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The Relation of Overweight to Cardiovascular Risk Factors Among
Children and Adolescents: The Bogalusa Heart Study

David S. Freedman, PhD*; William H. Dietz, MD, PhD*; Sathanur R. Srinivasan, PhD‡; and
Gerald S. Berenson, MD‡

ABSTRACT. Background. Although overweight and
obesity in childhood are related to dyslipidemia, hyper-
insulinemia, and hypertension, most studies have exam-
ined levels of these risk factors individually or have used
internal cutpoints (eg, quintiles) to classify overweight
and risk factors.

Objective. We used cutpoints derived from several
national studies to examine the relation of overweight
(Quetelet index, >95th percentile) to adverse risk factor
levels and risk factor clustering.

Design. The sample consisted of 9167 5- to 17-year-
olds examined in seven cross-sectional studies conducted
by the Bogalusa Heart Study between 1973 and 1994.

Results. About 11% of examined schoolchildren were
considered overweight. Although adverse lipid, insulin,
and blood pressure levels did not vary substantially with
the Quetelet index at levels <85th percentile, risk factor
prevalences increased greatly at higher levels of the
Quetelet index. Overweight schoolchildren were 2.4
times as likely as children with a Quetelet index <85th
percentile to have an elevated level of total cholesterol.
Odds ratios for other associations were 2.4 (diastolic
blood pressure), 3.0 (low-density lipoprotein cholesterol),
3.4 (high-density lipoprotein cholesterol), 4.5 (systolic
blood pressure), 7.1 (triglycerides), and 12.6 (fasting in-
sulin). Several of these associations differed between
whites and blacks, and by age. Of the 813 overweight
schoolchildren, 475 (58%) were found to have at least one
risk factor. Furthermore, the use of overweight as a
screening tool could identify 50% of schoolchildren who
had two or more risk factors.

Conclusions. Because overweight is associated with
various risk factors even among young children, it is
possible that the successful prevention and treatment of
obesity in childhood could reduce the adult incidence of
cardiovascular disease. Pediatrics 1999;103:1175–1182;
overweight, lipids, blood pressure, insulin, children, ado-
lescents.

ABBREVIATIONS. OR, odds ratio; CVD, cardiovascular disease;
SBP, systolic blood pressure; P, percentile; TC, total cholesterol;
TG, triglycerides; LDLC, low-density lipoprotein cholesterol;
HDLC, high-density lipoprotein cholesterol; DBP, diastolic blood
pressure.

Overweight children and adolescents have ad-
verse levels of lipids, insulin, and blood pres-
sure,1–6 and longitudinal changes in relative

weight are associated with changes in these risk fac-
tors.7 Furthermore, various measures of adiposity
among adolescents and young adults are associated
with fatty streaks, raised lesions, and calcifications in
the aorta and coronary arteries.8–10 Overweight chil-
dren are also at increased risk for various chronic
diseases in later life,11 and some evidence12 suggests
that this association may exist independently of obe-
sity status in adulthood.

Much of the information on overweight and risk
factors among youth, however, has been summa-
rized by using correlation3,5,13,14 or regression4 coeffi-
cients, techniques that may not reflect the nonlinear-
ity of the underlying associations.15 Furthermore,
most studies have provided little information on ei-
ther 1) the probability that an overweight child will
have adverse risk factor levels (predictive value), or
2) the proportion of children with adverse risk fac-
tors that can be detected by examining overweight
children (sensitivity). Although odds ratios (ORs)
and other categorical techniques have been used by
some investigators,2,14–19 the frequent use of internal
cutpoints (eg, quartiles) complicates comparisons
across studies. Relatively little attention has been
given to the importance of overweight in risk factor
clustering6,16–18,20 and to differences in these associa-
tions by sex, race/ethnicity, or age.3–5,15

The need for additional information on the ability
of overweight to detect adverse risk factors has been
emphasized by the publication of guidelines that
define overweight,21 hypercholesterolemia,22,23 and
hypertension24 among children and adolescents. By
using recommended cutpoints, the current study ex-
amines the relation of overweight to adverse levels of
lipids, insulin, and blood pressure among 5- to 17-
year-olds. The study population consists of 9167
schoolchildren who participated in the Bogalusa
Heart Study between 1973 and 1994.

METHODS

Study Population
The Bogalusa (Louisiana) Heart Study is a community-based

study of cardiovascular disease (CVD) risk factors in early life.25

The 1990 population of the biracial (1⁄3 black) community, which is
fairly typical of semirural towns in the South, was ;43 000 (Wash-
ington Parish). Seven cross-sectional examinations of schoolchil-
dren in Bogalusa, each with a participation rate of .80%, were
conducted between 1973 and 1994.26 Approximately 55% of all
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subjects were examined more than once, and the current analyses
are based on measurements obtained at the final screening of each
individual.

Analyses were restricted to fasting subjects who had recorded
values for weight, height, total cholesterol, and systolic blood
pressure (SBP). These criteria resulted a sample of 9167 5- to
17-year-olds (mean age, 11.9 years); levels of insulin were first
measured in the 1981 to 1982 survey, and were available for 6349
subjects. The examinations that contributed the largest number of
persons to the current analyses were the 1984 to 1985 (n 5 1315),
1987 to 1988 (n 5 1736), and 1992 to 1994 (n 5 2648) studies.

Measurements

Anthropometry
Height was measured to the nearest 0.1 cm with an Iowa

Height Board, and weight to the nearest 0.1 kg, using a balance
beam metric scale. No adjustments were made for the weight of
the gown, underpants, or socks that were worn during the exam-
ination. Although analyses focused on the Quetelet index (kg/m2)
as a measure of relative weight, the Rohrer index (kg/m3) was also
included in some analyses. (The Quetelet index is often referred to
as the body mass index or BMI.) These weight-height indices are
highly correlated (r ;0.9), but the Rohrer index is less strongly
correlated with height among schoolchildren than is the Quetelet
index (r 5 20.12 vs 2.62 in the current study). Triceps and sub-
scapular skinfolds were each measured three times with Lange
Skinfold Calipers (Cambridge Scientific Industries, Cambridge,
MD).

Overweight was defined as a Quetelet index above the
smoothed 95th percentile (P) of combined data from five na-
tional surveys conducted between 1963 and 1994 (Health Ex-
amination Survey II and III, and National Health and Nutrition
Examination Surveys I, II, and III). Percentiles were estimated
for each sex and 6-month age interval, using the LMS tech-
nique.27 This method summarizes age trends in 1) the power
(the l in LMS) of the Box-Cox transformation needed to ap-
proximate normality, 2) the mean, and 3) coefficient of variation
(s). The resulting smoothed curves allow any percentile (or Z
score) of the Quetelet index to be calculated, and this method
has recently been used in the development of a research child
growth reference.28 Although numerous adjectives, including
obese and severely overweight, have been applied to persons
with high levels of the Quetelet index,29 we refer to schoolchil-
dren with a Quetelet index .95th P as overweight.

The 95th P cutpoints for the classification of overweight, along
with the prevalence of overweight in the Bogalusa sample, are
summarized in Table 1. (It should be noted that the estimated

percentiles based on the LMS method are fairly comparable with
previously published smoothed percentiles from National Health
and Nutrition Examination Survey I using 1-year age intervals.30)
Although the prevalence of overweight among both boys and girls
was 10.8%, prevalences were highest among 11-year-old girls
(17.6%) and 10-year-old boys (15.6%), and lowest among 5-year-
olds (4.4% boys, 6.0% girls). Age was positively related to both the
level of the Quetelet index and the range of values, with the 95th
P of the Quetelet index among 5-year-old boys (18.4 kg/m2) ap-
proximately equal to the median value among 12-year-olds. Fur-
thermore, the difference between the 95th P and the median
Quetelet index among boys increased with age, ranging from 3
kg/m2 (18.5 to 15.5 kg/m2) among 5-year-olds to 7 kg/m2 among
17-year-olds.

Laboratory Determinations
Serum concentrations of total cholesterol (TC) and triglycerides

(TG) were determined by using enzymatic procedures in a cen-
tralized laboratory that is monitored by the Lipid Standardization
Program of the National Centers for Disease Control and Preven-
tion (CDC). Determinations of low-density lipoprotein cholesterol
(LDLC) and high-density lipoprotein cholesterol (HDLC) used a
combination of heparin-calcium precipitation and agar-agarose
gel electrophoresis.31 The cholesterol and TG analyses were mon-
itored, using quality control samples, and the accuracy was well
within the limits set by the CDC. Plasma insulin determinations
were performed, starting with the fourth (of seven) cross-sectional
examinations in Bogalusa, using a radioimmunoassay procedure
(Phaadebas Insulin Kit). Of the 6543 children examined after 1980
and included in the current analyses, ;3% were missing data on
insulin levels.

A second blood specimen was drawn on each screening day
from 10% of the subjects to assess the measurement error of each
laboratory test. Intraclass correlation coefficients for the lipid and
lipoprotein determinations ranged from 0.96 HDLC to 0.995 TG,
but insulin levels were less reproducible (intraclass correlation
coefficient 5 0.93).

High levels of TC and LDLC were defined as those .200
mg/dL and .130 mg/dL, respectively.23 As suggested,22,32 a TG
level $130 mg/dL was considered high, and an HDLC level ,35
mg/dL was considered low. (A TG level of 130 mg/dL is approx-
imately the 95th P during the second decade of life.22) Because
cutpoints for adverse levels of insulin have not been proposed for
children, values $95th P (adjusted for race, sex, and age) were
viewed as high.

TABLE 1. Median Levels of Quetelet Index and Proportion of Persons Considered Overweight

Age (Year) Boys Girls

Bogalusa HES/
NHANES

Bogalusa HES/
NHANES

n Median Overweight
(%)*

95th P† n Median Overweight
(%)*

95th P†

5 228 15.5 4.4 18.4–18.6 216 15.3 6.0 18.8–19.1
6 289 15.7 7.6 18.9–19.3 268 15.6 6.3 19.4–19.8
7 263 16.0 6.8 19.7–20.2 279 15.9 7.9 20.3–20.8
8 333 16.4 10.8 20.6–21.0 314 16.3 11.2 21.3–21.8
9 336 16.8 12.2 21.5–22.0 329 17.1 12.2 22.3–22.8

10 392 17.7 15.6 22.4–22.9 352 17.7 11.6 23.4–24.0
11 410 18.3 12.4 23.4–23.9 414 18.8 17.6 24.5–25.1
12 455 18.4 11.6 24.3–24.8 421 19.7 9.0 25.6–26.1
13 516 19.4 13.0 25.3–25.7 430 20.2 10.7 26.6–27.1
14 488 20.2 10.4 26.1–26.5 406 20.5 12.3 27.6–28.0
15 428 20.6 10.3 26.9–27.3 376 21.3 12.0 28.4–28.7
16 379 21.1 11.1 27.7–28.1 320 21.3 8.8 29.1–29.5
17 272 21.7 7.7 28.5–28.9 253 21.4 9.9 30.0–30.4

Overall 4789 10.8 4378 10.8

* Overweight (%) is the percentage of subjects in the study population who have a Quetelet index above the 95th P of national data.
† Cutpoints for overweight are based on smoothed (sex- and age-specific) estimates of the 95th P from aggregated data from Health
Examination Survey II and III, and National Health and Nutrition Examination Surveys I, II, and III. The two numbers represent the 95th
P for each half-year of each age. For example, 18.4 kg/m2 is the 95th P among 5- to 51⁄2-year-old boys, and 18.6 kg/m2 is the 95th P among
51⁄2- to 6-year-old boys.
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Blood Pressure
Right arm, sitting, SBP, and diastolic blood pressure (DBP)

were measured six times by trained observers with a mercury
sphygmomanometer (Baumanometer); the allocation of subjects to
instruments and observers was specified daily. The cuff size,
which was based on the length and circumference of the upper
arm, was chosen to be as large as possible without having the
elbow skin crease obstruct the stethoscope.25,33 On each screening
day, 10% of the examined children were selected to assess repro-
ducibility, and based on replicate measurements from the 1992 to
1994 examination, intraclass (within-observer) correlation coeffi-
cients were 0.88 SBP and 0.80 DBP.

Elevated levels of SBP and DBP were defined in a manner
comparable with that used by the National High Blood Pressure
Education Program.24,34 Regression models containing race, sex,
age, age2, height, height2, and various product terms were used to
predict blood pressure, and persons with residuals .95th P from
these models were considered to have high levels of SBP or DBP.
Blood pressure levels measured in the Bogalusa Heart Study are
generally ;10 mm Hg lower than in other studies of children and
adolescents33; this difference is largely caused by the methods
used to obtain blood pressure.

Statistical Analyses
Quetelet index and the various risk factors were categorized

into two groups (high vs not high) in most analyses, and associ-
ations were summarized by using cross-tabulations and ORs (ad-
justed for race, sex, age, and year of study) estimated in logistic
regression models. The sensitivity (proportion of persons with
specified risk factor who would be detected by screening over-
weight persons) and positive predictive value (proportion of over-
weight persons with the risk factor) for each risk factor was also
calculated. Analyses that examined the relation of overweight
(Quetelet index $95th P) to various risk factors excluded subjects
with values between the 85th and 94th P to more clearly contrast
overweight versus nonoverweight persons.

We also examined the proportion of persons with various risk
factors by categories of the Quetelet index, and nonlinearity (on a
logit scale) was assessed by adding higher order polynomial terms
for the Quetelet index to regression models. The possibility that
associations with risk factors differed by race, sex, or age was
assessed by adding interaction (product) terms to various regres-
sion models. We then examined the 22zlog likelihoods of hierar-
chical models; the difference in this statistic between two models,
the likelihood ratio, has a x2 distribution.

To examine risk factor clustering, the total number of risk
factors for each person was calculated as the sum of an LDLC level
$130 mg/dL, a TG level $130 mg/dL, an HDLC level ,35

mg/dL, an insulin level $95 P, and an SBP or DBP level $95th P.
ORs, based on separate logistic regression models for each risk
factor category, were used to summarize the relation of over-
weight to the number of risk factors; the referent category con-
sisted of persons without any risk factors. These analyses were
restricted to 5477 (of the 9167) persons with measured levels of all
risk factors; this sample is ;97% of the eligible persons who
participated in one of the last four cross-sectional examinations in
Bogalusa. Insulin levels were not measured in the cross-sectional
examinations until 1981.

RESULTS
Mean levels of various characteristics, as well as

the proportion of persons with adverse risk factor
levels, are shown in Table 2. The mean age of the
9167 schoolchildren was 11.9 years; 36% were black,
48% were female, and 10.8% (990) were considered
overweight. Median levels of the Quetelet index and
subscapular skinfold thickness varied substantially
by age, but age was less strongly associated with the
Rohrer index and triceps skinfold thickness. Overall,
the proportion of persons with adverse lipid levels
ranged from 7% TG to 10% TC, and the prevalence of
several risk factors also varied with age. An HDLC
level #35 mg/dL, for example, was seen among 6%
of the 5- to 10-year-olds vs 11% of the 11- to 17-year-
olds. High levels of insulin and blood pressure were
defined as values . 95th (race-, sex-, and age-spe-
cific) P.

Table 3 shows the prevalence of the examined risk
factors within seven categories of the Quetelet index
among children (top) and adolescents (bottom). In
general, the prevalences of most risk factors varied
only slightly at Quetelet indices ,75th or 85th P; this
was particularly evident among the 5- to 10-year-
olds. The prevalence of a high LDLC level, for exam-
ple, increased from 8% to only 10% between the
thinnest (,25th P) children and those with a Quetelet
index between the 75th and 84th P, and the preva-
lence of adverse HDLC levels did not increase over
these categories. Substantial increases in the preva-
lence of risk factors, however, were consistently seen

TABLE 2. Description of Study Population*

Characteristic Overall Age Group (Year) Spearman
Correlation
With Age5–10 11–17

n† 9167 3599 5568
% black 36% 35% 37%
% female 48% 49% 47%

Quetelet index, kg/m2 18.6 16.3 20.1 0.58
(Overweight) (10.8%)‡ (9.9%) (11.4%)

Rohrer index, kg/m3 12.7 13.0 12.5 20.10
Skinfold thickness, mm

Subscapular 8.3 6.3 10 0.45
Triceps 13.3 12.0 14.7 0.18

TC, mg/dL (.200 mg/dL) 160 (10%)‡ 165 (12%) 157 (9%) 20.15
TG, mg/dL (.130 mg/dL) 63 (7%) 60 (5%) 66 (8%) 0.14
LDLC, mg/dL (.130 mg/dL) 92 (9%) 97 (11%) 90 (8%) 20.13
HDLC, mg/dL (,35 mg/dL) 57 (9%) 59 (6%) 55 (11%) 20.15
Insulin, mU/mL 8.8 (5%)§ 7 10 0.37
SBP, mm Hg 103 (5%)§ 96 107 0.56
DBP, mm Hg 63 (5%)§ 58 66 0.51

* Because the distributions of several variables were highly skewed, median (rather than mean) levels are shown.
† Overall sample sizes for subscapular skinfold and insulin were 7451 and 6349, respectively.
‡ Values in parentheses represent proportion of persons with adverse levels of characteristic. Overweight is defined as a Quetelet index
.95th P of national data.
§ High levels of insulin, SBP, and DBP were defined as those .95th race-, sex, and age-specific P.
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at Quetelet index levels .85th P. Insulin levels
showed the strongest association with the Quetelet
index, with the prevalence of high levels increasing
from 2% to 27% (5- to 10-year-olds) and from 1% to
25% (11- to 17-year-olds) across the seven categories;
corresponding correlation coefficients were ;0.50.
Furthermore, the prevalence of all risk factors in-
creased substantially between the 95th to 97th P and
.97th P categories, indicating that even among over-

weight schoolchildren, higher levels of the Quetelet
index were associated with increases in risk factors.

The relation of overweight to adverse risk factor
levels is shown in Table 4. (With the exception of the
final column in Table 4, subjects with a Quetelet
index between the 85th P and 94th P have been
excluded from subsequent analyses to more clearly
assess associations with overweight, defined as a
Quetelet index $95th P.) Although the sensitivity

TABLE 3. Relation of Quetelet Index to Adverse Risk Factors, by Age Group

Quetelet Index Percentiles* Spearman r With
Quetelet Index†

,25 25–49 50–74 75–84 85–94 95–97 .97 Overall .95 P

Ages 5–10 y
n 904 817 798 340 384 100 256 3599 356
Age (y) 8.2 8.1 8.2 8.5 8.5 9.0 8.7
TC .200 mg/dL (%) 9‡ 10 10 13 18 17 23 0.10 0.12
TG .130 mg/dL (%) 2 3 3 6 10 10 21 0.27 0.29
LDLC .130 mg/dL (%) 8 8 9 10 18 12 23 0.12 0.16
HDLC ,35 mg/dL (%) 5 5 6 4 8 7 18 20.14 20.14
High (.95th P)

Insulin§ 2% 2% 3% 3% 4% 10% 27% 0.46 0.41
SBP 2% 2% 4% 6% 7% 12% 22% 0.34 0.16
DBP 2% 2% 4% 9% 7% 9% 14% 0.29 0.12

Ages 11–17 y
n 1189 1122 1249 611 763 210 424 5568 634
Age (y) 14.3 14.3 14.4 14.2 14.1 14.0 14.0
TC .200 mg/dL (%) 6 6 7 9 15 12 19 0.10 0.05
TG .130 mg/dL (%) 3 4 5 7 12 18 32 0.27 0.16
LDLC .130 mg/dL (%) 4 4 6 9 13 12 21 0.18 0.09
HDLC ,35 mg/dL (%) 6 9 10 12 14 16 21 20.20 20.13
High (.95th P)

Insulin§ 1% 1% 3% 2% 5% 10% 25% 0.47 0.33
SBP 2% 4% 6% 4% 7% 5% 11% 0.17 0.21
DBP 4% 5% 5% 5% 4% 4% 9% 0.07 0.19

* Sex- and age-specific percentiles based on national data.
† All correlation among the 3599 5- to 10-year-olds and the 5568 11- to 17-year-olds are statistically significant at the 0.001 level. The values
in the last column represent the magnitude of the correlations between overweight and risk factor levels among persons considered to
be overweight.
‡ Values represent percentage of subjects with adverse risk factor levels within each of the Quetelet index categories.
§ Sample sizes for insulin were 2592 and 3028 children, respectively.

TABLE 4. Estimated ORs Between Overweight (Quetelet Index .95 P) and Adverse Risk Factor Levels Among 5- to 17-Year-Olds

Risk Factor

n*

Screening Characteristics for
Overweight†

ORs (95% CI)‡ ORs Based on Other Indices or
Cutpoints

Sensitivity Positive
Predictive Value

Overall White
Boys

White
Girls

Black
Boys

Black
Girls

Rohrer
Index§

Triceps
Skinfold§

Quetelet Index
(85–94P)\

TC .200 mg/dL 747 24% 18% 2.4 (2.0–3.0) 3.6 2.2 1.7 2.3 2.5 2.3 2.1
TG .130 mg/dL 502 47% 24% 7.1 (5.8–8.6) 7.0 6.5 9.3 8.7 6.2 5.1 2.9
LDLC .130 mg/dL 653 28% 18% 3.0 (2.4–3.6) 4.4 2.4 2.8 2.4 2.9 2.5 2.4
HDLC ,35 mg/dL 702 25% 17% 3.4 (2.8–4.2) 3.8 3.2 4.0 2.7 3.1 2.6 1.9
High levels of

Insulin 273 62% 21% 12.6 (10–16) 15.8 27.7 7.5 6.6 11.7 8.6 2.1
SBP 371 34% 13% 4.5 (3.6–5.8) 7.1 4.5 3.0 3.0 4.5 3.4 2.2
DBP 395 23% 9% 2.4 (1.8–3.0) 3.1 3.4 1.1 1.6 2.9 2.6 1.2

* Number of children with risk factor. Of the 9167 5- to 17-year-olds, 1147 had a Quetelet index between the 85th P and 94th P, and have
been excluded from all analyses. Of these 8020 schoolchildren, insulin levels were available for 5487 persons who were examined in the
final four (of seven) examinations in Bogalusa.
† Sensitivity is the proportion of children with risk factor who are also overweight. Positive predictive value is the proportion of
overweight children who have adverse risk factor level. Specificities for all risk factors ranged from 88% to 90%.
‡ ORs are based on the cross-tabulation of overweight and specified risk factors. An OR of 2.4 for TC indicates that among overweight
children, the ratio of children with high TC levels to children with other TC levels is 2.4 times higher than the corresponding ratio among
nonoverweight children. All ORs are have been adjusted for age and the seven examinations (six indicator variables) in logistic regression
models; the overall ORs were also adjusted for race and sex.
§ Schoolchildren with race-, sex-, and age-specific values $90th P were contrasted with values ,80th P.
\ Schoolchildren with race-, sex-, and age-specific values between the 85th P and 94th P were contrasted with values ,85th P. Children
with a Quetelet index .95th P have been excluded from this comparison.
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(23%–62%) and positive predictive value (9%–24%)
of overweight was generally low for each risk factor,
many of the ORs were substantial. Compared with
other schoolchildren, an overweight youth was 2.4
times as likely to have a high TC level, and 7.1 times
as likely to have a high TG level. In agreement with
previous analyses, the largest ORs were seen with
levels of insulin (OR 5 12.6), and 170 of the 273
persons with an insulin level $95th P were also
overweight (sensitivity 5 62%). Although most asso-
ciations tended to be stronger among whites than
among blacks, the only significant differences (P ,
.01, as assessed by product terms) were for insulin
and DBP. Observed ORs with DBP were .3 among
whites, but were close to 1.0 among blacks; ORs with
insulin were .15 (whites) versus #7.5 (blacks). Only
small differences in the magnitudes of the associa-
tions were seen between boys and girls.

ORs based on other characteristics to classify over-
weight are also shown in Table 4 (right columns).
Rohrer index (kg/m3) and triceps skinfold thickness
were dichotomized so that 10% of the sample with
the highest (race-, sex-, and age-specific) levels
would be contrasted with levels #80th P. (In previ-
ous analyses of the Quetelet index, 11% of the chil-
dren were classified as overweight.) Estimated ORs
based on the Rohrer index were similar to those for
the Quetelet index, but associations with triceps skin-
fold thickness were generally weaker, particularly
for levels of TG and insulin. Additional analyses also
indicated that the triceps skinfold thickness provided
very little additional information on risk factor levels
if the Quetelet index was known. ORs contrasting
Quetelet index levels between the 85th P and 94th P
with lower levels are also shown in Table 4. The
magnitudes of most associations were generally
much smaller than those seen in analyses based on
$95th P of the Quetelet index, and no association
was seen with levels of DBP. ORs for levels of TC and
LDLC, however, decreased only slightly.

Although associations with overweight did not
vary linearly with age, younger children showed the
weakest associations with some risk factors (TC,
LDLC, and insulin) and the strongest associations
with others (TG, SBP, and DBP) (Table 5). As as-

sessed by the addition of product terms to logistic
regression models, associations with levels of LDLC,
SBP, and DBP varied significantly (P , .01) by age.
For levels of LDLC, ORs ranged from 0.7 (5- to
6-year-olds) to 6.6 (13- to 14-year-olds), and for SBP,
from 16.0 (5- to 6-year-olds) to 2.5 (13- to 14-year-
olds). Additional analyses indicated that within each
race-sex group, overweight was most strongly re-
lated to SBP among younger children.

We then examined the relation of overweight to
risk factor clustering (Table 6). In both age groups,
the proportion of children who were overweight in-
creased as the number of risk factors increased.
Among the 5- to 10-year-olds, for example, over-
weight children represented 7% (119 children) of the
1670 children with no risk factors, 22% (103 of 463) of
the children with 1 risk factor, and 80% (32/40) of the
children with $3 risk factors. Estimated ORs also
indicated that compared with other children, over-
weight children were 9.7 times as likely to have 2 risk
factors and 43.5 times as likely to have 3 risk factors.
Comparable associations were also seen among the
11- to 17-year-olds, with 50 (71%) of the 71 children
who had $3 risk factors being overweight. In gen-
eral, risk factor clustering was less prevalent among
black children than among whites, but the ORs be-
tween overweight and multiple risk factors were
fairly similar in both groups (data not shown).

Overweight was fairly effective in screening for
any risk factor. Of the 302 overweight 5- to 10-year-
olds, 183 (61%) had at least one risk factor, and the
corresponding positive predictive value among 11-
to 17-year-olds was 58% (295 of 511). Of the individ-
ual risk factors, overweight subjects were most likely
to have high TG levels, but low levels of HDLC were
also very prevalent among overweight 11- to 17-
year-olds. It is interesting that 90% of the 80 children
with high levels of both insulin and TG were also
overweight.

DISCUSSION
The results of the current study indicate that over-

weight children and adolescents are at a substan-
tially increased risk for adverse levels of several CVD
risk factors. Of the 9167 schoolchildren in the current

TABLE 5. Estimated ORs* Between Overweight (Quetelet Index .95th P) and Adverse Risk Factor Levels, by Age

Risk Factor Age Group (Years)

5–6
(n 5 913)

7–8
(n 5 1068)

9–10
(n 5 1234)

11–12
(n 5 1455)

13–14
(n 5 1568)

15–17
(n 5 1782)

x2 Value Assessing
Variability by Age†

TC .200 mg/dL 1.4‡ 2.4 2.5 2.0 3.4 2.8 5.4
TG .130 mg/dL 7.1 9.9 5.0 7.3 8.7 6.5 4.3
LDLC .130 mg/dL 0.7‡ 2.4 3.2 2.6 6.6 2.5 16.8
HDLC ,35 mg/dL 2.6‡ 4.8 6.8 3.6 4.9 1.8‡ 9.6
High levels of

Insulin 6.9 10.1 29.8 16.1 10.7 11.1 4.3
SBP 16.0 10.4 6.7 2.8 2.5 2.9 33.4
DBP 4.8 6.5 2.6 2.0 2.3 0.8‡ 25.1

* All ORs are have been adjusted for age and the seven examinations in logistic regression models.
† Values represent the difference in 22zlog likelihoods between nested models. Race, sex, and age are included as covariates in both
models, and the model including age interactions contains five additional terms representing the product of each age category with
overweight. With 5 degrees of freedom (6 age groups 2 1), a x2 value of 15.1 is statistically significant at the 0.01 level, and a x2 value of
20.5 is significant at the 0.001 level.
‡ All ORs are statistically significant at the 0.01 level unless otherwise noted; P . .01.
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study, 11% were considered overweight with a
Quetelet index $95th P of aggregated data from
several national studies. Compared with children
and adolescents with a Quetelet index ,85th P, ORs
among overweight schoolchildren ranged from 2.4
(TC and DBP) to 12.6 (insulin). There was little dif-
ference in the magnitude of these associations be-
tween boys and girls, but overweight was more
strongly related to elevated levels of insulin and DBP
among white than among black children, and some
associations varied by age. Although the accuracy of
overweight in identifying children and adolescents
with adverse levels of individual risk factors was
fairly low, it performed well as a screening tool for
multiple risk factors. Of the overweight 5- to 10-year-
olds, for example, 61% (183 of 302) had $1 of the 5
risk factors, and the comparable positive predictive
value among 11- to 17-year-olds was 58% (295 of
511). Furthermore, of the 111 schoolchildren who
had $3 risk factors, 82 (74%) were overweight.

Although the underlying associations may be cur-
vilinear,4,15 most studies of children and adolescents
have used regression (or correlation) analyses to ex-
amine the relation of overweight to risk factor levels.
In general, various measures of overweight and obe-
sity have been found to be related weakly to levels of
TC and LDLC (r ;0.05–0.15),3–6,14,20 but more
strongly to levels of HDLC and TG,3,4,6,20 blood pres-
sure,5,6,14,18,20 and insulin.35 Although our results gen-
erally agree well these previous investigations, com-
parisons across studies can be influenced by
differences in the 1) age and race distribution of the
sample, 2) the specific weight-height index or skin-
fold thickness used, and 3) the statistical techniques
used. Because levels of the Quetelet index increase
with age among youth, for example, simple correla-
tions may overestimate the magnitude of the associ-
ations. In the current study, adjustment for age re-
duced the correlation with DBP from 0.47 to 0.25.

The study of overweight and risk factors as dichot-
omous characteristics, particularly when age-appro-
priate cutpoints have been recommended, has sev-
eral advantages. ORs are frequently easier to

interpret than are correlation or regression coeffi-
cients, and the positive predictive value would be
useful in the evaluation of overweight children. Fur-
thermore, it would be important to know the sensi-
tivity of overweight for various risk factors when
planning screening and intervention studies. Al-
though relatively few studies of schoolchildren have
presented the predictive value or sensitivity, ORs
between triceps skinfold thickness ($95th P) and
elevated blood pressure levels among schoolchildren
have ranged from 3.4 to 6.1 SBP, and from 1.9 to 5.3
DBP19; corresponding ORs in the current study were
4.6 SBP and 2.6 DBP. The ORs that we observed
between overweight and high TC levels among 15- to
17-year-olds (OR 5 2.8) were also fairly similar to
those reported among young adults in National
Health and Nutrition Examination Survey II36 (OR 5
2.1), and between various quantiles of the Rohrer
index and TC levels among adolescents.15

Based in part on the relation of lipids to the early
stages of atherosclerosis,8–10 LDLC screening has
been recommended for children with a family his-
tory of hypercholesterolemia (parental TC $240 mg/
dL) or premature CHD.23 Our results suggest that
overweight should also be considered as an initial
screening tool. It has been estimated22 that the cur-
rent guidelines would trigger lipid testing among
25% of all children (80% of whom would be tested
because of parental TC levels), and would identify
40% of those with an LDLC level $130 mg/dL. Ad-
ditional estimates suggest that the use of a parental
TC level of $300 mg/dL would achieve a sensitivity
of 28% by screening 14% of all children,22 and our
results (see Table 4) indicate that overweight would
produce similar results. In additional analyses, we
found that screening all children with a Quetelet
index .85th P would yield a sensitivity of 43% by
screening 23% of all schoolchildren, estimates that
are nearly identical to those for the current lipid
guidelines.

Because of the reliance on reported (rather than
recorded) parental TC levels, the recommended
guidelines may be less accurate than expected. For

TABLE 6. Relation of Overweight to Clustering of Adverse Risk Factor Levels

Age Group
(Years)

Number of
Risk

Factors*

n Number (%) Who Are
Overweight†

% Female‡ % Black‡ Adjusted
OR

5–10 0 1670 119 (7%) 48% 36% 1.0 (ref)
1 464 103 (22%) 49% 39% 3.8
2 118 48 (41%)P183 53% 25% 9.7
3 32 24 (75%) 62% 25% 43.5

$4 8 8 (100%) 50% 12% —
Overall 2292 302

11–17 0 2214 216 (10%) 48% 37% 1.0 (ref)
1 677 155 (23%) 51% 37% 2.8
2 223 90 (40%)P295 51% 24% 6.5
3 58 40 (69%) 48% 21% 22.6

$4 13 10 (77%) 62% 8% 29.8
Overall 3185 511

* Number of risk factors is the sum of TG .130 mg/dL, LDLC .130 mg/dL, HDLC ,35 mg/dL, insulin .95th P, and either SBP .95th
P or DBP .95th P; the maximum number of risk factors is 5. All analyses are limited to the 5477 schoolchildren who were examined in
the last four (of seven) cross-sectional examinations in Bogalusa; insulin levels were not measured before 1980.
† Values in parentheses represent percentage of subjects in risk factor category who are overweight; these values correspond to sensitivity.
‡ Overall, about half of the sample was female, and about one-third was black.
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example, a reported parental TC level $240 mg/dL
has been found to result in 6% of children undergo-
ing lipid screening, with a low sensitivity (6.5%) and
positive predictive value (13.5%) for high LDLC lev-
els.37 Compared with parental TC levels, it is likely
that overweight would also be simpler to use as a
screening trigger, and would more accurately iden-
tify adverse levels of other risk factors. In the current
analyses, LDLC levels showed one of the weaker
associations with overweight.

Relatively little is known about the clustering of
risk factors among children and adolescents, but pre-
vious analyses from the Bogalusa Heart Study
showed that up to 6 times as many children and
adolescents as expected had relatively high levels of
the Quetelet index (or subscapular skinfold thick-
ness) and various risk factors.16,17 Furthermore, a re-
cent report of adolescents in Taiwan found that 55%
(girls) to 70% (boys) of overweight children had $1
risk factors.18 Because of the large increase in fibrous
plaques in the coronary arteries of children and
young adults who have 3 or 4 CVD risk factors,9 the
use of overweight as a screening tool for risk-factor
clustering may be particularly effective in the early
identification of persons likely to develop CVD.

Several of the associations that we observed with
overweight differed by race (DBP and insulin) or age
(LDLC, SBP, and DBP). Many, but not all,38 investi-
gators have also reported that relative weight is more
strongly associated with levels of lipids and blood
pressure5,15,36,39 among whites than among blacks.
Previous reports have also noted that relative weight
is most strongly related to lipid levels among older
children,3 and to blood pressure levels among
younger children.39 Although age differences in the
relation of overweight to various risk factors have
also been noted in studies of adults,36,38 differences in
the current study may reflect the statistical proper-
ties of the Quetelet index and the examined risk
factors. For example, differences between the median
and 95th P of the Quetelet index increased greatly
with age (see Table 1), and the TG cutpoint of 130
mg/dL is the 97th P among blacks, but only the 89th
P among whites.

It is possible, however, that these contrasting as-
sociations reflect differences in the relation of the
Quetelet index to body fat and fat distribution across
race/ethnicity groups or age.40 Correlations between
the Quetelet index and more direct estimates of ad-
iposity, such as dual radiograph absorptiometry,
range from 0.50 to 0.80 among children and adoles-
cents,41 and at comparable levels of the Quetelet in-
dex, white children have more total and intraab-
dominal body fat than do black children.42 We found,
however, that if weight and height were already
known, the triceps skinfold thickness provided little
additional information on risk factor levels. Weight-
height indices are also predictive of morbidity and
mortality,43 are very reproducible, and appear to be
as strongly correlated with risk factor levels as are
densitometric estimates of fat mass.44 It is important,
however, to be aware of the limitations of weight-
height indices as surrogate measures for adiposity.

The association between overweight and SBP

among 5- to 6-year-olds was particularly striking
(OR 5 16), and it has been noted39 that this associa-
tion is often strongest among younger children. Al-
though the correlation coefficient that we observed
with SBP levels in this age group (r 5 0.43) is similar
to other results,39,45 the estimated OR should be in-
terpreted with caution as only 18 of the 913 children
in this age group were overweight and had a high
SBP (95% CI, 7.7–34). Although an inappropriately
small bladder cuff can increase the recorded SBP of
overweight children,46 the cuff was selected to be as
large as possible during the examinations.25,33,47 Fur-
thermore, analyses that excluded observations made
with a toddler-sized cuff yielded an OR of 14.

The prevalence of overweight and obesity is in-
creasing among youth,26,48 and our results demon-
strate that even among 7- to 8-year-olds, overweight
is consistently related to several CVD risk factors.
Furthermore, as adults with multiple risk factors will
likely be at high risk for CVD in later life,49 it is of
particular interest that a large proportion of these
persons be identified in early life through weight and
height measurements. These findings emphasize the
importance of the prevention and treatment of obe-
sity in children and adolescents.
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