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SUMMARY. Most childhood obesity research has clas-
sified participants by normative standards for Body Mass
Index (BMI) through population percentiles or values co-
rresponding to overweight adults (World Health Organi-
zation (WHO), Centers for Disease Control and Prevention
(CDC) and the International Obesity Task Force (IOTF)).
In 2006, criterion-referenced standards (FitnessGram®)
were developed (revised in 2010) which directly associate
BMI values with adverse health outcomes. This study as-
sessed agreement between normative and criterion-refe-
renced standards. Participants included 653 Mexican
American 3rd to 5th graders living in the U.S.-Mexico bor-
der area who participated in a health promotion project. At
baseline, agreement was compared between normative and
criterion-referenced classifications. At follow-up, agree-
ment between classifications on changes (e.g. from over-
weight to healthy weight) was assessed. According to
FitnessGram® standards, 53.0% of participants were over-
weight or obese at baseline. Compared to FitnessGram®,
the IOTF and CDC standards classified 15% fewer parti-
cipants as obese/high risk. The WHO standards were clo-
sely related to FitnessGram® (kappa=.925) and showed
significantly greater agreement with FitnessGram® than
the CDC (kappa=.925 versus 0.722, p<.001) and IOTF
standards (kappa=.925 versus .682, p<.001). Compared to
the FitnessGram® (8.9%), the WHO and CDC (8.6%)
were similar, but IOTF standards lower (6.5%) in how
many children improved following the health program.
Despite acceptable agreement between the different indi-
ces, several normative classifications may underestimate
the proportion of children who are at risk for BMI-related
adverse health consequences.
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INTRODUCTION

Over the past decades, rates of obesity and being
overweight have increased strongly for children and
adolescents (1). Children are becoming overweight

RESUMEN. A riesgo o no: comparando indices de masa
corporal normativos e indices basados en criterios en
niflos méxico-americanos. Muchos de los estudios sobre la
obesidad infantil clasifican a los participantes por indices nor-
mativas para el indice de masa corporal (IMC) usando valores
de percentil de poblacion o valores correspondientes a adultos
con sobrepeso (Organizacion Mundial de la Salud (WHO),
Centros para el Control y Prevencion de Enfermedades
(CDC) y la Comision International Sobre la Obesidad
(OITF)). En 2006, indices con referencias a criterios (Fitness-
Gram®) fueron creados asociando valores de IMC directa-
mente a valores de impacto de salud adversos. Este estudio
determino las equivalencias de los indices normativos y los
con referencias a criterios. Los participantes incluyeron es-
tudiantes (N=653), niveles 3°-5, viviendo en la frontera
EEUU-México. Al inicio, se compard la equivalencia entre
el IMC basado en las clasificaciones normativas y los con re-
ferencias a criterios. La equivalencia entre las clasificaciones
de los cambios fue evaluada. Segin las normas Fitness-
Gram®, 53.0% tenian sobrepeso o eran obesos aunque las
normas OITF y CDC indicaron menos de 15% fueron clasi-
ficados con obesidad/alto riesgo. Las normas WHO fueron
mas cercanamente relacionadas con las de FitnessGram®
(kappa=.925) y mostraron significativamente mayor equiva-
lencia con las de FitnessGram® que a las del CDC (kappa=
925V 722, p<.001) e IOTF (kappa=.925 V .669, p<.001).
Los indices FitnessGram® (8.9%), WHO y CDC (8.6%) fue-
ron similares en cuanto el nimero de nifios que mejoraron si-
guiendo el programa, pero el indice IOTF fue menor (6.3%).
Aunque habia un acuerdo aceptable entre los indices diferen-
tes, varios pueden subestimar la proporcion a riesgo y las con-
secuencias adversas relacionadas al IMC.
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at a younger age, as almost a quarter of pre-school chil-
dren are currently obese or overweight (1). Given that
about 70% of overweight children continue to be over-
weight in adulthood (2), and that rates of overweight
and obesity are higher among rapidly growing minority
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populations (3), obesity is expected to continue to be
a major public health challenge.

The outcome variable most commonly used in stu-
dies addressing childhood overweight/obesity has
been Body Mass Index (BMI). Although BMI is not a
direct measure of body fat, it has been found to be
strongly associated with the most accurate body fat
measures (r = 0.80-0.90) (4). Further, BMI is easy and
inexpensive to measure. Importantly, BMI has been
found to be positively associated with risk factors for
cardiovascular diseases such as elevated blood pres-
sure, adverse lipoprotein profiles and diabetes (5). Dif-
ferent classification methods have been developed that
classify children according to their BMI.

The Centers for Disease Control and prevention
(CDC) (6) and World Health Organization (WHO) (7)
use ‘normative reference standards’ to classify chil-
dren according to their BMI relative to their peers. Ac-
cording to the CDC and WHO BMI growth charts,
being overweight is defined as having a Body Mass
Index of over the 85th percentile and obesity is defined
as having a BMI of over the 95th percentile.

A key difference between the two is that the CDC
growth charts are a reference of how a population has
developed over a certain period. The CDC standards pu-
blished in 2000 (6) are based on the growth of a popu-
lation of children in the U.S. from the 1960s through
1994. In contrast, the WHO values for BMI are stan-
dards, aimed to ‘describe the growth of healthy children
who grew up under optimal conditions.’ A criticism of
both the CDC and WHO percentiles are that the 85th
and 95th percentile cut-offs are arbitrary, and that cons-
tructing growth references based on populations that
longitudinally trend toward overweight and obesity will
lead to an underestimation of overweight/ obesity and
an overestimation of underweight (8).

The International Obesity Task Force (IOTF) stan-
dards have been developed (and updated in 2012) in-
corporating data from six different countries including
the United States and classify children by different le-
vels of ‘thinness’, normal weight, overweight and
obese (9,10). Instead of population percentiles, the
standards were developed as the children’s equivalent
of adult overweight (BMI> 25kg/m?) and obesity
(BMI>30kg/m?). Since adult overweight and obesity
have been associated with adverse health consequen-
ces, these international standards are likely to relate
children’s BMI with health consequences. However,
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similar to the limitations of the CDC and WHO stan-
dards, the IOTF cut-offs were not designed to define
what BMI cut-off points are the strongest predictors
of future adverse health consequences.

While adverse health consequences of childhood
obesity have long been known, only recently have re-
searchers begun to directly associate classifications of
obesity with adverse health consequences (5). In this
context, Flegal and Ogden (11) have pointed out that
instead of debating how to define overweight and obe-
sity, it might be more important to consider what BMI
cut-points best predict future health risks and how to
efficiently screen for such risks.

In 2006, ‘criterion-referenced’ standards called
‘FitnessGram® standards’ were developed and revised
in 2010 (12). The unique feature of these standards is
that they classify a child according to their health risk,
rather than their status as overweight or obese. Cate-
gories based on a child’s BMI include a BMI that is a)
‘very lean’, b) in the ‘healthy fitness zone’, ¢) at ‘some
risk’ or d) at ‘high risk’ for adverse health consequen-
ces such as cardiovascular and metabolic conditions.
The complete FitnessGram® measurement protocol
includes measures of body composition, aerobic capa-
city, strength and flexibility and is currently imple-
mented state-wide in several states including Texas,
the site of the current study.

Several studies reported the extent of agreement or
discrepancies among the WHO, CDC and IOTF stan-
dards (13-17). Most studies found moderately high
agreement (kappa coefficients >. 60) (13, 14), al-
though some reported that the odds of classifying a
child as obese or not obese varied substantially across
these classifications (15-17). To date, however, there
is little knowledge about the extent to which the most
commonly used normative-referenced standards
(CDC, WHO and IOTF) are in agreement with crite-
rion-referenced standards that directly associate BMI
with health consequences such as the FitnessGram®
2010 standards. Examining whether the most com-
monly used standards indeed classify children as he-
althy whose body composition may be associated with
adverse health consequences can have important im-
plications for health promotion efforts.

Using data from a randomized after-school project
conducted among a population of predominantly His-
panic elementary school children (18), we assessed the
extent of agreement between for classification of chil-
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dren’s BMI across most commonly used normative
standards (CDC, WHO, I0OTF) to the newly develop
criterion-referenced standards (FitnessGram®). We
further assessed whether choosing a classification in-
fluenced conclusions about the obesity prevention pro-
gram’s impact (change in BMI from baseline to
follow-up).

MATERIALS AND METHODS

Participants and Setting

The health promotion project was initiated in 2008
in El Paso, Texas a major city located directly on the
U.S.- Mexico border. The health promotion project
consisted of a 12-week after-school physical activity
and nutrition education program (18). The after-school
program was based on physical activities developed
by the Coordinated Approach to Children’s Health
(CATCH) (19), a comprehensive child health program
widely implemented. The health education was based
on the bilingual (English-Spanish) Bienestar program
(20). Bienestar is a health education program develo-
ped in response to the rising diabetes rates among un-
derserved Hispanic youth and consists of 16 modules
on for example healthy eating, exercise, drinking
water and diabetes (20). The current study sample in-
cluded a total of 653 participants across 70 classrooms
and 6 schools. The mean age of the participants was
9.3 years (SD=1.0) and 50% were boys. In 4 of the 6
schools, over 80% of children were of Hispanic des-
cent, over half were socio-economically disadvanta-
ged and had limited English proficiency (21). Parental
consent and children’s assent at appropriate reading
levels in Spanish or English was acquired before pro-
gram implementation. The institutional review board
of the University and the school district approved all
procedures and measures.

Outcome measures

The FitnessGram® protocol was measured during
Physical Education classes. The FitnessGram® proto-
col consists of a test battery of multiple measures indi-
cative of physical fitness including body composition,
aerobic capacity, muscular strength and flexibility (12).
Each of these measures has been independently asso-
ciated with risk for chronic conditions. For each Fit-
nessGram® measure, an individual receives a score
which is then classified as being in a healthy range or
in an unhealthy range (associated with adverse health
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consequences, for example, high BMI or low aerobic
capacity). FitnessGram® does not, however, provide a
comprehensive risk score, and although completing all
measures provides a more complete picture of an indi-
vidual’s health status, each measure in itself is associa-
ted with health consequences. For the current paper, we
will only present the measure used for body composi-
tion: BMI, calculated as weight in kilograms divided
by height in meters. Height and weight were measured
using a Tanita BF 215 portable digital scale. Partici-
pants were instructed to empty their pockets, take off
their shoes and if applicable, their jacket. They were
then asked to step on the scale, and stand up straight.
During that time, the height rod was pulled up and pla-
ced gently on the top of their head. Their height was
recorded to the nearest 0.25 inch. Their weight was
read and recorded from the digital scale to the nearest
0.1 pound. Their BMI was calculated using standard
formulas of (Weight in Pounds) x 703 / [(Height in in-
ches) x (Height in inches)].

Classifications

Five classifications were compared for weight or
health status based on BMI (Table 1): three were nor-
mative reference standards 1) the CDC growth charts,
2) the WHO growth charts, 3) the IOTF standards,
which classify children either as underweight (-1), nor-
mal weight (0), overweight (1) or obese (2). These
classifications were compared to the criterion-referen-
ced FitnessGram® 2006 and revised FitnessGram®
2010 standards for BMI. The ‘FG06’ BMI standards
include categories (-1) below healthy fitness zone, (0)
in the healthy fitness zone and (1) ‘needing improve-
ment.” The FitnessGram® 2010 (‘FG10”) BMI cate-
gories include very lean (-1), in healthy fitness zons
(0), at some risk for adverse health consequences (1)
and at high risk for adverse health consequences (2).

An example of agreement is a 10-year old boy with
a BMI of 18.5 kg/m?, who is considered normal weight
according to the IOTF standards, and at a healthy
weight according to the FitnessGram® 2010 stan-
dards. An example of a discrepancy is a 10-year old
boy with a BMI of 19.5 kg/m?, who is considered nor-
mal weight according to the IOTF standards, but ac-
cording to the FitnessGram® 2010 standards, this
child is at some risk for adverse health consequences.

Analyses

We first assessed the proportion agreement and
kappa-coeffcients across approaches, calculated with
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TABLE 1 Descripton of normative and criterion-referenced classifcations for children’s
body composition as healthy or unhealthy weight.

Standards Unhealthy weight (low) Healthy Weight Unhealthy weight (high)
Normative-referenced
Underweight: >5th, <85th Overweight: Obese
L Crlgx(x:/th charts <5th BMI percentile BMI percentile =85th BMI <95th 295th BMI
g for age and sex for age and sex percentile for percentile for
age and sex age and sex
Thinness: Obese
<5th BMI percentile ~5th. <85th Overweight: >95th BMI
2. WHO growth for age and sex N . >85th BMI <95th percentile for age
BMI percentile .
standards or equal or smaller for ace and sex percentile for age  and sex or equal or
than -2 SD (severe g and sex greater than

thinness -3SD)
Thinness: Grade 1:

+2 SD

Obesity: BMI

3 International Corresponding to BMI BMI corresponding corresponding to
: . adult BMI equal to or  corresponding to  to adult weight of P g
Obesity Task . adult weight equal to
Force less than 18.5 kg/m2 adult weight equal to or over 25 or over 30ke/m2
Standards BMI<17 kg/m2 between 18.5 kg/m2 but under BMI > 3 Skg/mZ
(grade 2) BMI < and 25 kg/m2 30 kg/m2 = 2K

16kg/m2 (grade 3)

morbid obesity

Criterion-referenced

4. FitnessGram®  BMI below healthy BMI in healthy . .. .
2006 fitness zone for age Fitness Zone for Needing improvement
and sex age and sex
5 FitnessGram® BMI below healthy BMI in healthy At some Risk for At high risk for
" 9010 fitness zone in‘Very Fitness Zone for adverse health adverse health
Lean’ category age and sex outcomes outcomes

SPSS 17.0 frequencies and crosstabs. Secondly, we as-
sessed whether each of the kappa-coefficients were
significantly different from the other kappa coeffi-
cients following procedures by Barnhart and William-
son (22). Based on these procedures, a macro in SAS
(SAS Institute Inc., Cary, NC) using the SAS PROC
CATMOD procedure was used (22) to test for the
equality of two kappa statistics, with a significant p-
value indicating a statistical difference between the
two values. The rationale behind testing this was to as-
sess whether, for example one normative classification
(e.g. WHO) agreed better with the criterion-referenced
standards (FitnessGram®) than the other normative
classifications.

Finally, we compared the proportion agreement
across different classification systems regarding the
change in health status following participation in the
study. So, if a participant reduced their at-risk status
from overweight to healthy weight by CDC, WHO or
IOTF standards, did they also change from unhealthy
to healthy according to the FitnessGram® values?

These analyses were conducted with SPSS 17.0 and
included McNemar tests for paired proportions.

RESULTS

Agreement on baseline findings

The proportion of children that could be classified
as overweight or obese ranged from 29.6% (the Fit-
nessGram® 2006 standards) to 54.1% (the WHO stan-
dards; Figure 1). The FitnessGram® 2010 standards
classified 53% of participants as at some or high risk
for adverse health consequences.

We compared agreement across the FitnessGram®
2010 and CDC, WHO and IOTF classifications (Fit-
nessGram® 2006 standards were not included in this
comparison as this classification did not have the same
categories as the other classifications and coefficient
kappa could not be calculated).

The WHO standards showed the highest agreement
with the FitnessGram® 2010 standards (kappa=
0.925), followed by the CDC and FitnessGram® 2010
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FIGURE 1:
Percentage of predominantly
Hispanic elementary school children
296% | participating in an after-school

-10

health promotion project in El Paso,
[ Texas in 2008 who were classified
27.1% 21.6% as thin/underweight, normal/healthy
17.8% 13.8% weight, overweight/some risk
— and obese/high risk according
to normative and criterion-
R referenced standards.
47.0% e 44.6% . —
N B Obese/ at high risk
B O Overweight/ needing
on | E—— improvement/ at some risk
IOTF 2012 cbc WHO FG10 FGO6
@ Normal/ healthy weight
IOTF= International Obesity Task Force standards derweight/ thi
CDC= Centers for Disease Control and Prevention growth curve standards B Underweight/ thin
WHO= World Health Organization standards
FG10= FitnessGram® 2010 standards
FGO06= FitnessGram® 2006 standards
**=WHO standards are in significantly greater agreement with FG10 standards
than IOTF and CDC standards on p<.001.
|OTF 2012 FIGURE 2:
Percentage of elementary school
children participating in an after-school
project in El Paso, Texas in 2008 who
cbC changed their BMI status from baseline
to follow-up according to each
classification.
WHO
g 2%
FG10
Healthy Change
FGO06 B Unhealthy Change
y
-5 0 5 10
Percentage change

IOTF= International Obesity Task Force standards

CDC= Centers for Disease Control and Prevention growth curve standards
WHO= World Health Organization standards
FG10= FitnessGram® 2010 standards
FG06= FitnessGram® 2006 standards

*= WHO unhealthy change is significantly higher than FG06 change on p<.05; §= FG06 healthy change is
significantly lower than all other healthy changes on p<.05.

Change is from baseline to 4-month follow-up following participation in an after-school physical activity and heal
education project. The percentage represents the proportion of children who changed their health status from
overweight/at some risk to normal/ healthy weight or from obese/at high risk to overweight/at some risk
(improvement) or vice versa (worsening).
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(kappa=0.722) and IOTF and FitnessGram® 2010
(0.682). The kappa statistics were significantly diffe-
rent from each other: the agreement between the WHO
and FitnessGram® 2010 (kappa=0.925) was signifi-
cantly greater than the agreement between the CDC
and FitnessGram® 2010 (Kappa of 0.925 vs. 0.722;
¥2(df=1)=21.03, p<.001 for the test of equivalence of
kappa’s. Further, both the WHO (kappa 0.925 vs.
0.682; y*(df=1)=35.16, p<.001) and CDC (kappa
0.722 vs. 0.682; ¥*(df=1)=5.85, p=.012) showed better
agreement with the FitnessGram® 2010 scores than
the IOTF values.

Agreement on impact of health

promotion program

We assessed the change in BMI classification from
baseline to 4-month follow-up among all participants
(Figure 2). A healthy change occurred if the partici-
pants’ weight status changed from overweight/some
risk to healthy weight or from obese/high risk to over-
weight/some risk. The proportion of children impro-
ving their BMI weight or health status category ranged
from 2.8% (FitnessGram® 2006) to 8.9% (Fitness-
Gram® 2010), whereas the proportion of participants
worsening their health or weight status ranged from
1.8% (FitnessGram® 2006) to 4.2% (WHO). The pro-
portion of participants improving or worsening their
BMI health status according to FitnessGram® 2010
were significantly different from the change according
to the FitnessGram® 2006 standards (2 (df=3) =
28.29, p<.001), but not significantly different from the
normative reference standards: the CDC (y2 (df=3)
=1.41, p=.702), WHO (32 (df=3) = 1.97, p=374) or
IOTF (%2 (df=3) =2.44, p=.487).

DISCUSSION

The current study compared classification methods
of childhood weight and health status in a sample of
of predominantly Hispanic elementary school children
living on the U.S.-Mexico border. Particularly, we
compared the most commonly used normative stan-
dards including population percentiles (by the CDC
and WHO) and the childhood equivalence of adul-
thood overweight (IOTF) to health-related or criterion-
referenced standards (the FitnessGram® 2010
standards). The study population was a high-risk po-
pulation, which is reflected in all classifications indi-
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cating that approximately half of the participants are
at risk for adverse health outcomes. The average agre-
ement between all classifications was moderately
high, although the CDC population percentiles and
IOTF standards classified fewer children as at high
risk/obese than the WHO and the FitnessGram® 2010
standards. Of the most commonly used standards, the
WHO standards were most closely related to the cri-
terion-referenced standards.

The current study found moderately high agree-
ment across all classifications, which is consistent with
prior research (13,14). However, put into perspective,
the CDC and IOTF standards classified approximately
5% of children as having a normal or healthy body
weight, whereas they may actually be at risk for ad-
verse health consequences. Although this percentage
may seem small, this represents 33 children in this
study alone. In addition, the proportion of children
classified as obese or high risk based on their BMI was
approximately 15% higher with the FitnessGram®
2010 (39.2%) and WHO (36.3%) classifications com-
pared to the CDC (26.1%) and IOTF (22.8%) classifi-
cations. This means close to 100 children in this study
would be classified as overweight/at some risk instead
of obese/at high risk for adverse health consequences.
These findings thus suggest that the WHO standards
may be the most accurately predictive of health-related
body composition outcomes such as high blood pres-
sure, cholesterol and glucose. These findings are con-
sistent with prior research by Ramirez and colleagues
(17) who found that among children in Northwest Me-
xico, the WHO standards classified about twice as
many (39% vs. 20% for CDC and 17% for IOTF) chil-
dren as obese or overweight. These findings are further
consistent with a large cohort study in Brazil by Vieira
and colleagues (14), who reported that the IOTF stan-
dards had high sensitivity in terms of classifying over-
weight, but may underestimate the prevalence of
obesity compared to the WHO standards.

Impact of the health promotion program was fairly
consistent across classifications (with the exception of
the original FitnessGram® 2006 standards), with pro-
portions of children improving their BMI status (from
obese to overweight or overweight to healthy weight)
ranging from 6-9% and 3-4% worsening. Although not
significantly different, the IOTF classification was
over 2% lower than the other classifications. Accor-
ding to the IOTF classification, 42 children improved
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their health status from obese to overweight or from
overweight to healthy weight, whereas the CDC,
WHO and FitnessGram® standards would have con-
cluded that approximately 55 or 60 children improved
their health status. Thus, choosing a classification
system can make the difference in drawing a conclu-
sion that a program is about 30% more or less effective
in improving children’s BMI status.

The largest differences were found between the Fit-
nessGram® 2006 and 2010 standards. Interestingly,
the original FitnessGram® protocol (2006) was used
during the intervention time of the study (in 2008), but
the reivsed version (2010) was published during the
study analysis phase. For the current study, while the
FitnessGram® 2006 would have classified fewer chil-
dren as having an unhealthy weight, it would have also
led to the conclusion that the impact of the after-school
program was smaller.

Several important issues have to be noted when in-
terpreting the findings of the current study. For exam-
ple, prior research among children in Bolivia has
found that none of the three major standards (CDC,
WHO and IOTF) were applicable to a population of
Bolivian adolescents (23). The authors indicated that
all major growth references are based on populations
from Caucasian ancestry, and that South America, the
Middle East, the African Continent, and Central Ame-
rica have not been represented in these references (23).
Although the current study was conducted in the Uni-
ted States, almost all children were of Mexican an-
cestry, which may have impacted the classification.

Another issue that has to be taken into account is
that other indicators of body composition were not me-
asured in the current study, such as waist circumfe-
rence or body fat percentage. This is important, as for
example waist circumference has been shown to have
a stronger association with obesity-related health risk
and recent research has shown that the health risk of
children may be classified differently based on their
BMI or waist circumference (24).

Strengths & Limitations

An important strength of the current study is that it
is the first to compare normative BMI-based reference
standards with comparative reference standards. This
study further included a relatively high-risk population,
for whom health consequences can be potentially iden-
tified at an early age. Limitations of the study include
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that the sample was fairly small and the setting of the
study was unique to the U.S.-Mexico border. As a re-
sult, findings of the current study may not generalize
to other populations. Other limitations include that the
current study did not take into account pubertal deve-
lopment, which may impact the validity of the BMI
classifications. Future studies may look at the predic-
tive value of a comprehensive risk score (such as taking
into account all FitnessGram® measurements or other
indicators of body composition such as waist circum-
ference) and other factors including sex, age, ethnicity
and family history (11).

CONCLUSIONS

Comparing different classifications of childhood
weight showed that several normative classifications
may slightly underestimate the proportion of children
who are at risk for adverse health consequences as a
result of their BMI. Of the currently most frequently
used classifications, the WHO standards are most clo-
sely related to criterion-referenced standards that as-
sociate weight status with adverse health outcomes.
Accurately classifying children with respect to adverse
health consequences may be particularly important in
areas with a large number of high risk children with
limited access to primary preventive services such as
the U.S.-Mexico border area.
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