations were done using the continuum of skinfold
values of all children. The case study approach was also
used whereby each child's measurements were looked at
longitudinally.

When subjects were 9 years of age, they were weighed
under water to determine body density and, by derivation,
body fat.8 At that age body fat was most highly correlated
with sum of four skinfolds and triceps skinfold (Table 2).
Other studies corroborate the finding that sum of skinfolds
best reflects actual per cent body fat as measured by under
water weighing."' '2 To facilitate longitudinal comparisons,
values for sum of skinfolds were standardized as follows:
values of 0 represent mean fatness/leanness, increasing
negative values represent increasing leanness, and increas-
ing positive values represent increasing fatness.

Results
Prognosis of Infantile Obesity

The fattest 6-month old infants were compared with
their own subsequent annual measurements to age 9 years
(Table 3). The mean standardized values for sum of skinfolds
for fat infants of both sexes decreased from year to year. The
mean for both boys and girls was nearly zero, the point of
average fatness/leanness by age 9.

A similar comparison for infants obese at 1 year (Table
3) revealed that the group of obese 1-year olds also became

**A careful re-examination of the raw data led us to the conclusion that
changing the obesity cutoff point from 15 per cent to 10 per cent or 5 per cent
would not change the predictors of the outcome of infant obesity.

TABLE 1-Cutoff Points to Define Obesity by Sum of Skinfolds at Seven
Ages

Cutoff Points for Sum of Skinfolds

Boys Girls

Value Standard Actual % of Value Standard Actual % of
Age in mm Value* Population" in mm Value* Population"

6 months 28 1.09 16 29 1.00 14
1 year 27 1.16 14 28 1.16 13
2 years 24 0.97 16 26 0.98 15
3 years 24 1.30 13 26 0.83 16
4 years 26 1.24 14 28 0.81 13
6 years 26 1.01 15 31 0.99 17
9 years 29 1.14 14 35 0.81 15

* value - mean
standard deviation
not exactly equal to 15 per cent because skinfolds were measured to accuracy of

1mm and several children had the same values close to the cutoff.

TABLE 2-Correlation between Per Cent Body Fat Based on Underwater
Weighing and Anthropometry at Age 9 years

Measurement Boys Girls

Sum of Four Skinfolds .80 .77
Triceps Skinfold .79 .75
Subscapular Skinfold .76 .70
Suprailiac Skinfold .73 .73
Chest Skinfold .71 .68
Biceps Circumference .67 .68
Relative Weight .76 .66
Weight .60 .58

progressively less obese. For the group of 1-year old boys,
the thinning process was more gradual than that observed in
the 6-month group. For the groups of girls obese at 6 months
and 1 year, no difference in pattern was observed.

Correlations between skinfolds of individual subjects at
9 years and 6 prior ages are shown in Table 4, indicating that
predictability based on sum of skinfolds increases at succes-
sive ages and is greater for girls than for boys.

A case study approach was used in an effort to gain
further understanding of predictability and to reveal possible
differences between boys and girls. Twenty-six of the 34
boys obese at 6 months remained in the study for at least two
years. Of these 26 boys obese at 6 months, 13 were not obese
at any subsequent age, while an equal number were obese
for varying periods of time, either continuously or at inter-
vals while in the study. At the age of 6 years, four of the 15
measured at that age were still obese. Of the 17 in the study
at the age of 9 years, none was obese at that age.

Twenty-one of the 30 girls obese at 6 months remained
in the study to the age of 2 years. At 2 years, 17 had
decreased in fatness while four had increased. Of the 10
obese 6-month girls in the study at the age of 6 years, four
were still obese. Nine girls were measured at both 6 months
and 9 years, and only one was obese at 9 years. She had
shown varying degrees of obesity at successive ages.

Of the 25 children (17 boys and 8 girls) who had been
obese at 6 months and were no longer obese at 9 years, seven
exhibited the "yo-yo syndrome," i.e., a pattern of alternat-
ing in and out of the obese grouping in successive years. This
phenomenon was not peculiar to specific ages and showed
no clear direction over time.

In an attempt to elucidate the mechanism of thinning
which occurred in 25 of the 26 obese infants, we examined
each case individually. Rather than attempt to present

TABLE 3-Mean Standardized Sum of Skinfolds at Subsequent Ages for
Obese Infants by Sex

Obese Boys at Obese Girls at

6 Months 1 Year 6 Months 1 Year

Age N Mean N Mean N Mean N Mean

6 months 36 1.65 30 1.67
1 year 30 1.16 27 1.73 26 1.28 24 1.74
2 years 27 .72 22 1.34 20 1.20 20 1.08
3 years 23 .75 21 1.20 19 .64 17 .77
4 years 22 .57 20 1.14 14 .55 14 .52
6 years 18 .44 17 .75 10 .45 12 .44
9 years 18 .06 15 .44 9 .18 10 .15
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TABLE 4-Correlation Coefficients for Sum of Skinfolds at Age 9 Years
and Sum of Skinfolds at Six Previous Ages

Ages for
Sum of All Cases Boys Girls
Skinfolds (n = 170) (n = 83) (n = 87)

6 months .22** .10 .29**
1 year .28** .18* .36**
2 years .54** .29* .66**
3 years .62** .41** .69**
4 years .65** .49** .69**
6 years .84** .80** .85**

'p < .05
"*p < .005

"typical" cases, we have presented in Figure 1 standardized
skinfolds over time for the four most obese infants in the
study at 6 months. Three of these cases were in fact
"typical" and the fourth was unique in our sample. Case D
was the only obese infant to remain obese through age 9
years. Measurements for the first three subjects illustrate the
degree of change in fatness from year to year, as well as

actual outcome. By looking at the individual cases, we can

see that obese infants actually do become non-obese and do
not merely cross over an arbitrary obesity cut-off point.
Prediction of Obesity from Assessment of Early Weight Gain and
Relative Weights

To test further the predictive value of early anthropo-
metric measure for later obesity, correlation coefficients

A. Boy

co 6-

E- 5

4-4

3

2

'0-

I).5 1 2 3 4 69

q

10
._
a)

E0

0

._

co

u0

were determined for sum of skinfolds at age 9 years with
weight gain at earlier ages and relative weight at 6 previous
ages.

Weight gain in infancy was found not to be a good
predictor of obesity at 9 years. Figure 2 presents correlation
coefficients for weight gains at each age (6-12 months, 1-2
years, 2-3 years, 3-4 years, 4-6 years and 6-9 years) and 9-
year obesity as defined by sum of skinfolds. Correlation
coefficients are usually higher for girls than for boys. As
illustrated by the slope of the lines, weight gain between I
and 2 years for the girls, and between 2 and 3 years and 4 and
6 years for the boys show these ages to be the earliest times
highly related to later obesity. A second significant period of
weight gain for both boys and girls is between 6-9 years.

Weight gain to later obesity was studied further by
grouping subjects according to low, middle and high weight
gain (Table 5). Infants were grouped by weight gain in two 6-
month periods-birth to 6 months and 6 months to year.
The lowest 15 per cent were classified as the low weight gain
group; the highest 15 per cent as the high weight gain group;
and the 70 per cent in between were the middle weight
gainers. While there was a trend toward a relationship in all
groupings, it is not a strong one. The amount of weight gain
was positively related to the sum of skinfolds at age 9 years,

although not very predictive. Similarly, early relative
weights are only mildly predictive of 9-year sum of skinfolds
(Table 6).
Relation of Activity and Caloric Intake to Obesity

We attempted to relate sum of skinfolds at each age to
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FIGURE 1-Standardized Sum of Skinfold Values Over Time for Four Most Obese Infants at 6 Months
NOTE: Infant D was the only one of 25 obese infants who remained obese for nine years.
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TABLE 6-Correlation Coefficients for Sum of Skinfolds at Age 9 Years
and Relative Weights at Six Previous Ages

Ages for
Relative All Cases Boys Girls
Weights (n = 170) (n = 83) (n = 87)

6 months .22** .29** .18*
1 year .23** .24* .24*
2 years .41** .27* .49**
3 years .50** .47** .51"
4 years .52** .53** .51"
6 years .66** .67** .68**
9 years .79** .80** .79**

6mo. 2 3

* BOYS *GIRLS

4 5

AGE IN YEARS

FIGURE 2-Correlation coefficients of Weight Gain a

skinfolds)
NOTE: Weight gains are calculated by subtracting h
each weight, i.e., weight gain at 6 months = 6-month
1-year weight gain = weight at 1 year minus 6-monti

caloric intake and activity score at the v
Activity scores were consistently negati
of skinfolds. The association between st
caloric intake was less clear. At ages 3
were slight negative correlations of statis
partial explanation is that the mean calor
children was greater than the mean ca
middle and the obese groups.

Similar correlation coefficients were
of skinfolds at age 9 with activity score!
for all 7 ages between 6 months and 9 ye;
that skinfold measurement at 9 years is
resulting from ratios, over time, of ener
expenditure. This summing did not impr
(Table 7). A computerized predictive regi
based on 9-year sum of skinfolds, sums
and activity scores likewise did not impi
(r = .22).

***9 year sum of skinfolds = -.0013 x sum of c
activities + 62.8.

'p < .05
"*p < .005

Discussion

Data from this longitudinal study indicate that the obese
infant is not predestined to become an obese child. Obese

6 7 8 9 infants of both sexes became less obese with time although
not necessarily in regular progression from year to year.

Whether the change from obese to non-obese or lean oc-
nd 9-Year Obesity (sum of curred in one sustained change or in an alternating pattern,

tmeasured weight from obese infants were more likely to become non-obese or lean
weight minusbirthweight; than to be still obese at 9 years. In an examination of six
hs weight, etc. longitudinal growth studies, Roche, et al, described rapid

changes in obesity quartile ranking during the first four years
of life thus substantiating the difficulties of early prediction

same age (Table 7). of obesity."3
ively related to sum In an earlier publication, we showed that infant obesity
am of skinfolds and was strongly associated with early rapid weight gain.6 By the
and 9 years, there time subjects were 9 years old, however, this relationship no

tical significance. A longer held. A comparison of sum of skinfolds at 9 years with
ic intake of the lean weight gain at previous ages did not bear out our earlier
iloric intake of the finding. The strikingly higher correlation of 9-year skinfolds

with weight gain at I to 2 years for girls and 2 to 3 and 4 to 6
determined for sum years for boys suggests that the child who is gaining weight
s and caloric intake rapidly at these ages may be at high risk for becoming an

ars. The rationale is obese child, and that intervention may be appropriate. The
a cumulative value highest correlations of 9-year skinfolds were with weight
gy intake to energy gain between ages 6 to 9 for both sexes, an indication that for
rove the correlation the group of obese 9-year olds obesity was a recent develop-
ression equation*** ment.
of caloric intakes, Because the two most readily manipulated known fac-

rove the correlation tors in obesity are food and physical activity, we posed the
question, "How well do our caloric and physical activity
estimates relate to our anthropometric assessments?" The
answer, as shown in Table 6, is clearly "Not very well." We

alories - .0108 x sum of do not challenge the relationship of physical activity and
food intake as major factors in the development and mainte-

TABLE 5-Mean 9-Year Sum of Skinfolds ± Standard
Groups of Infants

Deviation for Low, Middle, and High Weight Gain

0-6 months N All Cases* N Boys N Girls
Low weight gain 26 19.4 t 5.5 10 17.5 ± 4.2 16 20.6 ± 6.1
Middle weight gain 116 22.4 ± 11.7 59 19.6 ± 8.4 57 25.3 ± 13.8
High weight gain 28 26.5 ± 8.0 14 23.3 ± 6.7 14 29.7 ± 8.1

6 months to 1 year N All Cases N Boys N Girls
Low weight gain 19 20.6 ± 11.0 10 16.7 ± 6.0 9 25.0 ± 13.7
Middle weight gain 121 21.9 ± 9.5 59 20.0 ± 8.1 62 23.9 ± 10.0
High weight gain 30 26.6 ± 13.5 14 22.7 ± 7.4 16 30.0 ± 16.7

*p = <.05, using Analysis of Variance
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TABLE 7-Correlation Coefficients for Sum of Skinfolds at Each Age with
Activity Score and Caloric Intake at the Same Age

Correlation Coefficients of
Sum of Skinfolds with

Activity Caloric
Age N Score Intake

6 months 450 -.11* .05
1 year 382 -.04 .02
2 years 312 -.08 -.05
3 years 269 -.10 -.1 1
4 years 242 -.06 -.01
6 years 180 - .03
9 years 170 -.16* -.14*
Sum of all years 149 -.18* -.16*

*p < .05.
"*p < .01.

nance of body fatness; we feel that methods for obtaining
activity and dietary information about individuals must be
further refined. Small differences in caloric intake of individ-
uals can be overshadowed by small differences in energy
utilization. Similarly, estimation of physical activity, in the
absence of specific measurement by direct or indirect meth-
ods, may conceal important differences in energy expendi-
ture, a major influence on body fatness. The consistently
negative correlations between activity scores and skinfold
thickness support the well known relationship of physical
activity and body fatness, but it is not yet a predictive tool in
individual cases.

REFERENCES
1. Zack PM, Harlan WR, Leaverton PE, Cornoni-Huntley J: A longitudinal

study of body fatness in childhood and adolescence. J Pediatr 1979;
95:126-130.

2. Huenemann RL, Hampton MC, Behnke A, Shapiro LR, Mitchell B:
Teenage nutrition and physique. Springfield: Charles C. Thomas, 1974.

3. Charney E, Goodman HB, McBride M, Lyon B, Pratt R: Childhood
antecedents of adult obesity. N EngI J Med 1976; 295:6-9.

4. Durnin JVGA, McKillop FM: The relationship between body build in
infancy and percentage body fat in adolescence: a 14 year follow-up on
102 infants. Proc Nutr Soc EngI 1978; 37:81A.

5. Miller FWJ, Billewicz WZ, Thomson AM: Growth from birth to adult life
of 442 Newcastle Upon Tyne children. Br J Prev Soc Med 1972; 26:224.

6. Huenemann RL: Environmental factors associated with preschool obesi-
ty. J Am Diet Assoc 1974; 64:480.

7. Crawford PB, Keller CA, Hampton MC, Pacheco FP, Huenemann RL:
An obesity index for six-month-old children. Am J Clin Nutr 1974; 27:706.

8. Ku LC, Shapiro LR, Crawford PB, Huenemann RL: Body composition
and physical activity in 8-year-old children. Am J Clin Nutr 1981; 34:2770.

9. Abraham S: Preliminary Findings of the First Health and Nutrition
Examination Survey, United States, 1971-1972: Anthropometric and
Clinical Findings. DHEW Pub. No. HRA 75-1229, Supt of Doc No HE 20.
2202:H34/2. Washington, DC: Govt Printing Office, 1975.

10. Passmore R, Durnin JVGA: Human energy expenditure. Physiol Rev
1955; 35:801.

11. Brook CGD: Determination of body composition of children from skin-
fold measurements. Arch Dis Child 1971; 46:182.

12. Parizkova J: Total body fat and skinfold thickness in children. Metabo-
lism 1961; 10:794.

13. Roche AF, Siervogel RM, Chumlea WC, Reed RB, Eichorn D, McCam-
mon RM: Serial Changes in Subcutaneous Fat Thicknesses of Children
and Adults. New York: Basel, Karger, 1982.

ACKNOWLEDGMENTS
This research currently supported by NICHD Grant #IROIHD13888-A.

Portions of this paper were presented at the 110th Annual Meeting of the
American Public Health Association, Montreal, Canada, November 15, 1982.

Two Short Courses Offered: Basic Biostatistics and Epidemiology
The New England Epidemiology Institute will present two consecutive short courses at the Hyatt

Regency Hotel in Boston, on October 15-19, 1984.
* Basic Biostatistics, October 15-16, 1984, will be taught by Drs. William Louv and Harland

Austin. They will present an overview for those who wish to become conversant with the fundamental
concepts of biostatistics.

* Epidemiology: Principles and Applications, October 17-19, will be taught by Drs. Kenneth
Rothman and Stephan Lanes, who will present modern concepts in epidemiology and their applications
to the study of etiology, natural history of disease, and strategies in preventive medicine and public
health.

No previous study of epidemiology or biostatistics is required for either course. Registrants may
receive CME credits (American Medical Association, Category I), CEU credits (American Board of
Health Physics) and/or CM credits from the American Board of Industrial Hygiene. For more
information, contact:

New England Epidemiology Institute
Department SC-15

P.O. Box 57
Chestnut Hill, MA 02167

(617) 734-9100
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