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ABSTRACT

LOBELO, F., R. R. PATE, M. DOWDA, A. D. LIESE, and J. R. RUIZ. Validity of Cardiorespiratory Fitness Criterion-Referenced

Standards for Adolescents. Med. Sci. Sports Exerc., Vol. 41, No. 6, pp. 1222–1229, 2009. Purpose: The clinical utility of

cardiorespiratory fitness (CRF) criterion-referenced standards (FITNESSGRAM) has not been tested in adolescents. We aimed to

determine the ability of the FITNESSGRAM standards to discriminate between low and high cardiovascular disease (CVD) risk in a

population-based sample of US adolescents. Methods: Participants included 1247 adolescents (45.7% females) aged 12–19 yr. A

submaximal walking treadmill test was used to estimate peak oxygen consumption as a measure of CRF. Participants were

dichotomized based on meeting or failing the sex- and age-specific FITNESSGRAM standards. CVD risk factors included systolic

blood pressure, sum of triceps and subscapular skinfolds, homeostatic model assessment (HOMA) of insulin resistance, triglycerides,

and total cholesterol/high-density lipoprotein ratio. A sex- and age-specific CVD risk score was computed as the mean of these five

standardized risk factors. A risk score 91 SD was considered to indicate a high CVD risk. Results: One third of the adolescents fail to

meet the FITNESSGRAM standards. Body fat and CVD risk score were significantly lower in adolescents meeting versus failing the

FITNESSGRAM standards (all P G 0.003). Receiver operating characteristics curve analyses revealed that the CRF thresholds that best

discriminated between low and high CVD risk were very similar to those established by FITNESSGRAM: 44.1 and 40.3

mLIkgj1Iminj1 among 12- to 15- and 16- to 19-yr-old boys and 36.0 and 35.5 mLIkgj1Iminj1 among 12- to 15- and 16- to 19-yr-old

girls, respectively. Conclusions: The CRF criterion-referenced standards established by FITNESSGRAM discriminate adolescents with

a more favorable cardiovascular profile from those with a less favorable profile. Identification of children who fail to meet these

standards can help detect the target population for pediatric CVD prevention strategies. Key Words: FITNESSGRAM, PHYSICAL

FITNESS, CARDIOVASCULAR DISEASE RISK FACTORS, YOUTH, ROC CURVE

T
here is increasing evidence that cardiorespiratory
fitness (CRF) provides strong and independent
prognostic information about the overall risk of

morbidity and mortality in both healthy adults and in those
with cardiovascular disease (CVD) (25). These findings
have been replicated in clinical populations with diabetes
mellitus, hypertension, metabolic syndrome, and several
types of cancer (25).

Among children and adolescents, CVD risk status has
been positively associated with obesity and inversely

associated with higher levels of CRF, even after accounting
for the effect of body fat (32). Therefore, although CVD
risk factors are lower in youth than in adults, the association
between high CRF and low CVD risk is evident in the first
decades of life.

A health-related CRF criterion value for adolescents can be
useful to identify the target population for primary CVD
prevention as well as for health promotion policies. In the
1990s, FITNESSGRAM established sex- and age-specific
CRF cutoff values for adolescents known as Healthy Fitness
Zones (13,43). The Healthy Fitness Zones were designed to
represent the lowest levels of CRF (expressed as maximum
oxygen consumption relative to body weight, mLIkgj1Iminj1)
linked to adequate functional and/or health-related outcomes
in adolescents. These criterion-referenced standards were
obtained by regressing, to a pediatric population, data linking
CRF with all-cause and CVD mortality in adults. However,
the clinical value of these CRF standards has not been tested
in relation to objective measures of overall CVD risk in
current generations of adolescents.
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The objective of the present study was to examine the
clinical value of the FITNESSGRAM criterion-referenced
standards for CRF in adolescents. To address this objective,
we compared the levels of individual and clustered CVD
risk scores across CRF FITNESSGRAM categories in a
population-based sample of US adolescents. To further study
the construct validity of the CRF cutoffs suggested by
FITNESSGRAM, we calculated, by receiver operating char-
acteristic (ROC) analyses, the CRF threshold that best discrim-
inates between low and high CVD risk in this population.

METHODS

Survey design. This report is based on data from the
1999–2002 rounds of the National Health and Nutrition
Examination Survey (NHANES), a nationally representa-
tive sample of the noninstitutionalized civilian US popula-
tion (8,9). Adolescents aged 12 to 19 yr were oversampled,
which allowed for more precise estimates for this group.
The NHANES protocol was approved by the National
Center for Health Statistics Institutional Review Board and
consisted of a household interview followed by an
examination at a mobile examination center. A parent or
guardian of those younger than 18 yr provided written
informed consent for their child’s participation, and those
aged 18 yr and older provided written informed consent.
Participants younger than 18 yr provided written assent at
the time of the household interview and the mobile
examination center examination.

Participants. A total of 4902 adolescents aged 12 to
19 yr were interviewed at home during 1999–2002, and of
these, 4732 (97%) were examined at the mobile examina-
tion center. In this report, only adolescents with complete
data on CRF and CVD risk factors, including systolic blood
pressure (SBP), fasting glucose, insulin, high-density
lipoprotein cholesterol (HDLc), triglycerides (TG), total
cholesterol (TC), and subscapular and triceps skinfolds
(SKF), were included (n = 1247). This analytic sample is
comparable in demographic variables with the overall
sample that was examined in the mobile examination center
(35). However, in the present study sample, body mass
index was 6% lower (22.2 vs 23.6 kgImj2; P G 0.001)
compared with the overall sample, and CRF was 1% higher
(42.8 vs 42.2 mLIkgj1Iminj1; P = 0.001).

Physical examination. Body measurements were taken
by certified health technicians using the Centers for Disease
Control and Prevention standardized methods and equipment.
Physical examinations and laboratory measurements were
performed at the mobile examination center. Skinfold thick-
nesses (triceps and subscapular) were measured on the right
side of the body to the nearest 0.1 mm using Holtain calipers.
The sum of both skinfolds was used as an indicator of total
body fat. Blood pressure was measured by certified physicians
trained according to the American Heart Association proto-
cols. Three consecutive measurements were taken on the same
arm after a 5-min rest (the first measurement was excluded

from the reported average) with participants in the seated
position using a mercury sphygmomanometer with the appro-
priate cuff for the subject’s age and size. If one of the mea-
surements was interrupted or if one or more of the readings
were not available, a fourth measurement was attempted.

Blood samples. Fasting blood samples were taken and
processed locally then stored and shipped to central labo-
ratories for analysis. Serum concentrations of TC, HDLc,
TG, glucose, and insulin were measured by standardized
procedures (7). The ratio of TC to HDLc (TC/HDLc) was
calculated as an atherogenic index (1). The homeostasis
model assessment (HOMA) was used as a surrogate measure
of insulin resistance (28) and was calculated as fasting insulin
(mUILj1) � fasting glucose (mmolILj1) / 22.5.

Clustering of CVD risk factors. The clustering of
CVD risk factors was assessed by a CVD risk score, which
was computed from the following variables: SBP, total body
fat, HOMA, TG, and TC/HDLc. Each of these variables was
standardized by subtracting the mean value for each age and
sex group from the individual’s value and then dividing by the
value of the standard distribution. The CVD risk score was
calculated as the average of the five standardized variables,
separately for each sex and age. The CVD risk score is a
continuous variable with a mean of zero by definition, with
lower scores indicating a more favorable cardiovascular
profile. Similar approaches to derive a composite CVD risk
score measure in pediatric populations have been previously
reported (2,39,41).

Previous investigations have shown that the prevalence of
CVD risk factor clustering phenotypes such as the metabolic
syndrome ranges from ,5% in the general population to 30%
in overweight pediatric populations (10,11,45). We used this
information to inform the selection of a 1 SD cutoff point to
define elevated CVD risk, which approximates a prevalence
of 16%. Therefore, adolescents with a CVD risk score 91 SD
were defined as having a high risk.

Cardiorespiratory fitness. A submaximal treadmill
exercise protocol was used to estimate peak oxygen con-
sumption (V̇O2peak), a measure of CRF. The test was
designed to elicit an HR of approximately 80% of age-
predicted maximum (220 j age) by the end of the second
exercise stage. The test was performed on a Quinton Med-
Track ST65 Treadmill (Quinton, Deerfield, WI) and con-
sisted of a 2-min warm-up, followed by two 3-min work
stages and a 2-min cool-down period. Blood pressure and
HR were measured at the end of each of the stages using a
Colin STBP-780 Automatic Blood Pressure Monitor (Colin
Medical Instruments Corp, San Antonio, TX). The V̇O2peak

was estimated by extrapolation to an expected age-specific
maximal HR using the measured HR responses to the exer-
cise stages. All tests were supervised by trained technicians
who were monitored twice a year and participated in an
annual retraining session to ensure quality control. Details
of the protocols and the CRF calculation formulas as well
as procedures for data cleaning and quality control are pub-
lished elsewhere (8,9,35).
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Adolescents were classified into two levels (meeting/not
meeting the CRF standards) based on the FITNESSGRAM
standards for Healthy Fitness Zone, which correspond to
Q42 mLIkgj1Iminj1 in boys and to Q37.0 mLIkgj1Iminj1

among 12-yr-old girls and to Q36.0 mLIkgj1Iminj1 in 13-
yr-old girls and to Q35.0 mLIkgj1Iminj1 in Q14-yr-old girls
(13,43).

Statistical analyses. Data are presented as means
(SD) unless otherwise stated. All variables were checked
for normality using both graphical (Q-Q normality plot,
histogram, frequency distribution) and statistical (skewness
and kurtosis values 91 or less than j1) methods and
transformations were applied when necessary. HOMA and
TG were left skewed and thus logarithmically transformed.
Sex differences were assessed by one-way ANOVA. Mean
differences for the individual CVD risk factors and the
CVD risk score by FITNESSGRAM CRF categories were
analyzed by one-way ANOVA. Binary logistic regression
was used to further study the relationship between CVD
risk score and these CRF categories. All the analyses were
stratified by sex and age groups (12–15 and 16–19 yr).
Final sample sizes corresponded to 308, 369, 315, and 255
for younger and older boys and girls, respectively.

Receiver operating characteristics (ROC) curves were
used to calculate the CRF threshold that best discriminates
between low and high CVD risk score (47). An ROC curve
is a plot of all the sensitivity/specificity pairs resulting from
varying the decision threshold. Sensitivity (or true-positive
rate) is the proportion of the sample correctly identified
as having a high CVD risk. Specificity is the proportion
of subjects correctly identified as having a low CVD risk.
Sensitivity is plotted on the y-axis, whereas the x-axis
shows 1 j specificity (false-positive rate). False-positive
rate is the proportion of subjects having a low CVD risk
that have been incorrectly identified as having a high CVD
risk. The ideal test that correctly classifies all subjects has a

true-positive rate of 1 and a false-positive rate of 0.
Therefore, the optimal combination of true-positive rate
and false-positive rate is the point closest to the ideal test
(upper left corner of the graph). To identify the best
threshold, the distance between the perfect test and each
sensitivity and 1 j specificity pair was calculated, and then
the pair closest to 1 was chosen. The area under the ROC
curve (AUC) and its 95% confidence intervals (CI) were
calculated for each sex and age group. The AUC represents
the ability of the test to correctly classify adolescents
having low versus high CVD risk. AUC values range
between 1 (ideal test) and 0.5 (worthless test). Analyses
were conducted using SAS v. 9.0 and SUDAAN version
9.0.1 (37) to account for the complex sampling design and
to apply sampling weights in the analyses. The level of
significance was set at > = 0.05.

RESULTS

The descriptive characteristics of the study sample are
shown in Table 1. The prevalence of adolescents who did
not meet the FITNESSGRAM standards was 31% and 27%
for younger (12–15 yr) and older (16–18 yr) males,
respectively, and 30% for younger and 33% for older
females. Males had lower body fat and HDLc levels than
females, and females had lower levels of SBP, glucose, and
CRF than males. Table 2 shows the standardized means for
the individual CVD risk factors by age group, sex, and CRF
categories. The standardized mean of sum of SKF was
significantly lower in male and female adolescents who met
the CRF standards compared with those who did not meet
the standards. The standardized mean of TG was significant-
ly lower in males who met versus those who did not meet the
CRF standards, whereas no difference between CRF catego-
ries was observed in females. Among both males and
females aged 16–19 yr, the standardized mean of HOMA

TABLE 1. Characteristics of participants with CRF and CVD risk data aged 12 to 19 yr: NHANES 1999–2002.

12–15 yr 16–19 yr

Parameters Males (n = 308) Females (n = 315) Males (n = 369) Females (n = 255)

Age (yr) 13.6 (1.1) 13.5 (1.1) 17.4 (1.1) 17.3 (1.1)
Height (cm) 166.0 (10.7) 159.5 (6.8)* 176.7 (7.7) 163.6 (6.9)*
Weight (kg) 58.8 (17.3) 54.1 (13.6)* 73.5 (15.2) 60.6 (12.2)*
Body mass index (kgImj2) 21.1 (4.8) 21.1 (4.5) 23.5 (4.5) 22.6 (4.2)
Sum of two skinfolds (mm) 22.0 (12.3) 29.7 (13.7)* 23.8 (11.4) 34.7 (13.1)*
Systolic BP (mm Hg) 107.8 (10.5) 104.6 (7.6)* 114.8 (9.7) 106.6 (9)*
Glucose (mgIdLj1) 94.3 (9.2) 89.4 (6.3)* 92.5 (7.6) 89.1 (18.3)*
Insulin (uUImLj1) 11.5 (7.1) 12.4 (7.4) 11.01 (7.9) 11.7 (5.8)
HOMA 2.7 (0.9) 2.8 (1.7) 2.5 (1.1) 2.6 (1.4)
TC (mgIdLj1) 156.3 (27.7) 158.4 (27.8) 156.9 (29.6) 163 (27.9)
HDLc (mgIdLj1) 46.7 (10.6) 50.3 (10.8)* 46.3 (11.6) 52.1 (11.6)*
TC/HDLc 3.5 (0.9) 3.3 (0.8) 3.6 (1.1) 3.3 (0.8)*
TG (mgIdLj1) 97.6 (107.6) 86.3 (45.0) 92 (29.6) 87.4 (41.2)
CVD risk scorea 0 (3.4) 0 (3.2) 0 (3.5) 0 (3)
CRF (mLIkgj1Iminj1) 47 (8.6) 39.7 (7.5)* 48.1 (9.5) 38.9 (8.6)*
% fail to meet CRF standardsb 31 30 27 33

Values are presented as mean (SD).
* P G 0.05 for sex differences.
a Obtained by averaging individual risk factor (sum of two skinfolds, HOMA, TC/HDLc, SBP, and TG) standardized scores.
b Defined using FITNESSGRAM cutoffs values (13,43).
BP, blood pressure; CRF, cardiorespiratory fitness; CVD, cardiovascular disease; HDLc, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment.
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was significantly lower in those who met versus those who
did not meet the CRF standards.

The CVD risk score was significantly higher among
males and females who did not meet versus those who did
meet the CRF standards (Fig. 1). Logistic regression
analysis showed that males who met the CRF standards
(Q42.0 mLIkgj1Iminj1) had a significantly increased odds
ratio (OR) of having a low CVD risk when compared with
males with CRF levels below this value (12–15 yr: OR =
5.17, 95% CI = 2.44–10.95; 16–19 yr: OR = 3.78, 95%
CI = 2.06–6.92; all P G 0.001). Females aged 12–15 yr who
met the CRF standard (12 yr old: Q37.0 mLIkgj1Iminj1; 13 yr
old: Q36.0 mLIkgj1Iminj1; 14 yr old: Q35.0 mLIkgj1Iminj1)
did not have a statistically significant higher OR of having a
low CVD risk than those with CRF levels below these values
(OR = 1.56, 95% CI = 0.72–3.39; P = 0.254). Females aged
16–19 yr who met the CRF standard (Q35.0 mLIkgj1Iminj1)
did not have a statistically significant higher OR of having a
low CVD risk than those with CRF levels below these values
OR of having a low CVD risk than those with CRF levels
below this value (OR = 2.00, 95%CI = 0.76–5.23; P = 0.158).

ROC analysis showed a significant discriminating accu-
racy of CRF for identifying low versus high CVD risk score

in males but not in females (Fig. 2). In males, the optimal
pair of true-positive and false-positive rates was 58% and
13% in those aged 12–15 yr and was 82% and 46% in
males aged 16–19 yr. The respective CRF values at these
points were 44.1 and 40.3 mLIkgj1Iminj1 in the younger
and the older groups, respectively. In females aged 12–15
yr, the optimal pair of true-positive and false-positive rates
was 64% and 44%, respectively, and 84% and 66% in
females aged 16–19 yr. The respective CRF values at these
points were 36.0 and 35.5 mLIkgj1Iminj1 in the younger
and the older groups, respectively.

DISCUSSION

The results of the present study suggest that adolescents
who meet the CRF standards established by FITNESS-
GRAM have a significantly lower CVD risk score com-
pared with those who do not meet the standards. The results
did not change when the analyses were performed using
CRF cutoffs calculated by ROC curve analyses. These
findings reinforce the clinical validity of the FITNESS-
GRAM criterion-referenced CRF standards for adoles-
cents in relation to their overall cardiovascular risk profile,
measured by a composite score including blood pressure,
total body fat, insulin resistance, TG, and the TC/HDLc
ratio. From a public health point of view, these findings
emphasize the importance of avoiding low CRF states in
youth for purposes of early CVD prevention. Clinical
screening and monitoring as well as epidemiologic surveil-
lance of youth who fail to meet FITNESSGRAM CRF
standards can help identify youth at increased risk of
cardiometabolic diseases who could benefit from interven-
tion programs.

Several studies have shown that children and adolescents
with higher levels of CRF also have a more favorable
cardiovascular profile compared with their unfit counter-
parts (32). Data from the Swedish and Estonian part of the
European Youth Heart Study (EYHS) showed that children
aged 9–10 yr who met the FITNESSGRAM standards were
three times more likely to have a lower CVD risk score
when compared with those who did not meet the standards

FIGURE 1—Cardiovascular disease (CVD) risk score by sex and age
groups among adolescents meeting (black bars) and failing to meet
(white bars) CRF standards. Data are shown as mean and SD. P value
for differences in mean CVD risk score by CRF categories. CRF
categories were defined using FITNESSGRAM cutoff values (13,43).

TABLE 2. Mean z-scores (SD) for individual CVD risk factors by categories of CRF, a age, and sex: NHANES 1999–2002.

SBP Skinfold Thickness Log HOMA Log TG TC/HDLc

Males Females Males Females Males Females Males Females Males Females

12–15 yr
Meets CRF standards

(n = 415)
j0.03 (0.07) 0 (0.07) j0.18 (0.05) j0.10 (0.07) j0.12 (0.07) j0.03 (0.08) j0.15 (0.06) 0.01 (0.08) j0.14 (0.04) j0.05 (0.06)

Fails to meet CRF
standards (n = 208)

0.06 (0.10) 0 (0.08) 0.39 (0.11) 0.23 (0.09) 0.27 (0.13) 0.07 (0.08) 0.32 (0.11) j0.02 (0.08) 0.30 (0.14) 0.12 (0.11)

Pb 0.5 0.9 G0.001 G0.001 0.08 0.35 G0.001 0.8 0.06 0.10
16–19 yr

Meets CRF standards
(n = 422)

j0.05 (0.07) j0.05 (0.08) j0.14 (0.05) j0.21 (0.07) j0.13 (0.06) j0.15 (0.07) j0.08 (0.06) j0.05 (0.09) j0.03 (0.07) j0.08 (0.06)

Fails to meet CRF
standards (n = 202)

0.13 (0.08) 0.10 (0.09) 0.37 (0.11) 0.42 (0.12) 0.36 (0.12) 0.30 (0.10) 0.20 (0.11) 0.10 (0.12) 0.07 (0.12) 0.16 (0.10)

Pb 0.10 0.21 G0.001 G0.001 0.013 0.004 0.05 0.36 0.46 0.03
a Defined using FITNESSGRAM cutoffs values (13,43).
b P values for differences between CRF categories.
CRF, cardiorespiratory fitness; HDLc, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment.
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(39). In the present study, males aged 12–15 yr who met the
FITNESSGRAM standards were 5.17 times more likely to
have a low CVD risk when compared with those who did
not meet the standards. Similarly, males aged 16–19 yr who
met the standards were 3.78 times more likely to have a low
CVD risk when compared with those who did not meet the
standards. For females, the results from the present study
are less clear, similar to a study in Spanish adolescents (29).
These sex differences may be because females might be
protected from the deleterious consequences of having a
low CRF by the role of estrogens (14). This is consistent
with other studies on young people (20,23,31). Further-
more, rapid and dynamic changes in various metabolic
systems, including hormonal regulation, changes in body fat
content and body fat distribution, and transient changes in
insulin resistance, are known to occur during growth and
puberty (12). Thus, sex differences in pubertal development
also may play a role in explaining these results. The results
of the present study indicate that adolescents who fail to
meet established criterion-referenced CRF standards are
more likely to already express high CVD risk profiles and
that the strength of the low CRF-high CVD risk association
is greater in males than in females.

The CRF cutoffs obtained with ROC curve analyses that are
associated with a low CVD risk score in the present study are
very similar to those suggested by FITNESSGRAM (Table 3).
Findings from the EYHS also indicate that the CRF health-
related thresholds calculated by a similar mathematical
method were almost identical with those proposed by

FIGURE 2—Receiver operating characteristic (ROC) curve summarizing the potential of CRF to discriminate low versus high CVD risk score in
younger and older male and female adolescents. AUC, area under the ROC curve (95% CI).

TABLE 3. Health criterion-referenced standards for CRF in children and youth.

Study/Institution Methodology Sex Age (yr)
CRF Values

(mLIkgj1Iminj1)

FITNESSGRAM
(13,43)

Linked to adult
mortality/chronic
disease risk.

Males 12–19 42

Females 12 37
13 36
Q14 35

European
Group of
Paediatric
Work (3)

Expert judgment Males Adolescents 40
Females Adolescents 35

EYHS (39) ROC curve Males 9–10 42
Females 9–10 37

Present study
sample
(NHANES
1999–2002)

ROC curve Males 12–15 44
16–19 40

Females 12–15 36
16–19 36

CRF, cardiorespiratory fitness; ROC, receiver operating characteristic.
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FITNESSGRAM (39). Moreover, the European Group of
Pediatric Work Physiology suggested, based on expert
judgment, CRF boundaries linked to cardiovascular health,
called ‘‘Health Indicator’’ (3), which also are quite compa-
rable to the FITNESSGRAM standards (Table 3). It is
noteworthy that the approaches used to calculate these CRF
health-related thresholds were different in these previous
studies, as were the age, race, nationality, environmental, and
cultural and social factors of the participants studied.
However, the consistency in the findings support the
existence of a hypothetical CRF value linked to a more
favorable CVD risk profile, as has been shown in adults.

The Cooper Institute, creator of FITNESSGRAM, esti-
mates that 67,000 schools across the United States are
currently using this program to assess CRF and other
dimensions of physical fitness such as body composition,
muscular strength, endurance, and flexibility (17). Several
school districts including the Miami–Dade County and the
New York City public schools use FITNESSGRAM
district-wide. Similarly, the states of Texas, Alabama,
Delaware, California, South Carolina, and West Virginia
also use FITNESSGRAM to measure their students’
physical fitness annually. In addition, FITNESSGRAM
standards are reported to be used by school systems and
pediatric researchers in other countries (30,44). FITNESS-
GRAM constitutes a widely used and valid tool to identify
youth failing to meet CRF standards that are linked to
important health outcomes such as CVD risk. Surveillance
of youth who fail to meet these CRF standards might be
useful to identify the target population for CVD prevention
strategies. In this regard, schools may play an important role
in identifying children with low CRF via standardized field
tests such as FITNESSGRAM and promoting positive
fitness-enhancing behaviors. Schools can provide opportu-
nities for children and youth to engage in at least 60
minIdj1 of moderate-to-vigorous physical activity (42) and
encourage them to limit to e2 hIdj1 the time devoted to
sedentary activities such as use of electronic media (26,33).
The leadership of schools as a powerful setting to promote a
healthy lifestyle among young populations has been
recently highlighted by the American Heart Association
(34). However, we acknowledge that the congested curric-
ulum remains a barrier to implementing augmented physical
education and other classroom-based strategies to promote
physical activity and fitness testing in schools.

In addition, although physicians have ready access to the
criterion measures of CVD (e.g., fasting blood samples,
blood pressure), some of these procedures are invasive,
expensive, and not suitable for CVD risk screening among
large populations of children and adolescents. The infor-
mation collected in schools as part of the FITNESSGRAM
program is not diagnostic but could be used as part of
surveillance and/or screening systems to help detect youth
at high CVD risk and as such has potentially large clinical
and public health implications. Unfortunately, despite the
important information provided by a simple assessment of

CRF, such data rarely become available or are not used by
public health and clinical practitioners for purposes of
health promotion or disease prevention.

The high proportion of adolescents who failed to meet
the CRF standards for a Healthy Fitness Zone in this study
is of concern. Approximately one third of adolescents aged
12–19 yr in the United States fail to meet the required levels
of CRF. These data are comparable with other population-
based studies performed among Swedish (È40%), Estonian
(È43%), Portuguese (È30%), and Spanish (È20%) chil-
dren and adolescents (30,31,38). Longitudinal studies show
that CRF tracks moderately from youth to adulthood
(27,46) and that CRF levels during adolescence predict
adult total and central body fatness (15), blood pressure (4),
blood lipids (22), prevalence of metabolic syndrome (16),
and large-artery stiffness (5). Collectively, these data
indicate that adolescents with low levels of CRF represent
an important public health concern because they already
express increased levels of CVD risk factors and seem to be
at a higher risk for the development of cardiometabolic
morbidity and mortality (25).

CRF is influenced by several factors, including body
fatness, age, sex, health status, and genetics, yet its principal
modifiable determinant is habitual physical activity (6).
There is a positive association between objectively mea-
sured physical activity and CRF in children and adolescents
(19,40). Recent findings from observational studies also
have shown an inverse association between physical
activity measured by accelerometry and both individual
and clustered CVD risk factors in youth (41), which
highlight the pivotal role of physical activity in both
increasing CRF and improving CVD profile. Intervention
studies indicate that it is possible to improve CRF levels in
youth by È10% through aerobic training (36). Moreover,
aerobic exercise interventions have been shown to decrease
visceral fat, insulin resistance, and TG levels among
overweight youth (18,24). Carefully controlled randomized
clinical trials are needed to clarify the dose–response
relationship between physical activity and CVD risk in
youth. Interventions to improve physical activity participa-
tion among youth who fail to meet CRF standards are
warranted as part of programs aimed at the early prevention
of CVD risk.

In addition to physical activity, body fatness influences
both CVD risk and CRF, and it might confound the
association between the two. Previous studies have shown
that CRF is linked to CVD risk in youth even after
accounting for the role of fatness (27). In the present study,
we did not attempt to assess the potential confounding
effect of fatness but focused on assessing the association
between CRF categories and an overall measure of CVD,
which necessarily includes an index of fatness. In real life,
CRF tests are measures of physical work performance,
which includes movement of all the body mass, including
any excess fat. However, the interpretation of a CRF
variable expressed as milliliters per kilogram per minute
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might be different if the focus is excess adiposity instead of
performance.

Limitations of the present study include its cross-
sectional nature, the limited subsample of adolescents with
complete CVD and CRF data, and the use of a submaximal
test to extrapolate CRF levels. However, the CRF esti-
mation protocol applied in NHANES correlates well with
direct oxygen uptake measurement (21,48), and it is ade-
quate for large-scale epidemiological and surveillance
studies. The positive predictive value of the CRF test can
be affected by ‘‘false-positives,’’ which would be influenced
by measurement error or, potentially, by lack of motivation
or pacing if field tests are used. Also, it might be argued
that the reliability of V̇O2max estimates based on field test,
as currently administered in school settings, will be lower if
compared with estimates derived from laboratory-based
tests that are performed under standardized and controlled
conditions such as those used in the present study. A field
validation is needed to evaluate if the accuracy with which
high CVD risk can be predicted differs between field tests
and laboratory-based submaximal tests. Such a study will
have public health relevance because field tests are
commonly used for assessing and monitoring V̇O2max levels
in the community. Finally, the results of this study are based
on a sample with slightly lower (6%) body mass index and
higher (1%) CRF than the overall sample of adolescents
examined in NHANES, which could result in an underes-

timation of the association between low CRF and high
CVD risk.

The inclusion of a relatively large number of participants,
and their racial and ethnic diversity, and the use of a robust
outcome variable encompassing the overall CVD risk of
every individual are notable strengths of this study.

In conclusion, the results of the present study indicate
that the FITNESSGRAM standards seem to discriminate
adolescents with a favorable CVD profile from those with
an unfavorable profile, especially among males. In the
present and in a previous study, the fitness cutoffs that
better discriminate low from high CVD risk in youth,
calculated via ROC curve analyses, are very similar to those
suggested by FITNESSGRAM, reinforcing their clinical
and biological significance. Identification of children who
fail to meet CRF standards can help detect youth at increased
risk of cardiometabolic conditions. The FITNESSGRAM
program is already widely used to measure physical fitness in
school settings and can be used to guide pediatric CVD
prevention strategies.
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