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Abstract children with<<20% body fat or a waist circumferenees1
HIGGINS, PAUL B., BARBARA A. GOWER, cm possessing an adverse CVD risk-factor profile as op-
GARY R. HUNTER, AND MICHAEL I. GORAN. posed to a normal risk-factor profile was small. The cut-
Defining health-related obesity in prepubertal children. points describe an adequate health-related definition of
Obes Res2001;9:233-240. childhood obesity.

Objective: The purpose of this study was to develop per-

centage of fat and waist circumference cut-points in prepu- Key words: cardiovascular disease, percentage of body
bertal children with the intention of defining obesity asso- fat, waist circumference, lipids, insulin, cut-points

ciated with cardiovascular disease (CVD) risk.

Research Methods and Procedure&:cross-sectional anal- Introduction

ysis of 87 prepubertal children aged 4 to 11 years was used. The recent increase in the prevalence of childhood obe-
Percentage of body fat was determined by DXA. Waist gjty has been well-established (1,2). In boys and girls aged
circumference was measured to the nearest millimeter. Re-g 5 11 years, the prevalence of obesity, defined as body
ceiver (_)per_ating Characteristic analyses of percentage of fatyass index (BMI)= 95th percentile, has more than doubled
and waist circumference were used to develop cut-points for from the earliest National Health and Nutrition Education
individuals with adverse levels of CVD risk factors. Surveys, 1963 through 1970, to the most recent survey
Results: The risk factors selected for analyses (i.e., fasting yndertaken in 1995 (1). Numerous studies report that ad-
insulin, high-density lipoprotein cholesterol, low-density li- yerse levels of cardiovascular disease (CVD) risk factors
poprotein cholesterol, triglycerides, and total cholesterol/ g ch as total cholesterol, low-density lipoprotein (LDL)
high-density lipoprotein cholesterol) were S|gp|f|cantly re- cholesterol, high-density lipoprotein (HDL) cholesterol,
lated to percentage of body fat and waist circumference. triglycerides, fasting insulin, and systolic blood pressure are
Likelihood ratios were used to identify percentage of fat and associated with adiposity in children (3—8). The develop-
waist circumference cut-points associated with adverse car-ment of atherosclerotic plaques in young adults was first
diovascular risk profiles. Two cut-poin_ts, an upper cut-point reported by Enos et al. (9) in 1953. Since then, data from the
of 33% body fat and a lower cut-point of 20% body fat, Bogalusa Heart Study and the Pathobiological Determinants
were derived. Waist circumference cut-points indicative of of Atherosclerosis in Youth research group have shown a
adverse and normal risk-factor profiles were 71 cm and 61 rejationship between elevated CVD risk factors and the
cm, respectlvely. o _ _ early advancement of atherosclerosis (10-12). Thus,
Discussion: The data indicate that children witk:33%  the early identification of at-risk individuals is a necessary
body fat and children with a waist circumferene&’l cm  first step in the prevention of CVD (13,14). At present little
wereé more likely to possess an adyerse CvD psk-factor data describing a physiological definition of childhood
profile than a normal risk-factor profile. The likelihood of  gpesity exist.

BMI is widely accepted for use in defining overweight
. — and obesity and is a valid measure of adiposity in adults
iz??pltnezdf;orrp’:::)?il(l:;atité)?i: ijlal;IStfozr:rln i)oeocclmber 22, 2000. (15). Current overweight and obesity standards for adults,
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younger ages (16—18). Current definitions of obesity, basedweeks later, the children arrived at the Department of Nu-
on age- and gender-specific BMI, may overpredict the level trition Sciences in the fasted state where body composition
of fat mass and therefore overpredict the prevalence of was determined by DXA.
obesity, particularly in younger children (19). A subset of 87 children was selected for analysis based
Williams et al. (20) and Dwyer and Blizzard (21) have on pubertal development stage. Because insulin and lipid
proposed percentage of fat standards for defining health-profiles are affected by pubertal development (27,28),
related obesity in children. In both studies percentage of fat only children at Tanner stage 1 were selected for the
was estimated from skinfold measurements and was relatedcurrent analysis.
to elevated levels of systolic blood pressure and blood
lipids. Williams et al. (20) established cut-points of 30% fat . .
in girls and 25% fat in boys for defining obesity in children. Perc_e_ntage (_jf body fat was qletermlned in the De_par_tment
Dwyer and Blizzard (21) established similar cut-points of of Nutrition Sciences, Un|ver3|_ty of Alabama at Blr_mmg-
30% and 20% fat in girls and boys, respectively. Both ham by DXA' A DPX-L c_IenS|tome_ter (Lu_nar Rad|a_t|or_1
studies estimated percentage of fat from prediction Corp., M_adlson, WI), previously valldat(_ad in the pediatric
equations using skinfold measurements. The accuracy Of_boo_ly-welght_range,_was_ use_d (29). Su_bjects were analyzed
skinfold measurements in estimating percentage of fat is in light clothing while lying in the supine pos'.t'on' DXA
guestionable (22). Estimates are affected by intra- and in- scans were performed angl ?”a'yzed using pediatric software
terobserver variability and potentially confounded by dif- (version 1.5e; Lunar Radiation Corp.). On the day of each

ferences in body composition related to ethnicity and genderteSt' ’the dei(_'L Wa_\l'_s calibrated according to the manufac-f
(23,24). In addition, differences in the distribution of sub- turer's guidelines. To present a more accurate measure o

cutaneous adipose tissue are not accounted for when Skinpe_rcentage of quy fat, fat mass determineq from DXA was
folds are measured at only two to four sites, leading to adjust_ed accprdlng to a previously established regression
potential over- or underestimation of percentage of fat (16). eD(;('“ft'on [E;dJUStef fst n;assAéfat rr:jafss measured by d
Therefore, the purpose of this study was to further define . h X 0'? )_+ 0.19 kg] (29). Adjusted fat mass was use
health-related childhood obesity using DXA, a more robust In the analysis.
estimate of percentage of fat in children. Waist circumfer- anthropometry

ence cut-points associated with adverse levels of CVD risk  \aist circumference was measured at the narrowest part
factors were also determined. Because waist circumferencepf the torso between the lowest rib margin and the iliac crest
reflects central adiposity, as well as general adiposity, cut- at the end of a gentle expiration. Measurements were taken
points based on waist circumference may be uniquely re- 1o the nearest millimeter using a flexible tape. At least two
lated to disease risk. Waist circumference cut-points also measurements were made. If the two measurements were
may be useful to investigators who do not have accessjdentical, then that value was used. If the two measurements
to DXA. differed, then a third measurement was taken to determine
which value was correct. The same observer performed all
anthropometric measurements.

DXA

Research Methods and Procedures

Sagmle din thi d derived f . Blood samples were collected at the GCRC after an
ata used in this study were derived from an ongoing, overnight fast. For determination of lipids, 5 mL of venous

Io.ngi.tudinal study of .Ch“dhOOd and adolescept obesity in blood was obtained. Serum was separated by centrifugation
Birmingham, AL. Participants were healthy African Amer- and stored in cryotubes at85 °C. Blood lipid levels were

ican and white boys and girls recruited through advertise- analyzed using Ektachem DT slides, reagents, and a Ek-

ments, flyers, and word-of-mouth. Children were tested tachem DT60 Il Analyzer from Johnson and Johnson

annually at both the General Clinicgl_ Resefarch Centgr (Rochester, NY). The Ektachem analyzer was calibrated
(GCRC) and at the Department of Nutrition Sciences, Uni- with manufacturer’s reagents following National Choles-

vhe rsgéngAlabﬁn}a at l?rmmgh?m. They we_ri a@”.““eﬁ 0 terol Education Program guidelines.
the In the late afternoon for an overnight visit where ¢ iy \yas assayed in duplicate 200- aliquots with

data on anthropometrics, sociodemographics, dietary intake'Coat-A-Count kits (Diagnostic Products, Los Angeles, CA).

and physical activity were collected. On the following In our laboratory this assay has a sensitivity of 11.4 pM (1.9

morning after an overnight fast, resting m_etabolic rate was rlU/mL), a mean intra-assay coefficient of variation of 5%,
Qetermmed and blood samples were obtalned.. Fa;tlng NSU3nd a mean interassay coefficient of variation of 6%.
lin was calculated as the mean of three determinations taken
over a 15-minute period before administration of a glucose CVD Risk Profile

tolerance test. A pediatrician assessed pubertal development The cut-point for serum fasting insulin concentration

stage with the criteria of Marshall and Tanner (25,26). Two associated with risk was set at 72 pM (@1RJ/ml), based on

Laboratory Analyses
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adult data (30). In addition HDL cholesterol less than the each percentage of fat and waist circumference demarcation
10th percentile, and LDL cholesterol and triglycerides range. A diagonal line from the bottom left corner to the top
greater than the 90th percentile, were selected as cut-pointgight corner indicates a useless test; i.e., one in which
for adverse levels. Percentiles were age- and sex-specificidentical values of sensitivity and (+ specificity) are
based on prevalence data from the National Cholesterolpresent at each demarcation range (37).

Education Program, Report of the Expert Panel on Blood
Cholesterol Levels in Children and Adolescents (31). Be-
cause racial variations in lipid and lipoprotein levels were
found to be small, the prevalence data were not race-specific S . :
(31). Cut-points at the 10th and 90th percentiles were se- ngtmg insulin, HDL cholesterol, LDL cholesterol, triglyc-
lected because they are considered to be representative o?r'd??’ and tofal choIestgroI/HDL cholesterol levels were
adverse lipid and lipoprotein levels in children (32). Based significantly correlated with percentage of body fat and

on adult observations, a total cholesterol/HDL cholesterol waist circumference (Table 2). Ipd|V|duaIs with e}dverse
ratio greater than 4.5 also was considered adverse andevels of one or more of these variables were considered to

included in the analysis (33,34). Children with adverse POSSESS an adverge CVD risk profile. A total of 34 children
levels of one or more of the risk factors were considered to had one adverse risk factor, and 21 children had more than

possess an adverse risk-factor profile. one adverse risk factor.

Results
Descriptive data on the subjects are presented in Table 1.

o Percentage of Fat

Statistical Analyses The sensitivity, specificity, and likelihood ratios for each

Pearson correlation coefficients were used to determineof the demarcation ranges are shown in Table 3. The data
the relationship between percentage of fat, waist circumfer- did not support the identification of a single cut-point,
ence, and CVD risk factors. Five of the CVD risk factors, pecause no single cut-point simultaneously produced the
fasting insulin, HDL cholesterol, LDL cholesterol, triglyc-  highest value of |,.s and lowest value of |, Therefore,
erides, and total cholesterol/HDL cholesterol, were corre- two percentage of fat cut-points associated with risk were
lated significantly with percentage of fat and waist circum-  jdentified (35); 33% body fat corresponded to the highest
ference. Variables were log transformed to correct for vajue of L. (Table 3). Children with=33% fat were~15
nonnormal distributions. Data were analyzed using SPSStimes more likely to have an adverse risk profile than a

software (version 8.0; SPSS Inc., Chicago, IL). normal risk profile. Body fat of 19% to 19.9% corresponded
Receiver Operating Characteristic (ROC) analysis was

used to develop percentage of fat and waist circumference
cut-points associated with risk for one or more of the CVD
risk factors. The sample distribution of percentage of fat

Table 1. Descriptive statisticsn(= 87)

was divided into demarcation ranges of 1% from a lower \/ariables Mean + SD Range
boundary of 17% fat to an upper boundary>ef7.9% fat.
Similarly, the sample distribution of waist circumference Age (year) 8.2-1.8 4.6-11.8
was divided into demarcation ranges of 2 cm, with a lower Height (cm) 131.5+ 124  101.5-162.5
boundary of 47 cm and an upper boundary=&#9 cm. The Weight (kg) 34.8+ 14.4 14.0-85.0
relative frequencies of children with and without at least one Waist circumference (cm) 659 13.2 43.9-102.5
elevated risk factor for each percentage of fat and waist percent fat* 28.2+ 9.6 11.3-51.0
circumference demarcation range were determined. Thepasting insulin (pm) 78.6- 46.8 24.0—240.0
sensitivity and specificity at each demarcation range were 451 cholesterol (mm) 3.84 0.73 217-6.47
cal.culated. Cut-p.omys were Qet_ermlned using I|keI|_hood HDL cholesterol (mm) 1.19 0.36 0.54-2.3
ratlpg (35). T.he I|keI|hqod ratio is defmed_as the _ratlo of LDL cholesterol (mm) 2 35 0.72 111-5.24
individuals with and without an adverse risk profile at a Trial i 0,68+ 0.49 0.20-3.69
specific demarcation range (36). Positive likelihood ratios riglyceride (mm) ' ' ’ '
[(sensitivity/1— specificity) (Lpo9], and negative likelihood 1 0t@! cholesterol/HDL 35+13 16-83
ratios [(1— sensitivity/specificity) (l,eg], were calculated chol.esterol
at each percentage of fat and waist circumference demarcaSystolic blood pressure  107.3+ 8.8 81.0-133.0
tion range. A cut-point was determined from the highest (mm Hg)
value of L,,sand/or the lowest value of J, (35). Diastolic blood pressure 58.0+ 10.2 40.0-95.0
A ROC curve of sensitivity vs. (I~ specificity) was (mm Hg)

plotted for the percentage of fat demarcation range and the
waist circumference demarcation range. Points on the ROC+ (Fat mass by DXAX 0.87) + 0.19 kg/weight (kg).
curves are representative of the sensitivity and specificity of
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Table 2. Correlation coefficients between risk factor variables,* adjusted percentage of fat,*t percentage of fat,*
and waist circumference*

Waist circumference

Adjusted percentage of fat Percentage of fat (cm)
Risk factor variables r p r p r p
Fasting insulin 0.74 <0.001 0.67 <0.001 0.70 <0.001
Total cholesterol 0.20 NS 0.19 NS 0.21 NS
HDL cholesterol -0.32 <0.01 —0.29 <0.01 —0.30 <0.01
LDL cholesterol 0.22 <0.05 0.22 <0.05 0.21 <0.05
Triglyceride 0.40 <0.01 0.33 <0.01 0.45 <0.01
Total cholesterol/HDL cholesterol 0.40 <0.001 0.36 <0.001 0.39 <0.001
Systolic blood pressure 0.18 NS 0.08 NS 0.17 NS
Diastolic blood pressure -0.14 NS -0.19 NS -0.13 NS
Waist circumference (cm) 0.87 <0.001 0.79 <0.001

* Values log transformed.
T (fat mass by DXAX 0.87) + 0.19 kg/weight (kg).
NS Not significant.

to the lowest value of |, Children with<<20% body fat an adverse risk-factor profile as opposed to a normal risk-
were only 0.16 times more likely to have an adverse risk factor profile was found to be small.

profile than a normal risk profile. The ROC curve for the Waist circumference was strongly correlated with percent-
percentage of fat data shown in Figure 1 represents a usefulge of fat and CVD risk factors in this sample (Table 2). Waist

test. circumference previously has been shown to be highly predic-
tive of CVD risk factors in children (38). Waist circumference
Waist Circumference provides a measure of central adipose tissue, independent of

The sensitivity, specificity, and likelihood ratios for each total body fat. Therefore, waist circumference cut-points asso-
waist circumference demarcation range are shown in Tableciated with CVD risk factors are presented as an easily ob-
4. Again, the data did not support the identification of a tained anthropometric alternative to the DXA-derived percent-
single cut-point. A waist circumference of 71 cm corre- age of fat cut-points. Children with a waist circumferebcgl

sponded to the highest value ofds Children with a waist ~ CM were more _Iikely to have.an adv.erse. risk profile than a
circumference of71 cm were 14 times more likely to have hormal risk profile. Children with a waist circumferencé1
an adverse risk profile than a normal risk-factor profile. The ¢m were less likely to have an adverse risk profile than a
lowest value of |,., was present at the 59- to 60.9-cm normalrisk profile. _
demarcation range, indicating that children with a waist Measures of ObeS|ty are related to health status in adults
circumference<61 cm were 0.35 times more likely to have (39—42). BMI is commonly used to assess overweight
an adverse risk profile than a normal risk-factor profile. The and obesity in adulthood. Health-related cut-points of
ROC curve for waist circumference represents a useful 25 kg/nf and 30 kg/mi define overweight and obesity,
test (Figure 2). respectively (43).
Current BMI standards for defining obesity in children
are limited. National Health and Nutrition Education Survey
Discussion standards for defining childhood obesity are based on pop-
To date, few studies have defined childhood obesity ulation distribution and are not related to biological risk
based on biological risk factors for disease. This study factors for disease. Because prevalence data were obtained
determined two percentage of body fat cut-points associatedfrom a North American population, standards have limited
with CVD risk factors in children. Our analysis showed that use internationally. Health-related definitions of childhood
children with=33% body fat were more likely to have an obesity, established by Williams et al. (20) and Dwyer and
adverse risk-factor profile than a normal risk-factor profile. Blizzard (21), used skinfold prediction equations to estimate
The likelihood of children with<20% body fat possessing percentage of body fat. Error may be present in skinfold-
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Table 3. Specificity, sensitivity, and likelihood ratios
for each percentage of body fat demarcation range

Percentage of

body fat range Specificity* SensitivityT Lyoet Lpeg8

>47.9
47-47.9
46-46.9
45-45.9
44-44.9
43-43.9
42-42.9
41-41.9
40-40.9
39-39.9
38-38.9
37-37.9
36-36.9
35-35.9
34-34.9
33-33.9
32-32.9
31-31.9
30-30.9
29-29.9
28-28.9
27-27.9
26-26.9
25-25.9
24-24.9
23-23.9
22-22.9
21-21.9
20-20.9
19-19.9
18-18.9
17-17.9
<17

*1 — Not at risk cumulative frequency/total individuals not

at risk.

T Cumulative frequency of at-risk individuals/total individuals

at risk.

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.97
0.97
0.97
0.97
0.94
0.94
0.91
0.91
0.88
0.72
0.69
0.66
0.63
0.59
0.56
0.41
0.41
0.32
0.25
0.25

0.19

T Sensitivity/1— specificity.
§ 1 — sensitivity/specificity.

0.02
0.02
0.04
0.09
0.11
0.13
0.15
0.18
0.24
0.27
0.31
0.33
0.38
0.44
0.45
0.47
0.51
0.51
0.55
0.56
0.62
0.64
0.67
0.71
0.76
0.78
0.80
0.83
0.85
0.95
0.96
0.98

1.0

8 8 8 8 8 8 8 8

e¢]

9.00
10.33
11.00
12.66
14.66
15.00
15.66
8.5
8.5
6.11
6.22
5.17
2.29
2.16
2.09
1.62
1.90
1.82
1.41
1.44
1.40
1.28
131
1.23

0.98
0.98
0.96
0.91
0.89
0.87
0.85
0.82
0.76
0.75
0.71
0.69
0.64
0.58
0.57
0.55
0.52
0.52
0.49
0.48
0.43
0.50
0.48
0.44
0.38
0.37
0.36
0.41
0.37
0.16
0.16
0
0

Sensitivity

00 ¥

T
00 01 02 03 04 05 06 07 08 09 1.0

1-Specificity

Figure 1.Percentage of fat ROC curve identifying individuals with
adverse levels of one or more of the CVD risk factors in our
analysis. The broken line represents a useless test.

(16,23,24). Recently Cole et al. (44) published new BMI
standards for defining overweight and obesity in children. A
large nationally representative sample was used. Age- and
sex-specific BMI cut-points for defining overweight and
obesity in children were derived from adult data by identi-
fying percentiles in children analogous to those percentiles
in adults that correspond to BMIs of 25 kgfiand 30 kg/m,
respectively. Despite addressing two of the major limita-
tions of previous childhood BMI standards (standards were
derived from a large nationally representative sample and
cut-points were predicted from adult cut-points), the new
BMI standards remain unrelated to immediate biological
risk factors for disease.

DXA offers a fast and noninvasive alternative to hydro-
static weighing in pediatric body-composition assessment.
Several studies have cross-validated DXA body composi-
tion measures to direct carcass analysis in pig models
(29,45—-47). Pintauro et al. (29), using pigs in the pediatric
weight range (25+ 7.0 kg), demonstrated a small, yet
significant, difference between carcass lean and fat mass
and DXA measures. Specific correction factors were estab-
lished to improve DXA measures of lean and fat mass. In
this study, DXA percentage of fat was adjusted accordingly,
thereby standardizing percentage of body fat to a known
laboratory standard. Fields and Goran (48) further rein-
forced the use of this correction factor in a recent study

derived percentage of body fat measures due to intra- andcomparing body composition determined by a four-
interobserver variability, gender and ethnic differences, and compartment model with body composition determined by
differences in subcutaneous adipose tissue distributionDXA in children. A significant difference between fat mass
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Table 4. Specificity, sensitivity, and likelihood ratios
for each waist circumference demarcation range

Waist
circumference
range

Specificity* Sensitivityt Lyt LpeS

>99
97-98.9
95-96.9
93-94.9
91-92.9
89-90.9
87-88.9
85-86.9
83-84.9
81-82.9
79-80.9
77-78.9
75-76.9
73-74.9
71-72.9
69-70.9
67—-68.9
65—-66.9
63-64.9
61-62.9
59-60.9
57-58.9
55-56.9
53-54.9
51-52.9
49-50.9
47-48.9
1<47

*1 — Not at risk cumulative frequency/total individuals not

at risk.

T Cumulative frequency of at-risk individuals/total individuals

at risk.

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.97
0.97
0.97
0.94
0.91
0.88
0.84
0.78
0.72
0.28
0.19
0.09
0

0
0
0

¥ Sensitivity/1— specificity.
§ 1 — Sensitivity/specificity.

0.04
0.07
0.09
0.11
0.11
0.13
0.16
0.20
0.20
0.20
0.27
0.31
0.33
0.36
0.42
0.45
0.53
0.56
0.60
0.65
0.75
0.84
0.91
0.91
0.95
0.98
0.98

1.0

8 8 83 8 83 8 8 8 8 8 8

0.96
0.93
0.91
0.89
0.89
0.87
0.84
0.80
0.80
0.80
0.73
0.69

11.00 0.69
12.00 0.65
14.00 0.60

7.5
5.88
4.66
4.13
2.95
2.68
1.17
1.12
1.0
0.95
0.98
0.98

1.0

0.59
0.52
0.50
0.39
0.45
0.35
0.57
0.47
1.00

o0

ee]
oo
oo

0.7
0.6

0.5

Sensitivity

0.4

0.3

0.2

0.1

0.0 +— T 1 T T T T T T i
00 01 02 03 04 05 06 07 08 09 10
1-Specificity
Figure 2.Waist circumference ROC curve identifying individuals

with adverse levels of one or more of the CVD risk factors in our
analysis. The broken line represents a useless test.

based on odds ratios for risk of ischemic heart disease in
men. Triglyceride and LDL cholesterol levels greater than
the age- and sex-specific 90th percentile, HDL cholesterol
levels less than the age- and sex-specific 10th percentile,
and a total cholesterol/HDL cholesterol rati@l.5 were also
considered adverse levels of risk factors. This approach for
risk assessment is likely to be valid because adverse levels
of these risk factors are strongly associated with metabolic
disease in adults (30,34,49-51). Furthermore, elevated
CVD risk factors are related to early onset atherosclerosis
and have been shown to track from childhood to adulthood
(11-14,52,53).

Two previous studies established health-related defini-
tions of childhood obesity using percentage of body fat
predicted from skinfold equations. Williams et al. (20)
established percentage of body fat cut-points of 25% and
30% in boys and girls, respectively. Dwyer and Blizzard
(21) derived similar percentage of fat cut-points of 20% in
boys and 30% in girls. Both sets of cut-points are compa-
rable with the percentage of body fat cut-points derived
using DXA in our study; an upper cut-point of 33% and a

determined by the four-compartment model and that deter-lower cut-point of 20%. Slight differences may be caused by

mined by DXA was observed. However, after DXA fat

the use of different methods of determining percentage of

mass was adjusted according to the correction factor of body fat. In addition, the different risk-factor criteria used
Pintauro et al. (29), there was no significant difference in fat for the assessment of CVD risk in this study vs. earlier

mass measured by the two techniques.
Adult CVD risk factors were used as criteria for defining
at-risk individuals in this study. Individuals with fasting

insulin levels=72 pM (12 wlU/ml) were considered at risk

238 OBESITY RESEARCH Vol. 9 No. 4 April 2001

studies may also contribute to inconsistencies. Individuals
with CVD risk variables in the uppermost quintile for age-,
sex-, and race-specific North American population distribu-
tions were arbitrarily considered at risk by Williams et al.
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(20). Lipid and lipoprotein levels in the upper decile, and 2.
HDL cholesterol levels in the lower decile, in a sample of
North American children, were considered adverse in this
study. A robust percentile risk classification for plasma lipid
concentration has not been established; however, the use of
the 90th percentile to define risk has been suggested, be-
cause values above the 90th percentile display a high order
of tracking through childhood (32).

A limitation of our study is the use of a pooled sample of
boys and girls and African American and white children. 5.
However, preliminary analysis of the data used for this
study showed no gender difference in the relationship be-
tween percentage of fat, waist circumference, and risk fac-
tors across the common range of percentage of fat and waist 6.
circumference values (data not shown). Furthermore, be-
cause all children in the study were prepubertal, we would
not expect a strong gender influence on serum lipid, lipopro-
tein levels, and fasting insulin (27,54,55). Racial differences
in fasting insulin levels are small before puberty (56). Racial
differences in lipid and lipoprotein levels in children were
also reported to be small by the Lipid Research Clinics of
North America (31). 8

This study derived upper and lower cut-points, rather
than a single cut-point, to define health-related obesity. The
use of a single cut-point to define CVD risk may be im-
practical; a dichotomous relationship between percentage of 9.
body fat and CVD is unlikely. Rather, it is likely that CVD
risk increases with an increased percentage of body fat.
Therefore, a range of values may be more physiologically 1
appropriate in identifying at-risk individuals than a single
cut-point.

In conclusion, this study provides an alternative to the 1,
recent definitions of childhood obesity based on BMI per-
centiles that may useful in pediatric health screenings and
surveys. The cut-points established display good test sensi-
tivity and specificity and are highly indicative of adverse
and normal CVD risk-factor levels in children.

7.
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