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ABSTRACT

The present study summarises the work developed

by the ALPHA (Assessing Levels of Physical Activity)
study and describes the procedures followed to

select the tests included in the ALPHA health-related
fitness test battery for children and adolescents. The
authors reviewed physical fitness and health in youth
findings from cross-sectional studies. The authors
also performed three systematic reviews dealing with
(1) the predictive validity of health-related fitness,

(2) the criterion validity of field-based fitness tests and
(3) the reliability of field-based fitness tests in youth.
The authors also carried out 11-methodological studies
to determine the criterion validity and the reliability

of several field-based fitness tests for youth. Finally,
the authors performed a study in the school setting

to examine the reliability, feasibility and safety of the
selected tests. The selected fitness tests were (1)

the 20 m shuttle run test to assess cardiorespiratory
fitness; (2) the handgrip strength and (3) standing
broad jump to assess musculoskeletal fitness, and (4)
body mass index, (5) skinfold thickness and (5) waist
circumference to assess body composition. When there
are time limits, the authors propose the high-priority
ALPHA health-related fitness test battery, which
comprises all the evidence-based fitness tests except
the measurement of the skinfold thickness. The time
required to administer this battery to a group of 20
youth by one physical education teacher is less than

2 h. In conclusion, the ALPHA fitness tests battery is
valid, reliable, feasible and safe for the assessment

of health-related physical fitness in children and
adolescents to be used for health monitoring purposes
at population level.

BACKGROUND

Health-related physical fitness refers to those
components of fitness that have a relationship
with health such as (1) cardiorespiratory fitness,
(2) musculoskeletal fitness, (3) motor fitness and
(4) body composition.! Health-related physical
fitness can be objectively measured in the labora-
tory, yet, their use is limited in the school setting
due to the necessity of sophisticated instruments,
qualified technicians and time constraints. Field-
based tests provide a reasonable alternative since
they are time-efficient, low in cost and equipment
requirements, and can be easily administered to a
large number of people simultaneously.

There are at least 15 different fitness test bat-
teries (table 1) and a few key fitness dimensions.
For cardiorespiratory fitness, more than 10 field
tests are available.? There is a need for comparable
methods that can be used internationally.

The ALPHA (Assessing Levels of Physical
Activity) study was initiated with the aim of
providing a set of instruments for ALPHA and
its underlying factors (eg, built environment,
transport and worksites) as well as health-related
physical fitness in a comparable way within the
European Union. The aim of the Work Package 6
(‘Assessing Health-Related Physical Fitness’) was
to provide a set of valid, reliable, feasible a safe
field-based fitness tests for the assessment of
health-related physical fitness in children and
adolescents to be used in public health monitor-
ing in a comparable way within the European
Union.

We hereby summarise the work developed by
the ALPHA Fitness-Group and describe the proce-
dures followed to select the tests to be included in
the ALPHA health-related fitness test battery for
children and adolescents.

OVERALL PROCEDURE

Here we review three major elements of our work
(figure 1). First, we reviewed the evidence on (1) the
association between physical fitness and health in
young people mainly focused on findings from
cross-sectional studies,® (2) the predictive validity
of health-related fitness,* (3) the criterion validity
of field-based fitness tests? and (4) the reliability of
field-based fitness tests in young people.’ Second,
we also carried out 11 methodological studies to
determine the criterion validity and the reliabil-
ity of several field-based fitness tests for young
people. Third, we performed a study in the school
setting to examine the reliability, feasibility and
safety of the evidence-based selected tests.

Reviewing the evidence

Physical fitness and health

In the first review,® we concluded from cross-sec-
tional data that high cardiorespiratory fitness and
muscular strength are associated with lower car-
diovascular disease risk factors in healthy young
people, a better quality of life and positive health
in both healthy and diseased young people.
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Table 1 Existing field-based physical fitness test batteries for children and adolescents
Age (years) Acronym Society/Organisation Country/Region
6-18 EUROFIT®! Council of Europe Committee for the Development of Sport Europe
5-17 FITNESSGRAM32  The Cooper Institute USA
6-17 PCHF3 President’s Challenge: Health Fitness. The President’s Council on Physical Fitness and Sports/American Association ~ USA
for Health, Physical Education, and Recreation (AAHPER)
6-17 PCPF34 President’s Challenge: Physical Fitness. The President’s Council on Physical Fitness and Sports/American USA
Association for Health, Physical Education, and Recreation (AAHPER)
6-17 AAUTB3* Amateur Athletic Union Test Battery. Chrysler Foundation/Amateur Athletic Union USA
6-17 YMCAYFT3® YMCA Youth Fitness Test USA
5-17 NYPFP37 National Youth Physical Program. The United States Marines Youth Foundation USA
5-18 HRFT38 Health-Related Fitness Test, American Association for Health, Physical Education, and Recreation (AAHPER) USA
5-18 Physical Best3® American Association for Health, Physical Education, and Recreation (AAHPER) USA
9-19 IPFT#0 International Physical Fitness Test (United States Sports Academic/General Organization of Youth and Sport of USA
Bahrain)
7-69 CAHPER-FPT 11! Fitness Performance Test Il. Canadian Association for Health, Physical Education and Recreation (CAHPER) Canada
15-69 CPAFLA%? The Canadian Physical Activity, Fitness & Lifestyle Approach (Canadian Society for Exercise Physiology) Canada
9-19+ NFTP-PRC*? National Fitness Test Program in the Popular Republic China (China’s National Sport and Physical Education China
Committee)
6-12 NZFT# New Zealand Fitness Test. Rusell/Department of Education New Zealand
9-19 AFEA% Australian Fitness Education Award. The Australian Council for Health, Education and Recreation, ACHER Australia

Modified from Castro-Pifiero et a/.2
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Figure 1

Flow chart of the development of the ALPHA health-related fitness test battery for children and adolescents. BC, body composition;

CRF, cardiorespiratory fitness; F, fitness; HG, handgrip; MF, musculoskeletal fitness; SRT, shuttle run test.

Predictive validity of health-related fitness
We reviewed whether low/high physical fitness in children
and adolescents (exposure) predicts future disease/better
health status (outcome).®

Of 42 studies (38 of high quality based on quality criteria?),
we found strong evidence indicating that (1) higher levels of
cardiorespiratory fitness in childhood and adolescence are
associated with a healthier cardiovascular profile later in life;
(2) muscular strength improvements from childhood to ado-
lescence are negatively associated with changes in overall adi-
posity, and that (3) a healthier body composition at childhood
and adolescence is associated with a healthier cardiovascular
profile later in life and with a lower risk of death.

20f7

Criterion validity of field-based fitness tests

We systematically reviewed the validity of the existing
field-based fitness tests used in children and adolescents.
We found a total of 12 field tests to assess cardiorespiratory
fitness, 24 tests to assess musculoskeletal fitness, 7 tests to
assess motor fitness and 7 different field-based measures to
assess body composition.? From a total of 50 high-quality
studies (based on quality criteria, see ref 2), we found that
the 20 m shuttle run test (20mSRT) is a valid test to esti-
mate cardiorespiratory fitness, the handgrip strength test
and the standing broad jump are valid tests to assess mus-
culoskeletal fitness, the skinfold thickness and body mass
index (BMI) are good estimates of body composition, and
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Table 2 Overview of fitness criterion validity studies carried out within the framework of the ALPHA study

Age
Author

Participants (years) Test

Gold standard

Main outcome

Conclusion

Cardiorespiratory fitness

Ruiz et al® Boys = 122, 13-19
girls =71

Ruiz et af’ Boys = 26, 13-19
girls = 22

Castro-Pinero Boys = 34, 8-17
etal® girls = 32
Castro-Pifero Boys = 44, 6-17

etal® girls = 42

20mSRT

20mSRT

1-mile run/walk

1/2-mile run/walk

Musculoskeletal fitness (muscular strength)

Espafia- Boys =31, 12-16
Romero girls = 35

etal'®

Espana- Boys = 123, 6-12

Romero girls =70

etal

Castro-Pifero Boys = 49, 6-17

etal' girls = 45

Artero Boys = 74, 12-16
etal'® girls = 52

Musculoskeletal fitness (flexibility)

Castro-Pifero Boys = 45, 6-17

etal'® girls = 42

Chillbnetal® Boys =87, 12-16
girls = 51

Jamar, DynEx,

TKK dynamometers

Handgrip strength

Standing broad
jump, vertical
jump, squat jump,
countermovement
jump, throw

basketball, push-up,

isometric strength

Handgrip strength,
bent and extended
arm hang,
standing broad
jump, squat jump,
countermovement
jump, Abalakov
jump

Sit and reach, modi-

fied sit and reach

Back-saver sit and

reach, sit and reach

Portable gas
analyser during
20mSRT

Portable gas
analyser during
20mSRT

Gas analyser in
maximal treadmill
test

Gas analyser in
maximal treadmill
test

Known weights

Gymnex Iso-2
dynamometer with
angular velocities
of 90°/s for upper
body and 60°s for
lower body

Goniometer

Angular kinematic
analysis

Leger’s equation: % error=17.13; SEE=4.27
ml/kg/min; mean difference=4.9 ml/kg/

minANN-equation: % error=7.38; SEE=2.84
ml/kg/min; mean difference=0.5 ml/kg/min

Leger’s equation: r=0.587, SEE=6.5 ml/
kg/min, mean difference=5.5 ml/kg/
minMatsuzaka's equation: r=0.736, SEE=5.5
ml/kg/min, mean difference=3.2 ml/kg/
minBarnett’s (a): r=0.757, SEE=5.3 ml/
kg/min, mean difference=2.9 ml/kg/
minBarnett’s (b): r=0.725, SEE=5.6 ml/kg/
min, mean difference=1.3 ml/kg/minRuiz’s
equation: r=0.758, SEE=5.3 ml/kg/min, mean
difference=3.7 ml/kg/min

R2=0.52, SEE=3.2 ml/kg/min, % error=32.2,
mean difference=10.01 ml/kg/min

R?=0.44, SEE=4.4 ml/kg/min, % =13.6 ml/kg/
min, mean difference= —0.4 ml/kg/min for the
new equationSEE=7.1 ml/kg/min, %=50.4 ml/
kg/min, mean difference=18.1 ml/kg/min for
Fernhall’s equation

Systematic bias of —1.92, —1.43 and 0.49 kg
for the Jamar, DynEx and TKK dynamometers,
respectively (all p<0.05). 95% limits of
agreement of 19.2, 3.56 and 1.32 for the
Jamar, DynEx and TKK, respectively

The equation relating grip span as a function
of hand span in boys is formulated as
y=x/4+0.44 and in girls as y=0.3x—0.52,
where x is the hand span (maximal width
between first and fifth fingers) and y is the
optimal grip span

The standing broad jump test was strongly
associated with other lower body muscular
strength tests (R2=0.829-0.864), as well
as with upper body muscular strength tests
(R?=0.694-0.851)

The handgrip strength and the standing long
jump tests showed the highest associations
with the isokinetic parameters (0.61<r<0.87;
0.39<R%<0.76)

The SRT was associated with hamstring
flexibility in both children (3=1.089, R2=0.281,
p=0.001) and adolescents (3=0.690,
R?=0.333, p=0.004). The MSRT was also
associated with hamstring flexibility in both
children (3=1.296, R2=0.298, p<0.001) and
adolescents (3=0.588, R2=0.243, p=0.027)

The hip angle independently explained a 42%
(p<0.001) of the variance, the lumbar angle
additionally explained a 30% (p<0.001), and
the dorsal angle added a 4% (p<0.001) of the
variance in the BSSRT. The inter-method mean
difference between BSSRT and SRT measures
(BSSRT — SRT) was 0.41 cm (p=0.21)

All the measurements of error were
lower in the ANN-based equation
(which includes speed, gender, age,
weight and height) compared with
the equation reported by Leger

Barnet (b) and Ruiz's equation seem
to be the best ones to estimate
V0,,.., in the present sample of
adolescents

Cureton’s equation is not accurate
for estimating V0zpeak in endurance
trained children

The new regression equation is valid
for estimating VOzpeak, and is more
accurate than Fernhall’s equation in
the sample studied

The TKK seems to be the most
appropriated dynamometer to assess
handgrip strength in this particular
population

There is an optimal grip span to
which the dynamometer should be
adjusted when measuring hand grip
strength in children

The standing broad jump test might
be therefore considered a general
index of muscular fitness in youth.
This test is practical, time-efficient,
and low in cost and equipment
requirements

The handgrip strength and the
standing broad jump tests seem
to be the most valid tests when
compared to isokinetic strength in
youth

The validity of the SRT and the MSRT
for estimating hamstring flexibility

is weak, and the MSRT is not a more
valid method than the SRT in children
and adolescents

Hip flexibility is the main determinant
of the BSSRT score in adolescents,
followed by lumbar flexibility. The
BSSRT can be therefore considered
an appropriate and valid test for
assessing hip and low-back flexibility
at these ages. The BSSRT and SRT
provide rather comparable values

ANN, artificial neural network; BSSRT, Back-saver sit and reach test; MSE, mean square error; MSRT, modified sit and reach; RMSE, root mean square error; SEE, standard

error estimate; SSE, sum of squared errors; SRT, sit and reach test; VO

shuttle run test.

2max’

maximum oxygen uptake; VO

2peak’
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waist circumference is a valid measure to estimate central
body fat.

Reliability of field-based fitness tests

Based on a systematic review we identified 32 studies (19 of
high quality based on quality-criteria, see ref 5) examining the
reliability of field-based fitness tests in children and adoles-
cents.” We observed that the 20mSRT test is reliable to assess
cardiorespiratory fitness; the handgrip strength and the stand-
ing broad jump tests are reliable to assess musculoskeletal
fitness; the 4x10mSRT is reliable to assess motor fitness; and
BMI, skinfolds and waist circumference are reliable to assess
body fat.

In summary, we conclude that cardiorespiratory fitness,
muscular strength and body composition could be considered
as markers of health already at childhood and adolescence, as
well as health indicators of future cardiovascular health. The
20mSRT can be considered both valid and reliable to assess car-
diorespiratory fitness; the handgrip strength and the standing
broad jump tests are valid and reliable to assess musculoskel-
etal fitness; and BMI, skinfold thickness and waist circum-
ference are valid and reliable measures to estimate body fat.
These tests were also among those used in the longitudinal
studies* suggesting that are feasible to be used in the school
setting and at population level. We did not find evidence for
other tests assessing motor fitness or flexibility due to the lack
of studies.

Methodological studies

Criterion validity

Cardiorespiratory fitness

We assessed the criterion validity of the 20mSRT,®” the 1 mile
run/walk test® and the 1/2 mile run/walk test? (table 2). With
the aim of improving the estimation of maximal oxygen
uptake (VO, ) from the 20mSRT, we developed and vali-
dated an artificial neural network (ANN) equation from the
20mSRT performance (last half-stage completed), sex, age,
weight and height in adolescents. The error measures were
significantly better than those obtained when using the equa-
tion reported by Léger et al'” (eg, percentage error 17.1 vs 7.4 for
Léger and ANN equation, respectively, p<0.001). We addition-
ally assessed the validity of five different equations (Léger,'”
Barnett (a)!! and Barnett (b),!* Matsuzaka,!? and the ANN equa-
tionS) for estimating VO, _ from the 20mSRT in an indepen-
dent sample.” The findings indicated that the equations should
only be used at a population level and suggested that the equa-
tion reported by Barnett (b)!! and ANN-equation® seems to be
the most accurate to estimate VO, . in adolescents.

We also assessed the criterion validity of Cureton’s equa-
tion for estimating VO, ., from the 1 mile run/walk test
in trained children and adolescents® and observed that this
equation systematically underestimates VOy e in this popu-
lation (mean difference 10 ml/kg/min, p<0.001). Moreover,
we developed and validated a new equation for estimating
VO, ... from the 1/2 mile run/walk time, sex and BMI in
children and adolescents,” which had a lower percentage error
than the Fernhall’s equation (16.0% vs 50.4%, respectively,
p<0.001).

The run/walk tests are not friendly, especially in young
people, and the major problem is the participant’s capacity to
develop an appropriate pace. Participants may either start too
fast, so that they are not able to keep the speed all through
the test, or they may start too slow that when they want to
increase the speed, the test is already finished.

Musculoskeletal fitness (muscular strength)

We conducted a series of studies in children'® and adoles-
cents!* to determine whether there is an optimal grip span for
determining the maximum handgrip strength, and if the opti-
mal grip span was related to hand size (table 2). We found that
there was an optimal grip span to which the dynamometer
should be adjusted when measuring handgrip strength in chil-
dren!® and adolescents.!* We provided a sex and age-specific
equations to adjust the grip span of the dynamometer to the
hand size of the individual in order to obtain the actual maxi-
mal handgrip strength. We also studied the criterion validity
of three different dynamometers (Jamar, DynEx and TKK) in
adolescents,!® and found a negative systematic bias — under-
estimation — for the Jamar and DynEx dynamometer (-1.92
and —-1.43 kg, respectively, p<0.05), whereas a marginal posi-
tive overestimation was observed for the TKK dynamometer
(0.49 kg, p<0.05). We also examined whether the elbow posi-
tion (extended or flexed at 90°) affects the handgrip strength
in adolescents.!> We observed that performing the handgrip
strength test with the elbow extended seems the most appro-
priate protocol to evaluate maximal handgrip strength in ado-
lescents when using the TKK dynamometer.'

We further examined the criterion validity of field-based
muscular fitness tests in children and adolescents.! 17 Castro-
Pifiero et al' investigated whether the standing broad jump
test can be considered a general index of both lower body and
upper body muscular fitness in children and adolescents. The
results indicated that the standing broad jump test showed
the strongest association with the other lower body (ie, verti-
cal jump, squat jump and countermovement jump) muscular
strength tests (R?=0.829-0.864), as well as with upper body
(ie, throw basketball, push ups and isometric strength) muscu-
lar strength tests (R?=0.694-0.851), suggesting that it is a good
indicator of overall muscular strength.

Musculoskeletal fitness (flexibility)

We also analysed the criterion validity of the sit-and-reach
test and the modified sit-and-reach test for estimating ham-
string flexibility in children and adolescents.!® Moreover, we
examined the contribution of the main joints involved in the
back-saver sit-and-reach test and its validity using angular
kinematic analysis.!” We observed that the criterion validity
of both the sit-and-reach test and the modified sit-and-reach
test was rather weak (R? ranging from 0.2-0.3),'® whereas the
results indicated that the modified sit-and-reach test is a more
valid method than the sit-and-reach test.

Reliability

Table 3 shows the fitness reliability studies performed within
the ALPHA study. Within the framework of the HELENA
Study (Healthy Lifestyle in Europe by Nutritionin Adolescence)
we examined the reliability of a set of physical fitness tests:
back-saver sit and reach, handgrip strength, standing broad
jump, Bosco jumps (squat jump, counter movement jump and
Abalakov jump), bent arm hang, 4x10 m shuttle run and the
20mSRT.?° We did not observe a systematic error for any of
the physical fitness tests when repeated. Moreover, the results
also suggest that the reliability did not differ between male
and female adolescents.

We also carried out a reliability study in the school set-
ting.?! Six physical education (PE) teachers from different
schools assessed twice the physical fitness tests that we found
to be health related, valid and reliable in the reviews and
methodological studies carried out before: the 20mSRT, the
handgrip strength and standing broad jump tests, as well as
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Table 3 Overview of fitness reliability studies carried out within the framework of the ALPHA study

Age Design/time
Author Participants (years)  Test interval Main outcome Conclusion
Espafia-Romero  Boys = 17, 6-12 Handgrip strength Test-retest Reliability coefficients=0.97 and 0.98 High reliability coefficients, significant
etal® girls =5 (2h) for right and left hands, respectively. correlation and no statistical
The one-way ANOVA for repeated difference were found between the
measures did not show a statistical test and retest results
difference between the test and retest
results (p=0.99 and 0.40 for the right and
left hands, respectively). A significant
correlation between the test and retest
results was obtained for right (r=0.92,
p<0.001) and left (r=0.97, p<0.001)
hands
Ortega et a/?® Boys = 69, 13.6 = 20mSRT, standing Test-retest Mean inter-trials difference (bias) = Neither systematic bias nor sex
girls = 54 0.8 broad jump, (2 weeks) SD:20mSRT (stages)= —0.1 = 1.5 for differences were found for any of
handgrip strength, boys, 0.0 = 1.1 for girls; standing broad the studied tests, suggesting an
bent arm hang, jump (cm)= —0.3 = 12.9 for boys, 0.3 = acceptable reliability
4x10mSRT, back 9.0 for girls; handgrip strength (kg)= 0.3
saver sit and reach + 2.5 for boys, 0.0 + 1.8 for girls; bent
arm hang (s)= —0.7 = 13.9 for boys,
0.0 = 16.3 for girls; 4x10mSRT (s)= 0.1
=+ 0.7 for boys, 0.1 = 0.8 for girls; back
saver sit and reach (cm)= —0.3 = 3.6 for
boys, 1.4 = 4.9 for girls
Espafa-Romero  Boys = 31, 12-16 Handgrip strength Test-retest The observed mean inter-trials difference  Among the three dynamometers
etal® girls = 35 with known (bias) was 0.23, 0.26 and 0.02 for the studied, the TKK dynamometer seems
weights Jamar, DynEx and TKK dynamometers, to be the most reliable for measuring
(40-60s) respectively (all p>0.05), whereas 95% maximal handgrip strength in this
limits of agreements were 1.20, 1.42 particular population
and 1.57, respectively. No patterns of
heteroscedasticity were observed with
any of the dynamometers
Espafia-Romero 58 Children, 6-18 20mSRT, Test—retest Significant inter-trials differences were A health-related fitness test battery

etal?! 80 adolescents standing broad (1 week)
jump, handgrip

strength, weight,

height, triceps

and subscapular

skinfolds, waist

circumference

including the 20mSRT, handgrip

and standing broad jump tests and
measures on weight, height, triceps
and subscapular skinfolds, and waist
circumference administered by PE
teachers in the school setting can be
considered reliable, feasible and safe

found only for height in children (inter
trial difference: 0.73 = 0.8 cm, p<0.05),
waist circumference for both children
(—0.82 = 1.2, p<0.05) and adolescents
(—0.35 + 0.8, p<0.05), and in standing
broad jump test only for children (3.8 =
12.7 cm, p<0.05)

ANOVA, analysis of variance; PE, physical education; SRT, shuttle run test.

weight, height, triceps and subscapular thickness, and waist
circumference.

We observed a good reliability in most of the studied tests,
except in height (inter trial difference: 0.73 + 0.8 cm, p<0.05)
and standing broad jump (3.8 + 12.7 cm, p<0.05) in children,
and waist circumference in children (-0.82 + 1.2 cm, p<0.05)
and adolescents (—0.35 + 0.8 cm, p<0.05). The low skill level
of the teachers might explain the lower reliability observed
in the anthropometric measures, and we cannot discard the
possibility of a learning effect (positive systematic bias) in the
standing broad jump test in children.

Feasibhility

We also recorded information on how feasible and safe the
assessment procedure in the school setting was taking into
account all the specific circumstances that take place in the
school arena.

Feasibility items recorded were (1) whether the children
and adolescents worn appropriate (sport) clothes to perform
the tests; (2) whether the tests’ instructions were properly
understood by the participants; (3) if any participant rejected
to perform the measurements, and the reason/s; (4) we also
asked the PE teachers about (i) the school’s facilities to per-
form the tests, (ii) if they considered the tests easy or difficult
to administer and (iii) their previous experience in admin-
istering these tests; (6) furthermore, we registered the time

required by the PE teacher to prepare and administer the
tests.

The feasibility items assessed presented a ‘positive’ score in
95% of the cases. The average time required to administer the
whole fitness test battery to a group of 20 individuals by one
single PE teacher was 2 h and 30 min, which equals to approxi-
mately three PE sessions of ~55 min. The time required was
shorter if skinfold thickness measurement would not have
been included in the battery: less than 2 h to assess 20 persons
(ie, two PE sessions of ~55 min).?!

Safety

Knowledge of the current and former health status of the
children and adolescents is important in order to enhance
safe testing. A pretesting screening should identify young
people at high risk, and should be similar to the one typically
used to allow the children and adolescents to take active part
in the PE lessons. For this purpose, in most/many European
countries, children have annual physical examinations by
the school doctors who provide detailed information regard-
ing the skeletomuscular, cardiorespiratory, haematocircula-
tory, psychoneurological and endocrine—metabolic systems.
When this service is not available, it is recommendable that
the parents or guardians complete at least a pretesting/
preparticipation screening questionnaire before the child
starts with the PE lessons and/or the fitness testing. A good
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example of such questionnaire is the Exercise and Physical
Activity Readiness Assessment questionnaire.?! In any case,
it is important to be alert to the subjective symptoms such
as skin pallor, dizziness, syncope and dyspnoea. The tests
should be immediately interrupted if there is any sign of
problem or risk (see the standard operating procedure for
specification).

During the above mentioned reliability study performed
in the school setting,?! we recorded the following safety
items: (1) instrument allergy, in the case of anthropometric
and handgrip assessments; (2) sick feeling, in all the tests; (3)
pain in hand or forearm in handgrip test; (4) musculoskeletal
injuries during or after the physical fitness assessment; and (5)
delayed-onset muscle soreness. We observed that all the safety
items assessed presented a ‘positive’ score in 99% of the cases.
No complications occurred during the testing procedure, and
only one participant interrupted the 20mSRT because of lower
body muscle cramp.

Our group has extensive experience in assessing physical
fitness in young people. We have been involved in a number
of population based studies?? namely the AVENA study,?3 24
the EYHS study,?® the HELENA study?® % and the IDEFICS
study,’® where more than 10 000 children and adolescents
have been measured. So far, we did not experience any safety
issue.

K Evidence Based Health-Related Fitness Test Battery \
for Children and Adolescents

Cardiorespiratory Musculoskeletal o
fitness fitness Bedvicepesitios
20 m shuttle run test Handgrip strength Weight & height (BMI)

Standing broad jump Waist circumference

Triceps & subscapular

k skinfold thickness J

Figure 2 Evidence-based health-related fitness test battery for
children and adolescents. BMI indicates body mass index (weight in
kg divided by height in metres squared, kg/m2).

f High Priority ALPHA Health-Related Fitness Test Battery \
for Children and Adolescents

Musculoskeletal
fitness

Cardiorespiratory
fitness

Body composition

20 m shuttle run test Handgrip strength Weight & height (BMI)

Standing broad jump Waist circumference

Figure 3 High-priority ALPHA health-related fitness test battery for
Children and Adolescents. BMI indicates body mass index (weight in
kg divided by height in metres squared, kg/m2).

Summary: selected tests to be included in the ALPHA
health-related fitness test battery

The evidence-based health-related ALPHA fitness test battery
includes the following tests (figure 2): (1) the 20mSRT to assess
cardiorespiratory fitness; (2) the handgrip strength; (3) the
standing broad jump tests to assess musculoskeletal fitness;
(4) BMI; (5) waist circumference; and (6) skinfold thickness
(triceps and subscapular) to assess body composition. Based
on the feasibility study we performed in the school setting,
the time needed to administer these fitness test battery to a
group of 20 individuals by one PE teacher is around 2 h and 30
min, that is, three PE sessions of ~55 min.

Practical implications

When there are time constraints, as it can be the case in the
school setting, we recommend using the tests included in
the high-priority ALPHA health-related fitness test battery
(figure 3), which comprise all the evidence-based fitness tests
except the measurement of the skinfold thickness. The time
required to administer this battery to a group of 20 children by
one PE teacher is less than 2 h (ie, two PE sessions of ~55 min).

When there are not time limits, as it can be the case in sports
clubs or population-based studies, we recommend using the
extended ALPHA health-related fitness tests battery for chil-
dren and adolescents (figure 4), which includes an additional
fitness test, the 4x10mSRT to assess motor fitness. This test
is a marker of speed and agility and has been associated with
bone mass in young people.® However, there is no evidence of
its predictive and criterion validity.

An evaluation of the pubertal development of children and
adolescents is also of importance due to the fact that childhood
and adolescence is a period of life where many changes occur.
Though pubertal development should be ideally evaluated by a
paediatrician or trained physician through direct observation,
this is not feasible in most settings. Instead, trained interview-
ers can ask the children and adolescents to classify themselves
in one of the five stages of pubertal maturity defined by Tanner
and Whitehouse.?

There are normative values for each of the suggested tests
which will enable a correct interpretation of the fitness status,
to evaluate effects of alternative intervention strategies and to
identify children and adolescents at risk for the major public
health diseases (http://www.thealphaproject.eu/).

The emphasis of monitoring health-related fitness should be
on avoiding disease risk as well as on enhancing physical func-
tional capacity for everyday life. Fitness assessments should

/ Extended ALPHA Health-Related Fitness Test Battery \
for Children and Adolescents

Cardiorespiratory Musculoskeletal Body composition
fitness fitness

______________________

20 m shuttle run test Handgrip strength Weight & height (BMI)

Standing broad jump Waist circumference

. vy
i Triceps & subscapular i i 4x10 m

K i skinfold thickness | 1 shuttle run test )

Figure 4 Extended ALPHA health-related fitness test battery for
children and adolescents. BMI indicates body mass index (weight in
kg divided by height in metres squared, kg/m?).
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be considered as an instrument to encourage increase physical
activity and exercise and not be an end in itself. We believe that
schools play an important role in identifying children and ado-
lescents with low fitness as well as in promoting positive fitness-
enhancing behaviours. The leadership of schools as a powerful
setting to promote a healthy lifestyle among young populations
is supported by the American Heart Association.3
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