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Preface

his report, initiated at the request of the Robert Wood Johnson

Foundation, belongs to a series that is part of a broad effort of the

Institute of Medicine (IOM) on preventing childhood obesity. Past
reports in the series have focused on areas in which preventive interventions
could make a difference in the struggle against obesity. This report is the
first to look directly at the role of youth physical fitness in health. The com-
mittee that conducted this study was charged with recommending the best
health-related measures of various components of fitness for inclusion in a
national youth fitness survey and, secondarily, recommending test items for
administration in educational settings. As an aid in accomplishing this task,
the committee was provided with a scientific literature search conducted
and managed by the Centers for Disease Control and Prevention.

Physical fitness test batteries for youth have been designed and adminis-
tered widely in the United States since the mid-20th century. While the com-
ponents of fitness measured and the specific test items included in protocols
have varied considerably across test batteries and over time, youth fitness
testing has become a well-established institution in school physical educa-
tion programs. In addition, national surveys of youth fitness were conducted
periodically between the late 1950s and the mid-1980s; the period from the
mid-1980s to the present, however, has seen a hiatus in such surveys, perhaps
as the result of an increased emphasis on surveys of physical activity behav-
ior as distinct from fitness. With the increased prevalence of overweight and
obesity in American youth and expanded knowledge of the impact of fitness
on health outcomes, interest in the fitness status of contemporary children
and adolescents has grown. Accordingly, this report is intended to provide

x
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guidance for the designers of a national survey of health-related fitness in
American youth. Also, recognizing the importance of fitness testing in school
physical education programs and in accordance with its statement of task, the
committee recommends health-related fitness test items that are seen as both
valid and feasible for administration in educational settings.

An important and sometimes vexing aspect of health surveys is the
establishment of criteria for interpreting the survey findings. Accordingly,
this report also includes guidelines for setting standards for performance on
the various fitness test items included in the recommended battery. In doing
its work, moreover, the committee encountered many gaps in the relevant
scientific evidence; thus an important element of the report is a set of recom-
mendations for future research on fitness testing in youth.

The committee comprised 11 experts with extensive knowledge in a
range of areas related to fitness and physical activity, metabolic health,
growth and maturation, body composition, and physical education, as well
as the development of standards and validation of tests. In addition to its
reviews of the literature and discussions in closed meetings, the commit-
tee benefited from rich discussions with other experts in fitness and youth
during an open session. On behalf of the committee, I sincerely thank the
participants and speakers who contributed to this open session, providing
information critical to the completion of this report.

On behalf of the committee, I also would like to express my deep appre-
ciation to the consultants who led the literature search, a main resource for
the committee’s recommendations. Michael W. Beets, William H. Dietz,
Joan Dorn, Janet E. Fulton, Sarah M. Lee, Melinda L. Stafford-Millard,
and Jane Wargo not only conducted the main literature search but also
facilitated the committee’s work by providing abstractions and summaries
of the literature as requested. I would like to express my appreciation as
well to Laura C. Leviton, senior adviser for evaluation at the Robert Wood
Johnson Foundation, whose leadership has provided impetus for so many
efforts on obesity prevention at the IOM, and to Tina J. Kauh, research
and evaluation program officer at the Robert Wood Johnson Foundation.

I would also like to gratefully acknowledge the effort and skill the com-
mittee members brought to this study. Their backgrounds, experiences, and
passion for the subject matter resulted in a report that will have a long life.
Finally, I thank the project staff of the National Academies—Maria Oria,
study director; Laura Pillsbury, program officer; and Allison Berger, senior pro-
gram assistant—for their tireless dedication to the production of this report.

Robert R. Pate, Chair
Committee on Fitness Measures and Health
Outcomes in Youth
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Summary

hysical fitness is a state of being that reflects a person’s ability to

perform specific exercises or functions, and is related to present and

future health outcomes. In the United States, serious efforts to assess
the physical fitness of youth with a battery of tests began in the 19th cen-
tury. These efforts intensified during times of war, focused primarily on
improving athletic performance and military preparedness. Over time, the
focus of such surveys shifted to assessing health rather than performance,
reflecting growing concern about the current and future health of the
nation’s youth. While measures of performance-related fitness are designed
to evaluate a person’s capability to carry out certain physical tasks or activi-
ties, the focus of health-related fitness testing is on the concurrent or future
health status of the subject under assessment.

The first U.S. national survey of youth fitness in 1958 was followed
by surveys in 1965 and 1975 and then in 1985-1986. States and schools
have continued to assess fitness in youth during the past two decades; after
the 1985-1986 survey, however, there was no national-level assessment
of youth fitness until 2012, as part of the National Health and Nutrition
Examination Survey. Several factors may account for this gap, including the
fact that interest and effort have been directed more toward understanding
the role of physical activity in youth. This shift and the challenges inherent
in associating fitness in youth with health have resulted in few advances in
our understanding of the physiology and outcomes of fitness.

Assessment of fitness historically has encompassed such components as
body composition, cardiorespiratory endurance, musculoskeletal strength
and endurance, and flexibility. Examples of tests used historically in national
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surveys and schools are the progressive shuttle run and mile run tests for
cardiovascular endurance, measurement of body mass index (BMI) for
assessment of body composition, the curl-up and push-up tests for muscular
endurance, and the sit-and-reach tests for flexibility.

While the components of fitness measured and the specific test items
included in protocols have varied considerably across test batteries and
over time, youth fitness testing has become a well-established institution
in school physical education programs during the past half-century. In a
school context, tests are being used as institutional fitness assessment tools,
as educational tools to teach youth and their families about the importance
of physical fitness, and as communication tools to guide individuals on
attainable goals for maintaining fitness and health. These efforts are costly
in terms of not only human capacity and financial resources, but also the
extensive training and organizational and communication skills required for
their implementation. Most important, it is essential to use appropriate tests
and understand the results in a health context to minimize misclassification
and stigmatization of youth. Selection of the best tests is therefore a crucial
process, and knowledge gaps in this area were an important motivator of
the present study.

This study was undertaken in light of the past challenges encountered
in identifying fitness tests related to health in youth, spurred by a renewed
interest in fitness as one of the key tenets of health.

STUDY APPROACH

Given the gaps in knowledge noted above, the Institute of Medicine
(IOM) convened an 11-member committee with expertise in fitness mea-
sures, body composition and maturity, physical activity, physical education,
the development of cut-points (cutoff scores), motor development and skill,
and modifiers of fitness to conduct this study. The committee was asked to
assess the relationships between fitness tests and health outcomes in youth
based on a review of the literature designed and conducted by the Centers
for Disease Control and Prevention (CDC) (the committee’s statement of
task is shown in Box S-1). The CDC search criteria included longitudinal,
experimental study designs in which fitness and health were measured in
healthy! children aged 5-18 during 2000-2010. The CDC searches were
conducted specifically for the fitness components cardiorespiratory endur-

1The criteria included overweight and obese youth, but excluded youth with various dis-
abilities or congenital diseases. Since the primary task for this study was to identify fitness tests
appropriate for a national youth fitness survey of the general youth population, the commit-
tee did not review additional literature specific to populations with disabilities, such as those
with cognitive or physical impairments, activity limitations, or participation restrictions (as
defined in Appendix B).
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BOX S-1
Statement of Task

An ad hoc committee will recommend physical fitness test items for
assessment of youth fitness components that are associated with health
outcomes. The recommended items will be suitable for inclusion in a
national survey of fitness in children and youth. The committee will make
use of a systematic review of the literature conducted by the Centers for
Disease Control and Prevention. In examining the review, the commit-
tee will evaluate the relationships between the fithess components and
health outcomes (e.g., cardiovascular disease risk factors, musculosk-
eletal health, diabetes, obesity and others). Further, for selected fitness
components the committee will examine the relationships between per-
formance on specific test items and health outcomes.

In addition to the primary task above, the committee will answer the
following questions:

1. For recommended test items for which there is evidence of an
association with health, how should performance for the test
items be interpreted? Should the interpretation be based on a
cut-point approach? Are there alternative approaches to interpret
performance?

2. If the association between a particular test and health outcomes
reveals no obvious relationship to health, what strategy is most
appropriate for identifying a criterion-referenced standard? In such
a case, the committee may consider the use of norm-referenced
standards.

3. How do demographic characteristics and overweight and obesity
affect the tests scores and subsequent evaluations?

4. What additional research is needed to augment the evidence (or
lack thereof) about the associations between fitness measures and
health outcomes?

The committee will also study to what extent is change in perfor-
mance on a fitness test item (e.g., handgrip strength or 1.5-mile walk/run)
associated with change in health outcomes in youth who are apparently
“healthy” but include both obese and nonobese. In addition, the com-
mittee will identify the strengths and weaknesses of fitness test items
in regards to their practicality and as indicators of health outcomes in a
school setting and, based on practicality, will provide recommendations
for the most appropriate measures for each fithess component.

Copyright National Academy of Sciences. All rights reserved.
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ance and musculoskeletal strength and endurance. The relationship of
body composition measures to health is well established, so a systematic
review of their relationship to health was not conducted. Although time
and resources did not allow for a systematic review of the flexibility com-
ponent, the committee evaluated the relationships between flexibility and
health outcomes in studies from the CDC review that included a flexibility
measure.

To guide its review and deliberations, the committee created a concep-
tual framework that depicts the potential relationships between physical
fitness components and health as they are modified by various factors, such
as demographic characteristics, maturity status, motor skills, and genetics. In
addition to this conceptual framework, the committee developed the follow-
ing set of general criteria for selecting tests to be implemented in the field:

¢ identification of a relationship between a fitness component and
health markers;

e evaluation of the quality of the studies and the strength of the
evidence for a relationship between fitness test items and health
markers in youth, based on the CDC’s systematic review;
identification of health-related test items;
evaluation of the integrity of test items (i.e., validity and reliability);
and

e evaluation of the feasibility of implementing test items.

In its statement of task, the committee was asked not only to select
test items for a national fitness survey but also to consider the practicality
of their implementation. The committee reviewed only the evidence for
field-based methods because, even if they are more prone to error than
laboratory methods, they require less highly specialized training and are
conducted with mobile equipment, adequate for assessing large samples of
youth. The committee also recognized that national surveys and schools
and other educational settings? raise different implementation issues. In
addition, the conduct of fitness tests in schools may be driven by goals
beyond health, such as educating about the importance of specific fitness
components. Because of their role as educational tools, certain test items
will be beneficial in a school fitness test battery even if their relationship
to health cannot as yet be confirmed in youth. Therefore, the committee
developed separate sets of recommendations for these two settings.

Implementing the best health-related fitness items entails important
steps that relate to the interpretation and communication of the test results
in a health context. Identifying one or more health outcomes that are

20ther educational settings include, for example, gymnasiums and fitness centers.
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related to the test items of interest, then, is essential. Equally important is
understanding the relationship between the test items and the associated
health outcomes in quantitative terms so the results can be interpreted in
a health context. For this purpose, a criterion-referenced cut-point—a test
performance score below (or above) which a risk to health may exist—can
be used. Ideally, criterion-referenced cut-points would be derived from
population-based data on the relationship between a fitness test and a
health outcome or marker in youth. As noted earlier, however, data on the
relationship between fitness and health in youth are limited, mainly because
of the difficulty of identifying such associations when health constructs in
youth are not well defined. When data in youth populations are not avail-
able, alternative approaches can be followed to derive cut-points (interim
cut-points). Box S-2 provides the committee’s guidance on methods for
selecting criterion-referenced cut-points and interim cut-points for health-
related fitness testing in youth.

CONCLUSIONS AND RECOMMENDATIONS

The committee developed conclusions and recommendations regard-
ing fitness measures for youth for each of four components of fitness:
body composition, cardiorespiratory endurance, musculoskeletal fitness,
and flexibility. For each of these components, the committee identified test
items, reviewed the evidence on these items, applied the general criteria for
selection listed earlier, considered modifying factors, assessed the feasibil-
ity of implementation, and applied the guidance in Box S-2 for selecting
cut-points. In general, the studies reviewed provided insufficient data with
which to assess the influence of several potential modifiers—age, gender,
race/ethnicity, body composition, maturation status, motor skill—on per-
formance on tests of cardiorespiratory endurance, musculoskeletal fitness,
and flexibility.

As noted earlier, the committee’s recommendations are specific to the
implementation of fitness measures either in a national youth fitness survey
or in schools and other educational settings. The recommended tests for
a national youth fitness survey represent valid, reliable, feasible, and safe
tests for the assessment of health-related fitness in youth for population-
level health-monitoring purposes. National survey fitness tests are intended
to be implemented by skilled national administrators of such surveys (i.e.,
those familiar with the procedures for conducting large surveys and the
protocols for fitness tests) in school settings. For schools, recommendations
are made for fitness tests that are low in cost and equipment requirements
such that they are practical for school-based implementation. Regardless of
the setting, test administrators and those interpreting and communicating
the results should receive appropriate training in conducting and interpret-
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BOX S-2
Guidance for Developing Cut-Points

The committee determined that a criterion-referenced method should
be employed in developing cut-points. That is, a test taker’s performance
should be compared against an absolute criterion that is related to
health. The following are options, depending on the available evidence:

* When a confirmed concurrent relationship exists between health
outcome measures and fitness tests in youth, criterion-referenced
cut-points can be determined by using a data-mining procedure
that establishes the statistical evidence for that relationship.

* When a confirmed concurrent relationship exists only in adults but
not in youth, either a relative position or a panel-driven method can
be used, whereby interim criterion-referenced cut-points in youth
are derived from the percentile values (related to health outcomes)
extrapolated from the adult population or by a panel of experts
using cut-points for adults and other available information (e.g.,
growth curves and performance characteristics for different ages
and genders).

e When no confirmed relationship exists in either youth or adults, a
comparatively relative position method can be employed, whereby
interim criterion-referenced cut-points are derived from the per-
centile values (related to health outcomes) extrapolated from a
different test. When the percentile from another test is used, the
two tests should be as comparable as possible in their nature (e.g.,
both require movement of the body) and in the dimension they
measure (e.g., upper-body strength).

ing the tests to minimize measurement and classification errors and prevent
adverse events. Finally, the committee offers recommendations for future
research that would advance understanding of youth fitness measures and
their association with health outcomes.

Conclusions About Components of Fitness

The committee’s conclusions relate to the four components of fitness
detailed above: body composition, cardiorespiratory endurance, musculo-
skeletal fitness, and flexibility.
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Body Composition

Body composition denotes the sum of the basic components that make
up body weight, including fat, muscle, and bone content. The committee
defined body composition operationally as a component of fitness, a health
marker, and a modifier of fitness. Field-based measures of body composi-
tion relate to different dimensions. For example, skinfold is an indicator of
subcutaneous fat, whereas waist circumference is an indicator of abdominal
adiposity, and BMI measures body weight-for-height. These measures also
vary in that they have been associated with different health markers; for
example, skinfold measures are related to risk factors for cardiovascular
disease and metabolic syndrome, waist circumference has been associated
with cardiovascular disease, and BMI is related to risk of diabetes and
hypertension. When implementing and interpreting measures of body com-
position, it is important to note that many factors, such as physical activ-
ity, calorie consumption, age, and maturation, influence body composition
measures. The committee selected measures of body composition based on
their relationship to health markers, their integrity, and their feasibility.

The committee concluded that the above three measures of body com-
position—skinfold, waist circumference, and BMI—are important to collect
in a national youth fitness survey. Each is a proximal estimation of body fat
and has increased standard of error over laboratory measures. Moreover,
the measurement of body composition is multidimensional; no single mea-
sure is considered representative of all body composition tenets for youth
of all morphologies.

In selecting measures of body composition, some feasibility factors
must be considered: the availability of administrators with the highly spe-
cialized training required and the accessibility of appropriate space in which
to conduct the test. The reliability of skinfold and waist circumference
measurements depends on the skill of the test administrator; to avoid the
introduction of errors in the measurements, specific and intense training
is required. Training is also required to minimize concerns related to pri-
vacy in the administration of these measures. Also to ensure privacy, the
appropriate space should be available for conducting the tests. Given the
challenges associated with avoiding measurement errors, maintaining good
reliability, and ensuring privacy in the administration of skinfold and waist
circumference measurements, only BMI measurement is recommended for
administration in schools.

Cardiorespiratory Endurance

Cardiorespiratory endurance is the ability to perform large-muscle,
whole-body exercise at moderate to high intensity for an extended period
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of time. There is a well-established association between cardiorespiratory
endurance and health outcomes in adults and health markers or risk factors
in children—in particular, body weight, body composition, cardiometabolic
risk factors, blood pressure, cognitive function, and pulmonary function.
Although the fitness tests and protocols used vary substantially, the cardio-
respiratory endurance tests associated most frequently and strongly with a
positive change in health markers or risk factors are heart rate extrapolation
tests (i.e., those that use a treadmill or cycle ergometer and measure car-
diorespiratory endurance as maximal oxygen consumption [VO,max]) and
the progressive shuttle run. The health markers most frequently assessed
are related to body weight or adiposity and cardiometabolic risk factors.
The heart rate extrapolation and progressive shuttle run tests have high
validity and reliability. In terms of feasibility, the progressive shuttle run
is advantageous when time and financial constraints exist with respect to
the necessary training and equipment. Treadmill and cycle ergometer tests
are valid and reliable alternatives for a national survey in which space
limitations are a concern, but extensive training is feasible. The validity
and reliability of distance runs are more variable and in general lower than
has been reported for the heart rate extrapolation and progressive shuttle
run methods; however, these tests are appropriate for a school setting for
practical reasons.

Musculoskeletal Fitness

Musculoskeletal fitness is a multidimensional construct that encom-
passes three related components: muscle strength (the ability of skeletal
muscle to produce force under controlled conditions), muscle endurance
(the ability of skeletal muscle to perform repeated contractions against a
load), and muscle power (the peak force of a skeletal muscle multiplied by
the velocity of the muscle contraction). Neither any of these components
individually nor any single test can describe overall musculoskeletal fitness.
Therefore, a number of tests that measure various dimensions of musculo-
skeletal fitness often are used in combination. As with other fitness compo-
nents, a wide variety of tests, such as the curl-up, the push-up, the handgrip,
and jumps, have been used to measure musculoskeletal fitness in the past.

The committee concluded that adequate experimental and prospective
longitudinal evidence supports the relationship between the multidimen-
sional construct of musculoskeletal fitness and health. Empirical evidence
also is increasing for the importance of musculoskeletal fitness, especially
muscle strength and power, to health outcomes in adults. There is, however,
insufficient high-quality evidence to support a strong association between
any single musculoskeletal fitness test item and health markers in youth.
Based predominantly on evidence indicating a relationship to health out-
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comes in adults, the committee concluded that musculoskeletal fitness
should be assessed in a national youth fitness survey.

Growing evidence supports use of the handgrip strength test and the
standing long jump as health-related musculoskeletal fitness test items in
youth. Studies reviewed show a relationship between performance on these
tests and bone health and body composition. The handgrip strength test
demonstrates moderate to strong validity when assessed against upper-
and lower-body criterion muscle strength measures. The standing long
jump, although not strictly a measure of muscle strength, demonstrates
acceptable validity against lower- and upper-body criterion muscle strength
measures and lower-body muscle power measures. The handgrip strength
and standing long jump tests demonstrate strong and moderate reliability,
respectively. The committee recommends that the handgrip strength and
standing long jump tests be included in a national survey. While these tests
should not be interpreted in a health context until their relationships with
health outcomes have been established more firmly in youth, they can be
included for their educational value. Other measures of muscular strength,
such as the modified pull-up or push-up as an alternative for measuring
upper-body musculoskeletal strength and power or the curl-up for measur-
ing core strength and endurance, also can be used in schools.

Flexibility

Flexibility is the intrinsic property of body tissues, including muscle and
connective tissue, that determines the range of motion achievable without
injury at a joint or group of joints. Like musculoskeletal fitness, flexibility is
specific; a person can have a good range of motion around a shoulder joint,
for example, but lack range of motion in the hip. Such specificity precludes
any relationship between a given measure of flexibility and any systemic
health markers (e.g., back pain, risk of injury, posture problems). Moreover,
clinical theory suggests that the complex interaction among multiple mus-
culoskeletal components (e.g., flexibility, strength, endurance), rather than
one component alone, is most likely to be associated with health markers
or outcomes. Further, possible associations with health are complicated by
the fact that risk may be higher for those with low or exceptionally high
flexibility than for those in the middle ranges. Finally, although evidence
suggests a link between flexibility and health among adults (e.g., low-back
pain), such evidence is more difficult to establish in youth given that the
commonly used health risk outcomes may take years to manifest.

The literature review did not reveal a relationship between any flexibil-
ity test and health in youth. In addition to the challenges mentioned above,
this could be due to the study designs included in this review. Specifically,
in contrast to studies on other fitness components, there was a lack of high-
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quality longitudinal and experimental studies measuring the association
between flexibility and health markers in youth. For example, many studies
did not include health markers hypothesized to be related to flexibility and
typically did not include a control. Future efforts to study the relationship
of flexibility to health will require a multivariate approach. Although no
relationship to health has been shown, the sit-and-reach test is feasible to
implement and has acceptable validity and reliability.

Recommendations for National Surveys

A substantial body of evidence supports the idea that specific tests
measuring cardiorespiratory endurance and body composition are related
to health markers in youth. The evidence for an association between mus-
culoskeletal fitness and health markers in youth is less extensive. The com-
mittee concluded that insufficient evidence has thus far been accumulated
to support recommending a health-related measure of flexibility for youth
at this time.

The committee concluded that a criterion-referenced approach using
cut-points associated with health markers is the ideal approach for inter-
preting scores. There is, however, insufficient evidence with which to
develop age- and gender-specific criterion-referenced cut-points for all
measures except for BMI. Until data are collected with which to establish
criterion-referenced cut-points, age- and gender-specific interim cut-points
corresponding to percentiles for adults on tests related to the same com-
ponent or for youth on tests related to a different or the same component

should be used.

RECOMMENDATION 8-1.3 A national survey of health-related
physical fitness in youth should include measures of cardiorespiratory
endurance, body composition, and musculoskeletal fitness. The survey
should include the following fitness test items: (1) measures of BMI,
waist circumference, and skinfold thickness (triceps and subscapular
sites) to assess body composition; (2) a progressive shuttle run, such as
the 20-meter shuttle run (or a submaximal treadmill or cycle ergom-
eter test if there are space limitations) to measure cardiorespiratory
endurance; and (3) handgrip strength and standing long jump tests to
measure musculoskeletal fitness.

RECOMMENDATION 8-2. Standard protocols for the administration
of measures of youth fitness in national surveys should be developed

3The committee’s recommendations are numbered according to the chapter of the main
text in which they appear.
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and implemented. The focus should be on maximizing the measures’
reliability, validity, and safety. Trained personnel should be used for test
administration and data collection.

RECOMMENDATION 8-3. Developers of fitness test batteries should
use age- and sex-specific cut-points to determine which individuals are
at risk of poor fitness-related health outcomes. Optimum cut-points
should be based on criterion values when population-based evidence
is available on the relationship between the level of performance on
a fitness test and a health outcome or marker. In the absence of cri-
terion values, interim population-based percentile values should be
applied. These values might be derived from adults on tests for the
same component or from youth on tests for a different or the same
component. Specifically, the guidance of the committee should be
applied as follows:

¢  Body composition: For BMI, the CDC-established cut-points
for underweight, overweight, and obesity evaluations should
be used. Interim cut-points for skinfold and waist circumfer-
ence measures could be derived from the CDC-established
percentiles for BMI.

e Cardiorespiratory endurance: For measures of cardiorespira-
tory endurance, interim cut-points could be derived from the
lowest performers (e.g., 20th percentile) on the cardiorespira-
tory endurance distribution curve.

e  Musculoskeletal fitness: For musculoskeletal fitness tests, interim
cut-points could be derived by borrowing the percentile (e.g.,
20th percentile) from the cardiorespiratory endurance tests.

Recommendations for Schools and Other Educational Settings

The preceding recommendations outline the optimum test items for
measuring fitness in youth in national surveys. Conducting fitness tests in
educational settings can yield further benefits, such as contributing to the
body of evidence on the association between health-related fitness compo-
nents and learning outcomes, improving individuals’ fitness performance,
and educating about the importance of physical fitness. The committee
considered the strengths and weaknesses of the test items recommended
for a national survey with regard to their practicality in schools and other
educational settings.

School leaders and teachers should apply the following recommenda-
tion and select applicable test items in light of the contextual variables that
characterize their schools, such as available equipment, space, and test
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administrators, as well as cost, as schools differ greatly on these variables.
Factors related to culture and race/ethnicity, as well as how a test item
aligns with the existing curriculum, should also be considered. Finally, per-
haps the most important element of fitness testing in schools is the interpre-
tation and dissemination of results. This element represents an opportunity
to assist participants in preventing disease and understanding fitness, but
can have detrimental effects on the individuals involved if not carried out
appropriately. As mentioned above, training in the administration of pro-
tocols and the interpretation and communication of test results is essential.

RECOMMENDATION 9-1. Developers and administrators of fitness
test batteries in schools and other educational settings should consider
including the following test items:

¢ standing height (measure of linear growth status) and weight
(measure of body mass) to calculate BMI as an indicator of
body composition;

e a progressive shuttle run, such as the 20-meter shuttle run, to
measure cardiorespiratory endurance; and

¢ handgrip strength and standing long jump tests to measure
upper- and lower-body musculoskeletal strength and power,
respectively.

Additional tests that have not yet been shown to be related to health
but that are valid, reliable, and feasible may also be considered as supple-
mental educational tools. For cardiorespiratory endurance, alternatives to
the shuttle run include distance and/or timed runs, such as the 9-minute or
1-mile run, while the modified pull-up and push-up are possible alterna-
tives for measuring upper-body musculoskeletal strength. The curl-up may
be considered in addition to the suggested musculoskeletal fitness tests
for measuring core strength and endurance. Although the committee does
not recommend a flexibility measure as a core component of a fitness test
battery, administrators in schools and other educational settings may wish
to include the sit-and-reach test or its alternatives (e.g., backsaver sit-and-
reach) to measure flexibility. Experts who establish cut-points for inter-
preting performance on these fitness test items should follow the guidance
provided earlier (Box S-2 and Recommendation 8-3).

Recommendations for Future Research

Altogether, the CDC’s literature review revealed many gaps in under-
standing of the relationship between fitness measures and health in youth.
Although the review revealed a number of associations between the two,
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many of the studies reviewed were not designed to assess the independent
association between performance on a fitness test and a health outcome or
marker. Moreover, while not included in the search strategy, studies predict-
ing health outcomes in adulthood would be valuable in characterizing the
importance of a health marker. For example, it remains to be determined
whether changes in muscle strength and power during youth are predictive
of health outcomes in later life.

The committee offers the following recommendations for designing and
conducting research on some of the most pressing questions that must be
answered if progress is to continue in selecting the best measures of fitness
in youth. It should be noted that the committee is recommending research
only for those test items that have been studied well enough to justify their
inclusion here. At the same time, it is not the intent of the committee to
eliminate from future consideration those test items that currently do not
meet the level of evidence necessary for inclusion in a battery of tests.

RECOMMENDATION 10-1. Well-designed research studies aimed at
advancing understanding of the associations between fitness compo-
nents and health in youth should be undertaken. Researchers should
ensure that the interventions studied are both specific and sufficient
(i.e., appropriate dosage and duration) to induce a change in fitness.
In addition, studies should be designed so that the effect of potential
confounders (e.g., nutrition, physical activity, demographic variables,
maturity status) and the potential for adverse events can be analyzed.

RECOMMENDATION 10-2. Longitudinal studies should be con-
ducted to provide empirical evidence concerning how health markers
related to fitness track from youth into adulthood.

RECOMMENDATION 10-3. Randomized controlled trials and longi-
tudinal studies should be undertaken to understand the following issues
regarding the relationships between (1) specific fitness tests and health,
and (2) fitness components and health:

e Studies should explore the relationship between body composi-
tion measures and physical fitness tests and the potential interac-
tions among body composition, fitness, and health in youth.

e Studies should examine the relationship between changes in
cardiorespiratory endurance as measured by field tests, includ-
ing the shuttle run and timed and distance runs, and subse-
quent changes in health risk factors in youth beyond weight
status and cardiometabolic risk factors. Examples include bone
health and neurocognitive function and behavior.
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¢ Studies should address the relationship between specific mus-
culoskeletal fitness test items and health markers in youth.
Priority should be given to test items for which there is growing
evidence, such as the handgrip strength or standing long jump
test, or others that are promising. Since musculoskeletal fitness
is a multivariate construct, the studies should be designed so
that a variety of tests are conducted.

e Studies should investigate the relationship between specific
flexibility test items (e.g., sit-and-reach and its modifications),
either by themselves or in combination with musculoskeletal
fitness test items, and potential health markers (e.g., back pain,
posture, injury prevention). Such studies should include stretch-
ing interventions specifically designed to produce changes in
joint-specific flexibility. Since flexibility is a multivariate con-
struct, the studies should be designed so that a variety of tests
are conducted. Researchers should investigate the develop-
ment and validation of a general marker of musculoskeletal
systemic flexibility and its relationship to health markers and
risk factors.

¢ Studies should examine the potential effects of modifying fac-
tors (i.e., age, gender, race/ethnicity, body composition, matu-
rity status, training status/practice, motor skill, socioeconomic
factors) on fitness components and on the relationship between
a change in a health-related fitness component and health
markers in specific populations.

RECOMMENDATION 10-4. Developers of national surveys of
health-related physical fitness in youth should consider the inclusion
of measures of cardiometabolic health, bone health, and neurocogni-
tive function. The collection of fitness and health data in the same
individuals would allow investigators to further confirm whether direct
relationships between specific test items and health markers and risk
factors exist.

RECOMMENDATION 10-5. When an association between a fitness
test and a health marker is confirmed, research should be conducted to
establish and validate health-related cut-points for that test. For exam-
ple, given the association of skinfold measures with health markers,
large national studies should be conducted to establish health-related
cut-points for skinfold measures in youth.
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ronmental, that are present prior to conception and continue

throughout an individual’s life span. Since childhood health pre-
dicts adult morbidity and mortality, it is beneficial to attain, sustain, and
monitor health from childhood to adulthood. The United States and other
countries have designed programs to measure or improve the health of the
population in many different domains, including physical fitness, and at
all ages. Key to setting national health agendas and priorities, as well as
goals for individuals, is having goals for public health, metrics with which
to determine health reliably and accurately in various areas, and an under-
standing of how close the population or individuals are to the established
goals.

Examples of surveillance programs designed to measure health in vari-
ous dimensions in the United States are the National Health Interview Sur-
vey (NHIS), the National Immunization Survey (NIS), the Behavioral Risk
Factor Surveillance System (BRFSS), the National Health and Nutrition
Examination Survey (NHANES), and the National Youth Physical Activity
and Nutrition Study, to name a few. In addition to such national surveys,
states may conduct their own surveys to track health status. Health pro-
grams can be established in the school environment or be part of the school
curriculum (e.g., physical education classes), with the purpose of improving
or evaluating health status among youth. While surveys of physical activity
among youth have been carried out in recent years, however, national fit-
ness surveys have not been conducted since the 1980s (see Chapter 2). The

l l ealth is influenced by many factors, genetic, behavioral, and envi-

15
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NHANES includes components pertinent to physical fitness and a 2012
NHANES Youth Fitness Survey is currently under way.

As discussed in Chapter 2, there have been many efforts to identify
fitness tests and standardize a battery of such tests for youth. To this day,
however, an array of tests continues to be used, selected based on various
historical circumstances and understandings of the science. This report rep-
resents an effort to provide an evidence-based approach to selecting field-
based fitness measures for youth for inclusion in a national fitness survey.
Recommendations for tests to be used in schools and other educational
settings are provided as well.

BACKGROUND

To better understand the content of this report, it is important to dis-
tinguish between physical fitness and physical activity. Physical fitness has
been defined as “a set of attributes that people have or achieve that relates
to the ability to perform physical activity” (HHS, 1996, p. 21). The focus of
this report is on the potential health-related components of physical fitness:
body composition, cardiorespiratory endurance, musculoskeletal fitness,
and flexibility. Physical activity, on the other hand, is defined as “any body
movement produced by muscle action that increases energy expenditure”
(Castillo-Garzon et al., 2006, p. 213). There are many types of physical
activities, such as exercise (physical activity with the purpose of improving
fitness), sports, dance, and recreational activities. Box 1-1 and Appendix B
provide the committee’s operational definitions of physical fitness and other
terms used throughout the report.

Fitness tests are conducted for several purposes for both individuals
(e.g., goal setting, planning for improvement, preparing for specific tasks)
and society at large (e.g., assessing current fitness status, tracking changes,
research). The ultimate purpose, however, is to improve the health and
physical performance of individuals, as well as the population as a whole.
As noted above and described in detail later in this report, fitness surveys
have been conducted in the United States at both the national and state
levels. Similarly, other countries have developed fitness test batteries and
conducted national surveys (see Chapter 2).

Early national fitness tests included items commonly described as skill-
related fitness, as well as items focused on health-related fitness. Since the first
national fitness test was developed in 1958, appropriate items for inclusion in
fitness test batteries have been the subject of debate. The first national health-
related physical fitness test was developed in 1980 (AAHPERD, 1980), and
since then there has been increased emphasis on defining the relationship of
fitness items to health. While measures of performance-related fitness are
designed to evaluate a person’s capability to carry out certain physical tasks
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BOX 1-1
Terms Used in This Report

Body composition: the components that make up body weight, includ-
ing fat, muscle, and bone content.

Cardiorespiratory endurance: the ability to perform large-muscle,
whole-body exercise at moderate to high intensities for extended periods
of time (also referred to as aerobic fitness or aerobic capacity) (Saltin,
1973).

Criterion-referenced standards (criterion measures): evaluation stan-
dards used to interpret physical fitness test scores and provide informa-
tion about a participant’s health status.

Cut-point (cutoff score): a test score that represents the minimum level
of performance that must be achieved for a participant to be said to be
at reduced risk or fit/healthy.

Flexibility: “the intrinsic property of body tissues that determines the
range of motion achievable without injury at a joint or group of joints”
(Holt et al., 1996, p. 172).

Musculoskeletal fitness: a theoretical construct reflecting the inte-
grated function of an individual’s muscle strength, endurance, and power
to enable the performance of work against one’s own body weight or an
external resistance.

Physical activity: “any body movement produced by muscle action that
increases energy expenditure” (Castillo-Garzon et al., 2006, p. 213).
Physical fitness: “a set of attributes that people have or achieve that
relates to the ability to perform physical activity” (HHS, 1996, p. 21).

Reliability: the dependability of test scores, their freedom from error, and
their reproducibility in repeated trials on the same individual.

Validity: the extent to which a test measures what it is designed to
measure; the degree to which evidence supports the interpretation of
test scores (Eignor, 2001).

or activities, the focus of health-related fitness testing is on concurrent or
future health status. The measurement of health-related fitness in youth is
the focus of this report. As more sophisticated research and statistical meth-
ods, computer technologies, and data management systems have emerged,
the link between fitness tests and health has been more firmly established.
Nevertheless, there is more to be done. This report is based on a systematic
review of the literature designed to answer key questions concerning fitness
and health in youth.
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STATEMENT OF TASK

This study was undertaken to identify measures of fitness for which
there is evidence of an association with health outcomes and to provide
guidance for interpreting fitness test scores (e.g., setting health-related cut-
points for specific tests). The committee was asked to be attentive to the
practicality of the recommended tests and to discuss considerations and
pros and cons for these tests. The specific questions posed in the commit-
tee’s statement of task are shown in Box 1-2.

METHODS

An 11-member committee was convened to answer the questions posed
in the statement of task shown above. The committee members had exten-
sive expertise in fitness and physical activity and were selected specifically
for their knowledge of youth health issues, body composition and matura-
tion, and motor coordination; methodologies for developing fitness mea-
sures related to health; physical education, physical activity, and fitness in
schools; and national fitness surveys. Many committee members also are
familiar with the various fitness test batteries that have been used through-
out history and in different countries and that have responded to specific
situations and purposes. Committee members are knowledgeable as well
about the many factors (e.g., demographic characteristics) that interact with
youth performance on tests for the various fitness components. Because the
statement of task also requested that the committee be mindful of practical
considerations when selecting fitness tests for use in the field, many of the
committee members have practical experience with implementing fitness
test batteries.

In addition to its members’ extensive knowledge of fitness and health,
the committee drew on other sources to inform its decisions about the
selection of fitness test items. A major resource for inferring relevant asso-
ciations between specific fitness test items and health markers in youth was
a systematic review of the peer-reviewed scientific literature, designed and
conducted by the Centers for Disease Control and Prevention (CDC) and
encompassing the period 2000-2010. Further detail on the conduct of this
review is presented in Chapter 3. For two fitness components—cardio-
respiratory endurance and musculoskeletal fitness—the committee received
the results of the review in the form of abstracted tables along with the
full articles, and then selected the articles to review in depth based on its
assessment of the quality of the research. Although articles on flexibility
were not coded separately in the literature review, the committee reviewed
several studies focused on the other fitness components that included a flex-
ibility measure. A systematic review of the literature with respect to body
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BOX 1-2
Statement of Task

An ad hoc committee will recommend physical fitness test items for
assessment of youth fitness components that are associated with health
outcomes. The recommended items will be suitable for inclusion in a
national survey of fitness in children and youth. The committee will make
use of a systematic review of the literature conducted by the Centers for
Disease Control and Prevention. In examining the review, the commit-
tee will evaluate the relationships between the fitness components and
health outcomes (e.g., cardiovascular disease risk factors, musculosk-
eletal health, diabetes, obesity and others). Further, for selected fitness
components the committee will examine the relationships between per-
formance on specific test items and health outcomes.

In addition to the primary task above, the committee will answer the
following questions:

1. For recommended test items for which there is evidence of an
association with health, how should performance for the test
items be interpreted? Should the interpretation be based on a
cut-point approach? Are there alternative approaches to interpret
performance?

2. If the association between a particular test and health outcomes
reveals no obvious relationship to health, what strategy is most
appropriate for identifying a criterion-referenced standard? In such
a case, the committee may consider the use of norm-referenced
standards.

3. How do demographic characteristics and overweight and obesity
affect the tests scores and subsequent evaluations?

4. What additional research is needed to augment the evidence (or
lack thereof) about the associations between fithess measures and
health outcomes?

The committee will also study to what extent is change in perfor-
mance on a fitness test item (e.g., handgrip strength or 1.5-mile walk/run)
associated with change in health outcomes in youth who are apparently
“healthy” but include both obese and nonobese. In addition, the com-
mittee will identify the strengths and weaknesses of fitness test items
in regards to their practicality and as indicators of health outcomes in a
school setting and, based on practicality, will provide recommendations
for the most appropriate measures for each fitness component.
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composition also was not conducted because, even though this component
is frequently included in fitness test batteries, its relationship to health is
well known. Although the committee did not participate in the design of
the literature review, members had ample opportunities to interact with the
CDC in order to understand the nature of the review. The CDC literature
review also did not include integrity and feasibility studies. The commit-
tee conducted further literature searches and reviews in other areas, for
example, to assess the integrity of specific fitness tests or to complement
the CDC’s systematic review.

In addition, the committee drew on the work and experience of other
organizations and countries to the extent that this information is available
to the public. The committee also benefited from expert presentations dur-
ing an open session on November 15-16, 2011; the agenda for this open
session is in Appendix A. Presenters had extensive experience in the devel-
opment of fitness test batteries and in the associations of fitness with meta-
bolic risk factors and body composition. Other presenters had experience
in implementing and interpreting results of a battery of fitness tests in the
field, providing the committee with insight into feasibility considerations
and challenges encountered at the time of test implementation.

The main purpose of this report is to identify fitness measures that are
associated with health markers in youth and that are also practical in a
field setting. To accomplish this purpose, the committee agreed on various
concepts and on a general conceptual framework that guided its decisions.
Before reviewing the literature, the committee decided on a stepwise pro-
cess for identifying the best test items for each fitness component. As will
be obvious from the description in Chapter 3, the literature review was
designed to provide information about potential associations of fitness tests
with health markers (or risk factors) and outcomes in youth as opposed to
those that might be seen later in life. For that reason, the majority of health
issues explored during the review were health markers (or risk factors) for
a disease and not health outcomes per se, as most health conditions or
diseases do not manifest until adulthood. As is clear from the discussion
throughout the report, studies that follow youth into adulthood are infre-
quent. Since the 1980s, moreover, organizations and relevant government
agencies have focused their efforts on the health benefits of physical activity
among youth rather than on fitness, which was the focus prior to the 1980s.
The lack of a recent focus on fitness has resulted in a less than ideal scien-
tific literature base addressing questions of fitness and health. Nevertheless,
the knowledge base has increased sufficiently to support the conduct of a
national fitness survey. The focus on health in youth is a unique feature of
this report and one that presented many challenges given the inadequate
amount and nature of the relevant literature. However, this focus is in tune
with current thinking that factors related to health in adults cannot neces-
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sarily be extrapolated to youth, and therefore, health markers in youth need
to be defined and reviewed.

While the committee provides guidance for developing cut-points (cut-
off scores) for and interpreting performance on fitness tests, it did not
develop specific cut-points for the recommended test items. Rather, the
committee suggests an ideal approach to establishing cut-points. Recogniz-
ing that all the data necessary to establish cut-points do not exist for all the
recommended tests, the committee also provides alternative approaches for
establishing interim cut-points when such data are unavailable. In addition,
there are aspects of fitness testing that the committee did not address in
depth, such as protocols for the recommended tests, specific training for test
administrators, or the appropriateness of fitness components that were not
included in the committee’s statement of task. Finally, the studies reviewed
were designed to collect evidence on the relationship between fitness tests
and health in healthy youth. Studies on overweight and obese youth were
included in the review; however, studies in special populations, such as ath-
letes or people with disabilities' or congenital diseases, were not reviewed.
Therefore, the committee’s findings, conclusions, and recommendations do
not target those special populations.

ORGANIZATION OF THE REPORT

This report is organized into chapters dedicated to background on
measuring fitness in youth; the committee’s methodology; and its findings,
conclusions, and recommendations. Chapter 2 provides a historical per-
spective on the origins of youth fitness testing and the changes that have
occurred over the years both in the tests and in their uses. This chapter
includes a table describing fitness test batteries currently used around the
world. Chapter 3 describes in detail the methodology used by the commit-
tee to identify test items, including the CDC’s systematic review, which was
the primary basis for the committee’s conclusions and recommendations.
Chapters 4, 5, 6, and 7 present the committee’s rationale for recommending
test items for the four fitness components, respectively—body composition,
cardiorespiratory endurance, musculoskeletal fitness, and flexibility—high-
lighting the findings of the scientific literature. As noted earlier in this chap-
ter, the primary purpose of this report was to make recommendations for
a national survey. A secondary purpose was to make recommendations for

1A disability is defined as any restriction or lack of ability to perform an activity in the man-
ner or within the range considered normal for a human being. For the purposes of this report,
this term should be construed in the broadest sense, covering impairments (i.e., a problem in
body function or structure), activity limitations (i.e., a difficulty encountered by an individual
in executing a task or action), and participation restrictions (i.e., a problem experienced by
an individual in involvement in life situations).
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the use of fitness tests in schools and other educational settings.? Because
tests vary based on their potential uses, separate chapters were prepared
for each of these two uses of fitness test items. Chapter 8 presents the com-
mittee’s recommendations for national surveys of youth fitness. Chapter
9 describes the importance of fitness in the context of education, details
factors to consider when implementing fitness tests in schools and other
educational settings, and presents the committee’s recommendations for
specific fitness tests for educational settings. Finally, Chapter 10 includes
the committee’s recommendations for future research.
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Measuring Fitness in Youth

itness testing for youth emerged from the field of physical education,
which has a long-standing history of fitness testing. Over the years,
social and political circumstances have dictated the emphasis, prog-
ress, and use of fitness testing in the United States. In particular, an early
emphasis on performance outcomes—particularly military performance—
has given way to a focus on health outcomes as a result of concerns about
the health of the nation’s youth. While the components of fitness have
remained virtually the same, moreover, the tests and protocols used to mea-
sure it have evolved as more data have accumulated on their validity and
reliability and their relationship to desired outcomes. Although efforts have
been ongoing to standardize and validate the constructs for fitness testing,
the range of fitness test batteries currently in use, as detailed in this chapter,
reveals that consensus on these issues remains elusive. The research needs
identified in Chapter 10 therefore include a comprehensive reevaluation of
the past and current approaches to fitness testing in youth.
This chapter begins with a brief early history of physical fitness testing.
It then describes more recent historical events related specifically to measur-
ing physical fitness among U.S. youth.! The final section includes a table
that lists the various batteries of fitness tests currently in use worldwide.

1For more information about the history of youth fitness testing in the United States, the
reader is referred to Corbin (2012), Mood et al. (2007), Morrow (2005), Morrow et al.
(2009), and Plowman et al. (2006).

23
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EARLY HISTORY OF PHYSICAL FITNESS TESTING?

Although organized youth fitness testing did not begin until the mid-
20th century, the foundation of national youth fitness testing began to be
established a century earlier. Park (1989) notes that early leaders in physi-
cal education, many of whom were medical doctors and YMCA leaders,
focused the outcomes of instruction on anthropometric measurements.
During the last half of the 19th century, national physical education orga-
nizations emerged (e.g., the American Association for the Advancement of
Physical Education [AAAPE]), and the leaders who founded the organiza-
tions continued with a measurement focus (e.g., strength and lung capac-
ity assessments). Dudley Sargent, one of the pioneers of physical testing,
developed the vertical jump test that is still used today and is commonly
referred to as the “Sargent jump.” It is generally believed that Sargent
thought of the vertical jump as a general measure of fitness and health.
He published the books Health, Strength and Power (Sargent, 1904) and
Universal Test for Strength, Speed and Endurance of the Human Body
(Sargent, 1902).

By the late 1800s and early 1900s, the purpose of fitness testing had
expanded beyond anthropometric measurements with the introduction of
the concept of “physical efficiency,” characterized as efficient functioning
of body systems, such as the circulatory, respiratory, muscular, and ner-
vous systems (Park, 1989). Fitness testing evolved from a focus on athletic
performance to a focus on health in the early 1900s as researchers such as
McCurdy and McKenzie studied blood pressure fatigue (McCurdy, 1901;
McKenzie, 1913), and Storey studied pulse rate (Storey, 1903). Prior to
World War 1, tests of “motor ability” that included tests of jumping, climb-
ing, lifting, vaulting, and running were popular. One prominent test, the
Playground Association of America Athletic Badge Test, was introduced for
boys in 1913 and girls in 1916. During and immediately after World War I,
the focus on physical education and physical training in schools increased,
with a shift toward fitness for war. Many physical educators led physical
training programs for the military during the war era. The theme that many
Americans were unfit was popular in the media.

After World War I, the Public Health Service and many different orga-
nizations focused attention on fitness tests and programs because of their
potential link to preparedness for war. The Public Health Service booklet
Keeping Fit emphasized many personal factors (e.g., willpower, courage,
self-control) in addition to those related to health (USPHS, 1918). Dur-
ing the early 1900s, there was considerable debate about the importance

2The information included in this section is based on Park (1989).
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of “efficiency” testing and what should be included in physical efficiency
tests. Various test batteries were developed, including the Physical Fitness
Index (PFI), developed by Rogers (several strength items) (Rogers, 1925),
and a test of athletic power developed by McCloy (general motor ability
and strength) (McCloy, 1934, 1941). Both Rogers and McCloy conducted
research that provided a basis for the items selected for their tests. Other
tests of the era were often developed by groups of professionals based on
group consensus.

“Financial austerities” due to the Great Depression resulted in decreases
in physical education and a reduced emphasis on physical fitness testing
(Park, 1989). The interest in general physical fitness testing in schools that
was common after World War I diminished, while interest in laboratory-
based measures of fitness grew.

As was the case prior to, during, and immediately after World War I,
World War II produced much military, governmental, and societal interest
in fitness programs and fitness testing. While there was much fanfare and
many proposals for action were made, most efforts with youth relied on
volunteer leaders and local funding. A 1941 supplement to the Research
Quarterly focused on physical fitness and fitness testing (Carpenter, 1941;
Cureton and Larson, 1941; Larson, 1941; McCloy, 1941). Park (1989)
indicates that the U.S. Department of Education, in cooperation with the
Army, Navy, and Public Health Service, prepared a fitness booklet (Physi-
cal Fitness through Physical Education for the Victory Corps) in 1942. In
addition, at the request of the U.S. Department of Education, the American
Association for Health, Physical Education, and Recreation’s (AAHPER?s)
section on women’s athletics prepared a fitness test battery for high school
girls. Fitness manuals were prepared for college students as well, and the
armed services developed fitness programs of their own during the war.
Also during the war, many conferences and committees focused on youth
fitness. Park (1989, p. 11) notes that the “predominant interpretation given
to the term physical fitness during World War II was the ability to sustain
long, hard, muscular effort.” The joint involvement of health, education,
physical education, and military groups underscores the mixed purposes of
physical fitness testing. Health was a concern, but so were general fitness
and fitness for war.

NATIONAL YOUTH FITNESS TESTING: 1950 TO 1980

The physical fitness focus that was prominent during World War II gave
way to a more generalized emphasis for youth during the postwar years.
The popularity of college and professional sports led physical education
programs to focus on athletic capabilities. The Korean War in the early
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TABLE 2-1 Key Historical Events/Publications in Youth Fitness Testing
in the United States, 1950-1979

Year Historical Event/Publication

1954 Publication of the results of minimum muscular fitness and flexibility tests
in schoolchildren (Kraus and Hirschland, 1953, 1954)

1956 By Executive Order #10673, President Eisenhower creates the President’s
Council on Youth Fitness (July 16)

1957-1958 American Alliance for Health, Physical Education, Recreation and Dance
(AAHPERD) holds meetings on youth fitness

1958 American Association for Health, Physical Education and Recreation
(AAHPER) Youth Fitness Test published (AAHPER, 1958)

1965 Update of AAHPER Youth Fitness Test published (AAHPER, 1965)

1966 President’s Council on Physical Fitness creates the Presidential Physical
Fitness Awards Program

1973 Texas Physical Fitness-Motor Ability Test released by the Governor’s
Commission on Physical Fitness (Coleman and Jackson, 1973)

1976 Update of AAHPERD Youth Fitness Test published (AAHPERD, 1976)

SOURCE: Adapted from Morrow et al., 2009.

1950s did bring some focus back to physical fitness, but it was research
by Kraus and Hirschland (1953, 1954) that provided the impetus for the
national youth physical fitness testing movement. Their reports indicated
that children in the United States passed fewer fitness test items than children
from European countries. For their research, Kraus and Hirschland used the
Kraus-Weber test, a battery of six items testing minimum muscular fitness
and flexibility originally developed as a measure of potential for back pain.
Although this test was rudimentary by current standards, the results gained
traction after being reported in the mainstream media (see for example, the
article in Sports lllustrated titled “The Report That Shocked the President”
[Boyle, 1955]). Published during the Cold War era, the results implying less
fitness in American than in European youth raised major concern about
the nation’s military preparedness. Consequently, Kraus was granted an
audience with then President Eisenhower to discuss the study results. After
that meeting, Eisenhower established a cabinet-level President’s Council on
Youth Fitness (now the President’s Council on Fitness, Sports, and Nutrition
[PCFSN]). A chronology of these and other key events/publications relating
to youth fitness, 1950 to 1979, is presented in Table 2-1.
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TABLE 2-2 Changes in the Youth Fitness Test, 1958-1976

1958 1965 1976

Shuttle run x x x
50-yard dash x x x
500-yard run/walk x x x
Pull-up (boys) x X X
Modified pull-up (girls) x

Flexed arm hang (girls) x x
Softball throw x x

Long jump x X X
Sit-up (straight-leg) x x

Sit-up x

(flexed-leg, timed,
arms behind head)

SOURCE: Adapted from Corbin and Pangrazi, 1992.

In 1957, the Council and a citizen’s advisory group called on professional
groups to improve efforts to promote youth fitness. Many different organiza-
tions, including the newly created American College of Sports Medicine and
the American Medical Association, urged action. The AAHPER Research
Council appointed a committee, chaired by Anna Espenschade of the Uni-
versity of California, that created the first youth physical fitness test battery
(the Youth Fitness Test) for use in a large-scale national survey. The test
included the items shown in Table 2-2. These test items included measures
of strength and muscular endurance common in earlier fitness test batteries
and a 600-yard run/walk believed at the time to be a measure of cardiovas-
cular fitness; these measures often were considered to be health related. Also
included, however, were items more related to physical education objectives
and skill-related fitness, such as the softball throw and the 50-yard dash,
reflecting in part societal concerns at the time regarding the athletic capa-
bilities and military preparedness of youth (Morrow et al., 2009). The test
items were administered in a national survey conducted by the University
of Michigan (led by Paul Hunsicker), with funding from the U.S. Depart-
ment of Education (AAHPER, 1958). As was the case with other testing
in schools at the time (e.g., achievement tests), normative standards were
developed and reported in the first test manual (AAHPER, 1958). AAHPER
also designed awards (certificates and emblems) for students who met those
standards (Park, 1989).

During the late 1950s and early 1960s, the fitness movement contin-
ued. President Kennedy advocated for youth physical fitness in his article
“The Soft American,” published in Sports Illustrated (Kennedy, 1960). He
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convened a conference on youth fitness, and the President’s Council sub-
sequently prepared a booklet on the subject, commonly referred to as the
“Blue Book,” that included information about the seven-item Youth Fit-
ness Test of 1958. This booklet was intended to emphasize the importance
of having an active lifestyle and its role in establishing fitness and health.
Kennedy wrote a second article in Sports Illustrated in 1962, entitled “The
Vigor We Need” (Kennedy, 1962). By executive order, the name of the
Council was changed to the President’s Council on Physical Fitness (PCPF)
to reflect interest in promoting fitness among people of all ages and ability
levels. In 1965, a second survey was conducted using a modified version
of the Youth Fitness Test (AAHPER, 1965). Changes in the test items
used for the 1965 survey included the addition of a flexed arm hang test
to replace the modified pull-up for girls (see Table 2-2). This change was
made primarily to produce more reliable test scores. In 1966, the President’s
Council established the Presidential Physical Fitness Award Program, jointly
administered by AAHPER and the PCPF, to acknowledge youth who met
or exceeded the 85th percentile on all seven test items.

The third national survey using the Youth Fitness Test was published
in 1976 (AAHPERD, 1976). As noted in Table 2-2, the softball throw was
deleted, the sit-up was modified, and distance runs longer than 600 yards
were included as options. The softball throw was deleted because it was
considered to be a skill rather than a fitness-related item. The modification
of sit-up testing was based on the idea that the bent-knee approach was
less stressful on the back than the straight-leg approach. Finally, research
indicating greater validity for longer runs and their association with aero-
bic capacity led to the inclusion of longer runs as optional items (Morrow
et al., 2009).

During the 1960s and 1970s, evidence linking fitness and physical
activity to good health accumulated. Correspondingly, interest grew in the
development of youth fitness test batteries focused primarily on health-
related physical fitness. The Texas Physical Fitness Motor Ability Test
(Coleman and Jackson, 1973) included health-based test items, and evi-
dence was included to support the test items selected.

NATIONAL YOUTH FITNESS TESTING: 1980 TO 1990

In the 1970s, several committees were appointed by the American Alli-
ance for Health, Physical Education, Recreation and Dance (AAHPERD) to
study the Youth Fitness Test. Recommendations of these committees led to
the development of a Health-Related Physical Fitness Test by AAHPERD
in 1980. AAHPERD continued to maintain both the health-related test and
the Youth Fitness Test. The Youth Fitness Test included an awards program
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administered by the renamed President’s Council on Physical Fitness and
Sports (PCPFS) and a newly created fitness report card created and admin-
istered by the Cooper Institute in Dallas, Texas. Table 2-3 lists these and
other key events related to national youth fitness testing during 1980 to
1990.

In 1984, AAHPERD published a technical manual for the Health-
Related Physical Fitness Test documenting the theoretical basis for the
adopted test items and for replacements for the normative standards of the
Youth Fitness Test (Morrow et al., 2009). Test items targeting cardiorespi-
ratory fitness, musculoskeletal fitness, and body composition were included
in the battery as fitness components related to health. Also in 1984, an
ad hoc committee of AAHPERD recommended that the Health-Related
Physical Fitness Test become the primary AAHPERD test and that the
Youth Fitness Test be made a secondary test. However, that recommenda-
tion was not implemented, and in 1985 another AAHPERD committee
was appointed (the Manual Task Force) to merge the two AAHPERD tests
(see below). During this period, several national surveys were completed.
In 1986, the School Population Fitness Survey was conducted by the then
PCPFS (now PCFSN) using a revised version of the Youth Fitness Test. The
revised battery is described later in this chapter. Of note are the removal
of the 50-yard dash and the long jump and the addition of a V-sit test of
flexibility.

Two additional youth fitness surveys were conducted in the mid-1980s.
The National Children and Youth Fitness Study I, results of which were
published in 1985 by the U.S. Department of Health and Human Services
(McGinnis, 1985), focused on measuring the fitness of secondary school
youth using health-related fitness test items developed specifically for the
study. In 1986, the National Children and Youth Fitness Study II (Ross
and Pate, 1987) was conducted to assess the fitness of elementary school
youth using the health-related items from the National Children and Youth
Fitness Study L.

AAHPERD’s Manual Task Force “was charged with developing a single
AAHPERD fitness test battery, establishing criterion-referenced standards,
examining existing awards schemes, and writing the appropriate manual”
(Plowman et al., 2006, p. S8). Before the task force could produce a docu-
ment, however, the PCPFS initiated its fitness testing and awards program
in 1986, based primarily on the 19835 version of the Youth Fitness Test and
existing award schemes. Even after much discussion among relevant organi-
zations (PCPFS, AAHPERD, Cooper Institute) regarding the establishment
of a unified national fitness testing battery, the PCPFS continued with its
test and awards program, named the President’s Challenge Program (1987),
while the Cooper Institute introduced a health-related fitness test and
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TABLE 2-3 Key Historical Events/Publications in Youth Fitness Testing
in the United States, 1980-1990

Year Historical Event/Publication

1980 American Alliance for Health, Physical Education, Recreation and Dance
(AAHPERD) Health-Related Physical Fitness Test Manual released
(AAHPERD, 1980)

1982 Fitnessgram® pilot conducted in 30 Tulsa schools
1983 A New Definition of Youth Fitness published (Pate, 1983)

1983 Health-Related Physical Fitness Test user survey piloted (Safrit and Wood,
1983)

1984 AAHPERD’s Technical Manual: Health-Related Physical Fitness Test released
(AAHPERD, 1984)

1985 National Children and Youth Fitness Study I results published (McGinnis,
1985)

1985 AAHPERD’s Norms for College Students: Health Related Physical Fitness Test
published (Pate, 1985)

1986 Safrit and Wood (1986) report on tristate usage of the AAHPERD Health-
Related Physical Fitness Test published, indicating many issues with adoption
of the new test

1986 National School Population Fitness Survey results released (PCPFS, 1986)
1986 President’s Challenge Program developed (PCPFS, 1987)

1986 Fit Youth Today (American Health Fitness Foundation, 1986) published;
original test development begun under the Texas Governor’s Commission on
Physical Fitness

1987 National Children and Youth Fitness Study II results published (Ross and Pate,
1987)

1987 National Fitnessgram originally developed (Plowman et al., 2006)

1988 Youth Fitness Testing: Validation, Planning, and Politics published
(Franks et al., 1988)

1988 AAHPERD?’s health-related fitness education program “Physical Best”
published (McSwegin, 1989)

1988 Chrysler Amateur Athletic Union (AAU) Fitness Test (Chrysler Corporation
and Amateur Athletic Union of the United States, 1992) initially distributed

1989 YMCA Youth Fitness Test Manual published (Franks, 1989)

1989 The Case for Large-Scale Physical Fitness Testing in American Youth published
(Pate, 1989)

1989 Physical Fitness Testing of Children: A 30-Year History of Misguided Efforts?
published (Seefeldt and Vogel, 1989)

SOURCE: Adapted from Morrow et al., 2009.
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reporting program called Fitnessgram® (1988), and AAHPERD developed
a health-based fitness testing and reporting program called Physical Best
(1988). Table 2-4 shows the evolution of test items from the PCPFS/PCFSN
and Fitnessgram batteries, including current and previously included items;
the Physical Best battery is no longer in use. A comprehensive discussion
of the events leading to the development of these test batteries is provided
in Plowman et al. (2006). Issues that led these groups to devise different
tests included the use of health versus motor fitness items, the use of health
criteria versus normative standards, the inclusion of a body composition
item, and the inclusion of award schemes.

In 1988, the Chrysler Amateur Athletic Union (AAU) Fitness Test was
introduced. The YMCA Youth Fitness Test Manual was published the fol-
lowing year (Franks, 1989).

YOUTH FITNESS TESTING SINCE 1990

Despite the above efforts to develop a unified battery of fitness tests
and the implementation of new tests, no new large-scale national fitness
surveys have been conducted since the 1980s. In 1994, the Cooper Institute
published The Prudential Fitnessgram® Technical Reference Manual (Mor-
row et al., 1994), which has been updated and published online (http://
www.cooperinstitute.org/reference-guide). Fitnessgram uses health-based
criterion references. Key events in youth fitness testing since 1990 are listed
in Table 2-5.

In 1994, AAHPERD adopted Fitnessgram as its national fitness test.
Physical Best, no longer a fitness test battery, became the AAHPERD fit-
ness education program rather than a testing program. In 1996, the PCPFS
introduced a new health-related fitness program using criterion-referenced
health standards as opposed to normative standards, but it was subse-
quently discontinued. Items in the PCPFS battery (modified version of the
Youth Fitness Test) introduced in 1986 are shown in Table 2-4. Over the
years, the test battery has evolved to include mostly items considered to be
health related (with the exception of the shuttle run). The PCFSN battery
included in the President’s Challenge Program still uses normative standards
and offers awards based on those standards.

During the 1990s, calls for a public health basis for youth fitness testing
received much attention (Sallis and McKenzie, 1991; Simons-Morton et al.,
1988). Papers were published questioning the use of youth fitness tests and
award schemes (Corbin et al., 1990; Keating, 2003; Rowland, 1995), and
concerns about the proper use and misuse of tests were expressed (Corbin
et al., 1990). Some research led to a call for the end of youth fitness testing
as a result of findings implying the adverse effects of testing in academic
settings and its ineffectiveness in promoting physical activity (Cale et al.,
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TABLE 2-4 Evolution of President’s Council on Physical Fitness and
Sports (PCPFS)/President’s Council on Physical Fitness, Sports, and
Nutrition (PCFSN) and Fitnessgram® National Test Batteries

Test Item PCPFS/PCFSN Fitnessgram

600-yard run 1986

Shuttle run (10 meters) 1986, current

Mile run 1988, current
alternative

Progressive Aerobic Cardiovascular 1988, current

Endurance Run (PACER) (20-meter alternative

shuttle)

PACER (15-meter shuttle) Current alternative

Walk test Current alternative

Mile, half-mile, quarter-mile run Current based on age

Pull-up 1986, current 1988, alternative

90-degree push-up 1988, current

Right-angle push-up, flexed arm hang  Current alternative

Modified pull-up 1988, current
alternative

Curl-up, feet held 1986, current

Curl-up 1988, current

Partial curl-up Current alternative

Trunk lift 1988, current

Shoulder stretch 1988, current

V-sit reach 1986, current

V sit-and-reach Current

Two-leg sit-and-reach Current alternative

Backsaver sit-and-reach 1988, current

Skinfold (body composition) 1988, current
alternative

Body mass index (BMI) 1988, current
alternative

NOTE: The year shown indicates when the test was first implemented. “Current” indicates
items in the current version of the battery. “Alternative” means the item is an alternative for
measuring the particular construct.
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TABLE 2-5 Key Historical Events/Publications in Youth Fitness Testing
in the United States, 1990-2012

Year Historical Event/Publication

1992 Forum in the Research Quarterly for Exercise and Sport published, including
a lead manuscript entitled “Are American Children and Youth Fit?”
(Corbin and Pangrazi, 1992)

1994 Physical Activity Guidelines for Adolescents: Consensus Statement published
(Sallis and Patrick, 1994)

1994 Fitnessgram® manual providing battery justification, description, and rationale
released (Morrow et al., 1994)

1995 Complete Guide to Youth Fitness Testing published (Safrit, 1995)
1995 Rowland (1995) questions viability of youth fitness testing

1996 Physical Activity and Health: A Report of the Surgeon General published
(HHS, 1996)

1998 Physical Activity for Children: A Statement of Guidelines published
(NASPE, 1998)

2002 Keating and colleagues (2002) report on preservice teacher attitudes toward
youth fitness tests published

2004 Keating and Silverman (2004) report on teacher use of youth fitness tests
published

2004 National Association for Sport and Physical Education (NASPE) updates
physical activity guidelines for children (NASPE, 2004)

2005 Evidence Based Physical Activity for School-Age Youth published
(Strong et al., 2005)

2005 Are American Children and Youth Fit?: It’s Time We Learned published
(Morrow, 2005)

2007 Commentary on youth fitness testing published (Rowland, 2007)

2008 Measurement in Physical Education and Exercise Science special issue on
Youth Fitness Testing: A Positive Perspective published (Liu, 2008)

2008 Physical activity guidelines for Americans released (HHS, 2008)

2012 National Health and Nutrition Examination Survey (NHANES) National
Youth Fitness Survey launched

SOURCE: Adapted from Morrow et al., 2009.
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2007; Rowland, 1995). Others, however, recognizing the potential of youth
fitness to promote lifelong physical activity, emphasized the importance of
continuing research aimed at improving the reliability and validity of per-
tinent test batteries and identifying strategies for preventing the misuse of
such testing (Corbin, 2007; Corbin et al., 1995). Also emphasized was the
role of professional and governmental agencies in developing fitness testing
policies, including guidelines and standards for appropriate implementation
and interpretation of results.

In light of the lack of a national youth fitness survey since the 1980s,
several calls have been made for an updated survey. The National Children
and Youth Fitness Studies (McGinnis, 1985; Ross and Pate, 1987) and the
National School Population Fitness Survey (PCPFS, 1986) were the last
national studies of youth fitness.

Several large-scale statewide surveys of youth physical fitness have been
carried out (Morrow et al., 2010); more than a dozen states have conducted
or are considering conducting fitness testing on a mandatory or large-scale
voluntary basis (Morrow and Ede, 2009). Other large administrative units
(e.g., New York City) also have implemented extensive youth fitness surveys
in recent years. Some of these testing efforts have been on a routine basis,
while others have not. For example, Texas has implemented mandatory
health-related physical fitness testing for youth in grades 3 to 12 since 2007;
California has been monitoring the fitness status of students in grades 5, 7,
and 9; and New York City tests 600,000 students in grades K-12 annually
(Morrow and Ede, 2009). Levels of funding to support such efforts have
varied considerably.

In addition, the potential of fitness measures to reflect or predict
health status has led to the inclusion of these measures in national health
surveys such as the National Health and Nutrition Examination Survey
(NHANES), which includes components pertinent to physical fitness, such
as body composition, cardiovascular fitness, and physical activity (Mor-
row et al., 2009). Including fitness-related items in NHANES enables not
only the longitudinal monitoring of fitness components but also the identi-
fication of associations between fitness status and health indices (Ortega et
al., 2008; Suni et al., 1998). For example, epidemiological analyses with
these data revealed the association of low cardiorespiratory endurance
status with increased prevalence of the risk factors for cardiovascular
disease in adolescents and adults (Carnethon et al., 2005) and with cases
of obesity in adulthood (Wang et al., 2010). These data can also be used
to establish cut-points (cutoff scores) for fitness tests, which are essential
for interpreting test results and communicating them to individuals and
families, as well as establishing individual performance goals related to
health improvements.
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Reflecting the initial impetus for developing fitness tests, all active
duty U.S. military personnel are required to adhere to standards for body
composition, physical fitness, and appearance for enlistment and retention
(IOM, 1998). Recognizing the association of physical fitness with health
and readiness for military tasks, the Department of Defense has mandated
annual assessment of fitness components for service members (DoD, 2004)
and also has implemented remedial programs for those who fail to meet the
cut-points for physical fitness or readiness tests. The effectiveness of routine
fitness tests for establishing a minimum level of fitness in military personnel
has been widely acknowledged (IOM, 1998). Components assessed by these
tests (which vary among the services) include cardiorespiratory endurance;
muscular strength and endurance; whole-body flexibility; and parameters
indicating balance, agility, and explosive power.

When implemented in schools, fitness testing also can serve the pur-
pose of assessing and improving physical literacy among youth (Tremblay
and Lloyd, 2010). Regular physical activity is widely considered part of a
healthy lifestyle given its beneficial effects on various health outcomes and
fitness levels (Bouchard and Shephard, 1994; Pate et al., 1995; Simons-
Morton et al., 1988). Of note are the reciprocal effects of physical activity,
fitness, and health. In other words, an increase in habitual physical activ-
ity can result in increased fitness, while health status affects one’s fitness
or ability to carry out physical activity (Bouchard and Shephard, 1994).
Based on this relationship and considering fitness as a primary outcome of
physical activity, fitness testing is regarded as an effective means of moni-
toring the status of physical activity in population-based studies, as well as
promoting lifelong physical activity, which may eventually lead to improved
health status (Corbin, 2007; Tremblay and Lloyd, 2010). Indeed, the ratio-
nale for programs described in this chapter is based on the influence of the
dispositions and habits established during childhood on physical activity,
fitness, and health status in adulthood (Malina, 2001; Morrow and Ede,
2009; Simons-Morton et al., 1988). At the same time, it is important to
acknowledge the potential adverse effects of inappropriate uses of fitness
testing (Ernst et al., 2006). The implementation of fitness measures for
educational purposes is discussed in detail in Chapter 9.

CURRENT BATTERIES OF YOUTH FITNESS TESTS

A variety of tests have been designed to test physical fitness in youth in
the United States and other countries by both governmental and nongov-
ernmental organizations. Table 2-6 lists selected batteries of tests currently
in use in the United States and other countries. The committee found that
the evidence and criteria for selecting these tests are not always clear.
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Methodology for Selection
and Interpretation of
Health-Related Fitness

Measures in Youth

his chapter describes the methodology followed by the commit-

tee in reaching conclusions and making recommendations on the

most appropriate health-related physical fitness test items for youth.
Before reviewing the scientific literature, the committee developed a con-
ceptual framework to illustrate its thinking on the theoretical associations
among the various components of fitness, their modifiers, and relevant
health markers. The chapter begins by describing this framework. It then
describes the committee’s approach to the selection of test items for each of
the four fitness components—body composition, cardiorespiratory endur-
ance, musculoskeletal fitness, and flexibility. Included is a description of the
literature review and the set of criteria that guided the selection process.
The next section examines potential modifiers of fitness or of the associa-
tions between fitness and health, examples of which are included in the
committee’s conceptual framework. Just as the extent of the evidence on
the association of each fitness component and test item with health mark-
ers varies, so, too, does the evidence for the effect of potential modifying
factors. In general, there is more evidence on the importance of gender and
age, while less is known about the effect of developmental maturity, motor
skill, and practice. Similarly, there is a dearth of information about the
influence of some demographic factors, such as ethnicity and race or socio-
economic status, on performance on fitness tests and its interaction with
health markers. The final section of the chapter presents the committee’s
guidance for establishing cut-points (cutoff scores) for use in interpreting
the results of youth fitness tests. Interpretation of test results is one of the

49

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

50 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

most crucial aspects of such testing because it serves as a way of communi-
cating with participants, health and school officials, and parents about their
risk of negative health outcomes based on test performances.

CONCEPTUAL FRAMEWORK

To illustrate the overall challenge of its task and create a model for
physical fitness measures that are most clearly associated with health out-
comes in youth, the committee developed a conceptual framework (Figure
3-1). This framework guided the committee’s analysis of research find-
ings. Figure 3-1 depicts the potential relationships between physical fitness
components—which can be measured by a variety of fitness test items rep-
resented by the smaller embedded boxes—and markers of health.

As illustrated in Figure 3-1, these relationships can be affected by both
modifying factors and risk factors. As defined by the committee, modifying
factors are those that can independently affect an individual’s level of fit-
ness. They include both factors that are measurable in the field (e.g., gender,
race, ethnicity, maturity) and those that are not (e.g., heredity, practice level,
skill level). Likewise, health outcomes are modified by certain risk factors
that characterize an individual (e.g., low HDL cholesterol is a risk factor for
cardiovascular disease). In the case of youth, health outcomes (i.e., diseases
or conditions) are defined in terms of health markers or risk factors since
youth are unlikely to experience a disease or condition (e.g., heart disease)
as a result of their fitness level. The potential health outcomes that result
from a specified level of performance on a fitness test are depicted within
five categories: four categories of (positive or negative) markers of health-
related outcomes (i.e., cardiovascular/respiratory health, metabolic health
and obesity, mental and cognitive health, and musculoskeletal health) and
a category that includes adverse events. Note that in this report, the terms
health marker and bealth risk factor are used in a broad sense and inter-
changeably to refer to indicators of health outcomes.

The committee included body composition as a component of fitness,
even though perspectives on this categorization vary. Body composition
is also considered a modifier of performance on fitness tests and a health
marker. Thus, it appears in all three categories of variables in the frame-
work—fitness components, modifying factors, and health markers—and is
highlighted in a different color from that of the other fitness components
because of this unique nature.

The next section describes the approach used by the committee to
select the best youth fitness test items, considering (1) the strength of their
association with health markers in youth, (2) their integrity (validity and
reliability), and (3) the relative feasibility of their administration in the field.
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SELECTION OF APPROPRIATE FITNESS TEST ITEMS

Review of the Literature

The committee used various resources to collect scientific data to
inform its selection of fitness test items. A main source of information for
the committee was a systematic review of the literature conducted by the
Centers for Disease Control and Prevention (CDC). The CDC search crite-
ria and vocabulary are described in Box 3-1. The committee supplemented
this systematic search with selected publications based on the members’
knowledge of the scientific literature.

For the purposes of its review, the CDC defined health as a “human
condition with physical, social, and psychological dimensions, each char-
acterized as a continuum with positive (i.e., the absence of disease, along
with a capacity to enjoy life and withstand its challenges) and negative
(i.e., illness and premature death) aspects.” The CDC defined health-
related fitness as the fitness components that have an association with
health-related outcomes and are typically identified as aerobic fitness
(i.e., cardiorespiratory endurance), muscular strength, muscular endur-
ance, body composition, flexibility, and balance. Only the literature on
cardiorespiratory endurance, muscle strength, and muscle endurance was
examined systematically, further selected based on the inclusion/exclusion
criteria presented in Box 3-1, and abstracted (only experimental and lon-
gitudinal studies were abstracted). The CDC considered that the relation-
ship between body composition and health outcomes is well established
and therefore conducted a systematic review of it only as a health out-
come. Although the CDC performed a systematic search for flexibility, the
articles on this component were not abstracted because of limited time
and resources. When studies addressing cardiorespiratory endurance or
musculoskeletal strength or endurance also included flexibility as a fitness
component, however, the CDC abstracted such information. A breakdown
of the total number of studies that satisfied the CDC search criteria in
Box 3-1 and were abstracted is as follows:

¢ Cardiorespiratory endurance: 47 experimental, 29 quasi-experimental,
35 experimental (no control), 24 longitudinal

e Musculoskeletal strength: 23 experimental, 12 quasi-experimental,
22 experimental (no control), 6 longitudinal

e Musculoskeletal endurance: 12 experimental, 6 quasi-experimental,
15 experimental (no control), 5 longitudinal

e Flexibility: 7 experimental, 5 quasi-experimental, 9 experimental
(no control), 4 longitudinal
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Identification and Selection of Test Items

The committee followed the criteria listed in Box 3-2 in a stepwise fash-
ion to select test items for the various components of fitness. Although the
search for studies on tests measuring musculoskeletal strength and endurance
was conducted separately by the CDC, the committee discusses those tests in
Chapter 6 since they all measure dimensions of the same component, muscu-
loskeletal fitness. As Box 3-2 shows, the committee applied five broad criteria
in filtering and selecting the best test items for each fitness component: (1)
the test item has been described and is currently being utilized; (2) the qual-
ity of the research of individual studies showing the relationship between a
test item and a health marker is high; (3) based on all the evidence, there is
an association between performance on the test item and one or more health
markers; (4) the test item has adequate integrity (validity and reliability); and
(5) administering the test item in the field is feasible.

The selection of high-quality studies for cardiovascular endurance, mus-
culoskeletal fitness, and flexibility test items was based on the following cri-
teria: (1) study design (e.g., randomized controlled trials versus longitudinal
studies), (2) representativeness of the population (e.g., age range), (3) freedom
from bias, (4) sample size, (5) validity of health markers, (6) adequacy of
description of the intervention, (7) relationship between performance on the
test item and one or more health markers, (8) statistical rigor, and (9) adjust-
ment for confounders. Limitations of the scientific literature with regard to
these criteria are described in the chapters on the fitness components that
were assessed for their relationship to health in youth (Chapters 5, 6, and 7).

Attempting to find associations between performance on fitness tests
and health in youth entails important limitations that can help in under-
standing the committee’s approach to reviewing the evidence. In addition to
challenges inherent in using field-based (as opposed to laboratory-based) fit-
ness tests, two important challenges arise in analyzing associations between
fitness performance and health in youth. First, health constructs in youth
are not as well defined as they are in adults; for example, there are questions
about whether elevated blood pressure in youth is directly associated with
a poor health outcome. Second, diseases that typically are related to low
levels of fitness in adults are found with low frequency in youth; therefore,
finding an association between performance on fitness tests and health in
youth is not highly probable, particularly in studies with small sample sizes.
Consequently, studies that investigate the association between performance
on a fitness test and health in youth often use health markers rather than
health outcomes as health variables. Finding health markers with good
ability to predict a future negative health outcome is in itself difficult.
Although biological significance and strength of association are typical
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BOX 3-1
CDC Literature Search: Criteria and Vocabulary

Literature Databases Searched

e CINAHL

e Sport Discus

e Embase

e Medline

e PsychINFO

e Pubmed

* Web of Knowledge
e Web of Science

* ProQuest

e Psylnfo

Inclusion/Exclusion Criteria

* Peer-reviewed original research

e At least one fithess measure and at least one health measure

* No minimum sample size

e All study designs

e English language

* Population aged 5-18, healthy, obese and nonobese, sedentary and
athletic

e Publication date: January 2000-December 2010

e Exclusions: congenital diseases, disabilities (e.g., cerebral palsy, cys-
tic fibrosis, heart abnormalities, motor deficits)

Search Vocabulary for Fitness Measures

Aerobic capacity: aerobic capacity, cardiorespiratory fitness, cardiovas-
cular health, exercise tolerance, endurance capacity, maximum oxygen
uptake, oxygen consumption, endurance training, aerobic exercise

Flexibility: range of motion (articular), joint flexibility, range of motion, joint
range of motion, motor skills, motor fitness, sit-and-reach, fitnessgram,
fitness gram, muscle stretching exercises, hamstring flexibility, low-back
flexibility

criteria applied in reviewing scientific evidence, the above challenges led
the committee to consider as evidence any significant positive association
reported in a high-quality study. The strength of the association between
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Muscular endurance: exercise test, fitnessgram, fithess gram, bicep curl,
curl-up, pull-up, sit-up, muscle endurance, muscular endurance, physical
exertion

Muscular strength: climb, stairs, fitness centers, strength training, resis-
tance training, weight lifting, gymnastics, tree climbing, rope climbing,
rock climbing, calisthenics, muscle strength

Search Vocabulary for Health Outcomes

Body composition/obesity/diabetes: obesity, overweight, adiposity, body
weight, body mass index, abdominal fat, adipose tissue, glucose metabo-
lism disorders

Cancer: neoplasms

Cardiovascular/pulmonary: cardiovascular diseases, cardiovascular
system, cerebrovascular disorders, cardiac function, respiratory tract
diseases, chronic obstructive pulmonary disease, lung diseases (obstruc-
tive), respiratory function tests, lung function, asthma, cardiovascular
risk, bronchoconstriction

Cognitive/neurological: mental health, anxiety, depression, sleep dis-
orders, cognition, memory, attention, dementia, stress (psychological),
anger, self concept, Parkinson’s disease, multiple sclerosis, amyotrophic
lateral sclerosis, attention deficit disorder with hyperactivity, pain, gait,
gait disorders (neurologic)

Skeletal/muscular/connective: osteoporosis, calcification (physiologic),
muscular atrophy, fat-free mass, arthritis, bone and bones, bone density,
bone mineral density, scoliosis, rhabdomyolysis

Miscellaneous: risk, injury risk, functional health

a test item and a health marker was categorized as sufficient when most
high-quality studies showed a significant association between the test results
and a specific health outcome or marker.
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BOX 3-2
Stepwise Application of Criteria
for Selection of Fitness Test Items

Phase 1: Identification of fitness test items for consideration

e Step 1. Review fitness test batteries currently used (those listed in
Table 2-6 in Chapter 2 and other sources).

e Step 2. Identify appropriate test items for each fitness component.

e Step 3. If appropriate and feasible, add test items identified through
sources other than the CDC literature search.

Phase 2: Summary of relationship of fitness components to health
outcomes

e Step 1. Review and summarize the literature that establishes a link
between each fithess component and health outcomes.

Phase 3: Evaluation of relationship of fitness test items to health
markers in youth

e Step 1. Review technical reports from currently used fitness tests and
consider literature referenced in those reports, especially as it relates
to health markers and the integrity of the fitness test items.

e Step 2. Review the CDC literature (and additional sources).

e Step 3. Evaluate the quality of the research of each study; select
publications based on the quality of the research.

e Step 4. Based on all the evidence, identify health-related test items
that qualify for further review in Phases 4 and 5.

Phase 4: Evaluation of integrity of test items (i.e., validity and
reliability)

e Step 1. Review the relevant literature on validity and reliability.
e Step 2. Identify the best test items (based on their association with
health markers as identified in Phase 3 and on their integrity).

The committee deliberated at length on the issue of considering stud-
ies in adults to draw conclusions about the associations between fitness in
youth and health outcomes. The committee also discussed the inclusion of
studies exploring the relationship between meeting a level of fitness early
in life and specific health outcomes as an adult. The committee concluded
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Phase 5. Evaluation of administrative feasibility of test items

e Step 1. Review the relevant literature.
e Step 2. Complete a scorecard for the test items resulting from Phase
4 using the following list of questions:

o o o o o

o o

Can the item be conducted in a timely and efficient manner?
Does the item impose an acceptable preparation burden on
participants?

Does the item impose an acceptable preparation burden on
administrators?

Is the item relatively free of motivational or self-esteem influence?
Is the test item free of interpretation misuse?

Can it be administered with acceptable privacy?

Can it be administered with minimal equipment and space?

Is (interpretation of) performance on the item independent of read-
ing comprehension by the participant, socioeconomic status, and
age bias?

Is performance on the item independent of familiarity with the item?
Is performance on the item relatively independent of prior practice?

e Step 3. Assess the test items using the scorecard, considering
whether they will be implemented in a national survey or in schools
or other educational settings.

Phase 6. Formulation of conclusions and recommendations on
appropriate fitness test items for youth.

that the assumptions entailed in extrapolating studies in adults to youth
are sometimes uncertain, and therefore decided not to include such studies
as the main or sole evidence of an association of a test item with health in
youth but only as supportive evidence. In addition, because the literature
search was limited to health in youth and prospective studies did not cover
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the length of time until youth reach adulthood, studies of the long-term
consequences of fitness (i.e., whether reaching a specific fitness level as
a youth would result in health consequences as an adult) were consid-
ered only as secondary evidence in identifying fitness test items that are
associated with health in youth. However, the committee understands the
importance of assessing how well a health marker tracks into adulthood
and identifying appropriate health markers in youth and makes recom-
mendations to this effect.

The approach used to select appropriate test items for body composi-
tion differed. As noted earlier, the relationships between body composition,
particularly percent body fat, and health outcomes are well established in
both youth and adults. For this reason, the CDC did not provide the com-
mittee with a systematic review of literature demonstrating the relationship
between test items for body composition and health outcomes. Therefore,
to identify appropriate test items for body composition, the committee
selected field-based items that were valid, reliable, and feasible for either a
national survey or an educational setting.

CONSIDERATION OF MODIFYING FACTORS

Gender and age often are analyzed as confounders or effect modifiers
in research studies, and gender- and age-specific cut-points have been set
for fitness test items. There are, however, other factors that may modify
performance on fitness test items or the association between an item and
health but are not routinely included in surveys of youth fitness or in study
designs.

For some modifiers (e.g., gender, age, race/ethnicity, body composition,
maturation status, motor skill), evidence for their influence on specific fit-
ness test items varies in quality (see, for example, Chapter 4 on the influence
of body composition on fitness tests). In the studies reviewed, insufficient
data were available with which to assess the influence of several potential
modifiers—gender, age, race/ethnicity, body composition, maturation sta-
tus, motor skill—on performance on cardiorespiratory endurance, muscu-
loskeletal fitness, and flexibility tests. When these modifiers were considered
in the designs of the studies reviewed, the committee comments on the
results in the respective chapters (Chapters 5-7).

The committee recommends including measures of some of these factors
in surveys and study designs to gain a better understanding of their influ-
ence. As more research is undertaken and survey data are collected, it may
be appropriate to establish cut-points based on selected modifiers, but at this
time the committee recommends that only age- and gender-based cut-points
be established (see Chapter 8). Age- and gender-based cut-points, however,
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need to be interpreted in the context of other potential modifiers (e.g., body
composition, demographic characteristics). For that reason, the committee
highlights the importance of training those who will be interpreting and
communicating results (see Chapters 8 and 9). An important aspect of this
training is learning to be cognizant of the influence of modifying factors.

The following is a summary of what is known about the potential
effects of maturation status, motor skill, and demographic factors (race/
ethnicity, socioeconomic factors) on fitness performance. Although body
composition is also categorized as a modifying factor in the committee’s
framework, a summary of what is known about the influence of selected
elements of body composition on fitness performance is included in Chapter
4 and is not repeated here. The committee’s recommendations for including
some of these factors in national surveys and research study designs can be
found in Chapters 8 and 10, respectively.

Maturation Status

The literature review revealed extensive documentation of changes in
fitness with age per se (Branta et al., 1984; Carron and Bailey, 1974; Ellis et
al., 1975; Espenschade, 1960; Froberg and Lammert, 1996; Haubenstricker
and Seefeldt, 1986; Keogh, 1965; Malina and Roche, 1983; Malina et al.,
2004; Mizuno et al., 1973; Ostyn et al., 1980; Simons et al., 1990) and
with individual differences in maturity status within a given age group
(Espenschade, 1940; Jones, 1949; Little et al., 1997; Malina et al., 2004).
This effect may be due in part to differentials in the timing of maturation.
There are two indicators of this timing: age at menarche and age at peak
height velocity (a measure of the maximum rate of growth in stature during
a growth spurt) (Malina et al., 2004). Several measures of physical fitness
have their own spurts, which have been documented more in boys than in
girls (Beunen and Malina, 1988; Beunen et al., 1988; Carron and Bailey,
1974; Heras Yague and de la Fuente, 1998; Kemper and Verschuur, 19835;
Mirwald and Bailey, 1986). Variation in fitness among youth has been clas-
sified as late, on time (average), or early in skeletal age, age at menarche,
and timing of peak height velocity (Jones, 1949; Lefevre et al., 1990; Little
et al., 1997; Malina et al., 2004). Differences in maturity are more marked
for boys than for girls, although relevant data are not as extensive for
girls (Malina et al., 2004). While evidence suggests a relationship between
maturity stages per se and performance on fitness tests, some questions
remain to be answered—in contrast to the influence of body size and/or
body composition on fitness, which is affected independently by individual
differences in maturation (Malina et al., 2004). The following four methods
can be used to measure maturity.
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Skeletal Age

Skeletal age indicates the level of skeletal maturity of the hand-wrist
attained at a given point in time and can be measured from infancy
through adolescence. Three measurement methods are commonly used:
the Greulich-Pyle and Fels methods, based on American children, and the
Tanner-Whitehouse method, based on British children. Measurement of
skeletal age requires a small radiation dose and expertise in assessing films
(Beunen et al., 2006; Malina, 2011; Malina et al., 2004).

Secondary Sex Characteristics

Secondary sex characteristics include pubic hair and genitalia in boys,
and breasts and pubic hair in girls. Privacy and cultural issues arise with
this measure, although self-assessments increasingly are being used. Use of
this measure also is limited to the pubertal period. The criteria described
by Tanner (1962) are most commonly used, whereby secondary sex char-
acteristics are rated on five discrete-point scales (stages from prepubertal to
mature status) superimposed upon a continuous process of sexual matura-
tion. It is important to recognize that youth should not be grouped by devel-
opmental stage across chronological ages (Beunen et al., 2006; Malina et
al., 2004). Moreover, there are differences among white, African American,
and Mexican American youth, with African Americans beginning pubertal
maturation in advance of their Mexican American and white counterparts
(Chumlea et al., 2003; Sun et al., 2002, 2005).

Age at menarche and menarcheal status are an indicator of maturity in
girls. As with pubertal stages, girls should be grouped by menarcheal status
within each chronological age year (Malina et al., 2004).

Somatic Maturation

Somatic maturation is an after-the-fact indicator. It is defined as the
age at the maximum rate of growth in height during the adolescent spurt
(peak height velocity) and is an indicator of maturity timing. Estimation
of age at peak height velocity requires longitudinal data spanning at least
5-6 years around the spurt (Beunen and Malina, 1988; Beunen et al., 2006;
Malina et al., 2004).

Noninvasive Indicators

Two indicators of maturity status considered noninvasive have recently
been used: (1) percentage of predicted mature (adult) height attained at a
given age (Roche et al., 1983), and (2) maturity offset or predicted time
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before or after peak height velocity (Mirwald et al., 2002). The former is
an indicator of status, while the latter is an indicator of timing.

The most accurate prediction equations for mature height require the
age, height, and weight of the child and midparent height (i.e., the average
of the parents’ height). The prediction equations for maturity offset require
age, height, weight, sitting height, and estimated leg length (height minus
sitting height, technically subischial length) (Mirwald et al., 2002). Limita-
tions of this measure are that it requires an additional measurement and
a flat sitting surface and the fact that ethnic variation is a potential con-
founder (Hamill et al., 1973; Malina et al., 1974, 1986, 1987; Martorell et
al., 1988). It should also be noted that leg length has its adolescent growth
spurt before sitting height (Malina et al., 2004).

Although the above measures have been used to assess various popula-
tions of athletes (Cumming et al., 2006; Malina et al., 2005; Nurmi-Lawton
et al., 2004; Sherar et al., 2007), they have not been applied and validated
in large samples of youth (Malina et al., 2012).

Motor Skill

The association between motor skill (i.e., motor coordination and
control) development and health-related fitness performance and health
outcomes has not been thoroughly investigated. However, a growing body
of cross-sectional and longitudinal evidence demonstrates positive relation-
ships between motor skill competence levels and multiple aspects of health-
related fitness in youth. Given the lack of experimental data, the literature
does not provide adequate support for a recommendation to include a
motor skill measure in a national youth fitness test battery. Further research
is needed to examine the relationships between the development of motor
skill and health-related fitness performance and health outcomes.

Motor Skill and Health-Related Fitness Performance

Children do not develop motor skill through maturation alone, but
also through context-specific engagement in physical activity (Logan et al.,
2011; Stodden et al., 2008). Successful technical completion of multijoint
motor skill and fitness tests is promoted through practice and experience,
and also is linked to a child’s maturation status. Therefore, it is logical
to consider the potential influence of an individual’s motor skill status
on the performance of tasks involving coordinated movements. Without
intervention or formal instruction, such as physical education, youth
with lower levels of motor coordination and control (i.e., low motor
skill) are more likely to exhibit decreased performance on physical fitness
tests (Cantell et al., 2008; Castelli and Erwin, 2007; Castelli and Valley,
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2007; Erwin et al., 2007; Haga, 2009; Matvienko and Ahrabi-Fard, 2010;
O’Beirne et al., 1994; Okely et al., 2001; Schott et al., 2007). However,
the use of multiple types of motor skill assessments (i.e., process- and
product-oriented assessments) (Fisher et al., 2005; McKenzie et al., 2002;
Okely et al., 2001; Stodden et al., 2008) makes it difficult to compare
relationships across studies and developmental time. Additionally, issues
related to a lack of developmental validity, the sensitivity and skill-level
discrimination capabilities of various assessments, and a lack of consen-
sus on how motor skill versus health-related fitness is defined need to be
addressed in future research (Fisher et al., 2005; McKenzie et al., 2002;
Okely et al., 2001; Stodden et al., 2008).

Recently published data show highly variable correlation strengths
(r = 0.00-0.74) between individual or composite product- or process-
oriented motor skill assessments and individual health-related fitness mea-
sures in children, adolescents, and young adults, including both males and
females (Anliker et al., 2011; Barnett et al., 2008a,b; Castelli and Valley,
2007; Castro-Pinero et al., 2010; Hands et al., 2009; Matvienko and
Ahrabi-Fard, 2010; Okely et al., 2001; Tveter and Holm, 2010). Using
multivariate regression, explained variance in either individual or composite
measures of fitness by multiple individual or composite motor skill assess-
ments has ranged from 0 to 79 percent (Barnett et al., 2008a,b; Hands,
2008; Stodden et al., 2009). With the exception of one quasi-experimental
study (Matvienko and Ahrabi-Fard, 2010) and three longitudinal studies
(Barnett et al., 2008a,b; Hands et al., 2009), these data were derived from
cross-sectional study designs. Sample sizes varied from 230 to 2,026 in all
studies except those of Matvienko and Ahrabi-Fard (2010) and Hands and
colleagues (2009), which included only 90 and 19 subjects, respectively. It
is important to note that the strength of relationships generally increases
across age in both males and females. Relationships between various motor
skills and flexibility generally are weaker (r = 0.01-0.25) than is the case for
other aspects of health-related fitness performance.

Results of recent cross-sectional and longitudinal research examining
associations between motor skill competence levels and body weight status
(i.e., percent body fat and body mass index [BMI]), as either a component
of fitness or a health outcome, indicate that motor skill competence is
inversely correlated with body composition. As demonstrated with other
aspects of health-related fitness, the strength of associations between motor
skill competence and body weight status varies, but generally increases
over time (r = 0.05-0.73) (Burgi et al., 2011; D’Hondt et al., 2009, 2011,
2012; Hands and Larkin, 2006; Lopes et al., 2011, 2012; Martins et al.,
2010; Stodden et al., 2009). As body weight status may influence both
motor skill and health-related fitness performance, it is difficult to identify
a causal pathway for these relationships. Independent of a causal pathway,
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however, these cross-sectional and longitudinal data indicate that youth
with low motor skill competence have a higher risk of unhealthy trajec-
tories not only for weight gain but also for physical activity and multiple
aspects of health-related physical fitness (Barnett et al., 2009; Haga, 2009;
Stodden et al., 2009). These data indirectly support the hypothesis of
Stodden and colleagues (2008) that the development of motor skills may
promote improvements in body weight status, physical activity, and health-
related physical fitness through the dynamic and reciprocal relationships
that occur among these variables across childhood. As mentioned previ-
ously, there is a need for long-term experimental studies to better under-
stand the impact of motor skill development on body weight status and
various aspects of health-related fitness.

It has been suggested that associations between cardiorespiratory endur-
ance and fundamental motor skills are indirectly related to developmental
trajectories of motor skill development, are reciprocal in nature (Barnett et
al., 2008b, 2011; D’Hondt et al., 2011; Stodden et al., 2008), and may be
sustained over time from childhood (Barnett et al., 2008b; Burgi et al., 2011;
D’Hondt et al., 2011; Hands and Larkin, 2006; Martins et al., 2010). Asso-
ciations between motor skill (i.e., motor control and coordination) perfor-
mance and muscular strength and endurance performance are linked to direct
mechanisms involving many aspects of neuromuscular adaptation (Enoka,
2002; Ratamess, 2008). This link supports the notion that motor skill devel-
opment influences these variables (Myer et al., 2011; Stodden et al., 2008).

Although most of the data reported above were derived from cor-
relational or prospective longitudinal studies, the increasing relationship
strength trajectories between motor skill and fitness levels across ages
suggest the need for additional research on the relationship trajectories
between motor skill development and health outcomes. The committee
could identify only a few studies examining the relationship between motor
skill and any health outcomes.

Motor Skill and Health Outcomes

A small body of research (cross-sectional and longitudinal studies) indi-
cates that low motor skill competence is associated with poor bone health
in youth (Anliker et al., 2011; Vicente-Rodriguez et al., 2004, 2008). High-
loading activities such as jumping and hopping, which integrate skill as well
as strength and power attributes, have demonstrated strong relationships
(r = 0.65-0.81) with site-specific lower-extremity bone mineral density in
studies with 323 and 28 adolescents, respectively (Anliker et al., 2011;
Vicente-Rodriguez et al., 2004). However, these relationships also can be
attributed to lean mass (Anliker et al., 2011; Vicente-Rodriguez et al., 2008).
Weaker associations have been demonstrated with other skill-related tests
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(e.g., running, agility), as well as activities demanding specific sports skills
(Vicente-Rodriguez et al., 2004). Overall, the proposed synergistic relation-
ships and mechanisms involving skill development and muscle strength,
power, and endurance make it difficult to delineate the contributions of
skill, strength, and power to bone health (see Chapter 6 for a discussion of
the relationship between musculoskeletal fitness and bone mineral density).

Even fewer studies have examined the relationship between any aspect
of motor skill and cardiovascular or metabolic health outcomes in youth.
In a cross-sectional study (N = 149), blood lipid profiles were weakly
associated with motor skill (Cantell et al., 2008). One longitudinal study
(N =1,192) addressing cardiovascular health (Monyeki et al., 2008) showed
no significant relationships between motor skill levels and blood pressure
(systolic and diastolic).

In longitudinal and cross-sectional studies, relationships between
aspects of motor skill competence and mental health outcomes generally
range from weak to moderate (r = 0.10-0.68), depending on the nature of
the behavior or disorder. Many of these studies, however, involved partici-
pants with mental or associated cognitive, motor, emotional, or behavioral
developmental disorders (Emck et al., 2011; Piek et al., 2007, 2008, 2010;
Skinner and Piek, 2001). Thus, these data may not be representative for
normal populations of children.

Influence of Amount of Practice Time on Fitness Testing Performance

Evidence for the effects of practice on performance on specific health-
related physical fitness tests (i.e., 1-mile run, 20-meter shuttle run, curl-
ups) is lacking. The relevant literature on the relationship between motor
learning and development and general skill learning indicates that adequate
learning and completion of a fitness test depend on many factors, including
experience, instruction, feedback, cognitive capabilities, motivation, and
the complexity of the test (Farpour-Lambert and Blimkie, 2008; Raudsepp
and Pall, 2006). In addition, factors associated with age, level of coordina-
tion and control, and body composition may affect the short-term capabil-
ity to learn and perform a test (D’Hondt et al., 2011; Hands and Larkin,
2006; Lloyd et al., 2003).

Race/Ethnicity and Socioeconomic Factors

The associations among race/ethnicity, gender, socioeconomic status,
and health outcomes are well established (Baker et al., 2006; CDC, 2011;
Floyd et al., 2009; Miech et al., 2006; National Center for Health Statis-
tics, 2011; Whitt-Glover et al., 2009). The known presence of health dis-

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

METHODOLOGY FOR SELECTION AND INTERPRETATION 65

parities by race/ethnicity and socioeconomic status highlights the potential
importance of understanding the effects of these factors on fitness perfor-
mance. Race/ethnicity and socioeconomic status have been identified as
potential modifiers of test performance and interpretation, but their role is
unknown and should be further investigated and included in surveys. For
example, although the committee found no evidence to support the influ-
ence of socioeconomic status on test selection, delivery, or interpretation,
one could hypothesize possible limitations due to lack of equipment if a
school had a suboptimal built environment (e.g., having no outdoor track
would limit the options for cardiorespiratory fitness tests). Measurement
of race/ethnicity and socioeconomic status in research studies and surveys
has become increasingly common as (1) social demography has expanded
as a scholarly enterprise, (2) the U.S. population has become more diverse,
and (3) evidence of the scientific relevance of demographic characteristics to
human development and health outcomes has become more widely known
(Entwisle and Astone, 1994).

The committee’s review included some studies that describe the popula-
tion in terms of ethnic and racial background; often, however, no statistical
analysis of the effects of these factors was carried out. One exception is
the case of body composition, where the differences associated with race/
ethnicity and socioeconomic status are well established. Previous youth fit-
ness surveys in the United States have failed to consider these factors (see
Malina, 2007).

Previous studies have typically used self-report, parent questionnaires,
information taken from existing records, or assignment by a field worker
to assess race/ethnicity among youth (Entwisle and Astone, 1994). A more
appropriate method of assessing race/ethnicity in surveys and research
would be the data collection standard for race and ethnicity developed by
the Office of Management and Budget (OMB, 1997), which federal pro-
grams have been required to follow since 2003.

Previous studies have used proxy measures to collect information on
socioeconomic status from youth themselves, such as the number of books
or cars the family owns, parental education or occupation, and the number
of rooms in the household.! However, this method is potentially problem-
atic and could have different implications for different parts of the country
(e.g., children living in areas where public transportation is easily available
and preferred, such as New York City, may not live in households with
cars, and increased access to electronic books may mean children are not
actually aware of the number of books the family owns). A better way to

Available at http://www2.lse.ac.uk/media@lse/research/EUKidsOnline/BestPracticeGuide/
FAQ26.aspx (accessed August 27, 2012).
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collect information on socioeconomic status would be a questionnaire to
parents (Entwisle and Astone, 1994; Merola, 2005) at the time they are
asked to provide consent for their children to participate in fitness testing.
If collecting this information directly from parents is not feasible, it may be
estimated from official school-level statistics, such as percentage of students
eligible for free or reduced-price lunch (Merola, 2003).

Disability

The information in this report is driven by the evidence for healthy
study populations and directed to the general population. However, the
committee recognizes the significance of physical fitness for the health
of youth with various disabilities (as defined in Appendix B), especially
since they are likely to be less active than their nondisabled peers (Physical
Activity Guidelines Advisory Committee, 2008). Other reviews, such as
the report of the Physical Activity Guidelines Advisory Committee (2008),
specifically examine the relationship between health outcomes and physical
activity in people with disabilities (see also Seaman, 1999). More informa-
tion on including youth with disabilities in school-based fitness testing is
presented in Chapter 9.

ESTABLISHMENT OF CUT-POINTS FOR HEALTH-RELATED
YOUTH FITNESS TESTS

As noted earlier, interpretation of the results of health-related fitness
testing is one of the most important aspects of such testing, making the set-
ting of cut-points essential. Cut-points serve as a way of discerning between
individuals and populations that may be at risk of poor health outcomes
based on performance on a fitness test and those that are not. For example,
a 10-year-old boy with a BMI above 22 would be considered at increased
risk of poor health. Cut-points thus are tools for communicating with
participants, families, health and school officials, and the public in general
about fitness status and setting goals for improvement.

Many challenges are entailed in setting and interpreting these cut-points
(or standards). An important challenge, alluded to earlier, is the fact that
most health outcomes can take years to develop, and there is no concur-
rent relationship between fitness test performance and any actual health
outcomes in youth. In light of this challenge, the committee adopted the
term health marker (or health risk factor) instead of health outcome. This
was done with the assumption that those health markers are associated
with a risk of a future health outcome. Another challenge is that, although
the fitness and health variables are often continuous (i.e., a continuous
improvement in fitness would be related to a continuous improvement in
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health), for communication purposes, evaluation standards frequently are
established as a discrete variable (e.g., meets or does not meet the standard).
The results can still be presented as part of a continuous distribution to
convey the concept that health is a continuous variable, and any improve-
ment in fitness will likely be associated with a lower risk of negative health
outcomes.

This section describes two evaluation approaches commonly used in set-
ting health-related youth fitness standards—norm- and criterion-referenced
(Safrit and Wood, 1989). It then presents the committee’s guidance on meth-
ods for establishing standards for health-related youth fitness testing based
on the available evidence.

Norm-Referenced Versus Criterion-Referenced Evaluation

Norm-Referenced Setting of Cut-Points and Evaluation of Fitness

In the norm-referenced evaluation approach, a test taker’s performance
is compared with that of his/her peers, often by gender and age. For
example, students might be categorized depending on whether they score
below, equal to, or higher than the 85th percentile of their peers. When
the interest is in performance (e.g., strength of an individual’s upper body),
norm-referenced evaluation is appropriate. Computing and deriving norms
(e.g., percentiles) is relatively simple as long as data from a nationally rep-
resentative sample exist and can be updated. The following are four impor-
tant limitations associated with this norm-referenced evaluation approach
to setting cut-points:

e Time dependence—Population distributions, and therefore norm-
referenced values, change with time. Updating these values is costly
in terms of both time and human resources, but is necessary to
avoid misleading results.

®  Population dependence—The interpretation depends on the fitness
of the reference population. If a population is abnormally healthy
or unhealthy, the comparisons with an individual fitness level (e.g.,
better than average) will not be meaningful.

e Discouraging unfit youth—The use of a norm-referenced approach
tends to reward youth who are already fit while potentially dis-
couraging those who are not fit because they know their chances
of achieving the standard are low.

e Favoring genetically talented or punishing disadvantaged youth—
Standards based on the norm-referenced approach often are set
at the high end of a population and thus may favor genetically
talented or punish disadvantaged youth.
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Criterion-Referenced Setting of Cut-Points and Evaluation of Fitness

Most of the limitations listed above are overcome with a criterion-
referenced evaluation approach, whereby a test taker’s performance is
compared with an absolute criterion related to whether a child meets
a minimal necessary physical fitness level. In contrast with the norm-
referenced approach, because the criterion is defined independently, it is not
impacted by changes in a population that occur over time or in the level
of fitness of a specific population. Limitations related to genetic differences
or the potential for discouraging unfit participants also can be minimized
with this approach.

Many methods have been developed for setting performance standards
(Cizek, 2001; Livingston and Zieky, 1982), but for criterion-referenced
evaluation of health-related fitness, the health outcome-centered method
(Zhu et al., 2011) has predominated. Basically, this method involves linking
health-related fitness performance with a particular (set of) health outcome
measure(s). Specifically, this approach identifies a level of test performance
that discriminates, with acceptable specificity and sensitivity, between par-
ticipants who have and do not have a defined health characteristic. An
example is identifying a level of performance on a measure of cardiorespi-
ratory endurance that discriminates between groups of youth who have or
do not have an at-risk score for metabolic syndrome.

Steps completed before developing cut-points for the health-outcome
centered method include determining the components of health-related
fitness (e.g., cardiorespiratory endurance) and selecting valid, reliable cri-
terion measures and field tests and health outcomes or markers. Field tests
are selected because even though criterion measures (criterion-referenced
standards) are the most accurate measure of a construct, they often are
more expensive and time-consuming and require sophisticated equipment.
Field tests are more practical, less costly, and less time-consuming for mass
testing. It is important, however, to determine the validity and reliability
of field tests by deriving the predictive relationship and determining its
consistency with the selected criterion measure.

The selection of health outcomes can be based on the expected rela-
tionship between field tests and health markers or outcomes. Health is a
construct, so there are many possible health outcome measures, such as
mortality, a single risk factor (e.g., blood pressure), or a group of risk fac-
tors (e.g., metabolic syndrome). Because no specific measure is considered
superior, it is advisable to use multiple outcome measures to validate the
test results when possible. Those selecting cut-points also need to identify
health outcome measures using existing standards (e.g., a systolic blood
pressure level of 2103 mmHg for a 5-year-old child 104 cm in height) and
make adjustments for specific populations if needed.
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Guidance for Establishing Cut-Points for Youth Fitness Tests

As mentioned above, setting cut-points for evaluating results of health-
related fitness tests entails a number of challenges, one of which is the
lack of appropriate data. Ideally, cut-points are established from data on
performance on a specific fitness test and health outcomes in a broad-
based youth population. More often, however, these data are not available;
instead, there may be enough data on an association with health in the adult
population but only growing evidence from studies in small samples of the
youth population. In yet a different scenario, only growing evidence for an
association between a specific test and health exists, with no data coming
from broad populations. Until data in broad youth populations are gener-
ated so cut-points can be derived, cut-points should be referred to as interim
criterion-referenced cut-points (or interim cut-points). Various approaches
can be used to select these interim criterion-referenced cut-points, depend-
ing on the available data. The committee’s guidance on these approaches is
presented in this section. Often a number of field tests are used simultane-
ously to measure the same fitness component. The reader is referred to Zhu
et al. (2010) and Jackson (1989) for information on setting cut-points for
multiple tests of a single component.

Several considerations apply in interpreting the results of fitness tests.
For health-related fitness testing in youth, the key interest is not only
whether a test taker is “fit enough” to be free of potential health risks
but also whether the test taker is “fit enough for the future.” In addition,
because the key outcome of interest of the criterion-referenced approach to
evaluating test results is classification (e.g., being at risk of a health outcome
versus not being at risk), the accuracy of the classification is key. Further,
regardless of how well the related cut-point is established, it will be pos-
sible to misclassify individuals. There are two kinds of misclassification:
(1) when a fit test taker is misclassified as unfit and (2) when an unfit test
taker is misclassified as fit. The committee considered the first of these to
be more problematic because it would result in a greater likelihood of rec-
ommending an exercise intervention to youth who do not need it, thereby
depleting already limited resources that should be used for youth who need
them the most. To minimize the effects of misclassification, cut-points need
to be validated or cross-validated using additional measures and samples.

Finally, whether cut-points should be established differently for various
subpopulations must be examined and determined empirically. As discussed
earlier, while age and gender often have been taken into consideration in
setting cut-points, many other factors, such as race/ethnicity, maturation
status, and disability, have not been considered.

Once cut-points have been established for a specific test and age/gender
group, they should be used in interpreting test results and communicating
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with participants, families, school and health officials, and the general
public. Doing so will minimize the confusion that might arise from com-
municating in terms of the percentiles used to derive the cut-points. For
example, the CDC has used the 95th percentile from a previous decade to
derive cut-points for obesity in children, yet more than 15 percent of youth
currently exceed that 95th percentile. These are challenging issues to com-
municate. In cases where percentiles may allow for a clearer presentation of
the results than cut-points, as with BMI, the year of data collection should
be reported with the percentile. In this connection, researchers developing
percentile data with which to derive cut-points should also report the time
of data collection.

Establishing Cut-Points When the Relationship Between the Test of
Interest and a Health Marker in Youth Is Known

In the ideal situation, when there is a concurrent relationship between
a health outcome and a fitness test, the cut-points for the test are deter-
mined using a data mining procedure? to establish statistical evidence for
the relationship. While not common, this kind of concurrent relationship
does exist and has been used for setting cut-points. For example, based on
the concurrent relationship between body composition and a set of health
outcome measures (total cholesterol, serum lipoprotein ratio, and blood
pressure) (Williams et al., 1992), a set of cut-points was derived for evaluat-
ing body composition (Going et al., 2008). Similar applications have been
reported for setting cut-points for cardiorespiratory endurance (Lobelo et
al., 2009) and waist circumference in Chinese school-aged children (Liu et
al., 2010) and for body composition and cardiorespiratory endurance tests
(Going et al., 2011; Welk et al., 2011).

Establishing Cut-Points When a Concurrent Relationship Has Not Been
Confirmed in Youth

Even if a concurrent relationship between a health outcome measure
and a putative health-related fitness test has been well established in adults
and cut-points exist for that population, such a relationship often has not
been confirmed in youth. Because a negative health outcome (e.g., low-back
pain, cardiovascular diseases) may take years to develop, children’s health

2Data mining involves varying cut-points, computing agreement-related statistics with the
classification of health outcome measures each time, and determining the cut-points accord-
ing to optimal statistical results (e.g., highest P- and kappa-coefficients, specificity index and
relative risk statistics, findings and illustration of receiver operating characteristic [ROC] curve
analysis). If the cut-points are set across a large range of groups, the data from these groups
usually are smoothed before the data mining procedure is applied.
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outcome measures may be in a normal range even if they are not fit. Meth-
ods of setting cut-points based on evidence in adults assume that a fit child
will likely become a fit adult. While there is some evidence to support this
assumption for certain fitness components (see, e.g., Beunen et al., 1992;
Campbell et al., 2001; Malina, 1996, 2001), more research, especially lon-
gitudinal studies, is needed to confirm this assumption.

When a relationship can be confirmed only in adults, there are two
methods for estimating the cut-points for health-related fitness tests in
youth—the relative position and the panel-driven methods. With the rela-
tive position method, the percentile of adults considered to be at risk
based on their performance on a fitness test is taken as the fitness standard
in youth. For example, the lowest 20th percentile for performance on a
cardiorespiratory endurance test item could be selected based on the dem-
onstration by Blair and colleagues (1989) that morbidity and mortality
are disproportionately elevated in the lowest quintile for performance on
a maximal treadmill test in adults. In the panel-driven method, a panel of
experts uses the cut-points from adults and all available information (e.g.,
growth curves and performance characteristics for different ages and gen-
ders) to derive the cut-points for youth. For example, the criterion maximal
oxygen uptake (VO,max) value in youth could be determined in various
ways, ranging from expert opinion to extrapolation from associations
between VO,max and health outcomes in adults. The panel-driven method
was used to set the Fitnessgram® standards for cardiorespiratory endurance
test items (Cureton, 1994; Cureton and Warren, 1990).

Establishing Cut-Points When the Relationship Between a Fitness Test
and Health Outcomes Is Not Confirmed in Youth or Adults

While the importance of some fitness components to health has been
suggested, the relationship between specific fitness test items and health
outcomes may not be confirmed. For example, while the validity and
reliability of commonly used tests have generally been well established,
evidence for the importance of muscular strength for health in adults is
still growing and may be equivocal for some tests, and for youth remains
largely unconfirmed. Until these relationships are confirmed, an alternative
approach for setting cut-points is to use the comparatively relative position
method, in which a percentile established for another measure is borrowed.
If the percentile from another test is borrowed, the two tests should be as
comparable as possible in their nature (e.g., both require movement of the
body) and in the dimension they measure (e.g., upper-body strength). For
example, if the cut-points for tests of the cardiorespiratory endurance com-
ponent derived through a criterion-referenced evaluation procedure were
set at about the 20th percentile, the cut-points for tests of the musculo-
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skeletal fitness component would also be set temporarily by being derived
from the 20th percentile. Until health-related cut-points were developed
specifically for the test of interest, these interim cut-points might be used.
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Health-Related Fitness Measures
for Youth: Body Composition

KEY MESSAGES

Body composition is a physiologic characteristic that affects an indi-
vidual’s ability to carry out daily tasks with vigor. Although body com-
position is not a demonstrative action like other health-related fitness
components, the committee has operationally defined it as a component
of fitness, a health marker, and a modifier of fitness for the purposes
of this report. Both body weight (mass) and body fat (absolute fatness
and relative fat distribution) are elements of body composition that have
implications for health and fitness. It is important to measure weight and
height in national youth fitness surveys to derive body mass index (BMI),
an indicator of weight-for-height; waist circumference, an indicator of
abdominal adiposity; and skinfolds, an indicator of subcutaneous adipose
tissue. These three recommended field indicators of body composition
for a national youth fitness survey uniquely measure different elements,
and each can be linked to health markers and outcomes in both youth
and adults. For example,

e A high BMI is related to the risk of type 2 diabetes and hypertension.

e Waist circumference is linked to risk factors for cardiovascular dis-
ease, type 2 diabetes, and all-cause mortality.

* Elevated skinfold thicknesses and proportionally more subcutaneous
fat on the trunk are associated with an elevated risk for cardiovascu-
lar disease and metabolic syndrome.
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Only standing height and weight should be measured in school and
other educational settings to calculate BMI given such concerns as
measurement errors and privacy.

Two approaches to interpreting the results of the above three mea-
sures are recommended to determine whether individuals or popula-
tions are at risk of poor health outcomes. For BMI, the cut-points (cutoff
scores) based on the 2000 Centers for Disease Control and Prevention
(CDC) growth charts and percentiles should be applied for underweight,
overweight, and obesity evaluations. Interim cut-points for waist circum-
ference and skinfold measures should be set at levels analogous to
those currently being applied by the CDC for BMI. This approach should
be used until evidence becomes available to support establishing waist
circumference and skinfold cut-points by associating those measures
with cardiometabolic risk factors.

composition that have implications for health and fitness. No element

on its own adequately and comprehensively describes an individual’s
body composition, and each element has been linked with various health
markers and outcomes in youth.

Measures of body composition have been used in the past as a compo-
nent of fitness test batteries (see Table 2-6 in Chapter 2). The background
paper for the Second International Consensus Symposium on Physical
Activity, Fitness and Health in 1992 offered an outline of “components and
factors of health-related fitness” (Bouchard and Shephard, 1994; Bouchard
et al., 2007) in which body composition was included as a morphological
component of health-related fitness. In a review of existing fitness tests, 10
of 15 physical fitness test batteries for children and adolescents included
body composition as a component of health-related fitness (Artero et al.,
2011; Castro-Pifero et al., 2010), but the supporting evidence for their
inclusion was quite variable.

Body composition differs from the other fitness components reviewed
in this report at various levels. First, there are different perspectives on
whether body composition should be considered a component of fitness.
The committee considered body composition to be a physiologic character-
istic that affects an individual’s ability to carry out daily tasks with vigor
and to be influenced by physical activity behavior. Second, body composi-
tion influences performance on many fitness tests and itself is also an indica-
tor of health. The committee thus defined body composition operationally
as a component of fitness, a marker of health, and a modifier of fitness,

Body weight (mass) and body fat distribution are elements of body

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

BODY COMPOSITION 81

for the purposes of this report. Finally, the relationships between body
composition, in particular percent body fat, and health outcomes are well
established in both youth and adults. Thus, the committee did not collect
evidence on the relationship between any body composition field measures
and health outcomes. The committee identified appropriate measures of
body composition by selecting field-based items that were valid, reliable,
and feasible for implementation in either a national survey or a school or
other educational setting.

This chapter provides an overview of the existing measures of body
composition and presents the committee’s conclusions about the best mea-
sures of body composition based on their relationship to health in youth,
as well as their integrity and feasibility. The committee’s full recommenda-
tions for measuring body composition in a national fitness survey and in
schools and other educational settings can be found in Chapters 8 and 9,
respectively.

MEASUREMENT OF BODY COMPOSITION

Body weight is a gross measure of the mass of the body. The partition-
ing and quantification of mass into its basic elements has been a major focus
of study historically and has accelerated with the refinement of models
(Wang et al., 1992, 2005) and the development of technology (Ackland et
al., 2012; Heymsfield et al., 2005; Roche et al., 1996). A variety of models
and methods—developed largely in adults—have been used to partition
body mass into several elements: fat-free mass, fat mass, total body water,
fat-free dry mass, and bone mineral. As assessment techniques have become
refined, models have evolved from those including the traditional two ele-
ments (body mass = fat-free mass + fat mass) to those including three, four,
or five elements (Wang et al., 1992, 2005), with fat mass—or adipose tissue
as it is labeled in anatomical models—being basic to all models.

Body composition can be approached at several levels: atomic, molecu-
lar, cellular, tissue, and whole body (Wang et al., 1992, 1995). The technol-
ogy for measuring specific elements of body mass at each level and factors
influencing body composition have been summarized (Heymsfield et al.,
20035; Roche et al., 1996). While no single criterion measure of body com-
position is universally accepted as the gold standard (Ackland et al., 2012),
laboratory measures (e.g., underwater weight, body potassium, total body
water, and dual-energy X-ray absorptiometry [DXA]) are considered the
most accurate techniques. DXA provides measures of bone mineral and
of fat and lean tissues. The other three laboratory measures have major
limitations. Underwater weighing is used to estimate body density, which
is then converted to percentage body fat; total body potassium and total
body water provide measures of fat-free mass. Quite often, the laboratory

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

82 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

measures are used together (especially underwater weighing, total body
water, and a measure of bone mineral) to provide an estimate of body
composition, depending on the model selected (see, e.g., Gutin et al., 1996).
Several additional laboratory techniques, as well as field measurements
available for estimating body composition in youth in various settings (e.g.,
research, education/practice, clinical), have been reviewed extensively by
others (Heymsfield et al., 2005; Roche et al., 1996).

Critical evaluation of body composition methodology at each level
of analysis (Wang et al., 1992, 1995) is beyond the scope of this report.
Further, while laboratory methods—such as DXA, hydrostatic weighing,
ultrasound, densitometry, and air displacement plethysmography (e.g., Bod
Pod®)—have many advantages (such as more specific measurements and
reduced measurement variation, measurement of the whole body, minimal
subject burden, and relative ease of administration), they typically require
highly specific training and special and expensive equipment. Some of the
equipment also lacks the mobility that may be necessary to access large
samples of youth.

Overall, the measurement of body composition is dependent on the
question being addressed, the information necessary, and the applica-
tion of the assessment protocols (Ackland et al., 2012). For example,
techniques used for collecting data to track the health status of a given
population epidemiologically will likely differ from those used to collect
data to achieve advances in sports performance. Also, many laboratory
methods are not feasible for use in the field because of limitations cited
earlier. Direct evaluation of body composition (i.e., DXA measure of
adiposity) is not the same as indirect and associated proximity measures
of body composition. Body mass index (BMI) is used for classification of
weight status (underweight, normal, overweight, obese), although it does
not accurately predict percent body fat (Moreno et al., 2006). Accordingly,
the selection of body composition measures depends on what element is
of interest, which in turn depends on the question(s) being asked. Given
the desirability of a comprehensive understanding of an individual’s body
composition, as well as considerations of feasibility in practice settings
such as schools, the committee focused its review on low-cost field-based
measures of body composition.

Laboratory measures, such as DXA, may be appropriate for some
national surveys, like the National Health and Nutrition Examination
Survey (NHANES), for which the equipment is transported in a trailer
and only a small sample of youth is studied. For large national surveys in
which youth are tested nationwide in a school setting, however, field-based
measures are more suitable than laboratory measures. Field-based measures
include anthropometry (skinfolds, weight, height [weight-for-height in the
form of BMI], waist circumference) and bioelectric impedance analysis
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(BIA). These measures were selected based on their relationship to health
markers, their integrity and reliability, and their previous use.

e Skinfolds provide an indication of subcutaneous fat at specifically
defined measurement sites. Skinfolds can also be used to predict
percent body fat. They can be expressed as a sum of skinfolds
(overall subcutaneous fat) and as a ratio of trunk to extremity
skinfolds (relative subcutaneous fat distribution).

e  BMI (kg/m?) is an indicator of weight-for-height. It is used inter-
nationally in public health and nutrition surveys to monitor weight
status, specifically overweight and obesity. At the extremes of
heaviness, BMI is probably a reasonable indicator of fatness in the
general population.

e Waist circumference increasingly is used as an indicator of central
or abdominal adiposity rather than percent body fat, which can
vary greatly among individuals with a similar BMI. Located in the
abdominal region, abdominal fat is composed of three elements:
visceral, retroperitoneal, and subcutaneous.

e BIA provides a measure of resistance or impedance; some BIA
systems are calibrated directly to fat-free mass (or fat). Some other
systems provide a measure of total body water that is then trans-
formed to an estimate of fat-free mass. The equation for converting
resistance to total body weight usually includes height. Algorithms
used in estimating body composition with BIA with commercially
available units are considered proprietary information, which is
a major shortcoming. Moreover, it has been suggested that equa-
tions provided by manufacturers may not be suitable for estimating
body composition in youth of different racial/ethnic backgrounds
(Haroun et al., 2010). Given its shortcomings and the abundant
evidence on the effectiveness of other field-based measures, the
committee did not explore BIA further. However, if shortcomings
due to proprietary equations were resolved and the algorithms
accounted for changes in the composition of fat-free mass dur-
ing childhood and adolescence, for sex differences, and for racial/
ethnic variations in body composition, BIA might be considered a
useful measure of body composition in youth, particularly given its
ease of administration.

LITERATURE REVIEW PROCESS

As noted earlier, the fact that body composition is a measure of health
is well established. Also well established is that percent body fat is related
to health outcomes and that there are various tests with which to measure
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percent body fat, subcutaneous fat, or abdominal adiposity. Therefore, the
Centers for Disease Control and Prevention’s (CDC’s) literature review,
described in Chapter 3, did not include body composition as a fitness com-
ponent; the CDC review, however, included articles in which body compo-
sition appeared as a modifier of fitness or as a health marker or both. For
this reason, the committee considered each such article for inclusion in its
review, and this chapter includes findings from selected studies from the
CDC review, as well as others, in which body composition was considered
as a fitness component, a health marker, or a modifier of physical fitness. A
body of literature from obesogenic intervention research was also reviewed.
In addition, the committee reviewed validity and reliability data specific
to field tests that measure various aspects of body composition. Further,
articles on specific topics related to body composition (e.g., growth and
maturation, race/ethnicity, and body composition and health) were identi-
fied and chosen for inclusion in this chapter.

BODY COMPOSITION IN YOUTH

In addition to age, energy intake, and other factors, individual differ-
ences in biological maturation, gender, and race/ethnicity affect elements
of body composition such as fat mass and fat-free mass, subcutaneous fat,
and fat distribution. The following discussion is based on trends described
in Malina (1996, 2005) and Malina et al. (2004).

Variation in Body Composition with Age, Gender, and Maturation Status

Fat-free mass, fatness, and relative fat distribution in late childhood
and adolescence (approximate school ages) vary with age, between genders,
and among individuals of contrasting maturation status. Age- and gender-
related changes are discussed in the subsections that follow. Variation
associated with maturation status is then briefly considered.

Fat-Free Mass

The principles underlying several methods for estimating body compo-
sition warrant special consideration when applied to growing and matur-
ing youth. It is important to determine when mature (adult) levels of the
primary elements of fat-free mass are reached. This relates to the concept
of chemical maturity, defined by Moulton (1923, p. 80): “The point at
which the concentration of water, proteins, and salts [minerals] becomes
comparatively constant in the fat-free cell is named the point of chemical
maturity of the cell.” Chemical maturity of fat-free mass is not attained
until after the adolescent growth spurt, probably about ages 16-18 in girls
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and 18-20 in boys (Lohman, 1981, 1986; Malina, 2005; Wells et al., 2010).
When adult values of its primary components are reached, fat-free mass is
chemically mature.

On average, fat-free mass has a growth pattern like that of stature
and body mass. Differences over time until chemical maturity is reached
reflect a larger fat-free mass, specifically bone mineral content and skeletal
muscle mass in males. That is, the relative contribution of water to body
mass decreases while the relative contributions of solids—protein, mineral,
and fat—increase during approximately the first two decades of life, which
are dominated by the biological activities of growth and maturation. Sex
differences are apparent during the adolescent growth spurt. On average,
fat-free mass in males contains relatively less water and more protein and
mineral compared with that in females from childhood into young adult-
hood (Malina et al., 2004). Density of fat-free mass is also greater in males,
which reflects primarily sex differences in skeletal muscle mass and bone
mineral. These are only average trends, and it should be noted that there
are variations among individuals and with biological maturation (status
and timing).

Although efforts continue to derive more accurate estimates of the
chemical composition of fat-free mass, three points should be noted: (1)
the composition of fat-free mass changes during growth and maturation,
(2) variation among individuals is considerable, and (3) chemical maturity
is not attained until late adolescence or young adulthood. Ideally, equa-
tions and constants used to estimate body composition should be adjusted
for the chemical immaturity of the fat-free mass in growing and maturing
individuals.

Fat Mass

Fat mass increases more rapidly in girls than in boys during childhood
and continues to increase through adolescence in girls (Malina, 2000). Fat
mass appears to reach a plateau, or to change only slightly, near the time
of the adolescent spurt in boys (around age 13-15) (Malina, 2000). Fat
mass as a percentage of body mass (percent body fat) increases gradually
during childhood, and sex differences are small. Percent body fat increases
through adolescence in girls; it increases into early adolescence in boys and
then declines. The decline during male adolescence is a function of the ado-
lescent spurt in fat-free mass, more specifically muscle mass. Sex differences
in body composition are negligible in childhood, and are established dur-
ing the adolescent spurt and sexual maturation (Malina, 2000). Although
estimated fat mass is similar in male and female adolescents, females have
greater percent body fat.
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Weight-for-Height

BMI, as a measure of weight-for-height, declines from infancy through
early childhood and reaches its lowest point at about age 5-6. It then
increases linearly with age through childhood and adolescence and into
adulthood. Sex differences in BMI are small during childhood, rise dur-
ing adolescence, and persist into adulthood (Malina et al., 2004). The rise
in BMI after it reaches a nadir at age 5-6 has been labeled the “adiposity
rebound” (Rolland-Cachera et al., 1984). It has been suggested that indi-
viduals who have an early adiposity rebound have an increased probability
of being overweight in late adolescence and young adulthood (Rolland-
Cachera et al., 1984). The concept of adiposity rebound needs further
study. In the context of body composition, there is a need to document
specific changes in body composition during the rebound. Does it reflect an
increase in fat mass or an increase in fat-free mass? Some evidence suggests
the latter (Katzmarzyk et al., 2012).

Subcutaneous Fat

A skinfold thickness is a double fold of skin and underlying soft tis-
sues, primarily adipose tissue. Two commonly used skinfolds are the triceps
and subscapular. The former increases with age from childhood through
adolescence in females, whereas it decreases during the adolescent spurt in
males (Malina, 2000). On the other hand, the latter increases from child-
hood through adolescence in both sexes. As a result, the adolescent sex
difference in the triceps skinfold is marked compared with the relatively
small difference in the subscapular skinfold.

Any number of skinfolds can be and have been measured. Changes in
individual skinfolds are variable during growth and specifically relative to
the timing of peak height velocity, more so in boys than in girls (Malina et
al., 1999). Such variation may influence age-associated trends.

Relative Fat Distribution

Fat distribution refers to regional variation in the accumulation of
adipose tissue in the body. With advances in technology (computed tomog-
raphy [CT] scans, magnetic resonance imaging [MRI]), attention shifted
to abdominal fatness, specifically visceral versus subcutaneous. With wide-
spread availability of DXA, trunk and extremity distribution of adipose
tissue also has received more attention (Malina, 1996, 2005). Ratios of
skinfolds measured on the trunk to those measured on the extremities are
commonly used to estimate relative subcutaneous fat distribution. Ratios
of trunk to extremity skinfold thicknesses increase gradually through child-
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hood in both sexes, and there is no sex difference in the ratios. Subse-
quently, ratios tend to be rather stable in females but to increase in males
through adolescence. Males accumulate proportionally more subcutaneous
fat on the trunk than the extremities, while females accumulate relatively
similar amounts on both the trunk and extremities (Malina, 1996; Malina
and Bouchard, 1988). Ratios of trunk to extremity adiposity based on
DXA show similar trends (He et al., 2004; Taylor et al., 2010). Ratios of
abdominal visceral and subcutaneous adiposity show small differences with
age and sex from childhood into early adolescence in normal-weight youth,
but males have proportionally more visceral adiposity in later adolescence.
A similar trend associated with age and sex is not clearly apparent in over-
weight/obese youth (Katzmarzyk et al., 2012).

Maturity-Associated Variation

Children and adolescents advanced in maturity status compared with
their chronological-age peers tend to be fatter and to have proportionally
more subcutaneous fat on the trunk (Malina and Bouchard, 1988; Malina
et al., 2004). The maturity-associated trend also continues into young
adulthood (Beunen et al., 1994a; Kindblom et al., 2006; Labayen et al.,
2009; Sandhu et al., 2006). Samples in studies using DXA, CT scans, and
MRI generally involve several age groups, so that it is difficult to clearly
specify maturity differences in each gender. Stage of puberty (clinically
and/or self-assessed) is often described, but not systematically analyzed.
When it is described, youth typically are grouped by pubertal stage or
stages so that several ages are represented within a group (Katzmarzyk
et al., 2012).

Variation in Body Composition with Race/Ethnicity

The pattern of gender- and maturity-related differences is similar in all
racial/ethnic groups. African Americans have greater total bone mineral
content during childhood, adolescence, and adulthood than whites. Com-
parisons between Mexican Americans and whites show small differences in
fat-free mass and bone mineral content, although Mexican Americans tend
to have greater adiposity. Data for skinfolds indicate proportionally more
subcutaneous adipose tissue on the trunk in African Americans, Mexican
Americans, and Asian Americans compared with whites. In contrast, data
on the distribution of visceral and subcutaneous adiposity overlap among
ethnic groups. Unfortunately, the available data often combine multiple age
groups and in some instances combine males and females and/or youth of
different ethnic groups (Katzmarzyk et al., 2012; Malina, 2003).
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BODY COMPOSITION, FITNESS, AND HEALTH IN YOUTH

This section considers body composition as both a modifier of physical
fitness and a health marker.

Body Composition as a Modifier of Physical Fitness

Body composition is one of many factors that influence performance
on laboratory- and field-based tests of physical fitness. Fat-free mass and
its major tissue component, skeletal muscle mass (force-generating tissue of
the body), obviously are important to performance on many tests. Absolute
fat-free mass is significant in tests requiring the projection of objects (e.g.,
overhead medicine ball throw) and a variety of strength tests. Fat-free mass
also is highly correlated with height in children and adolescents. Fat mass
and percent body fat are more variable, but excess fatness (absolute and
relative) tends to exert a negative influence on performances on fitness tests
that require movement or projection of the body through space (i.e., runs
and jumps) as opposed to projection of objects, as well as on endurance
tests on cycle ergometers (Boileau and Lohman, 1977; Houtkooper and
Going, 1994; Malina, 1975, 1992).

Two studies of national samples of Belgian youth considered relation-
ships between the sum of skinfolds (four in boys, five in girls) and a variety
of fitness tests (Beunen et al., 1983; Malina et al., 1995). Among males aged
12-20, partial correlations (controlling for height and body mass) and sev-
eral relevant fitness test items (static arm pull strength, sit-and-reach, vertical
jump, left lifts, flexed arm hang, agility) were negative and low to moderate,
-0.13 to -0.40. Corresponding partial correlations in girls aged 7-17 ranged
from —-0.08 to —0.42 (Physical Working Capacity-170 [PWC-170], step test
recovery, arm pull strength, sit-and-reach, sit-ups, leg lifts, flexed arm hang,
standing long jump, vertical jump agility). Comparison of the fattest and
leanest 5 percent of participants highlighted the negative influence of exces-
sive subcutaneous fatness for all fitness test items except sit-and-reach, arm
pull strength, and PWC-170. Differences in flexibility were negligible. The
fattest were absolutely stronger (boys and girls) and generated more watts
(girls only), reflecting their larger body size. The fattest youth of both sexes
also were advanced in skeletal maturation compared with their leanest peers
of the same age groups (Beunen et al., 1982, 1994Db).

Trends were generally similar in more recent samples of normal-weight
and obese youth. For example, sum of skinfolds was inversely related to
schoolchildren’s performance on the progressive aerobic cardiovascular
endurance run (PACER), push-up, and curl-up tests (r = —0.30 to -0.49)
(Lloyd et al., 2003). Low levels of cardiorespiratory endurance were asso-
ciated with percent body fat in African American and white adolescents
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(Gutin et al., 2005); with visceral and subcutaneous abdominal fat and
waist circumference in African American and white youth aged 8-17, con-
trolling for age, sex, pubertal status, and BMI (Lee and Arslanian, 2007);
with percent body fat, percent abdominal fat, and waist circumference in
8-year-old boys and girls (Stigman et al., 2009); and with BMI, skinfolds,
and predicted percent body fat in obese children of both sexes aged 6-13
(Nassis et al., 2005).

Studies evaluating the relationship between BMI and fitness tests gener-
ally have focused on the negative influence of obesity (Chatrath et al., 2002;
Deforche et al., 2003; Kim et al., 2005; Mota et al., 2006; Stratton et al.,
2007) or BMI as a covariate of aerobic fitness (Beets and Pitetti, 2004; Beets
et al., 2005). Youth aged 5-14 classified as “underfit” (based on pass-fail
scores on five fitness tests) were at greater risk of obesity (Kim et al., 2005).
Correlations between BMI and indicators of fitness tended to be linear in
well- and undernourished children aged 6-14 (Malina et al., 1998), but
were curvilinear in youth aged 12-15 (Bovet et al., 2007) and young adults
(Sekulic et al., 2005; Welon et al., 1988). A recent study with a representa-
tive sample of Brazilian youth showed that, after adjusting for potential
confounding factors, weight and BMI were negatively correlated with per-
formance on the long jump, curl-up, pull-up, 9-minute run, 20-meter run,
and 4-meter shuttle run (Dumith et al., 2012).

Data on variations in fitness across the broad spectrum of BMI within
relatively narrow age groups are limited. Relationships between BMI and
fitness varied among fitness test items in four age groups—9-10, 11-12,
13-15, and 16-18—in a national sample of Taiwanese youth (Huang and
Malina, 2010). Correlations were low to moderate and did not vary among
age groups or between sexes. They were highest for a distance run/walk
(800/1,600 meters, 0.17 to 0.34) and lowest for the sit-and-reach (0.04 to
0.12). For sit-ups and the standing long jump, however, correlations were
higher for boys than for girls (r = 0.15 to 0.23 versus 0.10 to 0.14 and 0.22
to 0.27 versus 0.12 to 0.17, respectively). In a national sample of Taiwanese
youth (Huang and Malina, 2010), sex-specific regressions of fitness items
on BMI, using a nonlinear quadratic model, indicated differential effects
for individual tests, which varied with age and sex. Relationships for the
sit-and-reach were similar and slightly curvilinear in girls aged 9-10 and
boys aged 9-12, but were parabolic among girls aged 11-18 and boys
aged 13-18. Peaks of the parabola were sharper in adolescent boys than
in adolescent girls. Youth of both sexes aged 13-18 with either higher or
especially lower BMIs had the poorest flexibility. Relationships for sit-ups
were similar in girls and boys aged 9-12. Above ~20 kg/m? in girls and
~18 kg/m? in boys, sit-ups declined with increasing BMI. The decline was
initially slight but accelerated with increasing BMI, more so in girls. The
relationship between BMI and performance on sit-ups was parabolic in
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youth aged 13-18, more so in boys. Performance on the standing long jump
(muscle power/explosive strength) declined linearly with increasing BMI in
boys aged 9-10. The relationship was curvilinear in other age groups of boys
and all age groups of girls, and was especially parabolic in boys aged 13-18.
Times to complete the 800-meter run/walk increased (indicative of poorer
performance) linearly with an increase in BMI in girls aged 9-10 and boys
aged 9-12. Times varied little in older girls with BMI of 10-20 kg/m? but
became progressively higher (indicative of poorer performance) with increas-
ing BMI. Among older boys, times on the 1,600-meter run/walk declined
(improved performance) with an increase in BMI from 10 to ~20 kg/m?, and
subsequently increased linearly (poorer performance) with increasing BMI.

Body Composition and Health

Excessive adiposity and especially abdominal obesity have been associ-
ated with risk factors for cardiovascular disease and metabolic syndrome in
youth (e.g., Reed et al., 2008; Tjonna et al., 2009; Williams et al., 1992).
The Bogalusa Heart Study, a longitudinal study investigating the risk fac-
tors for cardiovascular disease since 1972, provides many insights into the
relationship between different measures of body composition and cardio-
vascular health in a biracial population (African American and white). The
study found that by age 10, 60 percent of children who were overweight
had at least one biomarker or risk factor for cardiovascular disease (Freed-
man et al., 1999a). Likewise, a dose-response relationship between increas-
ing body weight and the presence of two or more cardiovascular disease
risk factors—specifically prehypertension/hypertension, low high-density
lipoprotein (HDL) cholesterol, and prediabetes/diabetes—was found in the
NHANES 1999-2008 data set (May et al., 2012). More than one cardio-
vascular disease risk factor (besides body weight) was seen in 49 percent of
overweight and 60 percent of obese adolescents (May et al., 2012). Other
studies have confirmed these findings, suggesting that elevated weight status
is associated with increased risk for cardiovascular disease (Chang et al.,
2008; Jekal et al., 2009; Ribeiro et al., 2004), particularly with low cardio-
respiratory fitness in children (Carnethon et al., 2005; Lobelo et al., 2010).
Markers of metabolic syndrome (a cluster of precursory risk factors) also
are associated with elevated childhood weight status (Rizzo et al., 2007).
For example, obese youth have an increased risk for prediabetes compared
with nonobese youth (Li et al., 2009). Among overweight children, those
with prediabetes had 4 percent lower bone mineral content than those
without prediabetes (Pollock et al., 2010).

Higher levels of body fatness predicted from skinfolds have been linked
to increased cardiovascular disease risk in youth (Going et al., 2011).
Estimated fatness levels above 20 percent in boys and 30 percent in girls

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

BODY COMPOSITION 91

were associated with risk factors for cardiovascular disease and metabolic
syndrome, especially elevated C-reactive protein and insulin levels (Going
et al., 2011).

The location of adipose tissue stores also influences cardiometabolic
risk. Compared with more generalized obesity (measured as BMI), abdomi-
nal obesity was more strongly associated with risk of myocardial infarction,
stroke, and premature death in adult men (Larsson et al., 1984). Waist
circumference has been associated with cardiovascular risk factors such as
insulin levels (Bassali et al., 2010) and may be a better predictor of cardio-
vascular disease than BMI alone (Savva et al., 2000; WHO, 2011). A review
of the adult literature, however, found that neither waist circumference nor
BMI had superior discriminatory capability in identifying cardiovascular
disease risk (Huxley et al., 2010), thus demonstrating the value of measur-
ing both. Abdominal adipose tissue also was associated with higher blood
pressure, type 2 diabetes, and dyslipidemia in adults, but the relationship
remains unclear in children (Daniels et al., 1999; Freedman et al., 1999b,
2012; Goran and Gower, 1998). Nevertheless, relationships between mark-
ers of disease risk and body composition were noted in school-aged youth
in the Bogalusa Heart Study, specifically among African American girls
aged 5-17, in whom a 20-cm increase in waist circumference was associ-
ated with a decrease in concentration of HDL cholesterol and increases in
triacylglycerol and insulin (Freedman et al., 1999b). The association with
the risk factors was stronger for waist circumference than for skinfold
thickness (subscapular and triceps measurements). In overweight children,
neither BMI nor the sum of skinfolds was a good predictor of risk factors
for cardiovascular disease; a measure of fat distribution (waist-to-height
ratio) was a better predictor of cardiovascular risk factors (low-density
lipoprotein [LDL] cholesterol, HDL cholesterol, fasting insulin, and systolic
and diastolic blood pressure) (Freedman et al., 2009).

Evidence for the contribution of measures of body composition to
cardiovascular health also was noted in the European Youth Heart Study.
Among children aged 9 and 15 from Denmark, Estonia, and Portugal,
waist circumference and the sum of skinfolds were associated with clus-
tered cardiovascular disease risk, determined by a composite score of sys-
tolic blood pressure, triglycerides, insulin resistance (using the homeostasic
model assessment-insulin resistance [HOMA-IR] level), and ratio of total
cholesterol to HDL (Andersen et al., 2008).

The relationship between weight status and risk for cardiovascular
disease tends to track from childhood and adolescence into adulthood
(Freedman et al., 2001; Herman et al., 2009). For example, changes in
BMI and childhood blood pressure were found to be strongly correlated
with adult blood pressure in both sexes (Lauer and Clarke, 1989). Based
on logistic models developed with BMI data from youth aged 3-20 and
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adults aged 30-39 in the Fels Longitudinal Study, childhood and adult obe-
sity are related, and the risk becomes stronger in adolescence (Guo et al.,
2002). Another analysis of data from the Bogalusa study showed that the
sum of skinfold thicknesses (triceps and subscapular measurements) and
BMI z-score in childhood were the main contributors to higher levels of
high-sensitivity C-reactive protein in adults, a risk factor for cardiovascular
disease. The effect of skinfold thicknesses was greater in African Americans
than in whites and in girls than in boys (Toprak et al., 2011). A recent sys-
tematic review of the tracking of obesity and its association with metabolic
risk in adulthood, however, suggests that weight status and cardiometabolic
risk factors should perhaps be considered independently of each other, given
the limitations of current research designs (Lloyd et al., 2012). Finally,
analysis of data from the Bogalusa study shows that BMI and subscapular
skinfold measurements are positively correlated with the risk of becoming
a diabetic adult (Nguyen et al., 2008).

In summary, indicators of body composition, specifically adiposity, are
determinants of health. Prevention of the accumulation of excess adiposity
and specifically overweight/obesity among youth holds potential for yield-
ing immediate and long-term health benefits. Health implications of fat-free
mass in youth apparently have not been systematically addressed.

VALIDITY AND RELIABILITY OF SELECTED
BODY COMPOSITION MEASURES

By definition, field-based measurements such as skinfolds, BMI, and
waist circumference are, to a large extent, indirect estimates of body com-
position. The advantages of field measures include minimal subject burden,
adequate reliability in the hands of trained technicians (see more on quality
control in Annex 4-1), and relatively rapid data acquisition for a large num-
ber of subjects. Limitations include reduced accuracy, high variability, and
lack of broad applicability in all populations. The validity of field-based
measurements is usually assessed by comparison with laboratory measures
(e.g., underwater weight, body potassium, total body water, and DXA).
Although evidence for the validity of field-based measures of body compo-
sition is variable (see below), their associations with markers of health risk
justifies including them in a survey of youth fitness.

It is important to note that the accuracy of anthropometric measures
is strongly dependent upon the experience and training of technicians in
implementing the measurements. Care in interpreting the data also is neces-
sary in working with youth. Anthropometric measures (BMI, percent body
fat, skinfolds, circumferences) and other indicators of body composition
(fat-free mass based on densitometry, total body water and potassium con-
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centration, lean and fat tissue, bone mineral via DXA) change with age and
are influenced by gender, race/ethnicity, and biological maturation status
(Daniels et al., 1997; Malina, 1996, 2005; Malina et al., 2004). Elements of
body composition, especially bone mineral content, also may be influenced
by regular physical activity (Strong et al., 20035).

Body Mass Index (BMI)

BMI is an indicator of weight-for-height. As discussed earlier, in con-
trast to height and weight, which increase with age during childhood, BMI
declines from infancy through early childhood and reaches its lowest point
at about age 5-6.

BMI is reasonably well correlated with fat mass and percent body
fat in heterogeneous samples of youth, but has limitations (Goran et al.,
1995); it also is related to fat-free mass. Among youth aged 8-18 in the Fels
Longitudinal Study, age-specific correlations between BMI and components
of body composition ranged from 0.37 to 0.78 for percent body fat, 0.67
to 0.90 for fat mass, and 0.39 to 0.72 for fat-free mass in girls, and from
0.64 to 0.85 for percent body fat, 0.83 to 0.94 for fat mass, and 0.25 to
0.78 for fat-free mass in boys (Maynard et al., 2001). When chronological
age was statistically controlled in five samples of boys and girls aged 8-18,
correlations for BMI were a bit lower: percent body fat, 0.28 to 0.61; fat
mass, 0.46 to 0.81; and fat-free mass, 0.27 to 0.64 (Malina and Katzmar-
zyk, 1999). Correlations for fat mass and fat-free mass were similar in four
of the five samples, but those for BMI and percent body fat were variable.
In a nationally representative sample of American children aged 2-19 in
NHANES III, BMI was better than other anthropometric indicators (Rohrer
index and weight-for-height) in predicting underweight and overweight
when percent body fat or total fat mass based on DXA was the criterion
measure (Mei et al., 2002).

Nevertheless, youth with the same BMI can differ considerably in fat
mass and percent body fat, so care is essential when interpreting BMI as an
indicator of fatness in youth. BMI is, more appropriately, an indicator of
heaviness and, indirectly, of adiposity; at the extremes of heaviness, BMI is
probably a reasonable indicator of fatness in general population surveys,
but its limitations must be recognized (Pietrobelli et al., 1998).

Limited evidence supports higher intra- and interobserver reliability for
BMI and waist circumference than for skinfold thicknesses (Artero et al.,
2011). Beyond the debate about what the measurement of BMI actually
represents (body composition, body fat, body weight, etc.), the association
between BMI and health markers justifies its use among school-aged chil-
dren as a means of tracking health status.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

94 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

Waist Circumference

Waist circumference is an emergent measure of body composition. Its
use as a dimension of body composition is justified for various reasons.
First, it is an indicator of abdominal fat as opposed to waist-to-hip cir-
cumference ratio, which is an indicator of fat distribution (Despres et al.,
1989). Second, criterion measures that relate to health have already been
established in certain populations of youth (Liu et al., 2010). Further, other
measures are more challenging to administer, such as measuring hip circum-
ference to determine waist-to-hip ratio (WHO, 2011). Additionally, other
waist measures have insufficient data to support their consideration and
have not been found to be a better predictor of health risk than waist cir-
cumference (Huxley et al., 2010). Waist circumference is strongly associated
with intra-abdominal (visceral) adipose tissue (r = 0.84) and subcutaneous
abdominal adipose tissue (r = 0.93) in prepupertal children (Goran and
Gower, 1998) and with trunk fat (r = 0.92) in children and youth aged 3-19
(Taylor et al., 2000). On the other hand, it has been suggested that waist
circumference has no advantage over BMI for diagnosing high fat mass in
youth aged 9-10 (Reilly et al., 2010).

According to a measurement protocol for adolescents, intra- and inter-
observer technical errors of measurement for waist circumference have
been calculated at 1.31 cm and 1.56 c¢m, respectively (Malina et al., 1973).
As mentioned above, a review of reliability found higher intra- and inter-
observer reliability for BMI and waist circumference than for skinfold
thicknesses (Artero et al., 2011). Mueller and Malina (1987) report high
intra- and interobserver reliabilities for waist circumferences of 0.97 and
0.96, respectively, based on data from the Health Examination Survey for
youth aged 12-17. Technical errors have also been reported in national
surveys (ODPHP, 1985, 1987).

Unlike other field measures, waist circumference may not be a good
indicator of percent body fat or fatness in youth. However, it is an indicator
of abdominal adiposity (Lee et al., 2011), which provides information about
a different dimension of body composition that is linked to health risks.

Sum of Skinfolds

Skinfolds are considered valid and reliable estimates of subcutaneous fat
and predictors of percent body fat, assuming they are measured by trained
individuals. Criterion-related validity for the sum of skinfold (triceps and
calf) measurements ranged from r = 0.70 to 0.90 compared with hydrostatic
weighing (Boileau et al., 1984). Specifically, reliability coefficients for sum
of skinfolds vary by pubertal status in girls (Gutin et al., 1996). Others have
reported acceptable interobserver reliability coefficients of 0.89 to 0.98 for
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children aged 11-14 (Safrit, 1990). The technical error of measurement for
subscapular skinfold varies from 0.88 to 1.16 mm for intraobserver error
and from 0.88 to 1.53 mm for interobserver error (Harrison et al., 1988).
For triceps skinfold, the technical error of measurement ranges from 0.4 to
0.8 mm for intraobserver error and from 0.8 to 1.89 mm for interobserver
error (Harrison et al., 1988).

The triceps and subscapular skinfolds are the most widely used in
growth studies, and national reference data were developed by using the
samples included for BMI in the CDC 2000 growth charts (Addo and
Himes, 2010). Skinfolds can be and have been measured on any number
of bodily sites. A key is standard definition and location of the sites and
proper marking of the sites prior to application of the skinfold calipers. As
noted earlier, ratios of skinfolds measured on the trunk to those measured
on the extremities are commonly used to estimate relative subcutaneous fat
distribution, which has been related to chronic disease risk factors in youth.

ADMINISTRATIVE FEASIBILITY

When selecting fitness test items, an important criterion is the feasibility
and practicality of the measures. The committee evaluated the feasibility
and practicality of body composition measures assuming that they would
be implemented by trained personnel as recommended in this report.

The measurements recommended for inclusion in a youth fitness test
battery are height, weight, waist circumference, and triceps and subscapular
skinfolds. All of these measurements can be taken reasonably quickly. The
selected measurements, however, are not free of potential motivational or
self-esteem influences; self-esteem may be affected by the interpretation
of results for estimated body composition. For this reason and to protect
privacy, waist circumference and subscapular skinfold thickness should not
be assessed in group settings. It is assumed that appropriate space (e.g., a
nurse’s office) would be available to ensure the privacy of the measurement
process since measurement of skinfolds and waist circumference requires
exposure of the trunk to allow the test administrator to access the sub-
scapular area on the back and the waist. This setting also would minimize
the potential for embarrassment when two test administrators are needed
in the room (see below).

Equipment needed to measure body composition using the tests recom-
mended above includes a stadiometer, a scale, skinfold calipers, and a tape
measure. The NHANES measurement techniques are presented in Annex
4-1 as an example of commonly used methodology for indicators of body
composition. As noted there, these anthropometric measurements, while
not difficult, are highly error-prone. To avoid error, only high-quality equip-
ment should be used, and test administrators should have the necessary
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technical training. This training includes proper positioning for measuring
height (standard erect posture with the head and eyes in the Frankfurt hori-
zontal plane), procedures for stepping on and off the scale (for example,
some children may require assistance, and children must be kept from
jumping on the scale), positioning for measuring waist circumference (feet
together), identification of the correct level for measuring waist circumfer-
ence, and identification of the correct sites for measuring the triceps and
subscapular skinfolds. The level for measuring waist circumference and the
sites for each skinfold measurement should be marked on the skin.

Height and weight typically are measured without shoes and in light
indoor clothing (e.g., shorts and a t-shirt); the subscapular site is easily
accessed by raising the back of the t-shirt. Waist circumference is measured
from the side (measurements taken face-to-face are generally invasive).
Two technicians may be needed to measure waist circumference in some
overweight and obese youth. This should not be a problem as a separate
individual (who is well versed in the measurement protocols) should serve
as recorder for the measurements. Other duties of the recorder include
observation of the position of the subject (e.g., young children often slouch
after being placed in the standard erect posture), proper identification of
skinfold and waist circumference sites; and in measurement of waist cir-
cumference, checking to ensure that the tape is horizontal or is not pulled
too tightly, resulting in major skin and soft tissue compression. The lack
of a recorder will slow down the measurement process and contribute to
potential error in transcribing measurements.

GUIDANCE FOR INTERPRETATION OF TEST RESULTS

The committee acknowledges that there are multiple approaches to
establishing cut-points (cutoff scores) for estimates of body composition
depending on the purpose and on the available data. In general, the com-
mittee considered the following two approaches:

*  Direct associations with health-related biomarkers—This method
involves examining associations between BMI, waist circumfer-
ence, or sum of skinfold scores and cardiometabolic risk factors in
youth. Ideally, as discussed in Chapter 3, data necessary to estab-
lish those associations will exist from broad populations of youth.

* Indirect associations with health-related biomarkers using adult
cut-points or data from other body composition measures—When
the necessary data in youth are not available, associations can be
examined in adult data, and cut-points established for adults can be
projected to the corresponding percentile in children, if appropri-
ate. When data needed to establish associations between a specific
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test and health do not exist in youth or adults or when a cut-
point exists in adults but extrapolation to youth is not appropriate
(i.e., waist circumference, sum of skinfolds), the percentiles from
another fitness measure (such as the 85th and 95th percentiles used
for BMI) can be used temporarily to derive interim cut-points. As
research progresses, cut-points based on the measure’s relationship
to health in youth should be developed.

The committee concludes that these two approaches are appropriate
for interpretation of body composition measurements administered in the
context of a national youth fitness survey. For these approaches, a cut-point
is determined specifically for each body composition test recommended.
Obtaining information for the different indicators of body composition
in this manner allows for a more complete and accurate description of an
individual’s body composition. As a result, the interpretation of the tests in
terms of health risks is expanded and possibly more accurate than if only
one test is administered.

A third approach, which involves transforming the raw data to a
measure of percent body fat by using prediction equations, has been used
for interpreting body composition test items. This approach makes it pos-
sible to compare results from more than one measurement with a selected
standard for percent body fat. This approach may be appropriate when test
administrators must select one measure of body composition from multiple
alternatives, such as when a battery of tests is applied in schools and other
educational settings.

Body Mass Index

Cut-points for BMI have been calculated by age and gender from per-
centiles developed using the CDC growth charts based on data from large
national surveys. The CDC growth charts are based primarily on data from
the National Health Examination Survey (NHES) and NHANES from
1963 to 1994 (NHES II and IIT and NHANES 1, II, and III). Data on body
weight from NHANES III for subjects >6 years of age were not used so as
to avoid the influence of an increase in body weight from previous years.!
Details are described in the CDC growth charts (Kuczmarski et al., 2000,
2002). Sample sizes were sufficiently large in the national surveys, which

'Questions arose over which population was appropriate for establishing such percentiles
related to health given concern for the increasing prevalence of obesity between NHANES
IT (1976-1980) and NHANES III (1988-1994) (Kuczmarski et al., 2002; Ryan et al., 1999).
Developing percentiles for weight using elevated values from NHANES III would have raised
the percentiles and thus resulted in a false sense of having a satisfactory weight, specifically
relative to stature.
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TABLE 4-1 Centers for Disease Control and Prevention (CDC) Reference
Values for Body Mass Index (BMI)

Percentile Ranking Weight Status
Less than Sth percentile Underweight
5th percentile to less than 85th percentile Healthy weight
85th percentile to less than 95th percentile Overweight
Equal to or greater than 95th percentile Obese

were combined to produce the charts. Percentiles were derived for specific
age groups by sex and were subsequently smoothed. Recommendations for
the 85th percentile (P) to identify overweight, initially labeled as at risk of
overweight (P85 < BMI < P95), and the 95th percentile to identify obesity,
initially labeled overweight (BMI > P95), were based on the findings of
an expert committee (Barlow and Dietz, 1998; Himes and Dietz, 1994).
The recommendations have remained unchanged with the exception of
overweight being used in place of risk of overweight and obesity in place
of overweight (Barlow and Expert Committee, 2007). The CDC developed
cut-points for underweight youth based on the 5th percentile as recom-
mended by the World Health Organization’s Expert Committee on Physical
Status (WHO, 1995).

A national survey of youth fitness in the United States should use the
CDC cut-points for weight status (Table 4-1). An alternative set of cut-
points is that developed by the International Obesity Task Force (Cole et
al., 2000), which are widely used internationally.?

Skinfolds

The same U.S. national data used to develop growth charts for body
weight and BMI were used to develop reference curves for the triceps and
subscapular skinfolds for youth through age 19 (Addo and Himes, 2010).
The committee recommends using the established percentiles for BMI to
derive interim cut-points until more studies are conducted to determine
health-related cut-points in youth. The interim cut-points could be veri-
fied using the corresponding percentiles for the concurrent relationship to
health in adults.

2Data used to develop the criteria for children and adolescents were based on six nationally
representative cross-sectional samples from Brazil, Great Britain, Hong Kong, the Netherlands,
Singapore, and the United States. In establishing the cut-points for children and adolescents,
curves were mathematically fit to the pooled BMI data from the six studies so that they passed
through the adult criteria for overweight (BMI of 25.0 kg/m?) and obesity (30 kg/m?) at age
18. Cut-points recommended by the World Health Organization (1995) were used for adults:
overweight, BMI 25.0 to 29.9 kg/m? and obesity, BMI 230.0 kg/m?.
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Waist Circumference

The development of cut-points for waist circumference is complicated
by methodological variation, that is, different levels at which the measure-
ment is taken in various studies. Although the recommended level is mid-
way between the iliac crest and the lowest rib (WHO, 2008), NHANES
reference data (1999-2002 and 2003-2006) were based on measures taken
at the uppermost lateral border of the iliac crest (McDowell et al., 2005,
2008). Corresponding reference values for Canadian youth were derived
at the narrowest waist (Katzmarzyk et al., 2004). A report describing
suggested percentiles for British youth indicates that waist circumference
was measured midway between the tenth rib and the iliac crest, but later
in the paper, the authors indicate it was measured at the “natural waist”
(McCarthy et al., 2001). Wang and colleagues (2003) found that waist
circumference estimates taken at different levels on adults are not compa-
rable, especially among females. A systematic review of the adult literature,
however, found that differences in the level of measurement did not have a
considerable influence on the relationship between waist circumference and
health outcomes (Ross et al., 2008).

Criterion-referenced cut-points for waist circumference have been
established in adults (WHO, 2011). Although recommendations for cut-
points have been developed for different samples, generally reflecting the
90th percentile by age and gender, standardized cut-points for youth have
not yet been established. The committee recommends using the established
percentiles for BMI to derive interim cut-points until more studies are
conducted to determine health-related cut-points in youth. The interim
cut-points could be verified using the corresponding percentiles for the
concurrent relationship to health in adults.

CONCLUSIONS

Body composition can influence performance on some physical fitness
tests and is also a health-related risk factor associated with physical fitness.
The committee operationally defined body composition as a component of
fitness, a marker of health, and a modifier of fitness for the purposes of this
report. Given its well-known central role in both fitness and health, body
composition should be included in a survey of youth fitness and measured
across the life span.

The committee’s recommendations with respect to body composition
are premised on the committee’s intention that the test administrators will
have the necessary knowledge and training in test protocols and interpre-
tation of results. The committee recommends inclusion of the following
anthropometric measurements in a youth fitness test battery: (1) height and
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weight for the derivation of BMI, (2) waist circumference, and (3) triceps
and subscapular skinfold thicknesses. Height also serves as an indicator of
linear growth status. (See Annex 4-1 for common examples of measurement
techniques.)

The committee concluded that the above three measures of body com-
position are important to collect in a national youth fitness survey for sev-
eral reasons. First, each measure is a proximal estimation of body fat and
has increased standard of error of over laboratory measures. Also, there is
consensus that the measurement of body composition is multidimensional
(Bouchard et al., 1994). Second, no single measure is considered the gold
standard and representative of all body composition tenets for children
of all morphologies: BMI is a marker of obesity, waist circumference is a
marker of abdominal adiposity, and skinfold thicknesses are a measure of
subcutaneous fat. The measures recommended have acceptable validity and
reliability.

To interpret the findings of body composition testing and determine
whether individuals or populations are at risk of negative health out-
comes, the committee recommends employing two approaches. For BMI,
the CDC’s current established cut-points for underweight, overweight, and
obesity should be applied. Interim cut-points for the waist circumference
and skinfold measures should be set at levels that are analogous to those
currently being applied by the CDC for BMI. This approach should be
used until the necessary evidence becomes available to support establishing
waist circumference and skinfold cut-points by associating those measures
with cardiometabolic risk factors. The committee’s full recommendation for
including body composition in a national youth fitness survey is presented
in Chapter 8.

When body composition is measured in schools and other educational
settings, important concerns arise related to the measurement of waist cir-
cumference and skinfolds. Therefore, the committee recommends that only
BMI be used in these settings. A full description of considerations and the
committee’s recommendation for schools and other educational settings is
included in Chapter 9.
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ANNEX 4-1
MEASUREMENT OF BODY COMPOSITION
QUALITY CONTROL AND TECHNIQUES

Body composition measurements should be taken by trained individuals
using established techniques. Error—the discrepancy between a measured
value and its true quantity—is inherent in anthropometry. It can be ran-
dom? or systematic.*

Replicate measurements of the same subject are used to estimate vari-
ability or error. Replicates on the same individual are taken independently
by the same technician after a period of time has elapsed (intraobserver)
or are taken on the same individual by two different technicians (interob-
server). Replicate measurements provide an estimate of imprecision. The
technical error of measurement is a widely used measure of replicability
(Malina et al., 1973; Mueller and Martorell, 1988). Technical errors are
reported in the units of the specific measurement. Intra- and interobserver
technical errors for a variety of dimensions in national surveys and several
more local studies are summarized by Malina (1995).

Accuracy is another aspect of the measurement process. It refers to
how closely measurements taken by one or several technicians approximate
the “true” measurement. Accuracy ordinarily is assessed by comparing
measurements taken by technicians with those obtained by a well-trained
or “criterion” anthropometrist (the reference). Note, however, that well-
trained, expert anthropometrists do make errors.

The height, weight, waist circumference, and triceps and subscapular
skinfold measurement techniques described below are provided as examples
from the commonly used NHANES Anthropometry Procedures Manual.’

Stature and Weight

Stature, or standing height, is the linear distance from the floor or
standing surface to the top (vertex) of the skull. It is measured to the near-
est millimeter with the subject in standard erect posture, without shoes.

3Random error is associated with variation within and among individuals in measure-
ment technique, problems with the measuring instruments (e.g., variation in or even lack of
calibration or random variation in manufacture), and errors in recording. Random error is
nondirectional, i.e., above or below the true dimension. Random errors tend to cancel each
other out in large-scale surveys and ordinarily are not a major concern.

4Systematic error results from the tendency of a technician or a measuring instrument to
consistently under- or overmeasure a dimension. Such error is directional and introduces
bias. Measurement variability also is associated with the individual (e.g., normal variation in
physiology, temperament, cooperativeness, and stranger anxiety).

5 Available at http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf (accessed
May 10, 2012).
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Body weight is a measure of body mass. It is measured to the nearest 100
grams (depending on the type of scale) with the individual attired in ordi-
nary, light, indoor clothing without shoes (e.g., gym shorts and a t-shirt). It
assumed that the scales would be calibrated regularly for a national survey.
Height and weight are used to derive body mass index (BMI) (kg/m?).

Waist Circumference

The protocol for waist circumference calls for measuring just above the
uppermost lateral border of the right illium after normal expiration. The
level should be marked on the skin. When the tape is applied, it should
make contact with the skin without indenting it. The measurement should
not be made over clothing. Two individuals may be needed, especially for
some overweight and obese individuals.

Skinfolds

A skinfold thickness is a double fold of skin and underlying soft tissue
at a specific site. Skinfolds are measured to the nearest 0.5 mm (some cali-
pers measure to the nearest millimeter, while others measure to the nearest
0.2 mm). Three measurements usually are taken for each skinfold (some
protocols recommend two).

Triceps skinfold is measured on the back of the arm (over the triceps
muscle) at the level midway between the lateral border of the acromial
process of the scapula (acromion) and the inferior border of the olecranon
process of the ulna. With the arm flexed to 90 degrees at the elbow, the
acromion is marked. A measuring tape is placed on the acromion (zero
marker) and run down the lateral side of the upper arm. The distance mid-
way between the acromion and the olecranon is marked and extended to
the back of the arm. The skinfold is measured with the arm hanging relaxed
(loosely) at the side by grasping a vertical fold about 1 cm above the mark,
with the caliper being placed at the level of the mark.

Subscapular skinfold is measured 1 ¢cm below the tip (inferior angle)
of the scapula. The measurement site should be marked on the skin. The
skinfold should follow the natural anatomical (cleavage) lines of the skin.
It is not a vertical fold like that taken over the triceps.
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Health-Related Fitness
Measures for Youth:
Cardiorespiratory Endurance

KEY MESSAGES

Although there is a well-known association between cardiorespiratory
endurance and health outcomes in adults, the measurement of cardiore-
spiratory endurance in youth and of its relationship to health outcomes
is relatively new to the literature. The committee’s review revealed clear
relationships between cardiorespiratory endurance and several health
risk factors, including adiposity and cardiometabolic risk factors. Other
studies point to a potential relationship between cardiorespiratory endur-
ance and other, less studied risk factors, such as those related to pulmo-
nary function, depression and positive self-concept, and bone health.

Limitations of the studies reviewed by the committee relate mainly to
the design of the studies, specifically the lack of analysis of the indepen-
dent effect of cardiorespiratory endurance on health. A paucity of studies
explore the effects of several potential modifiers, such as age, gender,
body composition, maturation status, and ethnicity, on performance on
the various tests of cardiorespiratory endurance. While such effects have
been suggested in the past, the committee could draw no conclusions
based on the evidence reviewed.

The cardiorespiratory endurance tests most commonly associated
with a positive change in a health marker are the shuttle run and tests
conducted with the treadmill and cycle ergometer. Available evidence
indicates that these three types of tests demonstrate acceptable validity
and reliability. The health markers most frequently assessed are related
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to body weight or adiposity and cardiometabolic risk factors. Based on
its relationship to health, as well as its reliability, validity, and feasibility,
a timed or progressive shuttle run, such as the 20-meter shuttle run,
is appropriate for measuring cardiorespiratory endurance in youth. If
the test is to be administered in a setting with space limitations (e.g., a
mobile test center for a national survey), a submaximal treadmill or cycle
ergometer test should be used. The shuttle run is advantageous when
there are time constraints and when cost may be a problem, such as
in schools and other educational settings. Although the evidence for a
relationship between distance/timed runs and health is insufficient at this
time, this type of test is valid and reliable and could be an alternative in
schools and other educational settings.

Until more data are collected with which to establish criterion-referenced
cut-points (cutoff scores), interim cut-points corresponding to the lowest
20th percentile of the distribution of cardiorespiratory endurance should
be used to interpret results of all cardiorespiratory endurance tests and
to determine whether individuals are at risk of negative health outcomes.

ardiorespiratory endurance has been recognized as a key component

of physical fitness throughout the history of the field. This chap-

ter presents the committee’s review of the scientific literature that
explores the relationship between specific field tests of cardiorespiratory
endurance and health outcomes in youth. The committee’s recommenda-
tions for the selection of fitness tests are based primarily on an extensive
review of the literature provided by the Centers for Disease Control and
Prevention (CDC) described in Chapter 3. In making its recommenda-
tions, the committee considered not only the evidence for a relationship to
health, but also the scientific integrity (reliability and validity) of putative
health-related tests, as well as the administrative feasibility of implement-
ing these tests. After presenting these results, the chapter offers guidance
for setting interim cut-points (cutoff scores) for the selected tests. The final
section presents conclusions. Recommendations regarding specific tests for
measuring cardiorespiratory endurance for national surveys and in schools
and other educational settings are found in Chapters 8 and 9, respectively.
Future research needs are addressed in Chapter 10.

DEFINITIONS

Cardiorespiratory endurance is the ability to perform large-muscle,
whole-body exercise at moderate to high intensities for extended periods
of time (Saltin, 1973). Numerous terms have been used to denote this com-
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ponent of physical fitness, including aerobic fitness and aerobic capacity.
These terms are essentially synonymous with cardiorespiratory endurance,
which is the term used in this report. Forms of exercise that depend on
cardiorespiratory endurance include vigorous distance running, swimming,
and cycling. This fitness component also affects a person’s ability to perform,
without undue fatigue, less intense, sustained whole-body activities, such as
brisk walking, stair climbing, and home chores. People with good levels of
cardiorespiratory endurance can perform large-muscle, whole-body exercise
at high intensity for at least moderate durations before experiencing fatigue,
and they can comfortably perform light- to moderate-intensity exercise for
extended periods.

Cardiorespiratory endurance depends on the body’s ability to support
skeletal muscle activity through high rates of aerobic metabolism. The ability
to produce energy at high rates through aerobic metabolism during exercise
depends on three physiologic functions: (1) transport of oxygen from the
atmosphere to the active muscles through the actions of the cardiorespiratory
system, (2) consumption of oxygen in the aerobic metabolic process in the
cells of the active muscles, and (3) removal of waste products. People with
high levels of cardiorespiratory endurance typically have highly functional
cardiorespiratory systems (i.e., heart, lungs, blood, blood vessels), and their
skeletal muscles are well adapted to the use of oxygen in aerobic metabolism.

Higher levels of cardiorespiratory endurance have been associated with
a wide range of health benefits in adults, including a lower risk of cardio-
vascular disease (Arraiz et al., 1992; Blair et al., 1989; Sandvik et al., 1993),
type 2 diabetes (Colberg et al., 2010), hypertension (Blair et al., 1984),
certain cancers (Oliveria et al., 1996), and premature mortality from all
causes (Blair et al., 1989, 1993, 1995). The linkage between cardiorespira-
tory endurance and health in youth is discussed later in the chapter.

CARDIORESPIRATORY ENDURANCE TESTS

The gold standard measure of cardiorespiratory endurance is maximal
aerobic power (VO,max)—the greatest rate at which a person is able to
consume oxygen during sustained, exhaustive exercise. In the laboratory,
VO,max is typically measured while a person performs maximal, graded
exercise on a treadmill or cycle ergometer. VO,max can be expressed in
terms of liters of oxygen consumed per minute (I/min), or the values can
be normalized for differences in body size and expressed as milliliters of
oxygen consumed per kilogram of body weight per minute (ml/kg/min).
VO,max is known to be a key physiologic determinant of cardiorespira-
tory endurance and has typically been used as the criterion measure in the
validation of field measures of cardiorespiratory endurance. Many field
measures of this fitness component have been studied and used in various
fitness test batteries around the world (see Table 2-6 in Chapter 2).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

114 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

The most commonly used field tests involve distance/timed runs of
varying length and graded-pace shuttle runs. Various types of distance/
timed runs have been used to measure cardiorespiratory endurance in
fitness test batteries since the advent of large-scale fitness testing in the
post—World War II era. The tests vary in structure, some being based on a
distance limitation in which performance is measured as time required to
complete the specified distance (often 1 or 1.5 miles), and others on a time
limitation in which performance is measured as the distance covered in the
specified time (often 9 or 12 minutes). While runs as short as 600 yards
were used in early versions of fitness test batteries, distance runs using the
1 mile or 9-minute format have been most common since the 1970s.

Shuttle runs measure cardiorespiratory endurance when an individual
runs to and from two different points, usually around 20 meters apart, at
a set pace. The progressive aerobic cardiovascular endurance run (PACER),
a variation on the shuttle run, is a maximal cardiorespiratory endurance
test in which lines are placed 15 or 20 meters apart, and the participant
runs repeatedly between the two lines within prescribed times. The time
decreases periodically while the distance remains the same until the partici-
pant cannot run fast enough to reach the finish line in the prescribed time.

Alternatively, some fitness surveys use quasi-laboratory tests (i.e., those
that measure VO,max but can be conducted in the field). These tests
involve the performance of graded, submaximal exercise on a treadmill or
cycle ergometer.

CARDIORESPIRATORY ENDURANCE AND HEALTH IN YOUTH

Literature Review Process

As noted, the evidence for the committee’s recommendations for fitness
tests for cardiorespiratory endurance was derived mainly from an extensive
review of the literature provided by the CDC, which selected studies mea-
suring the associations between various components of fitness and health.
The CDC search strategy and data extraction procedures are described in
detail in Chapter 3. For cardiorespiratory endurance, the CDC screened
4,795 studies; of these, only 260 longitudinal, experimental, and quasi-
experimental studies satisfied the CDC’s search criteria for further consid-
eration. Of this subset, the committee reviewed 47 experimental studies,
24 longitudinal prospective studies, and 29 quasi-experimental studies. In
addition to this review, the committee considered the integrity and the fea-
sibility of the tests in a stepwise process, also described in Chapter 3. This
section describes the committee’s evaluation of the relationship between
specific tests of cardiorespiratory endurance and health; the subsequent
sections address the integrity and feasibility of the tests.
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The committee selected only studies of high quality for review (see
Chapter 3 for a list of general selection criteria). Studies for in-depth
review were limited to those with designs appropriate to the committee’s
purpose, that is, only experimental, longitudinal, and quasi-experimental
studies. (Cross-sectional studies or experimental studies with no control
were excluded.) An additional literature search (utilizing search terms
similar to those of the CDC review) was undertaken to cover studies pub-
lished in 2011. The set of studies was further narrowed on the basis of the
following criteria. First, the study provided important evidence linking a
particular candidate measure of cardiorespiratory endurance—distance/
timed run, shuttle run, treadmill, cycle ergometer—to a positive health out-
come, marker, or risk factor in four categories (adiposity, metabolic risk,
cognitive, and other). Studies also were categorized as presenting direct or
associational evidence. A study was defined as presenting direct evidence
when a change in a fitness measure resulted in a positive change in a health
risk factor or outcome, and when the study used appropriate controls
and statistical methods to analyze the independent effect of the interven-
tion and potential confounders. When making its recommendations, the
committee also considered associational evidence (i.e., from studies that
did not consider all possible confounders) as it may constitute supporting
evidence. In general, studies were excluded based on the following criteria:
poor study design (e.g., no control population), inappropriate population
(e.g., obese children with complex health issues), lack of power to detect
changes (e.g., small sample size), inability to assess the independent effect
of a dietary intervention or other important known confounder, or insuf-
ficient change in the fitness measure of interest.

The following sections review the strength of the evidence for a rela-
tionship between health outcomes and the four categories of fitness tests for
cardiorespiratory endurance (distance/timed run, shuttle run, treadmill, and
cycle ergometer). The discussion is organized by test because, in contrast
with measures for other fitness components (i.e., musculoskeletal fitness and
flexibility), the committee found sufficient evidence linking specific cardiore-
spiratory endurance tests to health markers, particularly cardiometabolic risk
factors and body composition. The strength of the evidence is categorized as
sufficient or insufficient based on the number of studies linking a measure
to a particular category of health markers, the study designs (evidence from
experimental and longitudinal studies having more weight than that from
quasi-experimental studies), and the statistical significance of the association.
The selected longitudinal, experimental, and quasi-experimental studies are
summarized in Tables 5-1, 5-2, and 5-3, respectively. For each study, the
tables include (1) the fitness test(s) used, (2) the health outcomes/markers
examined, (3) the size and characteristics of the sample, and (4) a summary
of the results and the quality and level of the evidence.
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Review of the Scientific Literature

Distance/Timed Run Tests

The committee identified two experimental, one longitudinal, and one
quasi-experimental quality studies that utilized various distance or timed
runs to measure cardiorespiratory endurance and its association with health
risk factors. There were fewer studies in this category of fitness tests than
in the other categories. The distances and times varied, and the tests were
primarily school based (Chang et al., 2008; Mota et al., 2009; Sidiropoulou
et al., 2007).

The studies reviewed also varied in their purposes, and none were
designed specifically to answer the questions the committee was tasked to
address. One high-quality experimental study examined the associations
between an intervention and a change in fitness (as measured by the speci-
fied distance run), adiposity, or cardiometabolic risk factors (Chang et al.,
2008). The authors implemented school-based interventions and found
increases in physical fitness, along with decreases in adiposity and improve-
ments in cardiometabolic risk factors. This study did not examine in more
depth whether the improvements in cardiometabolic risk factors were inde-
pendently associated with improvements in fitness and/or adiposity.

One longitudinal study found associations between baseline fitness and
gain in body mass index (BMI) over time, but did not find an association
between changes in fitness and changes in BMI over time (Mota et al.,
2009). Other studies included only a special population (Sidiropopulou et
al., 2007).

Distance run protocols were used in children aged 7 and older, although
the majority of studies were of youth aged 10 and older. The influence of
gender on the relationship between fitness and health risk factors was not
determined. Only one study specifically examined obese children (Chang et
al., 2008). Although running is a weight-bearing activity, these studies did
not adjust for BMI, which often was the major health outcome of interest
(Chang et al., 2008; Mota et al., 2009).

As with the other categories of tests discussed below, these studies
overall found that results of distance/timed run tests used to measure fitness
in youth corresponded to health risk factors, especially body fatness and
cardiometabolic risk, in youth.

Shuttle Run Tests

The committee identified three experimental, six longitudinal, and one
quasi-experimental studies that used various shuttle run testing protocols
to measure cardiorespiratory endurance and health outcomes. The pro-
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tocols included the 6-minute, 20-meter shuttle run and various 20-meter
multistage incremental tests. The majority of associations were found with
adiposity (as measured by BMI), perhaps because many of the studies took
place in a school setting, where it may be difficult to take more invasive
measures of health risk factors, such as blood lipids (Aires et al., 2010;
Chen et al., 2007; Kim et al., 2005; Martins et al., 2009).

One high-quality experimental study showed improvements in cardio-
respiratory endurance in schools randomized to a comprehensive physi-
cal activity intervention (Reed et al., 2008). These students also showed
improvements in blood pressure; however, there were no detectable changes
in BMI. Blood cardiometabolic risk factors also were measured in a smaller
subset of children, but changes in these risk factors were not significant.
Similarly, Murphy and colleagues (2006) found that improvements in car-
diorespiratory endurance corresponded to improvements in bone ultra-
sound results independent of any changes in BMI after a 6-month physical
activity intervention.

Longitudinal studies by Martins and colleagues (2009) and Kim and
colleagues (2005) demonstrated an inverse relationship between baseline
cardiorespiratory endurance and increasing BMI and incidence of over-
weight over 1 year and 5 years, respectively. A few studies also found
that improved performance on the shuttle run resulted in improvements
in cardiometabolic risk factors (total cholesterol, low-density lipoprotein
[LDL], high-density lipoprotein [HDL], and triglycerides) and blood pres-
sure (Puder et al., 2011; Reed et al., 2008). While Puder and colleagues
(2011) found that low baseline fitness was associated with an increase in
homeostasic model assessment-insulin resistance (HOMA-IR) level over 1
year, changes in fitness over this time and the corresponding relationship
to HOMA-IR were not examined and likely would have been difficult to
detect with the study’s small sample size (N = 83). In general, there were
relatively few studies measuring cardiometabolic risk factors, and the rela-
tionships to health markers were not as strongly supported by the study
design (e.g., the nonoptimal statistical approach of Martins et al. [2009]).

The shuttle run often is used as a measure of cardiorespiratory endur-
ance in the school setting because it requires no special equipment, and
training the administrators of the test is relatively easy. As the shuttle run
is typically school based, studies of this type of test examined children aged
4-17. Many studies examined results by gender, but only Martins and col-
leagues (2009) specifically state that gender did not impact the relationship
between fitness and BMI. Puberty was self-assessed in two studies (Martins
et al.,, 2009; Puder et al., 2011), only one of which controlled for this factor
(Puder et al., 2011) (an ommision that is understandable given that collect-
ing data on pubertal status may be difficult in a school-based environment,
where the majority of shuttle run testing takes place). Most of these studies
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also were inclusive of all weight categories and races/ethnicities and did not
specifically examine the potential impact of these factors on the relationship
between fitness and health risk.

Two quality experimental trials demonstrated improvements in fitness
and corresponding improvements in bone health (Murphy et al., 2006) and
blood pressure (Reed et al., 2008). Several quality studies also examined
the longitudinal relationship between fitness as measured by the shuttle
run and changes in adiposity in schoolchildren over time. Overall, the
strongest established relationships between cardiorespiratory endurance
as assessed by the shuttle run and health markers were with adiposity as
measured by BMI.

Treadmill Tests

The committee identified six experimental, four longitudinal, and one
quasi-experimental quality studies that used various treadmill protocols
(both maximal and submaximal) to measure VO,max and associated health
risk factors. Longitudinal studies demonstrated a strong link between
changes in cardiorespiratory endurance as measured by treadmill testing
and changes in adiposity measures such as BMI, waist circumference, and
adiposity (as measured by skinfold and dual-energy X-ray absorptiometry
[DXA]) (Byrd-Williams et al., 2008; Eisenmann et al., 2005; Johnson et al.,
2000; Twisk et al., 2000).

A strength of the longitudinal studies examined is that fitness levels in
adolescence are related to body composition and total cholesterol levels in
young adulthood (Eisenmann et al., 2005; Twisk et al., 2000). Twisk and
colleagues (2000) showed that an increase in VO, max over this period was
positively associated with a healthy cardiovascular risk profile in adult-
hood. Controlling for body fatness, the authors demonstrated that fitness
had an independent effect on the ratio of total cholesterol to HDL. Another
longitudinal study spanning adolescence to adulthood (mean age 26) found
that time to reach exhaustion on the treadmill in adolescents and the change
in this time experienced from adolescence into adulthood were correlated
with both adult body fatness and changes in body fatness from adolescence
to adulthood, respectively (Eisenmann et al., 2005). However, this study
did not demonstrate this positive relationship with adult risk factors for
cardiovascular disease and may have been limited by its relatively small
sample size (N = 48) (Eisenmann et al., 2005). Other longitudinal studies
used simply baseline VO,max in relationship to changes in adiposity (Byrd-
Williams et al., 2008; Johnson et al., 2000) without examining the change
in VO,max over this period. Still, these studies highlight the important
relationship between cardiorespiratory endurance and body fatness at a
later time.
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Experimental studies conducted in schools and laboratories also
demonstrated positive relationships between changes in cardiorespira-
tory endurance and adiposity measures, as well as cardiometabolic risk,
blood pressure, and executive functioning (Barbeau et al., 2002; Carrel et
al., 2005; Davis et al., 1985; Farpour-Lambert et al., 2009; Gately et al.,
2005). Several studies used well-controlled maximal treadmill test pro-
tocols (Farpour-Lambert et al., 2009; Walther et al., 2009), while others
utilized submaximal protocols that involved use of a metabolic cart for
measurement of gas exchange (Barbeau et al., 2002; Carrel et al., 20035;
Davis et al., 1985).

Cardiorespiratory endurance and body fatness are highly interrelated,
and both are factors in the risk for cardiovascular disease. Therefore, when
examining associations of changes in cardiorespiratory endurance with
body fatness and cardiometabolic risk factors, it is difficult to determine the
independent causes and effects. Few of the well-controlled studies using the
treadmill examined these effects independently (Twisk et al., 2000). After
a 1-year school-based randomized physical activity intervention, Walther
and colleagues (2009) demonstrated an increase in VO, max and endothelial
progenitor cells in youth without a corresponding decrease in adiposity.
Even though fat mass has an inverse relationship to weight-bearing car-
diorespiratory endurance measures, several studies did specifically exam-
ine overweight and obese youth using a treadmill protocol and observed
measurable changes in cardiorespiratory endurance (Barbeau et al., 2002;
Byrd-Williams et al., 2008; Carrel et al., 2005; Davis et al., 1985; Farpour-
Lambert et al., 2009).

Some studies also adjusted for maturation stage (Byrd-Williams et al.,
2008; Johnson et al., 2000), and some examined the interaction between
specific ethnicities and the relationship of fitness to health markers (Byrd-
Williams et al., 2008; Johnson et al., 2000). Although Johnson and col-
leagues did not find an effect of ethnicity, an interaction between gender and
the relationship of baseline fitness to changes in adiposity was observed in
Hispanic boys, but not Hispanic girls (Byrd-Williams et al., 2008).

Overall, the studies reviewed indicate that, among the health mark-
ers measured, adiposity and cardiometabolic risk factors show the stron-
gest evidence for an association with treadmill-measured cardiorespiratory
endurance.

Cycle Ergometry Tests

The committee identified four experimental, three longitudinal, and
three quasi-experimental quality studies that utilized various cycle ergome-
try tests to measure cardiorespiratory endurance and health outcomes. The
protocols in these studies varied widely, with the majority utilizing maximal
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exercise tests. Among those studies, several, both longitudinal and experi-
mental, were of high quality (Ben Ounis et al., 2010; Janz et al., 2002; Kelly
et al., 2004; Ortega et al., 2011). The weight of the evidence for an associa-
tion between cardiorespiratory endurance as measured by cycle ergometry
and health risk factors was particularly strong for measures of adiposity
(BMI, waist circumference, percent body fat, fat mass), cardiometabolic
risk factors (including total cholesterol, HDL, LDL, triglycerides, insulin
resistance, glucose, and vascular stiffness), and blood pressure (Ben Ounis
et al., 2010; Dunton et al., 2007; Janz et al., 2002; Kelly et al., 2004; Lee et
al., 2010; McMurray et al., 2008; Ortega, et al., 2011; Stella et al., 2005).

The strongest evidence for a relationship between cycle ergometry test
results and health risk factors is found with measures of adiposity and car-
diometabolic risk. The strength of the evidence in cycle ergometry studies
appears to be similar to that in the treadmill studies discussed above. Cycle
ergometry studies include several well-executed experimental studies (Ben
Ounis et al., 2010; Kelly et al., 2004; Wong et al., 2008) and two longitudi-
nal studies that occurred over a period of 4-6 years (Janz et al., 2002; Ortega
et al., 2011). Kelly and colleagues (2004) found improvements in cardio-
respiratory endurance, HDL cholesterol, and endothelial function following
exercise training in overweight youth without changes in adiposity, demon-
strating the independent effects of changes in fitness on these cardiovascular
disease markers (Kelly et al., 2004). Others found positive effects of exercise
and improvements in cardiorespiratory endurance on cardiovascular risk
markers and adiposity, but were unable to determine whether these were
independent effects (Ben Ounis et al., 2010; Wong et al., 2008).

In longitudinal studies, cardiorespiratory endurance improvements over
6 years from childhood to adolescence were associated with a lower risk
of becoming overweight/obese during adolescence (Ortega et al., 2011).
Adjustment was made for confounding by baseline BMI, and no interac-
tions by gender were identified. Similarly, Janz and colleagues (2002) dem-
onstrated the relationship between changes in cardiorespiratory endurance
over 5 years and health markers at the 5-year point. The authors demon-
strated a relationship between changes in cardiorespiratory endurance and
ratio of total cholesterol to HDL, LDL, and adiposity measures.

Jekal and colleagues (2009) designed their quasi-experimental study
to evaluate the effect of a 12-week exercise program (Jekal et al., 2009).
Although the study did not include a control group, measurements before
and after the intervention in this small study demonstrated a significant
association of cardiorespiratory endurance with fatness and risk factors for
cardiovascular disease. Another study examined the effect of 12 weeks of
aerobic training on plasma visfatin and insulin resistance in normal-weight
and obese female adolescents; unfortunately, analyses were not conducted
to elucidate whether the improvement in these risk factors was due to

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

CARDIORESPIRATORY ENDURANCE 139

weight loss or improvements in fitness or both (Lee et al., 2010). The results
suggest that the interaction between weight and cardiorespiratory endur-
ance is important, even though the authors did not analyze the independent
contributions of each of these variables to insulin resistance.

Two studies identified other health risk factors—depression and posi-
tive self-concept—that were mitigated by increased fitness (Dunton et al.,
2007; Stella et al., 2005). Of interest is the fact that the population of
Dunton and colleagues (2007) included various ethnic groups, even though
there was no analysis of ethnic origin as a potential modifier of the relation-
ship between performance on the test and self-concept.

As with the treadmill tests, few cycle ergometry studies evaluated
interactions with modifiers such as age or gender. Studies utilizing cycle
ergometry have focused mainly on children aged 10 and older, with one
longitudinal study examining those aged 7-10 (McMurray et al., 2008).
Given the non-weight-bearing nature of cycle ergometry tests, body weight
is not a modifying factor for these tests; a number of cycle ergometry tests
were conducted with overweight/obese children (Ben Ounis et al., 2010;
Kelly et al., 2004; Lee et al., 2010; Stella et al., 2005).

In sum, the strength of the evidence from the use of cycle ergometry to
measure cardiorespiratory endurance and associated health risk factors lies
with adiposity, cardiometabolic risk factors, and blood pressure.

Limitations of the Scientific Literature

Among the four types of cardiorespiratory endurance tests evaluated
in these studies, all but the distance/timed run tests showed significant
relationships to health risk factors, specifically adiposity measures and
cardiometabolic risk factors. The studies considered of highest quality for
each of the tests were as follows:

e cycle ergometer (Janz et al., 2002; Kelly et al., 2004; Ortega et al.,
2011);

e treadmill (Byrd-Williams et al., 2008; Davis et al., 1985; Farpour-
Lambert et al., 2009; Johnson et al., 2000; Walther et al., 2009);
and

e shuttle run (Kim et al., 2005; Puder et al., 2011; Reed et al., 2008).

The most important limitation of other studies reviewed was the lack
of in-depth examination of confounders, specifically whether improvements
in cardiometabolic risk were independently associated with improvements
in cardiorespiratory endurance or were also due to a decrease in adiposity
that is often experienced when individuals participate in physical activity.
In several of the experimental studies, concurrent changes were seen in
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adiposity measures, cardiometabolic risk factors, and fitness (Barbeau et
al., 2002; Ben Ounis et al., 2010; Carrel et al., 2005; Farpour-Lambert
et al., 2009; Wong et al., 2009). In such cases, it is impossible to determine
the independent effects of improvements in cardiorespiratory endurance on
cardiometabolic risk factors.

The committee also considered whether studies examined the effects
of various modifiers (e.g., age, gender) on the relationship between cardio-
respiratory endurance and health. Many of the studies reviewed were of
good quality but were not designed with these questions in mind. Only a
subset of the studies specifically examined potential modifiers of the rela-
tionship between cardiorespiratory endurance and health risk factors. For
example, studies included potential differences by gender (Barbeau et al.,
2002; Johnson et al., 2000; Martins et al., 2009; Puder et al., 2011; Twisk
et al., 2000), race/ethnicity (Barbeau et al., 2002; Byrd-Williams et al., 2008;
Johnson et al., 2000; Tremblay and Lloyd, 2010), age/maturation stage
(Byrd-Williams et al., 2008; Johnson et al., 2000; Puder et al., 2011), weight
status (Twisk et al., 2000), and training status (Sidiropoulou et al., 2007). In
most cases, however, studies included no analysis of these factors as modi-
fiers of performance or as modifiers of the effect of performance on health.

In general, the committee considered experimental studies to be of higher
quality because, by their design, such studies can demonstrate causes and
effects in a more direct manner than is possible with other designs. Yet, it
should be noted that many of the experimental studies measured health risk
factors using methods requiring invasive (i.e., blood draws) and/or precise
(e.g., body composition by DXA) techniques (Barbeau et al., 2002; Ben Ounis
et al., 2010; Farpour-Lambert et al., 2009; Slaughter et al., 1988; Walther et
al., 2009). Likewise, many studies measured fitness with laboratory protocols
using either a treadmill or cycle ergometer and with small sample sizes (Ben
Ounis et al., 2010; Farpour-Lambert et al., 2009; Kelly et al., 2004; Nourry
et al., 2005). An experimental study using precision measurements would be
more likely to detect relationships between changes in fitness and changes in
adiposity and health risk factors, even with small sample sizes.

VALIDITY AND RELIABILITY OF SELECTED TEST ITEMS

As discussed above, a number of tests have been used to measure
cardiorespiratory endurance in studies linking this component of physical
fitness to indicators of health in youth. The most common tests used in
large-scale surveys and youth fitness test batteries are distance/timed runs,
shuttle runs to volitional fatigue, and graded-exercise heart rate extrapola-
tion tests (treadmill or cycle ergometer). The validity and reliability of these
tests have been studied extensively, and several authors have summarized
the literature on their psychometric properties.
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In reviewing this literature, the committee relied primarily on review
articles identified through searches using PubMed and Web of Science with
the following keywords: fitness assessment, fitness testing, validity, reliabil-
ity, children, and adolescents. As necessary, the committee reviewed original
research articles identified as above or from citations listed in review articles
for the three categories of tests for which the committee found the strongest
evidence for a relationship to health—the shuttle run as well as the treadmill
and cycle ergometer (i.e., heart rate extrapolation) tests. The distance run also
is reviewed here since it could be used as an alternative in schools and other
educational settings, even though the literature on this type of test is sparser.

Shuttle Run Tests

Several permutations of graded-intensity shuttle runs to volitional
fatigue have been used in youth fitness test batteries. The most common is
the 20-meter shuttle run as developed by Léger, and it is this version of the
shuttle run that has been examined most frequently in validity/reliability
studies (Léger et al., 1988). Performance on the test is scored as 20-meter
laps completed before the participant falls behind the pace set by an audi-
tory timer, and validity has been examined as the correlation between laps
completed and measured VO, max. In Léger’s developmental study, the cor-
relation between laps completed and VO,max was r = 0.71 in a group of
8- to 19-year-olds (Léger et al., 1988). Boreham and colleagues (1990) and
Liu and colleagues (1992) completed similar validation studies and reported
validity coefficients of r = 0.87 and r = 0.72, respectively. Clearly there
is strong and consistent evidence that performance on the shuttle run in
young people correlates highly with weight-relative VO,max. This test also
has been shown to be a highly reliable measure. In a recent review article,
Artero and colleagues (2011) report that test-retest reliability coefficients
for this test have ranged from r = 0.78 to r = 0.93. Overall, the available
evidence suggests that the 20-meter shuttle run has excellent validity and
reliability as a measure of cardiorespiratory endurance.

Treadmill and Cycle Ergometer (Heart Rate Extrapolation) Tests

It is well known that heart rate increases linearly with increasing inten-
sity of endurance exercise; maximal heart rate and VO, max tend to occur
at the same exercise intensity, and therefore power output (e.g., exercise
intensity) at a standard heart rate correlates highly with power output and
VO, at maximal exercise. These relationships are the basis for tests of car-
diorespiratory endurance that involve the performance of graded, submaxi-
mal exercise with heart rate monitoring. Perhaps the best known and most
widely used of such tests is the Physical Working Capacity-170 (PWC-170)
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test (Wahlund, 1948). This test is performed on a cycle ergometer at three
progressively increasing intensities. Performance on the test is quantified as
power output at a heart rate of 170 beats per minute as estimated from the
linear plot of heart rate versus power output. Similar treadmill tests based on
the same principles have been developed (Gutin et al., 1990; National Cen-
ter for Health Statistics, 2004). Performance on the PWC-170 test has been
validated against VO,max as a criterion measure. Rowland and colleagues
(1993) found moderate correlations between absolute VO, max and perfor-
mance on the PWC-170 in boys and girls (r = 0.70 and 0.71, respectively),
but relationships were weaker when VO, was expressed relative to body
weight (r = 0.65 and 0.48, respectively). Boreham and colleagues (1990)
reported a high correlation (r = 0.84) between performance on the PWC-170
and VO, max in 48 adolescent boys and girls. Of interest, in the same study,
Boreham and colleagues (1990) found that performance on the PWC-170
and 20-meter shuttle run was highly correlated (r = 0.89). The PWC-170 is
highly reliable, with test-retest correlation coefficients ranging from 0.89 to
0.98 (Watkins and Ewing, 1983; Watson and Odonovan, 1976).

Distance/Timed Run Tests

The validity of distance/timed runs typically has been established by
examining the correlation between a criterion measure—directly measured
VO,max (ml/kg/min) as determined during exhaustive treadmill running—
and test performance (distance or time). The reviewers of this literature
have consistently concluded that distance runs of 1 mile or greater dem-
onstrate acceptable validity versus VO,max. As noted by Safrit (1990)
and Freedson and colleagues (2000), correlations between VO,max and
performance on distance/timed runs typically have been observed in the
good to high range (r = -0.63 to -0.90; a negative correlation has been
seen between time to complete and VO,). Also, distance/timed runs have
been found to be reliable based on test-retest correlations. In summarizing
studies examining the reliability of distance runs, Freedson and colleagues
(2000, pp. S80-S81) conclude that the “reliability of distance run tests has
been generally high with correlation coefficients ranging from r = 0.61 to
0.92.” A more recent review of studies examining the 1-mile run/walk
test found intraclass correlation coefficients ranging from 0.39 to 0.90 in
samples of children and adolescents (Artero et al., 2011).

ADMINISTRATIVE FEASIBILITY

Several factors should be considered with respect to administrative fea-
sibility for tests that are to be used as part of a national survey or in schools
and other educational settings. Although many of these factors apply to all
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settings (e.g., cost of the equipment), others relate more closely to schools
specifically (e.g., whether the test is appropriate as part of the school cur-
riculum). The latter considerations are discussed in more depth in Chapter 9.

The factors to be considered regarding administrative feasibility are
summarized in the checklist in Box 3-2 in Chapter 3. In general, these fac-
tors are related to the test subject, the facility and equipment, the adminis-
trator of the test, and the parents of the test subject. The reader is referred
to other publications that expand on these general factors (Mahar and
Rowe, 2008). This section focuses on factors that are particularly rel-
evant to conducting cardiorespiratory endurance tests and that apply to
all settings.

Of interest is that 7 of 11 and 8 of 11 studies reviewed by the commit-
tee that used the treadmill and cycle ergometer tests, respectively, utilized
maximal protocols. Maximal tests on either the treadmill or cycle ergom-
eter are likely not to be administratively feasible in larger studies, especially
if they are school based. Nonetheless, all three types of tests for which the
committee found the strongest evidence for a relationship to health—the
shuttle run, the treadmill, and the cycle ergometer—are generally feasible,
and the setting will dictate the choice among these types. For example,
if space is the major issue in test administration, such as in the case of a
national survey, the treadmill and cycle ergometer tests will be preferred.

Facility factors are of particular importance as the different tests have
different space and equipment requirements. For example, the shuttle run
requires the most space—at least 20 meters for the test course; the tread-
mill and cycle ergometer tests require substantially less space. On the other
hand, the treadmill and cycle ergometer tests require complex and expen-
sive equipment. The different space requirements may have an impact on
privacy for test subjects, the time required for testing, and the number of
subjects who can be tested. Training of the test administrator in test proto-
cols, test administration, and factors to consider is key to successful admin-
istration of a test and is another important consideration. For example,
training for administration of the shuttle run is likely to be somewhat less
complex than that required for the treadmill or cycle ergometer test. The
cost of the equipment often is a major consideration in deciding which test
should be used. The monetary cost of the equipment and of training the
test administrators is relatively easy to assess. However, fitness testing may
involve a wide range of additional direct and indirect costs. Ultimately, it
is important to know the relative costs versus the relative benefits of using
particular tests. No formal cost/benefit analyses have been performed for
any of the available tests for cardiorespiratory endurance.

Parental factors include concerns about the impact of the test on the
child. This may include fears regarding adverse events that could occur
during testing, as well as concern about how the results and their interpreta-

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

144 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

tion will impact the child. Parents may be especially interested in the health
implications of the results. These issues are probably equally important for
all recommended cardiorespiratory endurance tests.

Adverse events, including injury during testing and the potential psy-
chological effects of testing, should be considered. Adverse events of the
various tests for assessment of cardiorespiratory endurance have not been
systematically evaluated in the literature. The articles selected for this
review do not report any injuries during testing. One recent manuscript
(Ruiz et al., 2011) does address the safety of the 20-meter shuttle run, find-
ing that no complications occurred during the testing, with only one report
of a lower-body muscle cramp. The authors note that they have experienced
no safety issues in more than 10,000 children they have tested.

GUIDANCE FOR INTERPRETATION OF TEST RESULTS

Chapter 3 presents a detailed discussion of the interpretation of fitness
tests. Discussion of mathematical models for estimating cut-points, percen-
tiles, or distribution curves is beyond the scope of this report.

Low cardiorespiratory endurance clearly is related to a variety of
negative health outcomes, including obesity, elevated blood pressure, dys-
lipidemia, and cardiometabolic risk. There is also some evidence that
cardiorespiratory endurance is associated with neurocognitive function.
Some studies have suggested that the lowest third of the distribution of
cardiorespiratory endurance is the group at highest risk for cardiometa-
bolic risk factors/metabolic syndrome, but the relationship may be more of
a continuous one, making specific cut-points more difficult to determine.

The committee recommends the use of interim cut-points based on data
from both youth and adult populations on the relationship between tread-
mill performance and health outcomes until population-based evidence
in youth is available for cardiorespiratory endurance tests. The bottom
quintile of the distribution for cardiorespiratory endurance on a maximal
treadmill test is associated with elevated morbidity and mortality (Blair et
al., 1989) in adults. When interpreting test results, therefore, interim cut-
points could be derived from low performers (e.g., 20th percentile) in the
cardiorespiratory endurance distribution curve to identify youth at the
highest risk of poor health outcomes and increase the likelihood that an
individual identified as low fit is actually low fit. This is a more conserva-
tive approach than that taken by Lobelo and colleagues (2009) and Welk
and colleagues (2011), who estimate approximately the 30th percentile to
derive cut-points for cardiorespiratory endurance tests for youth. The com-
mittee’s approach is based on its view that identifying a fit individual as
low fit (potentially recommending an exercise intervention to a test taker
who does not need it) is a more serious error than identifying an individual
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who is low fit as fit. It should be noted that this approach must take into
account covariates such as age and sex, which allow standardization of the
interpretation of test results across individuals and, more important, for
an individual longitudinally across different ages. To derive the appropri-
ate cut-points from percentiles, fitness data based on large populations for
the test of interest are needed. If such data are not available, developers of
cut-points should consult with statisticians to design a small study with a
representative sample of U.S. youth to collect the necessary data.

Accurate interpretation and effective communication of test results
are important when improved fitness is a goal of the test. As mentioned
in Chapter 3, an individual’s results can be presented against the back-
ground of a continuous distribution. The continuous background reflects
the concept that improved fitness in general, even within a broader range,
is associated with a lower risk of negative health outcomes. Ultimately,
research should be conducted to evaluate the impact of this approach to
classification and interpretation on test subjects, parents, test administra-
tors, teachers, physicians, and others and on future health behaviors.

CONCLUSIONS

There is a well-known association between the fitness component car-
diorespiratory endurance and health outcomes in adults. The measurement
of cardiorespiratory endurance and its relationship to health outcomes in
youth is relatively new to the literature. The committee’s review revealed
that sufficient relationships have been established between cardiorespira-
tory endurance and several health risk factors in youth, including adiposity
and cardiometabolic risk factors (blood pressure, blood lipids and glucose,
and insulin sensitivity). A few studies have established a relationship with
other, less-studied pediatric health risk factors, such as pulmonary function,
depression and positive self-concept, and bone health.

The literature review provided to the committee included 34 arti-
cles indicating a positive relationship between results of cardiorespira-
tory endurance tests in youth and health risk factors, independent of
other interventions. The review included longitudinal, experimental, and
quasi-experimental studies. There was substantial variability in the tests
used, especially with the protocols for distance/timed runs and cycle
ergometry. The characteristics of the subjects (e.g., age, gender, weight)
varied as well.

The cardiorespiratory endurance tests most often associated with a
positive change in a health risk factor were the shuttle run, treadmill, and
cycle ergometer tests. The health markers most frequently assessed were
related to body weight or adiposity and cardiometabolic risk factors. The
shuttle run, treadmill, and cycle ergometer tests all showed strong relation-
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ships to health markers. Because of the paucity of studies addressing the
influence of several potential modifiers of performance—age, gender, race/
ethnicity, body composition, maturation status—on the various cardiore-
spiratory endurance tests, the committee was unable to examine this issue.
Such influences have, however, been suggested in the past (Beets and Pitetti,
2004; Bovet et al., 2007; Chomitz et al., 2010; Cureton et al., 1997; Huang
and Malina, 2007, 2010; Mahon and Vaccaro, 1989; Pate et al., 2006;
Trowbridge et al., 1997).

The treadmill and cycle ergometer tests are quasi-laboratory tests that
may be best suited to situations where space is a limitation. Field-based
cardiorespiratory endurance tests include both distance/timed runs and the
shuttle run. The shuttle run is advantageous when there are time constraints
and the purchase of sophisticated equipment and use of expert testers may
not be feasible.

The available evidence indicates that all of the approaches to measuring
cardiorespiratory endurance examined in this chapter demonstrate accept-
able validity and reliability. The validity and reliability coefficients for runs
of varying distances and time limits are more variable and less consistently
high than those reported for the shuttle run and heart rate extrapolation
tests (treadmill and cycle ergometer).

Based on its relationship to health, as well as its reliability, validity, and
feasibility, a timed or progressive shuttle run, such as the 20-meter shuttle
run, is appropriate for measuring cardiorespiratory endurance in youth. If
the test is to be administered in a setting where there are space limitations,
a submaximal treadmill or cycle ergometer test should be used, even though
several studies reviewed here were conducted with maximal tests. Submaxi-
mal protocols are recommended for feasibility reasons: maximal tests are
not suitable for large samples or school settings because they require that
participants meet certain criteria, such as reaching a certain number of
beats/minute, respiratory quotient, and oxygen consumption. Moreover,
there is a proven relationship between performance on a submaximal test
and performance on a maximal test. Although the evidence for a relation-
ship to health is not sufficient at this time for distance/timed runs, this
test is valid and reliable and could be an alternative in schools and other
educational settings.

Until population-based evidence in youth is available, the lowest 20th
percentile of the distribution of cardiorespiratory endurance should be used
to derive interim cut-points for determining whether individuals are at risk
of cardiovascular-associated negative health outcomes. The committee’s
full recommendations on cardiovascular endurance tests for use in national
youth fitness surveys and in schools and other educational settings are pre-
sented in Chapters 8 and 9, respectively.
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Health-Related Fitness Measures for
Youth: Musculoskeletal Fitness

KEY MESSAGES

Musculoskeletal fitness is a multidimensional construct comprising the
integrated function of muscle strength, muscle endurance, and muscle
power. The link between musculoskeletal fithess and health in adults has
extended beyond low-back health to other outcomes, such as personal
independence and quality of life, cardiovascular disease, risk of fracture,
and cognitive and functional ability. Although the relationship between
musculoskeletal fitness and these health outcomes in youth is not as
extensively or specifically studied as that in adults, this chapter summa-
rizes what is currently known about this relationship in youth.

A thorough review of the literature revealed a lack of high-quality stud-
ies supporting a strong link between any specific musculoskeletal fithess
test item and health outcomes in youth. This lack of evidence precluded
the identification of any specific musculoskeletal fitness test items for
inclusion in a national fithess survey for the general population of youth.
Nonetheless, based predominantly on evidence indicating a relationship
between musculoskeletal fithess and health outcomes in adults, the com-
mittee concluded that musculoskeletal fithess should be assessed in a
national youth fithess survey. The handgrip strength and standing long
jump tests (to measure upper- and lower-body musculoskeletal strength,
respectively) should be included in such a survey based on their limited
link to health and their acceptable validity, reliability, and feasibility. These
tests should not, however, be interpreted in a health context until their

153
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relationships with health outcomes have been established more firmly in
youth.

Limitations of the studies reviewed include that studies were not
designed to answer questions about the relationship between the fit-
ness tests studied and health, that interventions were inadequate, or
that confounders were not considered. Although effects of age, gender,
body composition, maturation status, and ethnicity on performance on
the various tests have been suggested in the past, this review provided
insufficient data for assessing the influence of such modifiers.

For school and other educational settings, administrators should con-
sider the handgrip strength and standing long jump tests, as well as
alternative tests that have not yet been shown to be related to health
but are valid, reliable, and feasible. The modified pull-up and the push-
up are possible alternatives for measuring upper-body musculoskeletal
strength and power. The curl-up could also be considered for measuring
an additional construct, core strength.

In the absence of criterion-referenced cut-points (cutoff scores) for
youth or adults, interim cut-points corresponding to the lower percentile
limit (20th percentile) should be used for tests of musculoskeletal fitness,
analogous to the cut-points for cardiorespiratory endurance, until better
evidence for criterion-referenced health-related cut-points is established
by further research.

he functions and capacities of the neuromuscular and musculoskele-

tal systems play important roles in defining the physical fitness status

of individuals and populations. Assessment of musculoskeletal fitness
has traditionally included assessment of muscle strength, muscle endurance,
flexibility, and bone health (Bouchard et al., 2007). With increasing inter-
est in and study of the role of muscle power in the elderly, it is likely that
muscle power will emerge as another important characteristic of musculo-
skeletal fitness worthy of inclusion in future youth fitness assessments (Ashe
et al., 2008; Bonnefoy et al., 2007; Reid and Fielding, 2012).

This chapter addresses musculoskeletal fitness (muscle strength, endur-
ance, and power) as it relates to health markers in youth; the flexibil-
ity component of musculoskeletal fitness is considered in Chapter 7. The
committee’s recommendations for selection of musculoskeletal fitness tests
are based primarily on an extensive review of the literature provided by
the Centers for Disease Control and Prevention (CDC). The CDC search
strategy and data extraction procedures are described in Chapter 3. To
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make its recommendations on this fitness component, in addition to pro-
viding evidence for a relationship to health, the committee considered the
scientific integrity (reliability and validity) of putative health-related test
items, as well as the administrative feasibility of implementing these items.
The committee also offers recommendations for setting cut-points (cutoff
scores) for interpretation of performance on musculoskeletal fitness tests.
Recommendations regarding specific tests for measuring musculoskeletal
fitness for national surveys and in schools and other educational settings
are presented in Chapter 8 and 9, respectively. Future research needs are
addressed in Chapter 10.

DEFINITIONS

Musculoskeletal fitness is a multidimensional construct comprising
the integrated function of muscle strength, muscle endurance, and muscle
power to enable the performance of work against one’s own body weight
or an external resistance. No single measure of any of these dimensions
adequately describes an individual’s overall level of musculoskeletal fitness;
rather, each of these dimensions must be assessed individually, compared
with appropriate performance or health standards, and then interpreted
in an integrated and unified assessment of overall musculoskeletal fitness.

Muscle strength is the ability of skeletal muscle (single or group) to
produce measurable force, torque, or moment about a single or multiple
joints, typically during a single maximal voluntary contraction and under
a defined set of controlled conditions, which include specificity of move-
ment pattern, muscle contraction type (concentric, isometric, or eccentric),
and contraction velocity (Farpour-Lambert and Blimkie, 2008; Kell et al.,
2001; Sale and Norman, 1982). In youth fitness assessments, this definition
usually applies to the production of maximal muscle force during a single
maximal voluntary effort on a particular strength test. Some musculo-
skeletal fitness tests, however (e.g., the pull-up test), allow the completion
of more than one near-maximal effort (e.g., two to three repetitions) and
have traditionally also been considered tests of muscle strength. Strength
is typically measured as force registered by a dynamometer (e.g., handgrip
dynamometer) or a measurable external load resisted or moved against
(e.g., weight machine or external weight).

Muscle endurance is the ability of a muscle or group of muscles to per-
form repeated contractions against a constant external load for an extended
period of time (Kell et al., 2001). The constant load can be either an abso-
lute external resistance, which provides a measure of absolute endurance, or
a relative load based on an individual’s maximal strength, which provides
a measure of relative endurance. In youth fitness assessments, this defini-
tion applies to voluntary submaximal efforts of variable force production
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and speed by a muscle or group of muscles during performance on a wide
variety of tests. Muscle endurance is typically measured as elapsed time or
number of paced or nonpaced repetitions of the muscle action within either
a specified or unrestricted time period.

Muscle power is a physiological construct reflecting the rate at which
work is performed (Knuttgen and Kraemer, 1987). It is derived from the
product of the force production of a muscle or group of muscles and the
velocity of the muscle contraction during a single- or multijoint action (Sale
and Norman, 1982). Muscle power is a complex construct consisting of
several subdomains, including average, peak, instantaneous, and contractile
power (Moffroid and Kusiak, 1975). In youth fitness testing, different field
tests probably assess different subdomains of muscle power, although the
specific associations between individual fitness tests and the power sub-
domains are poorly defined. Peak muscle power is dependent on the velocity
of the action and is inversely related to the external resistance against the
action. Peak power is typically generated within the range of 40-90 percent
of peak external resistance, or approximately 70 percent of an individual’s
one repetition maximum (1RM) (Reid and Fielding, 2012), and at submaxi-
mal velocity. Muscle power then can be defined as the product of force and
velocity during execution of a maximal voluntary effort against a submaxi-
mal external resistance, and it can be measured directly in two ways: by set-
ting a series of constant-velocity efforts and measuring muscle force at each
velocity, or by setting a series of constant loads and measuring the velocity at
each load, with power expressed in watts (W) being the product of force and
velocity for each series effort. In practice, in youth fitness testing the veloc-
ity is either controlled or uncontrolled, and the external resistance is either
the body weight or a resistance that is set below the peak force-producing
capacity of the muscles involved in the action.

Field tests of muscle power typically involve assessment of upper-body
(throwing distance) or lower-body (vertical squat jumps, vertical counter-
movement jumps, or long jump) muscle function, and usually measure
height or distance covered. Performance on these tests is directly related to
the attained velocity, which is proportional to the force generated during
the action and provides an indirect measure of muscle power. Field tests
of muscle power have been included as a surrogate measure of muscle
strength even though physiologically, this extrapolation is valid only if
the action is performed at a constant velocity, which is rarely the case in
the field. For this review, the committee considered only power tests that
incorporate a single maximal effort at a submaximal velocity and load (e.g.,
vertical or horizontal jumping tests). These tests require a high degree of
neuromechanical coordination and are less dependent on the biochemical
endurance capacities of the muscles compared with one of the most com-
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mon measures of anaerobic power, the Wingate Anaerobic Test. Because of
its unique physiological and neuromechanical characteristics, muscle power
is considered one of three dimensions of musculoskeletal fitness in youth
fitness assessments.

MUSCULOSKELETAL FITNESS TESTS

A plethora of fitness test batteries and items have been used over the
past 55 years to assess musculoskeletal fitness in youth (see Table 2-6 in
Chapter 2) (Castro-Pifiero et al., 2010). The tests vary in their specific
protocols, some purportedly assessing the muscle fitness of specific body
regions (upper and lower body, trunk, abdomen, lower back) and some
measuring isolated muscular function (e.g., muscle strength, endurance, or
power) or combined strength and endurance function.

Since the mid-1970s, there has been growing interest in and develop-
ment of health-related musculoskeletal fitness test batteries that have been
based largely on theoretical construct validity and on health data from the
adult population (AAHPERD, 1984; Jackson, 2006; Morrow et al., 2009;
Plowman, 2008). The American Alliance for Health, Physical Education,
Recreation and Dance (AAHPERD) Health Related Physical Fitness Test,
the first of many subsequent international fitness test batteries to claim
assessment of health-related fitness in youth, included the modified, timed
(1-minute) sit-up as the sole measure of musculoskeletal fitness.

More than 11 different classes of fitness test items have since been used
to assess the muscle strength, endurance, or power dimensions of muscu-
loskeletal fitness, many of them evaluating similar dimensions (Table 6-1).
For example, there are several variations on the pull-up test of differing
durations (no time limit, 30- or 60-second limit), with different anatomical
alignment of the body (full arm extension or right-angled pull-up), and with
varying interpretations of what the test items actually measure (upper-body
strength, upper-body endurance, combined upper-body strength and endur-
ance, athletic ability, relative strength).

It is apparent that many of these test items do not satisfy the physiologi-
cal definitions of the three dimensions of musculoskeletal fitness. Muscle
endurance fitness test items arguably may be considered the most physi-
ologically valid field tests in youth as opposed to those measuring muscle
strength and power, which are more subject to velocity control, loads, and
number of repetitions. Additionally, several of the currently used field-based
fitness tests (e.g., curl-up and pull-up) purport to measure more than one
musculoskeletal dimension concurrently. Because of their lower construct
validity, results of muscle strength and power tests must be interpreted
cautiously in youth.
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TABLE 6-1 Summary of Muscle Strength, Endurance, and Power
Fitness Test Items Used Historically to Assess Musculoskeletal Fitness in
International Youth Fitness Test Batteries

Fitness Test

Item Fitness Component Evaluated Variant Approaches
Flexed/Bent e Arm and shoulder endurance
Arm Hang e Functional strength
Pull-up e Upper-body strength and e Regular with full arm extension
endurance e Modified with right-angle limited
e Upper-body endurance extension
o Athletic ability e Untimed performance
e Relative strength e Timed performance (30 and 60
seconds)
Push-up e Upper-body strength and e Regular with full arm flexion/
endurance extension
e Modified with limited arm flexion/
extension to 90 degrees
¢ Isometric hold position
Dip e Upper-body endurance
Sit-up e Abdominal strength and e Straight-legged
endurance e Bent-legged
¢ Abdominal endurance ¢ Timed performance (30 and 60
seconds)
Curl-up e Abdominal strength and e Full flexion/extension
endurance e Partial flexion/extension
e Trunk strength e Untimed
e Timed (30 seconds)
e Cadence based
Trunk Lift e Back extensor strength
e Back flexibility
Handgrip e Static/isometric strength
Strength Test
Standing e Explosive power e Levels
Broad/Long e Lower-body strength
Jump e Athletic ability
Vertical e Explosive power e Jump with no countermovement
Jump e Lower-body strength e Countermovement jump
e Athletic ability
Throwing e Upper-body explosive Softball throw

strength
Strength and endurance
Athletic ability

Handball throw
Basketball throw
Medicine ball throw
Shotput (variable weights)
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MUSCULOSKELETAL FITNESS AND HEALTH IN ADULTS

There is increasing evidence of the importance of musculoskeletal fit-
ness as a determinant of health outcomes both in healthy young, middle-
aged, and elderly adults and in adults with disability or chronic disease. A
review of the relationship of early test batteries to health outcomes revealed
that the evidence was limited, even though there was sound anatomical
logical validity for a link between abdominal and back health and muscu-
loskeletal fitness (Plowman, 1992). More recent evidence lends additional
support to the idea that tests of abdominal and back extensor muscle endur-
ance relate to back health status, as assessed by history of low-back pain,
in adults (Payne et al., 2000).

In recent years, the link between musculoskeletal fitness and health in
adults has extended beyond the initial focus on low-back health. Recent
reviews have established positive associations between muscle strength and
personal independence and quality of life, and inverse associations with
cardiometabolic risk factors, frequency of cardiovascular disease events,
risk of general morbidity for nonfatal diseases (e.g., fracture risk and cog-
nitive decline), and all-cause mortality in middle-aged and elderly adults
(Bohannon, 2008; Cooper et al., 2011; Garber et al., 2011; Warburton et
al., 2001; Williams et al., 2007). Likewise, muscle endurance has been posi-
tively associated with overall quality of life and negatively associated with
likelihood of falling and associated skeletal and soft tissue injuries (War-
burton et al., 2001). Muscle power appears to decline more rapidly than
muscle strength with aging, and loss of muscle power is strongly associated
with decreases in functional ability (e.g., reduced ability to stand from sit-
ting in a chair), and it may be predictive of decreased mobility and prema-
ture mortality in adults (Reid and Fielding, 2012; Warburton et al., 2001).

Skeletal muscle and its functional capacities may also be related to
more health-related outcomes than has previously been appreciated. Reduc-
tions in skeletal muscle mass associated with acute or chronic illness may
negatively impact musculoskeletal fitness as assessed by muscle strength,
endurance, and power tests. Reduced muscle strength and function with
accompanying loss of muscle mass in acute or chronic illness are related
to increased recovery times, impaired patient quality of life, and likelihood
of institutionalization (Wolfe, 2006). Further, skeletal muscle is a major
regulator of glucose and fat metabolism and may play an important role
in the development of the metabolic syndrome and perhaps even obesity
(Jurca et al., 2005). The degree to which musculoskeletal fitness tests are
predictive of the development of these conditions and their responsiveness
to clinical management in adults remains an interesting yet untested ques-
tion. Lastly, skeletal muscle may be an important determinant of bone and
joint health in middle-aged and older adults as a result of direct muscle
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forces imparted to the skeleton during movement, as well as the effect of
increased muscle mass on skeletal loading. While it is difficult to separate
those two effects (Beck, 2009), suggestive evidence points to a positive
association between measures of musculoskeletal fitness (especially muscle
strength and power) and bone health in adults (Ashe et al., 2008; Cooper
et al., 2011; von Stengel et al., 2005, 2007). Positive associations also have
been reported between muscle strength and power and better quality of
life, lower risk of falls and fractures, and reduced morbidity and mortal-
ity (Cooper et al., 2011; von Stengel et al., 2005, 2007). Likewise, muscle
weakness has been identified as a risk factor for osteoarthritis in this popu-
lation (Garber et al., 2011).

The validity of the relationships described above is further corrobo-
rated by evidence for the effect of resistance training programs on muscle
strength, endurance, and power, along with changes in various health out-
comes. Resistance training programs now are generally accepted as being
effective at improving muscle strength, endurance, and power in both sexes,
across all ages during adulthood, and for both healthy adults and those
with chronic disease or disability (McCartney and Phillips, 2007; Reid and
Fielding, 2012; Williams et al., 2007). These programs also have resulted in
a multitude of adaptations that foster better health among adults, such as
improved body composition, blood glucose and insulin regulation, systemic
arterial blood pressure in prehypertensives, blood lipid and lipoprotein
profiles, bone health and management of arthritic pain and disability, and
prevention or improved management of the metabolic syndrome (Garber et
al., 2011; McCartney and Phillips, 2007; Williams et al., 2007). Similarly,
resistance training has resulted in enhanced exercise and functional capac-
ity, improved balance, and decreased falls (Garber et al., 2011; McCartney
and Phillips, 2007). Resistance training may also improve quality of life and
self-efficacy and moderate levels of depression and anxiety among adults
(Garber et al., 2011; McCartney and Phillips, 2007; Williams et al., 2007).

MUSCULOSKELETAL FITNESS AND HEALTH IN YOUTH

Literature Review Process

The CDC’s systematic review of the literature included muscle strength
and muscle endurance, but not muscle power, as components of fitness
because they are the dimensions of musculoskeletal fitness that have been
used most frequently in fitness test batteries. The muscle strength search
screened 2,642 reports, only 63 of which satisfied the CDC search criteria
for further consideration and were abstracted. Of this subset of 63 studies,
23 were classified as experimental, 22 as experimental with no control, 12
as quasi-experimental, and 6 as longitudinal.
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The muscle endurance search screened 6,563 reports, 38 of which were
retained for further consideration and were abstracted. Of this subset,
12 studies were experimental, 15 experimental with no control, 6 quasi-
experimental, and 5 longitudinal. The committee chose to review only the
experimental (including those with no control and quasi-experimental)
and longitudinal prospective studies in making its recommendations. In
addition to the CDC search strategy, the committee reviewed the reference
lists in the selected articles and relevant studies published before 2000 or
after 2010.

The committee developed a set of criteria with which to assess the
scientific quality of the studies (see Chapter 3). Each study was evaluated
against those criteria and categorized as of low, moderate, or high quality.
Only those of high quality were reviewed further; they are described in
Table 6-2. The evidence for a link between a test item and a health marker
in the top high-quality studies was categorized as direct or associational
based on the strength of the study design and the rigor of the statistical
analysis. The strength of the evidence was categorized as sufficient or insuf-
ficient based on the number of studies with direct or indirect evidence, the
study designs, and the statistical significance of the association.

Review of the Scientific Literature

Chronic, hypokinetic-related diseases are manifestations of latent pro-
gressive poor health over a protracted period of time. Because these diseases
are relatively less prevalent in youth, there is substantially less scientific
evidence supporting the association of musculoskeletal fitness with health
outcomes in youth than in adults.

The relationship between health and musculoskeletal fitness in youth has
been reviewed recently in relation to the development of the Fitnessgram®/
Activitygram® (Welk and Blair, 2008) and a new health-related physical fit-
ness test battery for European youth—the Assessing Levels of Physical Activ-
ity (ALPHA) study (Castro-Pifiero et al., 2010; Ortega et al., 2008b; Ruiz et
al., 2009). In a recent review, Ortega and colleagues (2008b) report signifi-
cant inverse associations of lower-limb explosive strength (i.e., power) and
abdominal endurance with lower-abdominal obesity in youth (e.g., p < 0.001
between performance on the standing long jump and waist circumference in
8-year-old males) (Brunet et al., 2007). The same review also highlights inverse
associations (p = 0.048) between a composite muscle fitness index score
and a standardized composite measure of cardiovascular risk among adoles-
cent girls (Garcia-Artero et al., 2007), and between putative cardiovascular
inflammatory markers and muscle strength in normal-weight and overweight
adolescents (for C-reactive protein, p = 0.02 and p = 0.09, respectively) (Ruiz
et al., 2008). Additionally, positive associations were found between muscle
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strength and total and site-specific (e.g., lumbar spine) bone mineral status
(p < 0.001 and p < 0.001, respectively) among prepubertal and adolescent
youth (Ginty et al., 2005). Less convincing evidence hints at a positive
association between improved muscular fitness and functional mobility and
quality of life in youth with cancer (Ortega et al., 2008b). Other sources
have reported significant positive univariate associations between various
measures of muscle strength and bone health in normal nonathletic and
athletic adolescents, but the strength of these relationships varies by skeletal
site, muscle strength, and bone health measure and usually weakens when
adjusted for body size or other known confounders (e.g., Blimkie et al.,
1996; Duncan et al., 2002; Rice et al., 1993). A recent systematic review
(Ruiz et al., 2009) for the period January 1990 to July 2008 concludes that
there is strong evidence of a link between changes in muscle strength and
changes in overall adiposity, but less strong (often inconsistent or nonexist-
ing) evidence of a link with changes in central obesity, systolic blood pres-
sure, blood lipid profiles, low-back pain, or quality of life and well-being
in youth.

Body Composition

Among the high-quality studies included in the committee’s review
(Table 6-2), the relationships between measures of body composition and
muscle strength/power were investigated most frequently. Six studies pro-
vide associational evidence supporting a link with an array of muscle
strength/power fitness measures of the upper extremity (i.e., the handgrip,
biceps curl, triceps press, shoulder press, shoulder flexion and extension),
trunk (i.e., bench/chest press, seated row), and lower extremity (i.e., squat,
leg press, knee/quadriceps extension, countermovement jump) (Janz et al.,
2002; McGuigan et al., 2009; Morris et al., 1997; Naylor et al., 2008;
van der Heijden et al., 2010; Velez et al., 2010). Body composition vari-
ables include body fat mass, percent body fat, abdominal fat, and lean or
fat-free tissue mass, with most relationships observed in overweight/obese
boys and girls within a rather narrow age range. Six high-quality studies
provide direct evidence of a link between changes in muscle strength and
power and favorable changes in health markers, including percent body
fat, lean or fat-free mass, waist circumference, and body mass index (BMI)
(Benson et al., 2008; Ingle et al., 2006; Lubans et al., 2010; Minck et al.,
2000; Shaibi et al., 2006). Trunk (i.e., bench press) and lower-body (i.e., leg
press, squat, and vertical jump) musculoskeletal measures are the most con-
sistently related to these body composition outcomes, spanning the period
from late childhood to adulthood in both normal-weight and overweight/
obese youth of both sexes.
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Bone Health

The second most frequently assessed relationship in the committee’s
review was between muscle strength and power measures and bone health
outcomes. Four studies provide indirect evidence of positive associations
between measures of upper-body (i.e., the handgrip, shoulder flexion and
extension, biceps curl, chest fly), trunk (i.e., chest press), and lower-body
(i.e., knee-quadriceps extension, hamstring curl, squat, long jump) strength
and power using a variety of skeletal measures (i.e., total-body, lumbar
spine, femoral neck, and proximal femur bone mineral content [BMC]
or bone mineral density [BMD]), mainly in normal pre- and pubertal/
menarcheal girls of normal weight (Heinonen et al., 2000; Kontulainen
et al., 2002; Morris et al., 1997). A single study by van der Heijden and
colleagues (2010) was the only one to investigate this relationship in both
sexes in obese peripubertal youth. Only two high-quality studies provide
direct evidence of a relationship between musculoskeletal strength and bone
health. Witzke and Snow (2000) demonstrated a positive link between
changes in knee extensor isokinetic strength and changes in trochanter
BMC in menarcheal adolescent girls. Nichols and colleagues (2001) report
a positive link between measures of bench press and leg press strength and
femoral neck BMC/BMD in a small sample of five menarcheal girls. Few
studies have investigated this relationship in boys and youth in early to

middle childhood.

Metabolic Health

Only four high-quality studies investigated the relationship between
musculoskeletal fitness and markers of metabolic health in youth (Benson
et al., 2008; Janz et al., 2002; Shaibi et al., 2006; van der Heijden et al.,
2010). These studies involved exclusively overweigh/obese youth of both
sexes ranging in age from late childhood to late adolescence. One of these
studies provides associational evidence of a link between multiple measures
of upper-body (i.e., biceps curl, fly), trunk (i.e., chest press), and lower-
body (i.e., hamstring curl, quadriceps extension, squat) muscle strength and
hepatic insulin sensitivity and glucose production (van der Heijden et al.,
2010). Another provides more direct evidence of a link between bench press
(i.e., trunk) and leg press (i.e., lower-body) strength and improved insulin
sensitivity in overweight adolescent boys (Shaibi et al., 2006).

Cardiorespiratory Health

Two high-quality studies provide indirect evidence for a link between
musculoskeletal fitness and cardiorespiratory health markers in youth (Janz
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et al., 2002; Naylor et al., 2008). Increases in handgrip strength were associ-
ated with reductions in systolic blood pressure in normal-weight boys and
girls aged 10-15 (Janz et al., 2002), and gains in a combined measure of
bench press and leg press strength were associated with improvements in
systolic blood pressure and markers of heart function (i.e., peak transmitral
velocity of flow, diastolic myocardial velocity, and left atrial pressure) in
obese boys and girls aged 12-13 (Naylor et al., 2008). Likewise, only two
studies examined the relationship between muscle strength and power mea-
sures and measures of mental/cognitive health. Velez and colleagues (2010)
report a positive association between measures of upper-body (i.e., shoulder
press), trunk (i.e., bench press, seated row), and lower-body (i.e., squat)
strength and power and self-esteem in normal-weight and overweight/obese
adolescent boys and girls aged 14-18, whereas Lubans and colleagues (2010)
provide direct evidence of a link between bench press and leg press strength
and physical self-worth in normal-weight boys and girls aged 14-15.

Resistance Training Programs and Health Outcomes

Paralleling the adult literature, there is growing acceptance that
appropriately prescribed and administered resistance training programs
can improve muscle strength, endurance, and power in youth (Blimkie
and Bar-Or, 2008; Faigenbaum et al., 2009; Malina, 2006). However, the
health-related risks and benefits of this type of training and the relationship
between improvements in musculoskeletal fitness and changes in health
outcomes have not been as systematically investigated for youth. Effec-
tive resistance training programs may (1) reduce the risk of joint injury
in adolescent athletes, (2) improve body composition specifically among
children and adolescents who are obese or at risk of obesity, (3) improve
insulin sensitivity in both normal-weight peripubertal children and obese
adolescents, (4) reduce blood pressure in hypertensive adolescents, and
(5) improve blood lipid profiles in both children and adolescents (Blimkie,
1993; Faigenbaum et al., 2009). The relationship between resistance train-
ing and improvements in musculoskeletal fitness and bone health in youth
are controversial, mainly because of the complex manner and time frame in
which bone responds to physical activities. In addition to very high forces
on bone, bone adaptation may be regulated by other parameters of the
activity (e.g., the loading rate) and muscle mass (Beck, 2009). Based on
the limited number of good prospective controlled experimental studies,
the link between improved musculoskeletal fitness and bone health remains
tenuous in youth. Also paralleling the adult literature, the relationship
between improved musculoskeletal fitness following resistance training and
psychological health outcomes in youth is relatively weak (Faigenbaum et
al., 2009).
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Moderate- and high-intensity resistance training programs have been
employed effectively, efficaciously, and safely with children as young as 8-10
years of age (Blimkie, 1993; Faigenbaum et al., 2009; Farpour-Lambert
and Blimkie, 2008). Likewise, 1RM or relative repetition maximum (e.g.,
10RM) strength testing has been employed safely with youth of this age.
For younger youth, however, these forms of specialized training and testing
have been used mainly in the research setting under the close supervision of
experienced trainers and under closely controlled conditions. These activi-
ties are not risk-free, and age/developmental status should be considered
carefully when they are being incorporated into youth fitness improvement/
testing programs, especially those for preteen youth. Recommendations
and guidelines for youth strength training and testing to mitigate risk were
recently published by the National Strength and Conditioning Association
(Faigenbaum et al., 2009) and the American Academy of Pediatrics and
Council on Sports Medicine and Fitness (2008).

Limitations of the Scientific Literature

Most of the studies reviewed by the committee had limitations that
precluded strong conclusions about the relationship between performance
on musculoskeletal fitness tests and health outcomes or markers in youth.
Many of the studies were not designed to answer questions about the
relationship between the fitness tests employed and health. For example,
primary study outcomes often were changes in diet, weight loss, or gen-
eralized physical activity rather than changes in musculoskeletal fitness
characteristics. In many of the studies reviewed, either the nature of the
intervention was not specific enough (e.g., a combination of endurance,
strength, and power exercises without a focus on a particular dimension),
or the dosage and duration of the exercise intervention were inadequate
to elicit changes in musculoskeletal fitness, a requisite for establishing any
relationships between a change in fitness and health.

Many of the reviewed studies were statistically underpowered to detect
significant relationships, considered only very narrow gender-specific age
ranges or discrete developmental groups, and often included unique sub-
populations of overweight and obese youth. In addition, in many of the
studies the analysis failed to consider the effects of potential confounders,
and only indirect inferences could be drawn regarding the relationships
between musculoskeletal fitness and health outcomes or markers. Quan-
tifiable multivariate analyses, which were rarely conducted, would have
permitted a more direct assessment of these relationships. Further, many
studies related health outcome measures to the musculoskeletal fitness of
isolated body regions, precluding generalization to whole-body musculo-
skeletal fitness status.
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In summary, there is an insufficient body of high-quality literature to
support a strong link between performance on any specific musculoskel-
etal fitness test by youth of either gender and across all ages and stages of
development and any health outcomes or markers. The current literature in
this area is too fragmented to permit identification of any specific musculo-
skeletal fitness test item that is unequivocally linked to health in the general
population of healthy youth.

VALIDITY AND RELIABILITY OF SELECTED TEST ITEMS

Despite the limitations of the literature discussed above, the growing evi-
dence in youth and stronger evidence in adults is suggestive of a fundamental
relationship between musculoskeletal fitness and health outcomes across the
life span. The committee finds that handgrip strength test and the standing
long jump are two tests that globally represent musculoskeletal strength and
power in youth and demonstrate adequate validity, reliability, and feasibil-
ity of administration for inclusion in fitness test batteries for all youth. This
section reviews the validity and reliability of these two tests, for which there
is some, albeit limited, evidence for a relationship to health in the literature
reviewed. It also looks at the integrity of the modified pull-up and isometric
leg extension tests, which also may be useful for assessing musculoskeletal
fitness; however, the literature review provided very limited high-quality
evidence for a link to health outcomes in youth for these two tests.

While numerous fitness tests purportedly measure muscle strength,
endurance, and power in youth, information about their validity and reli-
ability is limited. Nevertheless, an increasing body of literature pertaining
to the validity and reliability of a few musculoskeletal fitness tests provides
reasonable justification for including these tests in a test battery for assess-
ment of musculoskeletal fitness in youth. As mentioned above, the commit-
tee’s systematic literature review included muscle strength and endurance,
but not muscle power, as components of fitness. Some of the tests reported,
however, such as throwing and jumping tests, purportedly assess some
aspects of muscle power (e.g., average, peak, instantaneous, and contractile
power). Although the specific associations between individual fitness tests
and aspects of muscle power are poorly defined, the committee’s discussion
of the validity of the tests takes account of the fact that the selected tests
of musculoskeletal fitness could measure either muscle strength, endurance,
or power.

The handgrip strength test is used extensively in European youth fit-
ness testing. Based on the available literature, the handgrip strength test
has moderate to strong construct validity (r = 0.52-0.84) with established
upper-body (i.e., IRM bench press) and lower-body (i.e., leg press and iso-
kinetic knee extensor torque) strength tests (Holm et al., 2008; Milliken et
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al., 2008) and strong reliability (r = 0.71-0.90) in children and adolescents
(Benefice et al., 1999; Brunet et al., 2007; Ruiz et al., 2006). It also has
minimal test-retest learning and fatigue effects (Ortega et al., 2008a). Given
differences in hand sizes among youth, optimal grip span adjustment, elbow
angle, and device calibration are important for valid testing.

The standing long jump has been used extensively as a test of lower-
body muscular strength, power, and explosive strength (see Table 2-6 in
Chapter 2). Although not strictly a measure of power as that subdomain is
defined, the standing long jump is the most widely used field-based test of
muscle power/explosive strength. It demonstrates moderate to strong cor-
relations with 1RM leg press/body weight (r = 0.39) (Milliken et al., 2008),
isokinetic quadriceps torque (r = 0.50) (Holm et al., 2008), and total-body
isometric strength (r = 0.77) (Castro-Pifiero et al., 2010) in youth. In addi-
tion, the standing long jump correlates strongly (r = 0.70-0.91) with other
lower- and upper-extremity field-based power tests (i.e., vertical jump,
countermovement vertical jump, upper-body explosive throw) in youth
(ages 6-17), controlling for age, gender, and BMI and/or weight (Castro-
Pifiero et al., 2010; Milliken et al., 2008). The standing long jump also has
been found to have acceptable reliability in youth (r = 0.52-0.99) (Benefice
et al., 1999; Espafia-Romero et al., 2010; Malina et al., 2004; Pena Reyes
et al., 2003; Safrit, 1995; Simons et al., 1990). In addition, the reliability
of this test appears not to be affected by either systematic bias or sex dif-
ferences among adolescents (Ortega et al., 2008a), although reliability esti-
mates generally increase with age. Differences in gross motor coordination
and experience with jumping across developmental time may influence the
degree of test-retest reliability for the standing long jump. Controlling indi-
vidually for anthropometric variables (i.e., height and body mass) provides
a more valid assessment of lower-body strength and power for this test
across ages (Castro-Pifiero et al., 2010; Milliken et al., 2008).

The modified pull-up and isometric knee extension tests also are valid
and reliable tests of upper- and lower-body musculoskeletal fitness, respec-
tively; however, insufficient scientific evidence supports the link between
these two tests and health outcomes in youth. The modified pull-up has
demonstrated moderate to strong construct validity (r = 0.60-0.79) with
other upper-body criterion strength measures (i.e., 1RM bench press, pull-
down, arm curl) in boys and girls when measured per unit body weight
(Pate et al., 1993). The highest correlation demonstrated (r = 0.75) com-
prises the sum of the multiple upper-extremity strength tests, which dem-
onstrates strong construct validity for a composite measure of upper-body
strength. The modified pull-up also is moderately to strongly correlated
(r = 0.64-0.79) with push-ups, thus demonstrating a crossover effect with
muscle strength and endurance. Moderate to high test-retest reliability (r =
0.52-0.99) (Engelman and Morrow, 1991; Erbaugh, 1990; Kollath et al.,
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1991; Saint Romain and Mahar, 2001) and modified Kappa coefficients
(0.87-0.94) (Saint Romain and Mahar, 2001) have been demonstrated for
the modified pull-up.

The isometric knee extension test is a criterion measure of lower-
extremity quadriceps strength (and a general measure of lower-extremity
leg extension strength) used primarily in clinical or laboratory settings.
Many different methods (e.g., supine and upright sitting) and instruments
(e.g., hand-held dynomometer, Cybex isokinetic equipment) have been
used to test knee extension strength, and an optimal knee angle is an
important consideration for adequately measuring maximum torque at the
knee. Optimal knee angle remains relatively untested in children; however,
knee angles of 80-90 degrees may produce the highest torque levels in this
population (Marginson and Eston, 2001). Validation of isometric knee
extension tests with other criterion lower-body strength measures (e.g.,
leg press and bilateral squat exercises) in youth is limited. The strength of
the relationship between isometric and isokinetic knee extension has been
shown to decrease with increasing isokinetic angular speeds (Hill et al.,
1996). The isometric knee extension test demonstrates strong reliability
(r = 0.76-0.97) for single- and double-leg tests (Escolar et al., 2001; Hill
et al., 1996; Mercer and Lewis, 2001; Teeple et al., 1975) in both normal
and disabled children. As with other fitness tests, familiarization with the
testing procedures is advisable to optimize the validity of the test results
(Farpour-Lambert and Blimkie, 2008).

ADMINISTRATIVE FEASIBILITY

In addition to validity and reliability, the selection of musculoskeletal
fitness test items for inclusion in a youth fitness survey will depend on their
administrative feasibility and practicality in the field. Principles relating to
administrative feasibility for fitness testing for all fitness components are
discussed in general in Chapter 3 and more specifically for application in
school settings in Chapter 9. Developers and administrators of fitness sur-
veys should carefully consider the issues outlined in Box 3-2 in Chapter 3
and in Chapter 9 when selecting specific musculoskeletal fitness test items
for inclusion in a youth fitness test battery. The two specific musculoskel-
etal fitness tests discussed in the previous section and highlighted for their
potential relationship to health in youth (i.e., handgrip strength and stand-
ing long jump tests) are among the most practical and feasible of a plethora
of muscle strength, endurance, and power tests for field-based physical
fitness assessment in this population. These tests can be taught effectively
and administered safely to most school-aged youth, with consistency and
reliability likely improving with increasing age and maturity from age 5
until the onset of puberty.
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Administrative considerations for musculoskeletal fitness tests appli-
cable to schools and other educational settings are described in Chapter 9.
These tests (modified pull-up, push-up, and curl-up) generally require more
skill and coordination than the handgrip and standing long jump tests and
are perhaps more susceptible to learning and other effects. Thus these tests
may be taught to all school-aged youth; however, performance may be less
reliable than is the case for the handgrip strength and standing long jump
tests for younger ages, but as with those tests, may improve with advancing
age and maturity.

GUIDANCE FOR INTERPRETATION OF TEST RESULTS

Chapter 3 recommends several strategies that developers of fitness test
batteries can employ to ensure accurate interpretation of health-fitness
relationships in youth. The most robust approach requires establishing a
strong link between some fitness parameter and one or several putative
health markers in a broad population of youth and identifying health-
related cut-points. However, the literature contains no recent (within the
past 10 years) national normative data for the muscle strength, endurance,
and power tests discussed in this chapter for U.S. youth, and there is scant
evidence of any link between these tests and possible health markers for
this population. At present, therefore, empirically determined health-related
cut-points cannot be established for these tests. In the absence of criterion-
referenced cut-points in youth or adults, interim cut-points corresponding
to the 20th percentile should be used for tests of musculoskeletal fitness,
analogous to the cut-points for cardiorespiratory endurance, until better
evidence for criterion-referenced health-related cut-points is established by
further research. Experts who will establish cut-points for musculoskeletal
fitness tests in youth should follow the guidance in this report (Chapter
3) and base the cut-points on the unique purposes of the testing (e.g., cut-
points for special populations such as athletes or people with disabilities).

CONCLUSIONS

Based on the CDC literature and the supplemental literature reviewed
for this report, the committee concludes that there currently is sufficient evi-
dence affirming that musculoskeletal fitness is related to health in humans.
This conclusion is based mainly on increasing evidence for the importance
of musculoskeletal fitness, especially muscle strength and power, to health
outcomes in adults. There is some, albeit much more limited, support for
this link among youth. At this time, however, there is insufficient high-quality
evidence supporting an association between any single musculoskeletal fitness
test item and health markers in youth. Studies reviewed also provide insuf-
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ficient data for assessing the influence of several potential modifiers—age,
gender, race/ethnicity, body composition, maturation status—on performance
on musculoskeletal fitness tests.

The committee found growing evidence supporting the handgrip and
standing long jump tests as putative health-related (i.e., bone health and
body composition) musculoskeletal fitness test items in youth. The handgrip
strength test demonstrates moderate to strong validity with both upper- and
lower-body criterion strength measures. The standing long jump, although
not strictly a measure of pure muscle strength, demonstrates acceptable con-
current validity with lower- and upper-body criterion strength measures and
lower-body power measures in youth. The handgrip strength and standing
long jump tests demonstrate strong and moderate reliability, respectively.
Both are applicable across a broad age range, in both sexes, and in both nor-
mal and special pediatric subpopulations. These two tests also are currently
included in the ALPHA test battery for musculoskeletal fitness assessment
in European youth. Test administrators may wish to include these tests in a
national youth fitness survey based on their integrity and feasibility; how-
ever, the results of these tests should not be interpreted in a health context
until such relationships are more firmly established. The committee found
no evidence of adverse events associated with the administration of these
tests in the studies reviewed.

Other tests, such as the modified pull-up and isometric knee extension,
also are being used as measures of muscular strength in current fitness
test batteries in the United States but are linked only weakly with health
markers in youth at this time. Therefore, despite their acceptable validity,
reliability, and feasibility, the committee does not recommend these tests
for a national youth fitness survey until such health links are more firmly
established. In addition, although the bench press and leg press tests are
viewed as standard criterion measures of strength or endurance (based
on the number of repetitions demanded) in adults, they cannot be recom-
mended for inclusion in a national youth fitness survey at this time because
of the limited quality and level of the scientific evidence for the relationship
of these tests to health outcomes in youth; the paucity of information on
their reliability across childhood; and concerns regarding their administra-
tive feasibility, practicality, and safety.

For schools and other educational settings, administrators should con-
sider the hand grip strength and standing long jump tests as well as alterna-
tive tests that have not yet been shown to be related to health, but are valid,
reliable, and feasible. The modified pull-up and push-up tests are possible
alternatives for measuring upper-body musculoskeletal strength. The curl-
up could also be considered for measuring an additional construct, core
strength. The committee found no evidence of adverse events associated
with the administration of these tests in the studies reviewed. The com-
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mittee’s full recommendations on musculoskeletal fitness tests for use in
national youth fitness surveys and in schools and other educational settings
are presented in Chapters 8 and 9, respectively.

Moderate to strong tracking of selected measures of muscle strength and
power both during adolescence (Maia et al., 2001; Malina, 1996; Pate et al.,
1999) and from adolescence into adulthood (Beunen et al., 1992; Malina,
1996; Mikkelsson et al., 2006; Twisk et al., 2000) suggests that measures
of musculoskeletal fitness in youth may prove to be useful predictors of
future adult health. Tracking relationships appear to be weaker during the
preadolescent years and more stable for lower- versus upper-body strength/
power measures (Malina et al., 2004). Tracking variability in youth may
be explained by age-related differences in the development of inter- and
intramuscular coordination and differing levels of experience with specific
fitness tests. Further, there is increasing evidence of moderate tracking of bio-
logic health markers, especially for coronary heart disease, from childhood/
adolescence into adulthood that in the future may be shown to be related to
musculoskeletal fitness in youth (Bao et al., 1995; Froberg and Andersen,
2005; Malina et al., 2004; Twisk et al., 1995, 1997). Whether changes in
muscle strength, endurance, and power during youth are predictive of adult
health outcomes in later life, however, remains to be determined.
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Health-Related Fitness Measures
for Youth: Flexibility

KEY MESSAGES

Flexibility has been defined as the range of motion of muscle and
connective tissues at a joint or group of joints. In contrast to other, more
general or systemic fitness components, flexibility is highly specific to
each of the joints of the body. For this reason, although flexibility has
been included in national fitness test batteries, linking it to one or more
health outcomes is difficult, and few data support such an association.
Future efforts to study the relationship of flexibility to health will require
a multivariate approach.

The principal health outcomes hypothesized to be associated with
flexibility are prevention of and relief from low-back pain, prevention of
musculoskeletal injury, and improved posture. These associations have
been studied most frequently in adults, and the strength of any associa-
tions for specific flexibility tests in youth is minimal. Various reasons may
explain the difficulty of establishing a link between flexibility and health.
First, in contrast with other fithess components, no large-scale studies
have been specifically designed to assess the relationship between flexi-
bility and health. Second, flexibility may be associated with health in com-
bination with other musculoskeletal variables. Finally, studies addressing
flexibility have varied substantially in the tests used, the study designs,
and the characteristics of participants (e.g., age, gender, weight).

Although the evidence is not yet clear, flexibility in youth may in fact
be linked to various health outcomes, such as back pain, injury preven-
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tion, and posture, and appropriate studies are needed to explore such
associations. The limitations described above led the committee not to
recommend a flexibility test for a national youth fithess survey. Instead,
the committee recommends conducting further research on this fitness
component, as well as considering the use of flexibility tests in schools
and other educational settings for educational purposes.

Until the relationship to health is confirmed and national normative
data and health data are collected for youth, the comparatively relative
position method should be used for setting cut-points (cutoff scores) for
performance on flexibility tests. With this method, percentiles established
for other fitness measures are used to establish interim cut-points for the
measure of interest. For example, interim cut-points corresponding to the
20th percentile should be used for flexibility tests, analogous to the cut-
points for cardiorespiratory endurance tests.

early 1900s as the field of physical therapy emerged (Linker, 2011).

Later in that century, circumstances (i.e., two world wars and a polio
epidemic) provided further impetus for growth in the professions of occupa-
tional and physical therapy and a rise in schools for preparing therapists. In
1980 the first health-related physical fitness test was published (AAHPERD,
1980), and it included a test of flexibility (sit-and-reach). Subsequent U.S.
and international health-related test batteries—including the President’s
Council on Fitness, Sports and Nutrition (PCFSN) and Fitnessgram® bat-
teries—have included items to measure flexibility.

This chapter reviews existing data on the relationship between flex-
ibility and health outcomes in youth. The focus is on the extent to which
flexibility is associated with better health and function, excluding those
outcomes related to athletic performance. The chapter begins by defining
flexibility and describing the relevant physiology as a basis for explaining
the challenges involved in identifying an association between a single flex-
ibility test and a health outcome. The most frequently used flexibility tests
are then described. Next, the chapter presents findings from the literature
on what is known about the relationship between flexibility and health in
adults and in youth, which serve as the basis for the committee’s guidance
for interpreting results of flexibility tests, as well as for its conclusions
about the associations between flexibility tests and health outcomes in
youth. The validity and reliability of these tests are also examined. The
process for selecting the studies included here is described briefly in this
chapter and in more detail in Chapter 3. Based on its conclusions about the

l I1lexibility as a component of fitness first gained prominence in the
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relationship between flexibility tests and health, the committee makes no
recommendation for including a flexibility test in national fitness surveys,
but only recommendations regarding the use of specific flexibility tests with
educational value in schools and other educational settings (see Chapter 9).
These recommendations are based on the validity and reliability of the tests
and on additional factors that should be considered when implementing
fitness tests in schools (also described in Chapter 9). Future research needs
related to this fitness component are addressed in Chapter 10.

DEFINITIONS

Flexibility has been defined in many different ways, although the focus
has consistently been on the characteristics and functioning of muscle.
Kraus and Hirschland (1954), whose research in the 1950s precipitated
the U.S. national youth fitness testing movement, referred to flexibility as a
muscle fitness component associated with “muscle stiffness” and “tension.”
Kraus and Raab (1961) referred to muscle “tension” and “tightness” when
discussing flexibility in their classic book Hypokinetic Disease. Fleischman
(1964) identified two flexibility components using factor analysis: extent
flexibility and dynamic flexibility. Extent flexibility was defined as “the abil-
ity to flex or stretch the trunk and back muscles as far as possible” (p. 77)
(e.g., twist and touch tests). Dynamic flexibility was defined as “the ability
to make repeated, rapid, flexing movements” (p. 79) (e.g., rapid bending,
twisting, and touching movements).

According to Cureton, an early fitness pioneer, “Flexibility indicates
that joints are not muscle bound or stiff for some other reason” (Cureton,
19635, p. 42). It is important that his definition included reference to joints
and not just muscles, consistent with clinical definitions that evolved from
the development of the field of physical therapy and focused on “range of
joint motion” as the key component of flexibility. Textbooks on physical
fitness also focused on joint range of motion. For example, Johnson and
colleagues (1966, p. 23) defined flexibility as “the functional capacity of
the joints to move through a full range of motion.” Corbin and colleagues
(1968) defined flexibility as “the wide range of movement or the ability
to bend in many directions” (p. 6). And an early high school fitness text
(Corbin and Lindsey, 1979, p. 14) referred to flexibility as “the ability to
use your joints fully.”

The U.S. surgeon general’s report on physical activity and health (HHS,
1996) defined flexibility as “a health-related component of physical fitness
that relates to the range of motion available at a joint,” a definition originally
proposed by Wilmore and Costill (1994). The most recent national youth
fitness test batteries have used similar definitions. Fitnessgram (Plowman,
2008, pp. 11-13) defines flexibility as the ability to “move freely through a
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full range of motion.” A review of issues related to flexibility (Knudson et
al., 2000) uses the definition of Holt and colleagues (1996, p. 172). Flex-
ibility is defined as “the intrinsic property of body tissues which determines
the range of motion achievable without injury at a joint or group of joints.”

The definition of flexibility used in this report is an adaptation of that
of Holt and colleagues (1996). In this report, flexibility is operationally
defined as “the intrinsic property of body tissues, including muscle and
connective tissues that determines the range of motion achievable without
injury at a joint or group of joints.” Flexibility is highly specific to each
joint.

Fitness is considered to be a “state of being” (Corbin et al., 2000),
which is different from the behavior that produces that state. In the case
of flexibility, stretching is a physical activity behavior or exercise typically
performed to increase muscle-tendon unit (MTU) length and to allow
improved joint range of motion. Common forms of stretching include static
stretch (passive and active), proprioceptive neuromuscular facilitation, bal-
listic stretch, and dynamic stretch (see ACSM, 2010; Garber et al., 2011).
Other forms of physical activity that require stretching of the MTU (e.g.,
gymnastics, dance) can also result in improved flexibility.

FLEXIBILITY FITNESS TESTS

Flexibility tests measure joint range of motion and can in general
be classified into two categories: laboratory tests and field tests. Labora-
tory tests are those often used in controlled settings and are administered
to patients or study participants on a one-to-one basis with specifically
designed devices. As a result, the administration of laboratory tests can be
expensive and time-consuming. Field tests, in contrast, are used in schools,
fitness clubs, or similar practical group settings and can be administered to
more participants at a relatively lower cost and in a relatively shorter time.
Characteristics of laboratory and field tests are briefly described below.

Laboratory Tests

Most clinical assessments of flexibility fall within the category of “goni-
ometry,” which is derived from the Greek words “gonia” (i.e., angle) and
“netron” (measure) (Eston and Reilly, 1966; Norkin and White, 2003).
Thus, measuring flexibility can simply be viewed as measuring the angle of
joints or their range of motion (ROM). The devices used for the assessments
are called goniometers. Although they vary in size, shape, and material
used, goniometers usually consist of three parts—the body and two thin
extensions called “arms.” The body resembles a protractor that forms a half
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(0 to 180 degrees) or full (0 to 360 degrees) circle. One arm is called the
“stationary arm” and other the “moving arm.” During the assessment, the
examiner determines the range of motion by placing the goniometer along
the bone immediately proximal and distal to the joint being measured.

Field Tests

Field tests for flexibility have been used in a number of fitness test
batteries. In the United States, the shoulder stretch (sometimes called the
zipper), trunk lift (assesses both flexibility and muscle fitness), and sit-and-
reach (assesses low-back and hamstring flexibility) have been used, as have
modifications of these tests. There are also several other tests not used in
national batteries, such as the Schober test, the modified Schober test, and
the straight leg raise (see also Table 2-6 in Chapter 2).

In the shoulder stretch, the person being tested reaches over the shoul-
der and down the back with one hand, and reaches behind the back and
upward with the other hand, trying to touch the fingers of the hands
together. The distance between the hands or distance of overlap is measured
on both sides of the body (Meredith and Welk, 2010, pp. 59-60).

The trunk lift is presumed to measure both muscle strength and flex-
ibility. In this test, the person being tested lies prone on the floor, lifts the
upper body (trunk) off the floor, and holds the position while the height of
the chin from the floor is measured (Meredith and Welk, 2010, pp. 49-50).

Sit-and-reach and other similar tests that require a person to flex the
hip to touch the toes are the most common field tests of flexibility. Such
tests are designed to assess low-back and upper hamstring (complex of three
posterior thigh muscles) flexibility.

The first U.S. health-related fitness battery used a bilateral sit-and-reach
test (AAHPERD, 1980). Sitting on the floor or a mat, legs straight and feet
8-12 inches apart, the person being tested reaches forward with the arms
(hands overlapping). The distance of reach is measured in inches using a
measuring line marked on the floor (PCPFS, 2012).

An alternative to the bilateral sit-and-reach test is the unilateral test
called the backsaver sit-and-reach (Meredith and Welk, 2010, pp. 57-59).
The Fitnessgram test manual (Meredith and Welk, 2010) outlines the reasons
for including this test. A flexibility box with a ruler extension is used. The
person being tested sits on the floor or a mat with one leg straight. The other
leg is bent to the side, foot near the knee of the straight leg. The person being
tested reaches forward with the arms (hands overlapping). The distance
reached in centimeters or inches (on the flexibility box ruler) determines the
person’s score. The test is then repeated with the other leg extended.
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FLEXIBILITY AND HEALTH

Flexibility is associated with length of muscle and connective tissue,
joint structure, age, disease state, and gender. MTU length is typically the
prime focus of flexibility testing in the field setting. Factors such as MTU
stiffness/compliance, elasticity, and viscoelasticity relate to flexibility and
MTU function (Alter, 2004; Knudson et al., 2000). The utility of flexibility
as a component of physical fitness has its roots in sports performance, and
considerable research has investigated the association between acute stretch
and muscle cramps (DeVries, 1967), injury (McHugh and Cosgrave, 2010),
performance (Kay and Blazevich, 2012; McHugh and Nesse, 2008), postural
stability (Nelson et al., 2011), and delayed muscle soreness (Henschke and
Lin, 2011; Herbert et al., 2011). This chapter, however, focuses on outcomes
related to better general function and health, not athletic performance.

In contrast to other fitness components that are general or systemic in
nature, flexibility is highly specific to each of the joints of the body. For
example, a person can be very flexible with a good range of motion in and
around the shoulder joint but tight and lacking range of motion in the
hip. The specificity of flexibility to joints of the body makes it difficult to
isolate a single flexibility-related factor contributing to a health outcome.
The ability to touch the toes in a sit-and-reach test, for example, involves
many joints and MTUs. MTU length in one area of the body may contrib-
ute to poor performance on the test but not account for a large amount of
variance in total test performance. As a result, establishing a relationship
between flexibility and health outcomes is likely to require a multisite,
multivariate approach specific to each health outcome. Accordingly, estab-
lishing a link to one or more health outcomes for one specific flexibility
test item is difficult.

An added complication is that field tests used to assess flexibility may
not have the specificity to isolate particular joints of interest to health-related
outcomes. For example, although low-back pain has been hypothesized to
be associated with flexibility, the sit-and-reach test that is commonly used to
assess low-back and hip flexibility has been shown to measure hip flexibility
rather than low-back flexibility (Chillon et al., 2010). The extent to which
range of motion around the hip joints is a better predictor of low-back pain
than range of motion around the lumbar region is not known. Results of a
study by Cornbleet and Woolsey (1996) indicate that the sit-and-reach test
is correlated with hamstring length. However, attention must be paid to the
final position of the hip joint rather than the final position of the fingertips
and any mobility in the spine in assessment of hamstring length. Of interest,
this study also suggests that hamstring length differs between boys and girls.

Although flexibility may be associated with health outcomes, strong
evidence of a health link to an individual field test is not apparent. Flex-

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

FLEXIBILITY 193

ibility is not necessarily linearly related to health outcomes. Excess range of
motion around a joint or joints (e.g., joint hypermobility syndrome [JHS])
is characterized by excessive movement and wear of joints that can lead
to injury and disability (Wolf et al., 2011). JHS affects children more than
adults and females more than males (Remvig et al., 2007). Accordingly, care
must be taken in interpreting an individual’s range of flexibility in terms of
health outcomes.

Flexibility and Health in Adults

The evidence relating flexibility to health outcomes among adults is
equivocal. The American College of Sports Medicine’s (ACSM’s) position
statement (Garber et al., 2011) indicates that flexibility exercises may
enhance postural stability and balance (see also Bird et al., 2011). Plowman
(2008) reports that some studies show an association between flexibility
and low-back pain, while others do not. Recent studies using Functional
Movement Screening (FMS), a multi-item musculoskeletal screening bat-
tery, have shown promise for predicting injuries among military personnel
(O’Connor et al., 2011), firefighters (Peate et al., 2007), and professional
athletes (Kiesel et al., 2007, 2011). These preliminary studies suggest that
batteries of musculoskeletal test items may prove to be better predictors
of injury than single musculoskeletal test items (including items designed
to test flexibility), at least in people for whom high-intensity exercise and
vigorous-intensity physical activity are important job features.

The association between flexibility and functional capacity among
adults is unclear, although several recent studies have investigated exercise
training and functional capacity. Studies in cancer survivors (Eyigor et al.,
2010) and people with Parkinson’s disease (Reuter et al., 2011), fibromy-
algia (Carbonell-Baeza et al., 2012), and other conditions have sought to
determine the effect of multimodal exercise on various aspects of functional
capacity. These studies are rooted largely in the physical therapy literature,
where a goal of patient care is increasing or returning musculoskeletal func-
tion. Reuter and colleagues (2011) compared a stretching and relaxation
treatment (ostensibly a control condition) with a walking or gym-based
exercise treatment in a randomized study of 90 Parkinson’s patients. After
6 months, the control patients showed improvements in their reported pain,
balance, and health-related quality-of-life measures equal to those of the
exercise treatment groups. As with the bulk of the literature on flexibility
and health outcomes, few studies have focused specifically on stretching
(and changes in flexibility) as the key exposure as it may relate to functional
capacity. Moreover, the heterogeneity of populations and conditions studied
makes general conclusions tenuous.
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Stretching as Part of a Regular Exercise Program

There is some evidence that stretching, if included as part of a regular
program of exercise, results in improved flexibility. The ACSM (Garber et
al., 2011) found there were limited randomized controlled trials showing
the effect of frequency, type, volume, and pattern, and only observational
or nonrandomized trials showing the effect of intensity and time (length
of stretch). However, the ACSM notes that “no consistent link has been
shown between regular flexibility exercise and reduction of musculotendi-
nous injuries, prevention of low back pain, or DOMS [delayed onset muscle
soreness|” (Garber et al., 2011, p. 1344). Yet, it is important to note that
stretching has been used in physical therapy for injury rehabilitation, treat-
ment of neuromuscular symptoms of disease, and restoration of functional
capacity for daily living, although the need for solid scientific support con-
tinues (Reurink et al., 2012). Stretching also has been used for improving/
correcting posture (Nelson et al., 2011) and for treating neck, back, and
other types of pain (Franca et al., 2012). Stretching is useful in relieving
muscle cramps (Schwellnus et al., 2008) associated with muscle pain.

Other activities that involve stretching (i.e., Tai Chi, Qigong, yoga)
have been associated with health outcomes as well. But because they also
rely on strength, muscular endurance, balance, and other neuromuscular
factors, it is impossible to quantify the independent effect of stretching
(and resultant flexibility). Three different literature reviews (Chang et al.,
2010; Jahnke et al., 2010; Wang et al., 2004) indicate that Tai Chi and
Qigong have a variety of associated health benefits (e.g., bone health,
cardiopulmonary fitness, some aspects of physical function, quality of life,
self-efficacy, and factors related to prevention of falls [Jahnke et al., 2010,
p. 22]), especially among older adults. Yoga has been associated with ben-
efits in treating low-back pain (Sherman et al., 2005, 2011; Tilbrook et
al., 2011) and with psychological health benefits among cancer survivors
(Lin et al., 2011).

Acute Stretch

The stretching warm-up (acute static stretch) has long been consid-
ered important in preparing for vigorous-intensity physical activity, includ-
ing sports, dance, and various forms of fitness training. Recent research,
however, has questioned some of the purported performance and health
benefits, including prevention of soreness and injury. In a recent systematic
review, Kay and Blazevich (2012) cite 18 studies and indicate that static
stretching can reduce strength, power, and speed. However, they also note
that strength, power, and speed are not compromised after short-duration
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stretches (45 seconds or less). Another recent meta-analysis (Simic et al.,
2012) that includes 104 studies published from 1966 to 2010 suggests that
static stretching should be avoided as the sole warm-up routine for strength,
power, and explosive strength performance, but notes that negative effects
are greatest for stretches lasting more than 45 seconds. After reviewing 12
relevant studies, Herbert and colleagues (2011, p. 2) found that “there was
little or no effect on muscle soreness experienced in the week after physical
activity.” There is evidence, however, that acute static stretching decreases
musculoskeletal stiffness (Kay and Blazevich, 2009).

Witvrouw and colleagues (2004) and Thacker and colleagues (2004)
report no association between acute static stretching and injury reduction.
A recent review (McHugh and Cosgrave, 2010) indicates that acute stretch-
ing can reduce the risk of acute muscle strain injuries, but also reports no
reduction in overuse injuries after a static stretch warm-up. Pereles and
colleagues (2010) note that there were no differences in injury risk between
prerun stretching and nonstretching groups of teens and adults and suggest
that an immediate shift in a regimen (i.e., from stretching to no stretching)
may be more important than the regimen itself.

Flexibility and Health in Youth

Literature Review Process

The majority of the studies cited come from a literature review by the
Centers for Disease Control and Prevention (CDC). This literature search
screened a total of 6,016 studies addressing flexibility. As mentioned in
Chapter 3, the CDC did not abstract these articles because of time and
resource limitations. However, when flexibility was measured in studies
that were identified from the aerobic, muscular endurance, and muscular
strength search libraries, that information was coded and extracted into a
central database. Of these studies, seven were classified as experimental, five
as quasi-experimental, and four as longitudinal. In addition, the committee
reviewed studies provided through a public information gathering session.
Because there were so few relevant studies, the committee also examined
cross-sectional studies to gain further insight; however, these studies yielded
no findings relevant to the committee’s task. The criteria used to select
high-quality studies are discussed in Chapter 3. Given the paucity of studies
and the lack of evidence, this section presents findings from all the studies
reviewed regardless of the quality of the evidence in support of a relation-
ship of flexibility to health, as a basis for the committee’s conclusions on
flexibility.
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Review of the Scientific Literature

A variety of forms of stretching (e.g., static stretch, active stretch,
passive stretch, proprioceptive neuromuscular facilitation [PNF]) produce
increases in flexibility. Results of studies included in this report indicate that
programs of physical activity for youth, even those not designed primarily
to improve flexibility (Cheung and Ng, 2003; Dorgo et al., 2009; Faude
et al., 2010; Katz et al., 2010; Serbescu et al., 2006), result in improved
flexibility (Ahlqwist et al., 2008; Jones et al., 2007).

It should be noted, however, that there are differences in flexibility
based on gender and ethnicity. Alter’s (2004) text the Science of Flexibility
indicates that in general, girls are more flexible than boys, younger youth
are more flexible than older youth, and youth are more flexible than adults.
More recently, Tremblay and colleagues (2010) found that girls were more
flexible than boys across all age groups during the school years, but found
no differences across age groups for either boys or girls. In a large cross-
sectional study of youth fitness in Texas, Welk and colleagues (2010) found
higher sit-and-reach scores for girls than boys at the high school level but
not at lower school levels. The study also found that boys had better sit-
and-reach scores in high school than in elementary or middle school, and
that girls had lower sit-and-reach scores in high school than in elementary
or middle school (Welk et al., 2010). Results of the most recent California
physical fitness test indicate that the percentage of students meeting sit-and-
reach standards is higher among girls than boys and that for both sexes,
more youth meet the standards at upper than at lower grades.! Finally,
results of a statewide fitness survey of students in fifth and seventh grades
in Georgia suggest that 21 percent of students failed to meet flexibility
standards (as measured by the sit-and-reach test) (The Philanthropic Col-
laborative for a Healthy Georgia, 2008). No gender differences were noted
among the younger (fifth-grade) students, but the percentage of older girls
meeting the standards was higher than that of older boys (25 percent ver-
sus 20 percent). Results of the Georgia survey also suggest differences by
race/ethnicity, with Hispanic students being less likely to reach flexibility
standards than their white or African American peers.

In terms of secular changes, a longitudinal study of the fitness of Cana-
dian youth compared fitness scores (cardiorespiratory endurance, body
composition, flexibility, muscle fitness) collected between 2007 and 2009
with scores from 1981. Sit-and-reach scores for boys and girls in all age
groups were lower in 2007-2009 than in 1981 (Tremblay et al., 2010). In
a study by McMillan and Erdmann (2010), girls improved in sit-and-reach
performance over a 6-year period, but performance among boys decreased.

1 Available at http://www.cde.ca.gov/ta/tg/pf/pftresults.asp (accessed June 18, 2012).
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Pain and injury Of seven experimental studies in the CDC review deal-
ing with flexibility, only one (Ahlqwist et al., 2008) looked directly at
health outcomes commonly associated with flexibility (e.g., pain, injury).
Its results suggest that back pain scores in teens improved as flexibility (as
measured by the sit-and-reach test) improved. Improvements in flexibility
were greater in the physical therapy group than in the home exercise and
educational materials groups. In some of the studies, the intervention did
not result in the desired change in flexibility. For example, Faude and
colleagues (2010) compared children in a soccer intervention group with
controls. Both groups improved in sit-and-reach performance, as well as
in body mass.

Of the five studies in the CDC review classified as quasi-experimental,
one focused specifically on a dependent variable associated with flexibility.
Jones and colleagues (2007) studied a small group of teens with back pain
who were exposed to 8 weeks of rehabilitation versus no-exercise controls.
Side bending, hip flexion (sit-and-reach), and sit-up performance increased
in the rehabilitation group but not the controls. Pain intensity decreased in
the intervention group.

In an observational study reviewed, Feldman and colleagues (2001)
tracked adolescents over 1 year and found tight quadriceps and tight
hamstrings to be associated with back pain. An initial study by Kujala
and colleagues (1992) found that flexibility measures were not associated
with back pain. However, a 3-year follow-up found that poor lumbar
flexion was part of a multivariate profile that predicted pain for boys,
and that decreased range of motion in the lower lumbar segments, low
maximal lumbar extension, and high body weight at baseline predicted
low-back pain for the following 3 years (Kujala et al., 1997). A retrospec-
tive study of 1,025 men and women for whom sit-and-reach and sit-up
performance was measured as teens found that good flexibility (sit-and-
reach) in boys and good endurance strength (sit-up) in girls were associ-
ated with decreased risk of neck tension (Mikkelsson et al., 2006). Neither
sit-and-reach nor sit-up performance was associated with back pain. A
high body mass index (BMI) was associated with increased neck tension,
and the authors speculate that it may be related to poor hamstring length
and back stiffness. In a study with 402 subjects (6-18 years old), Miereau
and colleagues (1989) found that adolescent males with a history of low-
back pain also had decreased hamstring length; the same relationship
was not found in girls. Lower straight leg raise scores were found among
older teens. Salminen and colleagues (1992) studied 15-year-olds with and
without back pain and found lumber extension and hamstring length to
be associated with back pain, but no relationship was found between back
pain and trunk flexion. A later study by Salminen and colleagues (1995)
found no association between low-back pain and flexibility measures, but
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showed low activity levels to be a risk factor for low-back pain. Bloemers
and colleagues (2012) also found an increased risk of injury among inac-
tive youth, but no direct link to flexibility or other fitness parameters was
established. Finally, Burton and colleagues (1996) tracked 11-year-olds
over 4 years (to age 15) and found that flexibility measures were not pre-
dictive of back pain. Lower flexibility was reported between ages 11 and
15, and girls were more flexible than boys.

Body composition and cardiometabolic health Two experimental studies
(Manios et al., 2002; Serbescu et al., 2006) found that after an exercise
training intervention, improvements were seen in body composition or lipids
and lipoproteins that were measured as health outcomes, which in theory
are not physiologically linked to flexibility. It should be noted, however, that
in one of the studies (Manios et al., 2002), the exercise intervention did not
change the flexibility of the participants. Five prospective studies provide
information relevant to flexibility and health outcomes. Inconsistent results
were found with regard to the association between flexibility (as measured
by sit-and-reach) and body composition. Two studies showed an association
between decreases in flexibility and higher skinfold measurements (Matton
et al., 2006) or BMI (Kim et al., 2005). Others (Aires et al., 2010; Chen et
al., 2007), however, found no association between performance on the sit-
and-reach test and BMI. These inconsistencies could be due to differences in
study designs, such as the length of the studies, the ages of the children, or
the appropriateness of the health outcome itself (body composition).

Limitations of the Scientific Literature

The committee notes that the quality of the research reviewed was less
than optimal for several reasons. In some cases, there were problems with
the design of the study (e.g., no controls). There have been no large trials
with adequate statistical power to demonstrate a relationship between flex-
ibility and any health outcome or marker. Moreover, studies typically were
not designed to test hypotheses central to flexibility. For example, flexibility
measures often were included as one of the fitness components measured,
but the health outcomes assessed were chosen because of their hypothesized
association with fitness variables other than flexibility, such as BMI. Early
studies that influenced eventual large-scale fitness testing of youth focused
on the importance of flexibility to back health. The six-item Kraus-Weber
test, which was clinically derived, was thought to predict future back pain
in adults and was subsequently used as a fitness test for youth (Kraus and
Hirschland, 1954). Flexibility has not been theoretically linked to metabolic
markers as have cardiorespiratory endurance and body composition, nor
has it typically been linked to bone density, as has musculoskeletal fitness.
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As noted earlier, the principal health outcomes thought to be associated
with flexibility have been relief from back pain symptoms, as well as pre-
vention of injury and posture problems.

VALIDITY, RELIABILITY, AND FEASIBILITY OF
SELECTED FLEXIBILITY TEST ITEMS

Evidence on the validity and reliability of the commonly used field tests
of flexibility discussed here has been reported (see, e.g., Castro-Pifiero et al.,
2010; Espafia-Romero et al., 2010; Freedson et al., 2000; Plowman, 2008;
Safrit, 1990). In general, the test-retest reliability of the tests is consistently
high. Validity, on the other hand, ranges from low to moderate depending
on the criterion used. Using the sit-and-reach test as an example, a reliabil-
ity of 0.99 was reported for 13- to 15-year-old girls, of 0.94-0.97 for 11- to
14-year-old boys, and of 0.80-0.96 for 11- to 14-year-old girls. However,
validity was moderate (0.60-0.73) when hamstring flexibility testing was
used as the criterion, and was only 0.27-0.30 when goniometer-measured
low-back flexibility was used (Plowman, 2008; Safrit, 1990). The finding of
moderate validity with hamstring and lumber flexibility tests was recently
affirmed in a systematic literature review (Castro-Pifiero et al., 2009).

A list of questions to be addressed in assessing the feasibility of a test is
presented in Box 3-2 in Chapter 3. While a compelling link between health
and flexibility measures has not been established, the widely used sit-and-
reach test has been the most frequently studied. The backsaver sit-and-reach
is also widely used and has acceptable feasibility based on the criteria in
Box 3-2. Additional factors to consider when implementing fitness tests in
schools are described in Chapter 9.

GUIDANCE FOR INTERPRETATION OF TEST RESULTS

This report provides guidance to assist those interpreting health-fitness
relationships in youth (Chapter 3). Ideally, once there is enough evidence
of an association between a test and a health outcome or health marker
in youth, cut-points (cutoff scores) for a specific test can be established by
mining data on that association collected from a broad population of youth.
However, national normative data from flexibility tests for U.S. youth and
concurrent data on possible associated health outcomes or health mark-
ers are not available. Further, cut-points for adults have not been estab-
lished for flexibility tests. Until the relationship to health is confirmed and
population-based data are collected, the comparatively relative position
method should be used in interpreting the results of flexibility tests. With
this method, percentiles established for other fitness measures are used to
establish interim cut-points for the measure of interest.
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CONCLUSIONS

Exercises designed to produce changes in flexibility have been shown
to be effective in increasing flexibility, and youth who participate in active
sports generally have better flexibility than those who do not. There has
been a decrease in flexibility among youth in the past 20 years, at a time
when body weight has increased dramatically.

Flexibility is specific to joints, and relationships to general systemic
health outcomes or health markers are therefore less likely to exist than
is the case for other fitness components, such as cardiorespiratory endur-
ance. Clinical theory suggests that complex interaction among multiple
musculoskeletal factors (e.g., flexibility, strength, muscular endurance, and
neuromuscular factors), rather than any individual variable, is most likely
to show a relationship to health. Therefore, establishing an association with
health outcomes (e.g., back pain, risk of injury, posture problems) and a
single flexibility test item is challenging. Further, possible associations are
complicated by the fact that the relationship between flexibility and health
outcomes is not linear; that is, risk may be higher for both those with low
flexibility and those with exceptionally high flexibility than for those in the
middle ranges.

The strength of any association between specific flexibility tests and
health outcomes in youth is minimal. There may be various reasons for this.
First, in contrast with other fitness variables, there have been no large-scale
studies of flexibility and health. Second, flexibility may be associated with
health when other musculoskeletal variables are taken into account. Finally,
the tests used to measure flexibility, the study designs, and the character-
istics of the subjects (e.g., age, gender, weight) have varied substantially,
making it difficult to establish any possible link between flexibility and
various health outcomes. Data were insufficient to permit assessment of the
influence of several potential modifiers, such as age, gender, race/ethnicity,
body composition, and maturation status, on performance on the various
flexibility tests.

The validity and reliability of some of the flexibility tests used in youth
fitness test batteries in the United States and abroad have been confirmed.
Among the tests reviewed, the various forms of the sit-and-reach have
reasonable validity and reliability when used in both survey and school set-
tings. The degree to which the sit-and-reach test is an indicator of overall
systemic flexibility is unclear, however.

Based on the lack of evidence for an association between flexibility
tests and health outcomes in youth, the committee does not recommend
including such tests in a national survey at this time. At the same time, the
committee recognizes that, although the evidence is not yet clear, flexibility
in youth may in fact be linked to various health outcomes, such as back
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pain, injury risk, and posture problems. Further, the committee found no
evidence of adverse events observed in studies of flexibility, nor is there
reported evidence of adverse events in field testing of flexibility using popu-
lar test items. With this in mind, the committee suggests that in schools
and other educational settings, flexibility test items may be included to
educate youth and their parents about flexibility as a component of overall
musculoskeletal fitness, function, and performance. The selection of such a
test should be based on its validity, reliability, and feasibility. To establish
interim cut-points for such tests, the guidance provided in Chapter 3 of
this report should be followed. Full recommendations on the use of these
tests in schools and other educational settings are presented in Chapter 9.
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Fitness Measures for a
National Youth Survey

KEY MESSAGES

A substantial body of evidence supports the idea that specific tests
measuring body composition and cardiorespiratory endurance are
related to health markers in youth; the evidence for musculoskeletal fit-
ness is less extensive. A national survey of health-related physical fitness
in youth should include the following fitness test items: (1) measures of
body mass index, waist circumference, and skinfold thickness (triceps
and subscapular sites) to assess body composition; (2) a progressive
shuttle run, such as the 20-meter shuttle run, or a submaximal cycle
ergometer or treadmill test if there are space limitations, to measure
cardiorespiratory endurance; and (3) handgrip strength and standing
long jump tests to measure musculoskeletal fitness.

Assuming that a national youth fitness survey would be implemented in
school-based settings, survey administrators should distribute the equip-
ment needed to conduct the recommended test items such that the sur-
vey participants have the opportunity to receive sufficient training in the
measurement protocols and to practice the fithess tests. Likewise, survey
administrators and those interpreting and communicating the results should
receive the appropriate training in conducting and interpreting tests to mini-
mize measurement and classification errors and prevent adverse events.
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Developers of fitness test batteries should calculate age- and gender-
specific cut-points (cutoff scores) to determine whether individuals are
at risk of fitness-related poor health outcomes by applying the general
guidance in Chapter 3 to specific fithess components.

populations through statewide or national surveys. Chapter 2 pro-

vides a brief history of fitness testing and an overview of national
fitness surveys (Tables 2-1 through 2-5) and a list of surveys currently in
use in the United States and other countries (Table 2-6).

As its statement of task requested, the committee reviewed the evi-
dence for tests for four components of fitness that historically have been
recognized as health related using the methodology described in Chapter
3. The scientific rationale for the committee’s selection of tests based on
their relationship to health and their validity, reliability, and feasibility is
given in Chapters 4 (body composition), 5 (cardiorespiratory endurance),
6 (musculoskeletal fitness), and 7 (flexibility). This chapter provides the
committee’s conclusions and recommendations regarding fitness test items
to be included in a battery for use in a national survey. In presenting
these conclusions and recommendations, the committee emphasizes that a
national youth fitness survey should be implemented in schools by skilled
national survey administrators (i.e., those familiar with the procedures for
conducting large surveys and the protocols for fitness testing). Although this
report does not include recommendations for specific fitness test protocols,
the committee recognizes the need to develop standardized protocols for
field-based tests for youth to enable meaningful comparisons of results from
different studies and surveys.

One of the uses of fitness measures is in the assessment of youth

CURRENT STATUS OF NATIONAL YOUTH FITNESS TESTING

As discussed in Chapter 2, no national fitness survey has been con-
ducted since the 1980s. However, the currently active National Health
and Nutrition Examination Survey (NHANES) includes components per-
tinent to physical fitness, such as body composition, cardiovascular fitness,
and physical activity (Morrow et al., 2009). This set of fitness tests was
recently extended for youth, and a 2012 NHANES Youth Fitness Survey
is currently under way. The survey includes the following test items: body
mass index (BMI), arm length and circumference, waist circumference,
skinfolds, and whole-body dual-energy X-ray absorptiometry (DXA) scans
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(body composition); the handgrip, plank, and knee extension (muscle
strength); the treadmill (cardiovascular endurance); and a test of gross
motor development. Selection of these items was based on expert opinion
and feasibility.!

CONCLUSIONS AND RECOMMENDATIONS

Based on its review of the scientific literature, as presented in Chap-
ters 4 through 7, the committee concluded that there is enough scientific
evidence to support recommending specific health-related items for youth
fitness tests for the components of body composition, cardiorespiratory
endurance, and musculoskeletal fitness. The committee concluded enough
evidence has not been accumulated to support recommending a measure of
flexibility for a national survey at this time. While the literature reviewed
also did not provide enough information to support specific conclusions on
the relationship between age and performance on fitness test items, the com-
mittee based its recommendations in part on feasibility of administration,
selecting test items that are the most practical and relatively independent
of age. The committee generally recognized that age can affect the validity,
reliability, and safety of test items, so considering the age-appropriateness of
test items is important when developing a national survey. The committee
also concluded that there are many modifiers, such as demographic fac-
tors, that must be considered to avoid introducing errors in the interpreta-
tion of performance on fitness tests. In addition to age and gender, which
are often recorded and used to interpret results, it is essential for survey
developers to include a race/ethnicity questionnaire as part of a national
survey. Although the evidence is not as substantial for maturation status
and motor skill, measurements of these factors should also be considered
in the survey design to enhance understanding of their mediating effects on
performance on fitness tests. Variables that are more challenging to account
for are those related to differences in the training of administrators and in
the previous level of practice or physical activity of participants. To mini-
mize those differences, care should be taken in training administrators and
in providing opportunities for participants to become familiar with the tests
when feasible. It is also important for the trained administrators to record
adverse events associated with test taking so that safety issues can be better
understood and addressed appropriately.

The committee’s statement of task included determining how scores
should be interpreted for test items selected for inclusion in a national

Personal communication, L. G. Borrud and V. L. Burt, National Center for Health Sta-
tistics, January 5, 2012. Additional information about the NHANES National Youth Fitness
Survey is available online at http://www.cdc.gov/nchs/nyfs.htm (accessed August 16, 2012).
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youth fitness survey and in youth fitness tests conducted in other settings.
Cut-points (cutoff scores) are critical to interpretation of the results of
health-related fitness tests since they serve as a way to distinguish individu-
als and populations that may be at risk of poor health outcomes from those
that are not. As explained in Chapter 3, the committee concluded that a
criterion-referenced method using cut-points associated with health out-
comes or health markers is the ideal approach. Except for BMI, however,
insufficient evidence exists with which to develop age- and gender-specific
criterion-referenced cut-points related to health outcomes for any of the
recommended tests; instead, age- and gender-specific interim cut-points
corresponding to percentiles for youth or for adults should be used until
enough data have been collected to enable establishing age- and gender-
specific criterion-referenced cut-points. The committee provides general
guidance for developing cut-points and interpreting performance results
in Chapter 3; specific reccommendations for developing cut-points depend
on data available for each of the components of fitness. The following is
a summary of the basis for the committee’s recommendations for deriving
interim cut-points® (additional explanation can be found in the chapters on
the fitness components [Chapters 4-7]):

*  Body composition—BMI cut-points were set based on the already
established 2000 Centers for Disease Control and Prevention
(CDC) growth charts and percentiles. Until population-based evi-
dence in youth is available for skinfolds and waist circumference,
the 85th percentile (borrowed from the BMI percentiles) should be
used to derive interim cut-points for these measures.

*  Cardiorespiratory endurance—Until population-based evidence in
youth is available, the recommended interim cut-points should be
based on data from both youth and adult populations on the rela-
tionship between treadmill test performance and health outcomes.
For adults, the lowest quintile has been determined as appropriate
(Blair et al., 1989). For youth, the 30th percentile has been estab-
lished as identifying those at risk of poor health outcomes (Lobelo
et al., 2009; Welk et al., 2011). Based on those two determinations,
the committee recommends that interim cut-points be derived from

2Depending on the nature of the test, the risk of a poor health outcome is defined by an
individual’s being either below or above a specific percentile of a population. For BMI, for
example, individuals above the 85th percentile of the 2000 Centers for Disease Control and
Prevention (CDC) growth charts are considered to be overweight or obese and therefore at
risk of a poor health outcome. In contrast, for cardiorespiratory endurance tests, those below
a certain percentile (e.g., 20th percentile) of the population are the ones who are less able to
perform exercise without fatigue and therefore at risk of a poor health outcome.
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the lowest performers (e.g., 20th percentile) to ensure a high prob-
ability that an individual identified as being low fit is really low fit
and thus at risk for poor health outcomes.

®  Musculoskeletal fitness—Until population-based evidence in youth
is available, interim cut-points borrowed from the interim car-
diorespiratory endurance percentile (e.g., the 20th percentile) are
recommended. There are no data sets from youth or adult popula-
tions for any musculoskeletal fitness test. As stated in Chapter 3,
in such cases, cut-points should be derived by borrowing the per-
centile from a test that is as comparable as possible in nature (e.g.,
requires movement of the body) and in the dimension it measures
(e.g., upper-body strength) to the test of interest.

Further research is needed to better understand the relationship between
fitness and health and to support selection and validation of the ideal
criterion-referenced cut-points for fitness measures. This research should
involve the implementation of national surveys that include measures of
health outcomes. This and other research recommendations are presented
in Chapter 10.

While the use of percentiles in establishing interim cut-points is appro-
priate until more evidence is collected, the committee recommends that
once age- and gender-specific interim cut-points have been established,
those cut-points rather than percentiles be used in communicating test
results to those being tested, health and school officials, and parents. Doing
so will minimize the confusion that might arise in communicating in terms
of the percentiles used to derive the cut-points. For example, the CDC has
used the 95th percentile from the 1960s to the 1990s as a cut-point for
obesity in children, yet more than 15 percent of youth currently exceed the
95th percentile. In instances where percentiles may allow a clearer presenta-
tion of the results, as for BMI, the year of data collection should be reported
with the percentile. The committee also notes that test administrators, those
interpreting and communicating the results, and researchers should be fully
familiar with the derivation of cut-points so they can interpret distribu-
tion changes in the population. To this end, survey administrators and
those communicating the results should receive the appropriate training in
interpreting tests to minimize classification errors. In addition, researchers
developing percentile data for use in deriving interim cut-points should
report the year of data collection. Fitness data from large populations are
needed to derive the appropriate cut-points from percentiles. If such data
are not available, developers of interim cut-points should consult with stat-
isticians to design a small study with a representative sample of U.S. youth
to provide such data.
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RECOMMENDATION 8-1.3 A national survey of health-related
physical fitness in youth should include measures of cardiorespiratory
endurance, body composition, and musculoskeletal fitness. The survey
should include the following fitness test items: (1) measures of BMI,
waist circumference, and skinfold thickness (triceps and subscapular
sites) to assess body composition; (2) a progressive shuttle run, such as
the 20-meter shuttle run (or a submaximal treadmill or cycle ergom-
eter test if there are space limitations) to measure cardiorespiratory
endurance; and (3) handgrip strength and standing long jump tests to
measure musculoskeletal fitness.

RECOMMENDATION 8-2. Standard protocols for the administration
of measures of youth fitness in national surveys should be developed
and implemented. The focus should be on maximizing the measures’
reliability, validity, and safety. Trained personnel should be used for test
administration and data collection.

RECOMMENDATION 8-3. Developers of fitness test batteries should
use age- and sex-specific cut-points to determine which individuals are
at risk of poor fitness-related health outcomes. Optimum cut-points
should be based on criterion values when population-based evidence
is available on the relationship between the level of performance on a
fitness test and a health outcome or marker. In the absence of criterion
values, interim population-based percentile values should be applied.
These values might be derived from adults on tests for the same com-
ponent or from youth on tests for a different or the same component.
Specifically, the guidance of the committee should be applied as follows:

e Body composition: For BMI, the CDC-established cut-points
for underweight, overweight, and obesity evaluations should
be used. Interim cut-points for skinfold and waist circumfer-
ence measures could be derived from the CDC-established
percentiles for BMI.

e Cardiorespiratory endurance: For measures of cardiorespira-
tory endurance, interim cut-points could be derived from the
lowest performers (e.g., 20th percentile) on the cardiorespira-
tory endurance distribution curve.

¢ Musculoskeletal fitness: For musculoskeletal fitness tests, interim
cut-points could be derived by borrowing the percentile (e.g.,
20th percentile) from the cardiorespiratory endurance tests.

3The committee’s recommendations are numbered according to the chapter of the main text
in which they appear.
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Fitness Measures for Schools and
Other Educational Settings

KEY MESSAGES

Conducting fitness tests in schools and other educational settings
may result in benefits for both individuals and groups beyond improving
fitness. Examples include tracking fitness and disease risk and using test
results to set health goals, planning for enduring healthy behaviors, and
driving physical education instruction.

To plan and conduct fitness testing in schools effectively and appro-
priately, test developers and administrators should consider the following
four factors:

e Test items should be selected with consideration of contextual
variables, such as access to high-quality equipment, space, cost,
privacy, and availability of volunteers, as well as cultural and racial/
ethnic factors.

* When administering tests, consideration should be given to the
safety of participants, the presence of pre-existing conditions, the
effects of body composition and other modifiers on test results, and
the confidentiality of results.

e School-based professional development that is applicable to the
daily routine of teachers and includes instruction in how to inte-
grate fitness testing into the curriculum should be provided.

e Professional development should include training in the adminis-
tration of protocols and interpretation and communication of test

215
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results, with emphasis on educating participants about the impor-
tance of fitness, supporting the achievement of fitness goals, and
developing healthy living habits. Those interpreting and communi-
cating test results should ensure confidentiality, consider each indi-
vidual’s demographic characteristics, provide for the involvement
of parents, and offer positive feedback and recommendations to
students and parents.

Based on their relationship to health, their integrity, and their feasibil-
ity (e.g., ease of administration and interpretation, need for and cost of
special equipment, privacy concerns), developers and administrators of
fitness test batteries for schools and other educational settings should
consider including a set of test items similar to those recommended for
surveys:

» standing height (a measure of linear growth status) and weight (a
measure of body mass) to calculate body mass index as an indica-
tor of body composition;

e a progressive shuttle run, such as the 20-meter shuttle run, to
measure cardiorespiratory endurance; and

* the handgrip strength and standing long jump tests to measure
upper- and lower-body musculoskeletal strength and power,
respectively.

Additional tests not yet shown to be related to health, such as dis-
tance and/or timed runs, the modified pull-up, the push-up, and the
curl-up, may also be considered as supplemental educational tools. The
guidance provided in Chapter 8 should be followed in establishing cut-
points (cutoff scores) for interpreting performance on the selected fitness
test items.

he preceding chapters highlight the importance of measuring and
monitoring the prevalence of physical fitness during childhood and
address questions relating to the core purpose of this report—iden-
tifying fitness tests that are related to health and are valid and reliable.
Tests for a national youth fitness survey are recommended based on those
criteria and on practical considerations related to the feasibility of their
administration in a national survey. In addition to national surveys, fitness
tests often are conducted in schools (and other educational settings) for
a variety of reasons. Examples include uses associated with state or local
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physical fitness testing mandates in schools and with physical education
curricula and instruction.

Along with improving the fitness performance of individuals, fitness
tests in educational settings can yield other benefits when appropriately
conducted and interpreted. One benefit is that, when integrated into physi-
cal education programs in school settings, fitness testing can provide clear
technical performance expectations and minimize the effect of practice on
test performance in a national survey. Another benefit is that fitness test-
ing in schools allows for group and individual tracking of physical fitness
trends and disease risk. Fitness test results can also be used for assess-
ing learning outcomes and physical education content standards. Given
the connection between physical activity/fitness and cognitive performance
(Castelli et al., 2007; Hillman et al., 2009; Kamijo et al., 2011; Welk et
al., 2010), moreover, it becomes important for knowledge, attributes, and
awareness of fitness to be promoted in educational settings as part of foster-
ing healthy lifestyle choices across the life span. When the primary objec-
tives of physical education or physical activity programming are achieved
as intended, such programming can lead to the development of habitual
healthy behaviors. The inclusion of fitness testing in physical education
provides a forum for supporting and measuring the attainment of learning
standards associated with physical fitness (Tremblay and Lloyd, 2010).

Accordingly, physical fitness is a focus of six national standards for
physical education that reflect the skills, knowledge, and abilities result-
ing from participation in effective physical education and physical activity
programming in schools (NASPE, 2004). As of June 2011, all 50 states
had learning standards centered on health-related fitness (Centeio and
Keating, 2011); 14 states mandated direct measurement of physical fitness
(NASPE, 2010). Physical education and the implementation of models such
as Coordinated School Health and Comprehensive School Physical Activ-
ity Programs have outcomes concentrated on both the achievement and
maintenance of health-enhancing levels of fitness and regular engagement in
physical activity, as these variables are independent risk factors associated
with health (Plowman, 2005).

To administer fitness testing appropriately in schools, it is necessary to
consider such factors as ensuring that the testing has clear ties to improved
physical fitness and fostering increased engagement in physical activity
among students (Keating, 2003). Although some have questioned how
the inclusion of physical fitness testing may influence time for academic
learning, there is evidence that fitness may have positive effects on both
health and learning (CDC, 2010; Rasberry et al., 2011; Rosas et al., 2009),
including evidence for a causal relationship between children’s fitness and
cognitive performance (Kamijo et al., 2011).
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The committee’s literature review included only studies that involved
populations of healthy and obese youth and excluded studies of youth
with congenital diseases or disabilities. The fitness testing recommenda-
tions in this report, therefore, are driven by the evidence for healthy study
populations. Nonetheless, it is important for students with disabilities to
be included in fitness testing whenever possible and for the interpretation
of test results to be modified accordingly. Specifically, those students with
personal fitness goals should be encouraged to participate in fitness testing
as a means of tracking progress toward their goals. The Brockport Fitness
Test is an example of how specific fitness tests can be modified for students
with disabilities, and the Brockport Physical Fitness Technical Manual
provides criterion-referenced cut-points (cutoff scores) for a variety of dis-
abilities (Winnick and Short, 1999). While the relationship between health
outcomes and physical activity in people with disabilities is not the focus
of this report, other reviews, such as the Physical Activity Guidelines Advi-
sory Committee Report (Physical Activity Guidelines Advisory Committee,
2008), specifically examine this issue.

Given the potential benefits of fitness testing, the committee recom-
mends the use of some measures in schools (and other educational settings)
even though the evidence for their relationship with health is only promis-
ing at this time. The committee recommends these additional measures with
the expectation that future research will elucidate whether they are related
to health in youth.

This chapter examines factors related to the following issues in school
and other educational settings: the selection and implementation of test
items, the administration of the test items, the interpretation of test results,
and the incorporation of fitness testing into a curriculum or program. It
then briefly reviews appropriate and inappropriate fitness testing practices
in these settings. The final section presents the committee’s conclusions and
recommendations for school-based fitness testing.

FACTORS RELATED TO SELECTING AND
IMPLEMENTING TEST ITEMS

Children enrolled in regularly scheduled physical education classes
participate in significantly more physical activity than those who attend
physical education infrequently (Cawley et al., 2007; Gordon-Larsen et al.,
2000; Pate et al., 2007). On the other hand, participation in physical edu-
cation alone cannot facilitate high levels of fitness in every child (Dale and
Corbin, 2000), given heredity effects on fitness (Bouchard and Shephard,
1994), a lack of instructional time dedicated to physical activity (NASPE,
2010; Pate et al., 2011), and low to moderate relationships between physi-
cal activity and fitness (Morrow and Freedson, 1994; Pate et al., 1990;

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

FITNESS MEASURES FOR SCHOOLS 219

Payne and Morrow, 1993). Furthermore, the lack of national fitness surveys
since the 1980s makes it difficult to establish relationships between physical
activity and fitness measures over time (Corbin and Pangrazi, 1992; Flegal
et al., 1998).

Physical activity leaders and teachers selecting fitness test items for
schools need to consider contextual variables such as access to high-quality
equipment, space, cost, privacy, and the availability of volunteers, as schools
differ greatly on these variables (Martin et al., 2010). Box 3-2 in Chapter
3 includes a general list of criteria for evaluating administrative feasibility.
The use of only high-quality equipment is critical to avoid measurement and
interpretation errors. To ensure that performance on a fitness test is actually
a reflection of physical fitness, it is also necessary to consider the reliability,
validity, and feasibility of test items; the standardization of test protocols;
and the confidentiality of test results. It is vital as well for administrators
to ensure the safety of fitness test participants by being sensitive to such
variables as participants’ pre-existing disease(s), body composition, and
maturation stage. Age is a particularly critical consideration for ensuring
the validity, reliability, and safety of selected test items, as performance on
some items may improve with age and maturity. Cultural relevance and
potential racial/ethnic bias also are related to test performance and there-
fore should be considered in the selection of test items (Miech et al., 2006).

The educational value of a test item and its corresponding health-related
fitness component should carry weight in the selection process. Specifically,
how does the identified test item align with the existing curriculum goals,
and to what degree can fitness education be carried out as a valued part of
instruction?! When such evaluations and corresponding instruction occur,
there is a high likelihood that health-related fitness knowledge will increase
(Kulinna, 2004; Stewart and Mitchell, 2003) and that youth’s misconcep-
tions about fitness will be addressed (Keating et al., 2009). Further, studies
have shown that conceptual physical education may lead to less sedentary
behavior after students complete their schooling (Dale and Corbin, 2000;
Dale et al., 1998). If educators and physical activity leaders avoid teaching
to the test and instead allow the results of fitness tests to drive instruc-
tion and create educational opportunities, the potential exists for youth
to change their behaviors through self-management and goal setting. It is,
however, important for students to know how to perform fitness tests and
be given the opportunity to practice the tests prior to the testing session
(see Chapter 8). Finally, despite evidence that augmented knowledge about
health-related fitness may increase engagement in physical activity (Kulinna
and Silverman, 2000), it remains unclear whether enhanced knowledge

Available at http://www.aahperd.org/naspe/publications/upload/Instructional-Framework-
for-Fitness-Education-in-PE-2012-2.pdf (accessed August 17, 2012).
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(Ennis, 2007; Placek et al., 2001) and such learning experiences linked to
fitness testing (Cale and Harris, 2009) will directly change behavior to a
degree that will reduce health risk, as this area is understudied.

FACTORS RELATED TO TEST ADMINISTRATION

In a society where childhood obesity is a growing concern (Ogden
et al., 2010), teachers are being asked to fulfill multiple responsibilities
related to physical fitness and activity as part of their job description.?
Since physical education teachers have limited opportunities for profes-
sional development (Doutis and Ward, 1999; O’Sullivan and Deglau, 2006;
Stroot et al., 1994), learning experiences for these teachers in administering
fitness tests are most valuable when they are school based and applicable
to the teachers’ daily routine (e.g., how to manage the class while admin-
istering the tests), collaborative in nature, and centered on how to achieve
the desired student outcomes (i.e., enhancing student understanding and
progress toward attaining physical fitness standards) (Armour and Yelling,
2007). Professional development aimed at preparing physical education
teachers to administer a battery of fitness tests can include a combination
of the following components:

how to integrate fitness testing into the curriculum;
protocols and use of proper equipment for fitness test items;
*  how to familiarize participants with the test, together with specifi-
cations regarding the amount and type of practice;
e how to communicate consistently with the students in ways that
create a positive and encouraging environment for learners of all
ability levels;
teacher burden;
participant burden;
the validity and reliability of test items;
class management during test periods; and
how to interpret and communicate test results.

An extensive body of literature expands on components of effective and
sustainable professional development, a topic that is beyond the scope of
this report. In general, however, professional development enables physical
education teachers to administer physical fitness tests accurately and with
minimal bias (Morrow et al., 2010) while providing physical activity oppor-

2For example, see the National Association for Sport and Physical Education (NASPE) Di-
rector of Physical Activity Certification Program, available at http://www.aahperd.org/naspe/
professionaldevelopment/dpa/index.cfm (accessed June 26, 2012).
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tunities that enhance fitness (Kibbe et al., 2011). A recent meta-analysis sug-
gests that in general, students are motivated to participate and to learn in
physical education (Chen et al., 2012). Yet student motivation is influenced
by the school climate, specifically the task or ego orientation of the activities
offered during physical education (Parish and Treasure, 2003; Standage et
al., 2003). Teachers who develop a positive and mastery-oriented climate
are more likely to have students who perform better on assessments such
as fitness testing. When introducing students to fitness testing, for example,
the use of instructions that provide personal relevance and meaning for a
student can lead to enhanced performance (Simons et al., 2003). Accord-
ingly, it is important for teachers to be consistent in the delivery of content
related to fitness testing, as well as to be equally supportive to learners
of all ability levels, or the test may be biased. Teachers need professional
development to apply these principles of fitness testing in schools (Corbin,
2010; Keating, 2003).

FACTORS RELATED TO INTERPRETATION OF TEST RESULTS

Perhaps the most important element of fitness testing, the interpreta-
tion and dissemination of results must be planned for if the goals of the
testing are to be achieved. Identifying the level of health risk associated
with the established cut-points for a particular age is a way to involve and
educate parents as well as children by providing personalized feedback,
including comparison of current and previous test results. Note that in
communicating test results, it is essential to ensure confidentiality to avoid
the reduced self-esteem that can occur if the results (low performance on
fitness tests or high body composition numbers) are shared with others
(Fox, 1988). In addition to information about health risks, positive feed-
back and recommendations, including information and resources related
to health care, are valuable characteristics of fitness test reports. Fitness
education thereby has the potential to build fitness competence, create a
sense of the importance of fitness, and provide motivation and opportuni-
ties to support the achievement of fitness goals (Fox, 1988). Administra-
tors and those communicating results of fitness tests in schools should be
trained in these areas.

Test scores are estimations of health-related fitness at a point in time.
To maintain or improve scores, continued participation in physical activity
is necessary. The Fitnessgram® program suggests that, when interpreting
performance on fitness tests, the following characteristics are essential in
educational settings:

e “The physical fitness experience should always be fun and enjoyable.
e Physical fitness testing should not become a competitive sport.
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e The performance of one student should not be compared to that of
another student.

e The primary reason for testing is to provide the [participant] with
personal information that may be used in planning a personal fit-
ness program.

e The performance level on fitness tests should not be used as a basis
for grading.” (Meredith and Welk, 2010, p. 58)

Test administrators and those interpreting and communicating results
should be fully familiar with the meaning of cut-points and the effects
of modifiers (e.g., maturation status, race/ethnicity) for each test. Other
variables, such as biology, the emotional investment of the participant,
tester error, equipment, the amount of practice, and testing conditions,
also affect performance on a fitness test. As part of test interpretation, the
test administrator and those interpreting and communicating results must
decide whether the scores are valid or their deviation from expected results
is beyond these sources of error. For example, having some participants
engage repeatedly in a shuttle run in an effort to understand the technical
protocol and necessary adherence not only allows for more valid and reli-
able test administration, but also may enable these participants to achieve
a higher level of cardiorespiratory fitness than those who have not had the
opportunity to practice the test. It is important, then, that an educational
component be integrated into the physical education program to provide
clear technical performance expectations for fitness testing and minimize
practice effects. When physical education teachers and physical activity
leaders adhere to these principles, fitness tests can help identify risk for
developing chronic disease while helping participants better understand
the concepts of fitness through comprehensive fitness education (Freedson
et al., 2000).

FACTORS RELATED TO THE INCORPORATION OF FITNESS
TESTING INTO A CURRICULUM OR PROGRAM

When fitness testing is integrated into educational programs or cur-
ricula, it provides a mechanism for longitudinally tracking and monitoring
physical fitness trends and risk for disease among individuals and groups.
In an educational setting, individual tracking is most relevant as school is
one of the few places where feedback can be provided to both participants
and their parents. However, group tracking over time also can be useful
for physical education teachers, enabling them to utilize trends to inform
instruction by identifying the needs of the current student body.

It has been suggested that, regardless of developmental stage, the ben-
efits of being able to monitor progress, set goals, provide feedback, give

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

FITNESS MEASURES FOR SCHOOLS 223

incentives, and design a personalized physical activity plan outweigh the
risks of participation in physical fitness testing (Safrit, 1995). Clearly com-
municating to participants the meaning of each test item and discussing
the training principle of specificity (i.e., the activity’s association with an
identified joint or muscle group) is important. Participants then can set per-
sonalized goals and create an individualized plan for achieving those goals
that purposefully links modes of physical activity to health-related fitness
components. Learning experiences that apply knowledge to authentic situa-
tions increase the likelihood that conceptual learning will lead to enhanced
participation in physical activity.

The use of fitness awards in schools has been the subject of ongoing
controversy. Although fitness awards were created to motivate youth to be
fit, questions have been raised about their motivational value. For example,
reports have suggested that the Presidential Physical Fitness Awards may
be awarded to youth who are already athletically successful (Corbin et al.,
1990), that they are not motivating to youth with low fitness (Corbin et al.,
1988), and that they may reduce rather than enhance intrinsic motivation
(Whitehead and Corbin, 1991). To date, evidence has not been presented
to support the use of fitness awards. While it is beyond the scope of this
report to make suggestions about fitness awards, the committee believes
a comprehensive study of such awards, similar to this study of fitness test
items, should be conducted to determine whether there is sufficient scientific
evidence to warrant their use.

APPROPRIATE AND INAPPROPRIATE PRACTICES

If physical fitness tests are to be used effectively in schools and other
educational settings, appropriate practices must be employed in their admin-
istration. Appropriate practice varies by maturation stage; thus what may
be suitable for elementary school students may be inappropriate for ado-
lescents. Numerous authors have outlined appropriate practices (Corbin,
2009; Corbin and Pangrazi, 2008; Ernst et al., 2006), and regardless of
stage of maturation, some basic tenets apply, as summarized and supported
by national organizations (Table 9-1). These include the following:

e Health-related fitness activities are integrated into an existing
curriculum.

e Fitness test results are used to set individual goals and develop fit-
ness plans.

e Fitness assessments are part of the ongoing process of helping
students understand, enjoy, improve, and maintain their physical
fitness and well-being.

®  Youth are physically prepared to participate in fitness testing.
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TABLE 9-1 Appropriate and Inappropriate Practices Related to Fitness
Testing in Schools and Other Educational Settings

Appropriate Practice Inappropriate Practice

In elementary school, motor skills are the Health-related fitness is rarely integrated into
focus of instruction, with health-related instruction. Students fail to understand the
fitness components being integrated into benefits of health-related fitness and know
the curriculum and lessons focused on little about how to develop a fitness plan.

fitness education.

Fitness testing is used to set individual Fitness testing is conducted without

goals as part of fitness education. At the meaningful understanding, interpretation, and
secondary level, students use fitness test application.

data to design and apply a personal

fitness plan.

Physical educators use fitness assessment Physical educators use fitness test results to

as part of the ongoing process of helping assign a grade.

students understand, enjoy, improve, and
maintain their physical fitness and well-
being (e.g., students set fitness goals for
improvement that are revisited during the
school year).

Children are physically prepared to Children are required to participate in fitness
participate in fitness testing. testing without proper preparation.

SOURCES: Adapted from NASPE, 2009a,b,c.

Two specific unacceptable practices warrant further discussion: the use
of fitness test scores for academic grading and for high-stakes accountabil-
ity. Both of these practices are considered improper applications of fitness
test results (NASPE, 2009a,b,c). It is inappropriate to include fitness test
scores in academic grades or grade point averages (NASPE, 2009a,b,c).
Although physical fitness can be increased through engagement in spe-
cific types of physical activity, factors other than physical activity affect
a student’s fitness that are beyond the control of the student and physical
education teacher. Examples include heredity, caloric consumption, access
to opportunities to be physically active both within and beyond the school
day, and possibly socioeconomic status. For similar reasons, physical fit-
ness testing for the purpose of teacher and school accountability is also
inappropriate. Even though physical fitness may be a primary goal of a
given program, confounding, uncontrollable variables remain (e.g., heredity
[Bouchard and Shephard, 1994], socioeconomic status, and other school
contextual variables [Mitchell et al., 2003]); therefore, this practice is a

misstep in the interpretation and utilization of fitness testing (Harris and
Cale, 2007).
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CONCLUSIONS AND RECOMMENDATIONS

In general, active children display healthier physical fitness profiles—
including higher cardiorespiratory and musculoskeletal fitness and bone
mass and lower body fat—than their inactive peers (Boreham and Riddoch,
2001). Because these trends often track to adulthood (Baranowski et al.,
2000; Boreham et al., 2002; Hasselstrom et al., 2002; Janz et al., 2002;
Lefevre et al., 2002; Twisk et al., 2002), the committee has highlighted the
importance of measuring and monitoring the prevalence and specificity of
physical fitness during youth in the preceding chapters. Using many of the
factors outlined above, the committee considered the strengths and weak-
nesses of the test items recommended for a national survey (Chapter 8)
with regard to their practicality in schools and other educational settings.
The sections below detail the committee’s adaptations for fitness tests when
the testing is to be conducted in such settings. Note that, regardless of the
setting, it is important to develop and use standardized test protocols so
comparisons can be made among surveys and studies.

Body Composition

Since body composition is an important health outcome, the committee
recommends that it be measured to track health risk and long-term health
relationships in youth (see Chapter 8). As a health marker, moreover, body
composition—specifically being overweight or obese—is negatively related
to academic achievement (Averett and Stifel, 2007; Bagully, 2006; Castelli
et al., 2007) and inversely related to reaction time and accuracy of memory
tasks (Kamijo et al., 2011).

The committee recommends that in educational settings, standing
height and body weight be measured and transformed into body mass
index (BMI) as a mediator of physical fitness and a measure of health risk.
These data should remain private and be shared only with the child and
parent(s). The already established Centers for Disease Control and Preven-
tion (CDC) cut-points based on the 2000 CDC growth charts for children
and adolescents should be applied when interpreting BMI data.

Although the committee recommends skinfold and waist circumfer-
ence measurements for a national survey, their implementation in a school
setting raises concerns. First, measuring skinfolds and waist circumference
requires specific and intense training to avoid the introduction of errors
(e.g., intra- and interobserver errors). Second, these two measurements are
not free of potential motivational or self-esteem influence; self-esteem may
be impacted by the interpretation of results for estimated body composi-
tion. Third, it is difficult to ensure the privacy of the measurement process
given that measurement of skinfolds and waist circumference is more inva-
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sive than measurements for BMI because it requires exposure of the trunk
to allow the test administrator to access the subscapular and waist regions.
As a result, conducting these tests likely requires the presence of two test
administrators, thus increasing the administrative burden. By contrast, less
effort is required for measurement of height and weight (see Chapter 4).

Cardiorespiratory Endurance

A large body of evidence suggests that cardiorespiratory endurance
is related to health outcomes such as adiposity and cardiometabolic risk
factors (e.g., blood pressure, blood lipids and glucose, insulin sensitivity)
during childhood and adulthood (see Chapter 5). Cardiorespiratory endur-
ance is believed to be lower in sedentary and overweight female youth.
Approximately one-third of U.S. youth (males and females) aged 12 to 19
fail to meet the standards for cardiorespiratory endurance (Pate et al., 2006).
As indicated earlier in this chapter, emerging evidence also identifies a link
between cardiorespiratory endurance and academic achievement (Donnelly
and Lambourne, 2011; Hillman et al., 2009), as well as working memory
and attention—essential antecedents of learning (Kamijo et al., 2011).

Among the valid and reliable tests for which strong evidence indicates a
relationship to health, the shuttle run has the feasibility required for imple-
mentation in a school setting, requiring no expensive equipment. An alter-
native to the shuttle run is any of the distance runs that, as noted in Chapter
5, have been used to measure cardiorespiratory endurance in fitness test
batteries since the advent of large-scale fitness testing in the post-World War
IT era. Numerous studies have assessed the validity of distance run tests by
examining the correlation between a criterion measure—directly measured
maximal oxygen uptake (VO,max) (ml/kg/min)—and time or distance on
the run, and have concluded that distance runs of 1 mile or greater dem-
onstrate acceptable validity (Freedson et al., 2000; Safrit, 1990). Also, dis-
tance runs have been found to be reliable based on test-retest correlations
(Artero et al., 2011; Freedson et al., 2000).

Musculoskeletal Fitness

Musculoskeletal fitness, including muscle strength, muscle endurance,
and muscle power, has been positively associated with quality of life and
inversely linked to risk for cardiovascular disease in adults (see Chapter 6).
In children, the link between musculoskeletal fitness and health is less clear
given developmental and maturational influences and the paucity of recent
normative data. However, the committee concluded that musculoskeletal
fitness during childhood is likely linked to health during adulthood; thus,
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musculoskeletal fitness tests should be used in schools as a tool for educat-
ing about their potential health benefits.

In Chapter 8, the handgrip strength and standing long jump tests are
recommended for a national youth fitness survey as measures of musculo-
skeletal fitness because of this component’s suggestive relationship to health
(particularly in adults), sufficient validity and reliability of both tests in
youth, and feasibility (e.g., equipment cost, equipment calibration, admin-
istrator training). For schools, in addition to these two tests, the committee
considered the value of other musculoskeletal fitness tests that are valid and
that may have adequate reliability because of their wide use and familiarity
to students and test administrators.

For example, the modified pull-up, which is currently used in school-
based fitness test batteries in the United States, has moderate reliability
and sound logical construct validity as a measure of upper-body strength
(Engelman and Morrow, 1991; Erbaugh, 1990; Kollath et al., 1991; Pate et
al., 1995; Saint Romain and Mahar, 2001). While there is scant evidence of
this test’s relationship to health in youth, it does provide a valid assessment
of an individual’s or group’s musculoskeletal fitness status (see Chapter 6)
and is feasible for use in schools and other educational settings. Also used
frequently in schools, the curl-up and push-up may have value as fitness
educational tools. Both have been shown to have reasonable reliability and
validity when administered in a large school-based survey; however, these
values are lower than for cardiorespiratory endurance and body composi-
tion tests (Morrow et al., 2010; Plowman, 2008). Because the curl-up test
measures a different construct of musculoskeletal fitness from the handgrip
strength and standing long jump tests (i.e., core strength and endurance),
it should not be considered as an alternative to those tests. It is important
to stress that none of the musculoskeletal fitness tests should be interpreted
in a health context until such relationships are more firmly established in
the future.

Flexibility

As described in Chapter 7, information is lacking about the associa-
tion between flexibility and health outcomes in youth and is inconsistent
in adults. For this reason, the committee does not recommend flexibility
testing as a foundational item in school-based fitness testing for youth.
Although the evidence is not yet clear, however, flexibility may be linked to
various health outcomes in youth, such as prevention of back pain, injury,
and posture-related problems. Schools may therefore wish to include flex-
ibility testing to help educate youth and their parents about flexibility as a
component of overall musculoskeletal health, function, and performance.
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Administrators can select flexibility tests to be implemented in schools
and physical education settings based on their validity, reliability, and fea-
sibility, for which evidence has been reported (see, e.g., Castro-Pifiero et al.,
2010; Espafia-Romero et al., 2010; Freedson et al., 2000; Plowman, 2008;
Safrit, 1990). Although the degree to which the sit-and-reach test is an
indicator of overall systemic flexibility is unclear, only that test, including its
alternatives (e.g., backsaver sit-and-reach), among the measures commonly
used to assess flexibility in youth has been used widely, and it also has been
the most frequently studied. The sit-and-reach test has reasonable validity
and reliability when used in school settings.

Recommended Fitness Tests for Schools

The committee found strong evidence linking cardiorespiratory endur-
ance and body composition to health in youth and evidence in adults to
support a link between musculoskeletal fitness and health. Given the con-
nections to health and the benefits of promoting a physically active lifestyle
through physical fitness education, the committee selected measures of body
composition, cardiorespiratory endurance, and musculoskeletal fitness that
should be included in a fitness test battery for use in schools and other
educational settings. As with national surveys, test administrators should
distribute the equipment needed to conduct the recommended test items
such that the students have the opportunity to receive sufficient training in
the measurement protocols and to practice the tests. Likewise, both those
administering the tests and those interpreting and communicating the test
results should receive the appropriate training to prevent adverse events,
minimize measurement and classification errors, create an encouraging
environment for students, and ensure the confidentiality of the results.

RECOMMENDATION 9-1. Developers and administrators of fitness
test batteries in schools and other educational settings should consider
including the following test items:

¢ standing height (measure of linear growth status) and weight
(measure of body mass) to calculate BMI as an indicator of
body composition;

e a progressive shuttle run, such as the 20-meter shuttle run, to
measure cardiorespiratory endurance; and

¢ handgrip strength and standing long jump tests to measure
upper- and lower-body musculoskeletal strength and power,
respectively.
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Additional tests that have not yet been shown to be related to health
but that are valid, reliable, and feasible may also be considered as supple-
mental educational tools. For cardiorespiratory endurance, alternatives to
the shuttle run include distance and/or timed runs, such as the 9-minute
or 1-mile run, while the modified pull-up and push-up are possible alter-
natives for measuring upper-body musculoskeletal strength. The curl-up
may be considered in addition to the suggested musculoskeletal fitness
tests for measuring core strength and endurance. Although the committee
does not recommend a flexibility measure as a core component of a fitness
test battery, administrators in schools and other educational settings may
wish to include the sit-and-reach test or its alternatives (e.g., backsaver
sit-and-reach) to measure flexibility. Experts who establish cut-points for
interpreting performance on these fitness test items should follow the guid-
ance provided in Chapter 3.
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Future Needs

KEY MESSAGES

The committee’s review of the scientific literature revealed that stud-
ies on fitness measures for youth often were not designed to answer
questions related to understanding the relationships between fitness
measures and health across all ages, genders, and racial/ethnic popula-
tions. Nonetheless, there is sufficient evidence suggesting relationships
between specific test items and health outcomes in youth. More research
in priority areas is warranted so that those relationships can be confirmed
and applied to the development of batteries of health-related fitness tests
for youth. Priority areas for research relate to understanding the relation-
ship between fithess measures and health, including the effect of modify-
ing factors, and to developing cut-points (cutoff scores) for interpreting
performance on fitness tests.

he review of the literature conducted for this study revealed a number
of associations between fitness tests and health markers or risk factors.
A key revelation, however, came from the review of the study designs
themselves. Many of the studies reviewed were performed in the school
environment. Conducting such studies will not, in principle, introduce biases
as long as the investigators are careful to adhere to Recommendation 10-1
below with regard to well-designed studies. Of greater concern, however, is
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that, perhaps as a result of the recent emphasis on physical activity, many of
the studies reviewed were not designed to assess the independent association
between performance on a fitness test and a health marker or risk factor. This
is a fundamental but crucial point that determined the value of studies for
the committee’s work. Studies also would have been more valuable had they
accounted for the effects of various modifying factors. Although not included
in the Centers for Disease Control and Prevention’s (CDC’s) search strategy,
studies predicting health outcomes in adulthood would be valuable as well.
For example, selected measures of strength and power track both during ado-
lescence and from adolescence into adulthood. For many test items, however,
it remains to be determined whether fitness performance in youth is predictive
of health outcomes in later life. In sum, the literature review revealed many
gaps in our understanding of the relationship between fitness measures and
health. The committee offers the following recommendations for designing
and conducting research to address these gaps.

RECOMMENDATION 10-1. Well-designed research studies aimed at
advancing understanding of the associations between fitness compo-
nents and health in youth should be undertaken. Researchers should
ensure that the interventions studied are both specific and sufficient
(i.e., appropriate dosage and duration) to induce a change in fitness.
In addition, studies should be designed so that the effect of potential
confounders (e.g., nutrition, physical activity, demographic variables,
maturity status) and the potential for adverse events can be analyzed.

RECOMMENDATION 10-2. Longitudinal studies should be con-
ducted to provide empirical evidence concerning how health markers
related to fitness track from youth into adulthood.

RECOMMENDATION 10-3. Randomized controlled trials and longi-
tudinal studies should be undertaken to understand the following issues
regarding the relationships between (1) specific fitness tests and health,
and (2) fitness components and health:

e Studies should explore the relationship between body composi-
tion measures and physical fitness tests and the potential interac-
tions among body composition, fitness, and health in youth.

e Studies should examine the relationship between changes in
cardiorespiratory endurance as measured by field tests, includ-
ing the shuttle run and timed and distance runs, and subse-
quent changes in health risk factors in youth beyond weight
status and cardiometabolic risk factors. Examples include bone
health and neurocognitive function and behavior.
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e Studies should address the relationship between specific mus-
culoskeletal fitness test items and health markers in youth.
Priority should be given to test items for which there is growing
evidence, such as the handgrip strength or standing long jump
test, or others that are promising. Since musculoskeletal fitness
is a multivariate construct, the studies should be designed so
that a variety of tests are conducted.

e Studies should investigate the relationship between specific flex-
ibility test items (e.g., sit-and-reach and its modifications), either
by themselves or in combination with musculoskeletal fitness
test items, and potential health markers (e.g., back pain, pos-
ture, injury prevention). Such studies should include stretching
interventions specifically designed to produce changes in joint-
specific flexibility. Since flexibility is a multivariate construct,
the studies should be designed so that a variety of tests are
conducted. Researchers should investigate the development and
validation of a general marker of musculoskeletal systemic flex-
ibility and its relationship to health markers and risk factors.

e Studies should examine the potential effects of modifying fac-
tors (i.e., age, gender, race/ethnicity, body composition, matu-
rity status, training status/practice, motor skill, socioeconomic
factors) on fitness components and on the relationship between
a change in a health-related fitness component and health
markers in specific populations.

RECOMMENDATION 10-4. Developers of national surveys of
health-related physical fitness in youth should consider the inclusion
of measures of cardiometabolic health, bone health, and neurocogni-
tive function. The collection of fitness and health data in the same
individuals would allow investigators to further confirm whether direct
relationships between specific test items and health markers and risk
factors exist.

RECOMMENDATION 10-5. When an association between a fitness
test and a health marker is confirmed, research should be conducted to
establish and validate health-related cut-points for that test. For exam-
ple, given the association of skinfold measures with health markers,
large national studies should be conducted to establish health-related
cut-points for skinfold measures in youth.

As noted in the above recommendations, the field tests identified in this

report are recommended for use in future research. The committee, how-
ever, acknowledges the need for continued research designed to identify the
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best health-related field tests. The committee has not recommended some
fitness test items simply because they have not been studied well enough
to justify their inclusion. It is not the committee’s intent to eliminate from
future consideration or from a research agenda those test items that cur-
rently do not meet the level of evidence necessary for inclusion in a battery
of fitness tests for youth.
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Agenda

Committee on Fitness Measures and Health Outcomes in Youth
November 15-16, 2011
The Keck Center
500 Fifth Street, NW, Washington, DC 20001

Meeting Goals

e To gather information about the relationship between fitness mea-
sures and health outcomes

¢ To learn lessons from implementation of fitness batteries in the field
in the United States and other countries

Tuesday, November 15, 2011: Day 1
1:00 PM Welcome and Introductions
Russell Pate, Committee Chair

SESSION 1: ISSUES ASSOCIATED WITH
MEASURING FITNESS IN YOUTH

Objective: To develop a shared understanding of specific issues and con-
siderations related to fitness components and the interpretation of test
performance results.
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1:10

1:40

2:10

2:40

3:10

3:40

FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

Moderator: Russell Pate
Associations Between Strength and Flexibility and Health
Sharon Plowman, Northern Illinois University

Fitness Measures and Metabolic Health
Lars Anderson, University of Southern Denmark

(by phone)

Body Composition: Methods and Its Use in a Fitness Test
Tim Lobman, University of Arizona

Setting Cut-Points: Approaches and Issues
Greg Welk, Towa State University

Discussion

Break

SESSION 2: CONSIDERATIONS FOR THE
FIELD-BASED APPLICATION OF FITNESS MEASURES

Objective: To achieve greater awareness of the issues and considerations
associated with developing, implementing, and evaluating a fitness test bat-
tery based on the experiences of those working with test batteries that are
currently being used around the world.

3:50

4:35

5:30

6:00

Moderator: Russell Pate

Implementation of Fitness Batteries in Various Countries
U.S. Fitnessgram

Greg Welk, Towa State University

EUROFIT

Colin Boreham, University College Dublin

Mark Tremblay, University of Ottawa, Canada

Panel Discussion

Experiences in Implementing Fitness Testing in Urban School

Settings
Lori Benson, YMCA of Greater New York

Adjourn
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Wednesday, November 16, 2011: Day 2
1:00 PM Welcome and Introductions
Russell Pate, Committee Chair

SESSION 3: FITNESS, BRAIN FUNCTION,
AND ACADEMIC ACHIEVEMENT

1:10 Fitness and Brain Function
Charles H. Hillman,
University of Illinois at Urbana-Champaign

1:30 Fitness and Academic Achievement
Joseph Donnelly, University of Kansas

1:50 Questions and Answers

2:00 Adjourn
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Glossary

Adolescence: These years, from puberty to adulthood, may be roughly
divided into three stages: early adolescence, generally ages 12 and 13;
middle adolescence, ages 14 to 16; and late adolescence, ages 17 to 21. In
addition to physiological growth, seven key intellectual, psychological, and
social developmental tasks take place during these years. The fundamental
purpose of these tasks is to form one’s own identity and to prepare for
adulthood.!

Adverse events: In the context of this report, any unexpected, damaging
effect that occurs as the result of a performing a fitness test, such as an
injury or physical pain.

Body composition: The components that make up body weight, including
fat, muscle, and bone content. The committee defined body composition
operationally as a component of fitness, a marker of health, and a modifier
of fitness for the purposes of this report.

Cardiorespiratory endurance: The ability to perform large-muscle, whole-
body exercise at moderate to high intensities for extended periods of time
(Saltin, 1973).

!Available at http://www.healthychildren.org/English/ages-stages/teen/pages/Stages-of-
Adolescence.aspx (accessed August 23, 2012).

243

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/13483

Fitness Measures and Health Outcomes in Youth

244 FITNESS MEASURES AND HEALTH OUTCOMES IN YOUTH

Childhood: The period in human development that extends from birth until
the onset of puberty.?

Concurrent validity: A type of measurement validity; a form of criterion-
related validity; the degree to which the outcomes of one test correlate with
outcomes on a criterion test when both tests are given at relatively the same
time (Portney and Watkins, 2008).

Criterion-referenced standards: Evaluation standards used to interpret
physical fitness test scores and provide information about a participant’s
health status. They are considered the most accurate measure of a construct
and are used to validate field-based measures.

Cut-point (cutoff score): A test score that represents the minimum level
of performance that must be achieved for a participant to be said to be at
reduced risk or fit/healthy. Cut-points are critical to interpretation of the
results of health-related fitness tests since they serve as a way to distinguish
individuals and populations that may be at risk of poor health outcomes
from those that are not.

Disability: Any restriction or lack of ability to perform an activity in the
manner or within the range considered normal for a human being. For the
purposes of this report, this term should be construed in the broadest sense,
covering impairments (i.e., a problem in body function or structure), activ-
ity limitations (i.e., a difficulty encountered by an individual in executing a
task or action), and participation restrictions (i.e., a problem experienced
by an individual in involvement in life situations). Adapted from the World
Health Organization definition.?

Feasibility: In this report, the degree to which a fitness test can be admin-
istered and interpreted with ease. It is defined by criteria such as ease of
administration; burden on participants and administrators; privacy and
safety; equipment and space; complexity; and suitability for all socioeco-
nomic levels, education levels, and ages.

Fitnessgram: A health-related fitness test and reporting program introduced
by the Cooper Institute in 1988 (Cooper Institute, 2010).

2Available at http://medical-dictionary.thefreedictionary.com/childhood (accessed August
25,2012).
3 Available at http://www.who.int/topics/disabilities/en/ (accessed August 8, 2012).
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Flexibility: The intrinsic property of body tissues that determines the range
of motion achievable without injury at a joint or group of joints (adapted
from Holt et al., 1996).

Health marker: An indicator of a particular health or disease state within
an organism.

Health risk factor: A characteristic statistically associated with, although not
necessarily causally related to, an increased risk of morbidity or mortality.*
In this report, it refers to markers (characteristics) associated with a disease
or illness that increase the chances of contracting that disease or illness.

Hypokinetic-related diseases: A term coined by Kraus and Raab, who
described “somatic or mental derangements” that are “caused by insuf-
ficient motion” (Kraus and Raab, 1961, p. 8). In this report, hypokinetic-
related diseases are health problems or illnesses that are caused partly by
the lack of regular physical activity (Corbin and Lindsey, 2007, p. 320).

Metabolic health: Freedom from diseases or conditions associated with
metabolic risk factors (metabolic syndrome); the sum of all cellular pro-
cesses that provide the human body with the ability to function optimally
and resist disease.

Modifying factors: As related to physical fitness tests, those factors that can
independently affect an individual’s level of fitness. They include both fac-
tors that are measurable in the field (e.g., gender, race, ethnicity, maturity)
and those that are not (e.g., heredity, practice level, skill level).

Motor skill: The ability to perform complex muscle-and-nerve acts that
produce movement. Fine motor skills are small movements such as writing
and tying shoes; gross motor skills are large movements such as walking
and kicking.

Muscle endurance: The ability of a muscle or group of muscles to perform
repeated contractions against a constant external load for an extended
period of time (Kell et al., 2001). The constant load can be either an abso-
lute external resistance, which provides a measure of absolute endurance, or
a relative load based on an individual’s maximal strength, which provides
a measure of relative endurance.

4Available at http://dictionary.webmd.com/terms/risk-factor (accessed August 25, 2012).
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Muscle power: A physiological construct reflecting the rate at which work
is performed (Knuttgen and Kraemer, 1987). It is derived from the product
of the force production of a muscle or group of muscles and the velocity
of the muscle contraction during a single- or multijoint action (Sale and
Norman, 1982).

Muscle strength: The ability of skeletal muscle (single or group) to produce
measureable force, torque, or moment about a single or multiple joints,
typically during a single maximal voluntary contraction and under a defined
set of controlled conditions, which include specificity of movement pattern,
muscle contraction type (concentric, isometric, or eccentric), and contrac-
tion velocity (Farpour-Lambert and Blimkie, 2008; Kell et al., 2001; Sale
and Norman, 1982).

Musculoskeletal fitness: A theoretical construct reflecting the integrated
function of an individual’s muscle strength, endurance, and power to enable
the performance of work against one’s own body or an external resistance.

Physical fitness: A set of attributes that people have or achieve relating to
their ability to perform physical activity (HHS, 1996).

Reliability: The dependability of test scores, their freedom from error, and
their reproducibility in repeated trials on the same individual. A reliable test
will have little test-retest, intratester, and intertester variability.

Validity: The extent to which a test measures what it is designed to mea-
sure; the degree to which evidence supports the interpretation of test scores
(Eignor, 2001).

VO,max: Maximal oxygen consumption—the maximum capacity of an
individual’s body to transport and use oxygen during incremental exercise.
It is considered to be the criterion-referenced standard for the fitness com-
ponent of cardiorespiratory endurance.’

Youth: For this report, a period of human development that includes ages
5-18.

S Available at http://en.wikipedia.org/wiki/VO2_max (accessed August 28, 2012).
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AAAPE

AAHPER

AAHPERD

AAU
ACLS
ACSM
AF
AFEA
ALPHA
ANOVA

BF
BIA
BMC
BMD
BMI
BP
BRESS
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Acronyms

one repetition maximum

American Association for the Advancement of Physical

Education

American Alliance for Health, Physical Education, and

Recreation

American Alliance for Health, Physical Education,
Recreation and Dance

Amateur Athletic Union

Aerobics Center Longitudinal Study

American College of Sports Medicine

abdominal fat

Australian Fitness Education Award

Assessing Levels of Physical Activity (test battery)

analysis of variance

body fat

bioelectric impedance analysis

bone mineral content

bone mineral density

body mass index

blood pressure or bench press

Behavioral Risk Factor Surveillance System
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CAHPER Canadian Association for Health, Physical Education
and Recreation

CAPL Canadian Assessment of Physical Literacy Test

CDC Centers for Disease Control and Prevention

CINAHL Cumulative Index to Nursing and Allied Health Literature

CM centimeter

CM] countermovement jump

CRP C-reactive protein

CT computed tomography

CVD cardiovascular disease

DBP diastolic blood pressure

DOMS delayed onset muscle soreness

DXA dual-energy X-ray absorptiometry

E early velocity

E1l early diastolic peak myocardial velocity

EUROFIT European Test of Physical Fitness

F female

FFM fat-free mass

FM fat mass

FMS functional movement screening

FN femoral neck

HDL-C high-density lipoprotein cholesterol

HOMA-IR homeostatic model assessment-insulin resistance

IOM Institute of Medicine

JHS joint hypermobility syndrome

LDL-C low-density lipoprotein cholesterol

LE level of evidence

LJ long jump

LM lean mass

LP leg press

LS lumbar spine

M male

MRI magnetic resonance imaging

MTU muscle-tendon unit
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NAPFA National Physical Fitness Award (Singapore)

NASPE National Association for Sport and Physical Education

NHANES National Health and Nutrition Examination Survey

NHES National Health Examination Survey

NHIS National Health Interview Survey

NIS National Immunization Survey

PA physical activity

PACER progressive aerobic cardiovascular endurance run

PCFSN President’s Council on Physical Fitness, Sports and
Nutrition

PCPF President’s Council on Physical Fitness

PCPFS President’s Council on Physical Fitness and Sports

PFI Physical Fitness Index

PNF proprioceptive neuromuscular facilitation

PQCT peripheral quantitative tomography

PSDQ Physical Self Description Questionnaire

PWC-170 Physical Working Capacity-170 test

ROC receiver operating characteristic

ROM range of motion

SBP systolic blood pressure

SD standard deviation

SLJ standing long jump

TC total cholesterol

TG triglycerides

TFM total fat mass

TT treadmill time

V] vertical jump

VO,max maximal oxygen consumption

VO, peak peak oxygen consumption

W watts

WC waist circumference

YMCA Young Men’s Christian Association
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Russell R. Pate, Ph.D. (Chair), is professor of exercise science at the
Norman J. Arnold School of Public Health, University of South Caro-
lina, Columbia. Dr. Pate’s research interests and expertise focus on physi-
cal activity measurement, determinants, and promotion in children and
youth. He also directs a national postgraduate course aimed at develop-
ing research competencies related to physical activity and public health.
Dr. Pate is involved in the Centers for Disease Control and Prevention—
funded Prevention Research Center at the University of South Carolina.
His research includes studies on preschoolers’ physical activity levels and
how schools can influence these levels, as well as multicenter trials on the
promotion of physical activity among middle and high school-age girls. Dr.
Pate was a member of the Physical Activity Guidelines Advisory Commit-
tee of the U.S. Department of Health and Human Services and served on
the 2005 Dietary Guidelines Advisory Committee. He is a past president
of both the American College of Sports Medicine and the National Coali-
tion on Promoting Physical Activity. Dr. Pate served as a member of the
Institute of Medicine Committee on Prevention of Obesity in Children
and Youth and Committee on Progress in Preventing Obesity in Children
and Youth, and is a current member of the Standing Committee on Child-
hood Obesity Prevention. He received a B.S. in physical education from
Springfield College and an M.S. and Ph.D. in exercise physiology from the
University of Oregon.
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Cameron Blimkie, Ph.D., is professor in the Department of Kinesiology at
McMaster University in Ontario, Canada. He is a specialist in pediatric
exercise physiology, known internationally for his expertise in the neu-
romuscular and musculoskeletal adaptations of children to exercise. He
recently completed a 6-year term as director of the Graduate Program in
Kinesiology. Dr. Blimkie is former foundation chair of pediatric exercise
science research at the New Children’s Hospital in Sydney, Australia, and
has held invited visiting professorships at the Catholic University of Leu-
ven, Belgium, and the Department of Pediatrics, the University Hospital of
Geneva, Switzerland. He is a former vice president of the Canadian Society
for Exercise Physiology and served as a consultant to the Swiss Musculo-
Skeletal Health Research Program. Dr. Blimkie has also been a member of
the editorial board of the journal Pediatric Exercise Science for the past 20
years and is a longtime fellow of the American College of Sports Medicine
(ACSM). He was an invited contributor to the Clinical Guidelines on Osteo-
porosis issued by the Osteoporosis Society of Canada, to the Bone Health
section of the recent Guidelines for Youth Physical Activity sponsored by
the Centers for Disease Control and Prevention, and to a recent consensus
statement on Training Considerations for Young Athletes sponsored by
the International Olympic Committee Medical Commission. Dr. Blimkie’s
research spans a spectrum of special clinical populations, including children
with obesity, diabetes, and cystic fibrosis, as well as normal healthy children
and elite young athletes. He received his B.A. in combined arts and physical
education from McMaster University and his M.A. in physical education
and Ph.D. in medical physiology from the University of Western Ontario.

Darla Castelli, Ph.D., is an associate professor in the Department of Kinesi-
ology and Health Education at the University of Texas at Austin. Formerly
a health and physical education teacher, she is a past president of the
Maine Association for Health, Physical Education, Recreation and Dance
(AHPERD) and a 1995 teacher of the year. From a pedagogical perspec-
tive, Dr. Castelli studies the effects of physical activity and metabolic risk
factors on cognitive performance in school-aged children. She has presented
her work at congressional briefings in Washington, DC, in support of the
Fit Kids Act. For her role in this research, she was named a 2006 young
scholar by the International Association of Physical Education in Higher
Education and a past-president’s scholar by the 2007 Illinois Association
for Health, Physical Education, Recreation and Dance. Dr. Castelli has pub-
lished in Preventive Medicine, Medicine and Science in Sport and Exercise,
Research Quarterly for Exercise and Sport, and Developmental Psychol-
ogy. Her research has been funded by the National Institutes of Health, the
American Dietetic Association, and the U.S. Department of Education. She
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obtained her M.S. from Northern Illinois University and her Ph.D. from
the University of South Carolina.

Charles B. Corbin, Ph.D., is professor emeritus in the Department of Exercise
and Wellness at Arizona State University. Dr. Corbin has published more
than 200 professional, research, and popular articles and 90 books on fitness
and wellness. He is a fellow emeritus and former president of the National
Academy of Kinesiology. Among his awards are the Healthy American Fit-
ness Leaders Award of the President’s Council on Physical Fitness and Sports
(PCPFS, now President’s Council on Physical Fitness, Sports and Nutrition
[PCFSN]) and National Jaycees; the American Alliance for Health, Physical
Education, Recreation and Dance (AAHPERD) Honor Award; the Physi-
cal Fitness Council Honor Award; the National Association for Sport and
Physical Education (NASPE) Hall of Fame; ACSM Cureton Lecturer; the Dis-
tinguished Service Award of the President’s Council; and the Gulick Award
(AAHPERD). He is a lifetime member of AAHPERD and a longtime member
and fellow in ACSM. Dr. Corbin was named alliance scholar by AAHPERD
and distinguished scholar by the National Association of Kinesiology and
Physical Education in Higher Education (NAKPEHE). He served as editor of
several periodicals, including Quest and the PCESN Research Digest. He was
the first chair of the Scientific Board of the PCFSN. He was named as a distin-
guished alumnus by the Department of Kinesiology and Community Health
at the University of Illinois and was honored as centennial scholar by the
University of New Mexico at the university’s 100th anniversary. Dr. Corbin
received his B.S. from the University of New Mexico, his M.S. from the Uni-
versity of Illinois, and his Ph.D. from the University of New Mexico.

Stephen R. Daniels, M.D., Ph.D., is professor and chair of the Depart-
ment of Pediatrics at University of Colorado School of Medicine. He is
also pediatrician-in-chief and L. Joseph Butterfield chair in pediatrics at
The Children’s Hospital. Dr. Daniels held numerous academic and clinical
appointments at the University of Cincinnati College of Medicine and the
Cincinnati Children’s Hospital before joining the University of Colorado
School of Medicine and The Children’s Hospital. His area of expertise is
preventive cardiology, and he has a longtime interest in the application of
sophisticated epidemiologic and biostatistical methods to pediatric clinical
research problems. The role of lifestyle factors, such as diet and physical
activity, is central to many of his studies. Dr. Daniels has received numer-
ous awards and honors throughout his career. He has been an active par-
ticipant and leader in many national investigative committees and study
sections, including the American Academy of Pediatrics’ Committee on
Nutrition; the American Heart Association’s Council for Cardiovascular
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Disease in the Young; and the International Pediatric Hypertension Associa-
tion’s executive board, which he recently chaired. He has also served as a
frequent participant in grant review study sections and science panels of the
National Institutes of Health. Dr. Daniels has served as associate editor for
the Journal of Pediatrics since 1995. He is a peer reviewer for many other
journals and is widely published in the medical literature. He is co-author
of Medical Epidemiology, an introductory textbook for medical students,
and co-author and editor of the book Pediatric Prevention of Atheroscle-
rotic Cardiovascular Disease, published in 2006. He earned his M.D. from
the University of Chicago in 1977, his M.P.H. from Harvard University in
1979, and his Ph.D. in epidemiology from the University of North Caro-
lina in 1989. He completed his residency in pediatrics and his fellowship in
pediatric cardiology at the Cincinnati Children’s Hospital Medical Center
in 1981 and 1984, respectively.

Harold W. Kohl III, Ph.D., is professor in the School of Public Health and
Michael and Susan Dell Center for Healthy Living at the University of
Texas Health Science Center-Houston, and professor in the Department
of Kinesiology and Health Education at the University of Texas-Austin.
Dr. Kohl is founder and director of the University of Texas Physical Activ-
ity Epidemiology Program, where he is responsible for student training,
research, and community service related to physical activity and public
health. Dr. Kohl presently is co-editor-in-chief of the Journal of Physical
Activity and Health. His previous service includes directing physical activity
epidemiology and surveillance projects in the Division of Nutrition, Physi-
cal Activity, and Obesity at the Centers for Disease Control and Prevention.
Dr. Kohl’s research focuses on the specific area of epidemiology related
to physical inactivity and obesity, in adults but also in children. He has
researched the development of a system for measuring the effectiveness of
state physical education policies in schools, as well as historical changes in
physical activity. Dr. Kohl also studies the effect of the built environment
on physical activity and is currently researching a planned development
that implements “smart growth” techniques that support physically active
lifestyles. He received an M.S.P.H. from the University of South Carolina
School of Public Health in epidemiology and biostatistics and a Ph.D. from
the University of Texas Health Science Center-Houston School of Public
Health in community health studies.

Robert M. Malina, Ph.D., is professor emeritus in the Department of Kine-
siology and Health Education at the University of Texas at Austin and an
adjunct research professor in the Department of Kinesiology at Tarleton
State University. Dr. Malina is also a visiting professor at the Research Insti-
tute for Sport and Exercise Sciences at Liverpool John Moores University in
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the United Kingdom and at the University School of Physical Education in
Wroclaw, Poland. He has extensive research experience in the field of physi-
cal growth and maturation of children and youth and has published about
700 articles and book chapters. He has received many honors, including the
Alliance Scholar Award from AAHPERD, the Citation Award from ACSM,
the Honor Award from the North American Society for Pediatric Exercise
Medicine, the Distinguished Scholar Award from the North American
Society for the Psychology of Sport and Physical Activity, the Hetherington
Award from the American Academy of Kinesiology and Physical Education,
and the Franz Boas Distinguished Achievement Award from the Human
Biology Association. He is a foreign member of the Polish Academy of Sci-
ences (Division II, Biological Sciences) and a member of many professional
organizations, including AAHPERD, ACSM, the American Association of
Physical Anthropologists, the Society for the Study of Human Biology, the
Human Biology Association, the European Anthropological Association,
the Society for Research in Child Development, the American Association
for the Advancement of Science, the American Academy of Kinesiology and
Physical Education, and the International Association of Sport Kinetics. He
also serves on the editorial board of numerous journals, including Annals
of Human Biology; Journal of Sports Sciences; Clinical Journal of Sports
Medicine; Pediatric Exercise Science; Ovidius University Annals, Series
Physical Education and Sport; Italian Journal of Sport Sciences; Interna-
tional Journal of Sport and Health Science; and Indian Journal of Sport
Sciences. Dr. Malina earned a Ph.D. in physical education from the Univer-
sity of Wisconsin, Madison in 1963 and a second Ph.D. in anthropology
from the University of Pennsylvania in 1968. He was awarded honorary
doctorates from Catholic University (Belgium) in 1989, University School
of Physical Education in Cracow (Poland) in 2001, University School of
Physical Education in Wroctaw (Poland) in 2006, and University of Coim-
bra (Portugal) in 2008.

Jennifer Sacheck, Ph.D., is associate professor of nutrition in the John
Hancock Research Center on Physical Activity, Nutrition, and Obesity Pre-
vention at the Friedman School of Nutrition Science and Policy and a sci-
entist in the Antioxidants Research Laboratory at the Jean Mayer Human
Nutrition Research Center on Aging at Tufts University. She is an active
member of ACSM and the Obesity Society. Dr. Sacheck’s research exper-
tise lies at the intersection of diet, physical activity, and health. Past and
current studies in youth have involved biological, anthropometric, dietary,
physical activity, and fitness measurements in both school and community
settings. Currently, she is examining the impact of school-based physical
fitness results and obesity on cardiovascular disease risk factors in urban
schoolchildren and the relationship between changes in school-based fitness
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and the remission of overweight/obesity. Dr. Sacheck has authored reports
on the childhood obesity epidemic in New England for the Massachusetts
Health Policy Forum and the Harvard Pilgrim Healthcare Foundation and
has also led several evaluations of community-based programs that target
disadvantaged overweight/obese youth. She received her B.S. in biology
from Syracuse University; her M.S. in exercise science from the University
of Massachusetts, Amherst; and her Ph.D. in nutritional science from Tufts
University. She completed her postdoctoral training at Harvard Medical
School.

David Stodden, Ph.D., is an associate professor in the Department of Health,
Exercise, and Sport Sciences at Texas Tech University. Prior to his current
position, he was an assistant professor in the School of Human Move-
ment, Sport, and Leisure Studies at Bowling Green State University and a
consultant and strength and conditioning coach for the Cleveland Indians
organization. His research focuses on promoting the acquisition of funda-
mental motor skills and on the association of motor skill competence with
physical activity, health-related physical fitness, perceived competence, and
obesity across the life span. Dr. Stodden is a member of the North American
Society for the Psychology of Sport and Physical Activity, AAHPERD, and
the National Strength and Conditioning Association (NSCA). He is serving
as academic support on a committee for the National Physical Activity Plan,
Education Sector. He also is a certified strength and conditioning specialist
(NSCA). Dr. Stodden received his B.S. in biology from Buena Vista Univer-
sity, his M..S. in exercise and sport science from Iowa State University, and
his Ph.D. in motor behavior from Auburn University.

Melicia Whitt-Glover, Ph.D., is president and chief executive officer of
Gramercy Research Group, LLC. She is also adjunct assistant professor in
the Department of Applied Behavioral Science at the University of Kansas,
adjunct faculty member in the Department of Nutrition at the University
of North Carolina at Chapel Hill, and adjunct associate professor in the
Department of Epidemiology and Prevention at Wake Forest University
Health Sciences. She serves as a reviewer for journals that include American
Journal of Preventive Medicine, Annals of Behavioral Medicine, Ethnicity
and Disease, International Journal of Obesity, Journal of Physical Activity
and Health, Medicine and Science in Sports & Exercise, Research Quarterly
for Exercise & Sport, and Sports Medicine. Dr. Whitt-Glover serves on the
editorial board of American Journal of Health Bebavior and as a member
of the African American Collaborative Obesity Research Network, ACSM,
and the International Society of Behavioral Nutrition and Physical Activity.
Her honors and awards include an ACSM fellowship and an African Ameri-
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can Professors Program fellowship from the University of South Carolina.
Dr. Whitt-Glover received her B.A. and M.A. in exercise physiology from
University of North Carolina at Chapel Hill and her Ph.D. in epidemiology
from the University of South Carolina.

Weimo Zhu, Ph.D., is professor in the Department of Kinesiology and Com-
munity Health, College of Applied Health Sciences, at the University of Illi-
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organizations, including AAHPERD, the American Educational Research
Association, the Rasch Measurement Special Interest Group, the American
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