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ABSTRACT 
Objective To develop sex-specific and age-specific 
normative values for the nine Eurofit tests in European 
children and adolescents aged 9–17 years.
Methods A systematic review was undertaken to 
identify papers that explicitly reported descriptive results 
for at least one of nine Eurofit tests (measuring balance, 
muscular strength, muscular endurance, muscular power, 
flexibility, speed, speed-agility and cardiorespiratory 
fitness (CRF)) on children and adolescents. Data were 
included on apparently healthy (free from known 
disease/injury) children and adolescents aged 9–17 
years. Following harmonisation for methodological 
variation where appropriate, pseudodata were generated 
using Monte Carlo simulation, with population-
weighted sex-specific and age-specific normative 
centiles generated using the Lambda Mu Sigma (LMS) 
method. Sex-specific and age-specific differences were 
expressed as standardised differences in means, with the 
percentage of children and adolescents with healthy CRF 
estimated at the sex-age level.
Results Norms were displayed as tabulated centiles 
and as smoothed centile curves for the nine Eurofit tests. 
The final dataset included 2 779 165 results on children 
and adolescents from 30 European countries, extracted 
from 98 studies. On average, 78% of boys (95% CI 72% 
to 85%) and 83% of girls (95% CI 71% to 96%) met the 
standards for healthy CRF, with the percentage meeting 
the standards decreasing with age. Boys performed 
substantially (standardised differences >0.2) better than 
girls on muscular strength, muscular power, muscular 
endurance, speed-agility and CRF tests, but worse on 
the flexibility test. Physical fitness generally improved at 
a faster rate in boys than in girls, especially during the 
teenage years.
Conclusion This study provides the largest and most 
geographically representative sex-specific and age-
specific European normative values for children and 
adolescents, which have utility for health and fitness 
screening, profiling, monitoring and surveillance.

BACKGROUND
Physical fitness is a good summative measure of 

the body’s ability to perform physical activity 

and exercise, and it also provides an important 

summative indicator of health.1 In adults, cardio-

respiratory fitness (CRF) and musculoskel-

etal fitness (MSF) are strongly associated with 

mortality and cancer, independent of obesity and 

physical activity levels.2–5 Several studies have 

shown considerably stronger inverse relation-

ships between CRF and mortality than between 

physical activity and mortality,6 7 indicating 

that changes in CRF may be more important to 

monitor in response to intervention (eg, exercise 

training). In children and adolescents, favour-

able associations have been reported linking 

CRF and MSF to cardiometabolic disease risk, 

adiposity, mental health and cognition as well 

as MSF to bone health.1 8–10 Direct evidence has 

also emerged indicating that low CRF and MSF 

in adolescence are significantly associated with 

all-cause mortality later in life.11–13 In addition 

to the health implications, physical fitness is 

an important determinant of success for many 

popular youth sports and athletic events (eg, 

hockey, basketball, football (soccer), running, 

swimming, rugby).14

Since its inception in 1988, the Eurofit has 

become the most popular test battery used to 

assess the physical fitness of European children and 

adolescents and the effectiveness of national phys-

ical education curricula.15 16 The Eurofit comprises 

numerous health-related and skill-related fitness 

tests, including: (1) flamingo balance (balance), 

plate tapping (upper body speed), sit-and-reach 

(extent flexibility), standing broad jump (lower body 

muscular power), handgrip strength (upper body 

muscular strength), sit-ups (abdominal muscular 

endurance), bent arm hang (upper body muscular 

endurance), 10×5 m agility shuttle run (running 

speed-agility) and the 20 m shuttle run (CRF) 

(see online supplement 1); (2) anthropometric tests 

measuring height, mass and skinfold (various sites) 

and (3) age-identification and sex-identification 

data.17 The Eurofit has excellent field-based utility 

because it is cheap and simple to administer, is prac-

tical in the school and club settings, requires minimal 

equipment and personnel and is appropriate for 

mass testing.16 The Eurofit tests demonstrate 

very good test-retest reliability and good crite-

rion validity for tests where appropriate criterion 

measures have been identified (eg, the 20 m shuttle 

run, standing broad jump, handgrip strength),18–21 

suggesting that it is a good test battery to measure 

physical fitness in youth. Criterion-referenced stan-

dards have also been developed for some Eurofit 

tests (eg, CRF) to help identify children and adoles-

cents with apparently healthy cardiometabolic 
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Figure 1 PRISMA flow chart outlining the flow of studies through the review.

profiles.22 23 Several of the Eurofit tests have been supported by 

European experts from the ALPHA (Assessing Levels of Physical 

Activity) project20 and by North American experts from the IOM 

(Institute of Medicine) report,24 both of which provide strong 

and consistent guidelines about fitness testing in children and  

adolescents.

In order to extend the utility of the Eurofit as a surveillance 

instrument, there is a clear need for European normative-ref-

erenced standards to help interpret test scores, which are 

currently only available at the local, state/provincial or national 

level.25–29 Previously, Tomkinson et al16 used a method to match 

and compare Eurofit data in children and adolescents by stan-

dardising differences in test protocols and performance metrics. 

These data helped describe the geographical variability in the 

Eurofit performance of 1.2 million European children and 

adolescents aged 7–18 years from 23 countries,16 and could be 

updated to provide European norms. Thus, the primary aim of 

this study was to develop sex-specific and age-specific normative 

values for physical fitness in European children and adolescents 

using the Eurofit, which implies a 10-year update to the previous 

Tomkinson et al review.16 The secondary aim was to estimate 

the sex-related differences in Eurofit test performance as well 

as the percentage of European children and adolescents meeting 

the new international criterion-referenced standards for healthy 

CRF.23

METHODS
Data sources
A systematic review of the scientific literature was prospec-

tively registered (PROSPERO 2013:CRD42013003646) and 

completed to locate studies that reported descriptive Eurofit 

data on European children and adolescents aged 9–17 years 

(see online supplement 2). This review was undertaken according 

to the Preferred Reporting Items for Systematic review and 

Meta-Analysis (PRISMA) guidelines for systematic reviews.30 

Studies were identified from January 1988 up until December 

2016 using the following bibliographic databases: CINAHL, 

EMBASE, MEDLINE, Scopus, SPORTDiscus and Web of 

Science. This search strategy was developed by the author group 
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Figure 2 Flow chart showing the methodological procedure used in this study. Results from studies were first expressed in a common metric and 
corrected for protocol differences. Following the estimation of missing means and SDs if necessary, poststratified population-weighted means and SDs 
were estimated for each test-sex-age group, with pseudodata and smoothed centiles subsequently generated. CV, coefficient of variation.

in conjunction with a trained academic librarian. The search 

strategy included the term: Eurofit; with child*, OR adolescen*, 

OR youth, OR boy*, OR girl*, OR teen*, OR paediatric*, OR 

pediatric*, as search term modifiers. All studies were extracted 

as text files, imported into RefWorks (ProQuest, Ann Arbor, 

Michigan, USA) and assigned a unique reference identification 

number. Duplicate studies were first removed using RefWorks 

with the remaining duplicates removed manually. Two indepen-

dent reviewers screened all titles and abstracts for eligibility, with 

full-text copies obtained for all studies meeting initial screening 

criteria according to at least one reviewer. These two independent 

reviewers then examined all full-text articles and discrepancies 

were resolved by discussion and consensus. A third reviewer 

examined an article when the two reviewers were unable to 

reach consensus, with consensus reached for all included articles. 

Email contact with the corresponding authors of studies occurred 

when necessary, in order to provide clarification, to avoid ‘double 

counting’ previously reported data and/or to request additional 

descriptive or raw data. The reference lists of all included 

studies were manually reviewed by two reviewers to identify 

new studies. Reviewers contacted content experts to obtain 

grey literature. In addition, the personal libraries of the authors 

were examined for relevant studies not identified through the  

search strategy.
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Figure 3 European map indicating the 30 countries (filled in black) for 
which Eurofit data on children and adolescents aged 9–17 years were 
available.

Inclusion/exclusion criteria
Studies were included if they explicitly reported descriptive 

Eurofit data at the test-sex-age-country-year level. Study partic-

ipants must have been apparently healthy (free from known 

disease or injury) European children and adolescents aged 9–17 

years who were tested from 1981 onwards—the inception year 

of the provisional Eurofit test battery. Studies were excluded 

if they reported descriptive Eurofit data on: (1) test-sex-age-

country-year groups for which the sample size was less than 20 

(because the means and SDs for smaller samples were too labile); 

(2) duplicate data published in another included study or (3) on 

only special interest groups that were atypical of their source 

population (eg, elite athletes, physically or mentally impaired 

children). Figure 1 shows a PRISMA flow chart of the included 

studies.

Data treatment and statistical analysis
All descriptive data were extracted into Excel (Microsoft Office 

2010, USA) using a standardised data extraction table. The 

following descriptive data were extracted by one author and 

checked for accuracy by another: authors, country of testing, 

year of testing, sex, age, Eurofit test (including data on the name 

of test, measurement units, sample size, mean, SD and median), 

sampling method and the sampling base. Mean data were exam-

ined for anomalies by running range checks and examining 

sex-specific and age-specific scatter plots, with means±2 SEs of 

the mean away from the respective sex-age-test level mean iden-

tified and checked for transcription errors. Only data on chil-

dren and adolescents aged 9–17 years were retained for further 

analysis.

The general procedure used to generate the sex-specific and 

age-specific normative centiles from extracted data is described 

elsewhere31 and summarised in figure 2. Age was reported as age 

at last birthday (70% or 69/98 studies), a span of years (6% or 

6/98 studies) or as mean and SD years (24% or 23/98 studies). 

Testing year was recorded as the midpoint year of testing (47% 

or 46/98 studies), a span of testing years (38% or 37/98 studies) 

or not reported at all (15% or 15/98 studies). Age and testing 

year were therefore expressed as age at last birthday and the 

midpoint year of testing, respectively.31

To combine data from different studies, all Eurofit data were 

standardised to a common metric and protocol. Measure-

ment units reported in the Eurofit handbook17 were used as 

the test-specific common metrics and for the presentation of 

normative centiles. All 20 m shuttle run data were standardised 

to Léger’s 1-min protocol,32 which starts at a speed of 8.5 km/

hour and increases by 0.5 km/hour each minute and the speed 

at the last completed stage using the procedures described else-

where.31 33 The accuracy of the 20 m shuttle run data standardi-

sation procedure is excellent.33

As part of the modelling procedure used to generate sex-spe-

cific and age-specific norms, means and SDs were required at 

the study-test-sex-age-country-year level. If no mean was avail-

able (1% or 1/98 studies), then mean values were estimated from 

the reported median values. This was done by first locating all 

studies reporting both median and mean values at the study-

test-sex-age-country-year level and second, by determining the 

best-fitting and most parsimonious linear or curvilinear (second-

order and third-order polynomials) regression models between 

median (predictor variable) and mean (response variable) values. 

Furthermore, 4% (4/98) of studies did not report SD values. 

Missing SD values were estimated by first locating all studies 

reporting both means and SDs at the study-test-sex-age-country-

year level; second, by calculating the corresponding coefficient 

of variation (CV) values and third, by calculating the sample-

weighted mean CVs for boys and girls separately.

Sample-weighted means and SDs (the latter calculated from 

sample-weighted mean CVs) were then calculated at the test-sex-

age-country level. While these data represent the best available 

Eurofit data, in order to best generate European representative 

sex-specific and age-specific normative centiles and to correct for 

systematic bias associated with oversampling and undersampling, 

means and SDs were corrected using a poststratification popu-

lation-weighting procedure.34 This procedure ensures that our 

norms were standardised to underlying country-sex-age demo-

graphics. Thus, population estimates standardised to the mean 

testing year of 2000 were extracted from the United Nations 

World Population Prospects report.35 Monte Carlo simulation 

was then used to create pseudodata using the detailed methods 

described elsewhere.36 This simulation procedure attempts to 

‘recreate’ the unavailable raw data by using a random number 

generator to produce data points based on population-weighted 

means and SDs at the sex-age level. Monte Carlo simulation 

assumes that the distributions are approximately normal, which 

was not true of all available raw Eurofit data. The simulation 

procedure described by Tomkinson et al36 however allowed 

for the recreation of both normal and non-normal pseudodata, 

with Eurofit data considered to be either normal or non-normal 

following the assessment of normality by the d’Agostino-Pearson 

K2 test37 using available raw data of the same test. Pseudo-data-

sets were repeatedly generated until the calculated mean differed 

from the reported mean by <0.5%, and the calculated SD differed 

from the reported SD by <2.5%. These pseudo-datasets were 

then used to generate sex-specific and age-specific normative 

centiles in LMSchartmaker Pro (V.2.43, The Institute of Child 

Health, London, UK), which analyses data using the Lambda Mu 

Sigma (LMS) method.38 The LMS method fits smooth centile 

curves to reference data by summarising the changing distribu-

tion of three sex-specific and age-specific curves representing the 

skewness (L; expressed as a Box-Cox power), the median (M) 

and the CV (S). Using penalised likelihood, the curves can be 

fitted as cubic splines using non-linear regression, and the extent 
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Table 1 Flamingo balance (n/60 s) centiles by age and sex based on 123 655 test performances of children and adolescents aged 9–17 years 
representing 19 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 3691 24 21 18 15 13 12 10 9 7 5 4

  10 5140 25 22 18 16 14 12 10 8 7 5 3
  11 6409 26 22 18 16 14 12 10 8 7 4 3
  12 8313 26 23 18 16 14 12 10 8 7 4 3
  13 8750 26 23 18 16 14 12 10 8 6 4 3
  14 9466 25 21 18 15 13 11 10 8 6 4 3
  15 7605 21 18 15 13 11 10 9 7 6 4 3
  16 6665 21 18 15 13 11 10 8 7 6 4 3
  17 5940 21 18 15 13 11 10 8 7 6 4 3
Girls

  9 3654 23 20 17 14 13 11 10 8 7 5 3
  10 4935 23 20 17 15 13 11 10 8 7 5 3
  11 6247 24 20 17 15 13 11 10 8 7 5 3
  12 8271 24 21 17 15 13 11 10 8 7 5 3
  13 8958 23 20 17 15 13 11 10 8 7 5 3
  14 9279 23 20 16 14 13 11 10 8 7 5 3
  15 7956 21 18 15 13 12 10 9 8 6 4 3
  16 6644 19 17 14 12 11 9 8 7 6 4 3
  17 5732 18 16 13 12 10 9 8 7 5 4 3
Note: the ages shown represent age at last birthday (eg, 9=9.00–9.99).

Table 2 Plate tapping (s) centiles by age and sex based on 148 093 test performances of children and adolescents aged 9–17 years representing 
19 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 7543 24.05 22.04 20.00 18.74 17.78 16.96 16.21 15.48 14.70 13.73 13.02

  10 9090 21.55 19.90 18.19 17.13 16.31 15.61 14.97 14.33 13.65 12.80 12.17
  11 8198 19.48 18.11 16.68 15.77 15.07 14.46 13.90 13.35 12.75 12.00 11.44
  12 9799 17.91 16.74 15.51 14.72 14.10 13.57 13.07 12.58 12.05 11.37 10.87
  13 9104 16.44 15.44 14.37 13.69 13.15 12.68 12.25 11.81 11.34 10.74 10.28
  14 9964 15.12 14.26 13.34 12.74 12.27 11.86 11.48 11.09 10.67 10.13 9.72
  15 7797 14.00 13.25 12.45 11.92 11.51 11.14 10.80 10.45 10.07 9.59 9.22
  16 7217 13.38 12.70 11.95 11.46 11.08 10.74 10.42 10.10 9.74 9.29 8.94
  17 6157 13.11 12.45 11.73 11.26 10.89 10.56 10.25 9.94 9.59 9.15 8.82
Girls

  9 7121 25.25 22.05 19.29 17.77 16.70 15.83 15.06 14.34 13.60 12.72 12.09
  10 8904 22.35 19.95 17.77 16.54 15.64 14.90 14.25 13.62 12.97 12.19 11.63
  11 8561 19.93 18.11 16.38 15.38 14.63 14.01 13.45 12.91 12.35 11.66 11.16
  12 10 089 18.41 16.96 15.53 14.68 14.04 13.50 13.01 12.53 12.03 11.41 10.95
  13 9031 16.92 15.76 14.60 13.89 13.35 12.88 12.46 12.05 11.60 11.05 10.64
  14 9476 15.51 14.58 13.63 13.03 12.57 12.18 11.81 11.45 11.06 10.58 10.21
  15 7690 14.95 14.12 13.25 12.70 12.28 11.91 11.57 11.24 10.87 10.41 10.07
  16 6790 14.58 13.80 12.99 12.48 12.07 11.73 11.41 11.08 10.74 10.30 9.97
  17 5562 14.54 13.77 12.96 12.45 12.05 11.71 11.39 11.07 10.72 10.28 9.95

of smoothing required can be expressed in terms of smoothing 

parameters or equivalent df.39

The percentage of children and adolescents with healthy CRF 

(ie, healthy cardiometabolic profiles) was estimated using the new 

international criterion-referenced standards of 42 and 35 mL/kg/

min for boys and girls, respectively.23 Sex-specific differences 

in mean Eurofit performance were expressed as standardised 

differences. Positive differences indicated that Eurofit perfor-

mances for boys were better than those for girls. Standardised 

differences of 0.2, 0.5 and 0.8 were used as thresholds for small, 

moderate and large effect sizes (ES), respectively.40

RESULTS
The final dataset included 2 779 165 Eurofit test performances 

of European children and adolescents aged 9–17 years (6458 

study-sex-age-country-year groups extracted from 98 studies), 

representing 30 countries (figure 3). These 30 countries 
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Table 3 Sit-and-reach (cm) centiles by age and sex based on 464 807 test performances of children and adolescents aged 9–17 years representing 
27 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 34 495 6.0 8.1 10.7 12.7 14.4 16.0 17.6 19.4 21.4 24.3 26.8

  10 35 532 6.0 8.1 10.8 12.7 14.4 16.1 17.7 19.4 21.5 24.5 26.9
  11 35 413 6.0 8.1 10.8 12.7 14.4 16.1 17.7 19.4 21.5 24.5 26.9
  12 29 962 6.0 8.2 10.8 12.8 14.5 16.1 17.8 19.6 21.7 24.6 27.1
  13 26 840 6.1 8.3 11.1 13.1 14.8 16.5 18.2 20.0 22.2 25.2 27.7
  14 25 302 6.7 9.1 12.1 14.3 16.2 18.0 19.9 21.9 24.2 27.5 30.3
  15 21 644 7.7 10.3 13.7 16.1 18.3 20.3 22.4 24.6 27.2 30.9 34.0
  16 16 285 8.4 11.1 14.6 17.1 19.3 21.4 23.6 25.9 28.6 32.4 35.6
  17 9696 9.1 11.9 15.5 18.1 20.4 22.6 24.8 27.2 30.0 33.9 37.2
Girls

  9 33 008 7.9 10.2 13.1 15.2 16.9 18.6 20.3 22.1 24.2 27.2 29.6
  10 34 803 8.5 10.8 13.7 15.7 17.5 19.2 20.9 22.7 24.8 27.7 30.1
  11 35 250 9.4 11.7 14.5 16.6 18.4 20.1 21.7 23.5 25.6 28.6 31.0
  12 29 835 10.6 12.9 15.8 17.9 19.7 21.4 23.1 24.9 27.1 30.0 32.5
  13 26 090 11.9 14.4 17.3 19.5 21.3 23.1 24.8 26.7 28.9 31.9 34.4
  14 24 563 13.1 15.6 18.6 20.8 22.7 24.5 26.3 28.2 30.4 33.5 36.1
  15 20 540 13.9 16.4 19.5 21.7 23.6 25.4 27.2 29.1 31.3 34.4 37.0
  16 16 197 14.4 16.9 20.0 22.2 24.1 25.9 27.6 29.5 31.8 34.9 37.5
  17 9352 14.7 17.2 20.3 22.5 24.4 26.1 27.9 29.8 32.1 35.2 37.8
Note: a score of 15 cm corresponds to the participant reaching their toes.

Table 4 Standing broad jump (cm) centiles by age and sex based on 464 900 test performances of children and adolescents aged 9–17 years 
representing 29 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 35 148 100.5 107.9 116.8 123.2 128.7 133.8 138.9 144.3 150.7 159.5 166.8

  10 36 069 107.6 115.3 124.6 131.3 137.0 142.4 147.7 153.4 160.1 169.3 176.9
  11 35 618 115.4 123.5 133.3 140.3 146.3 151.9 157.5 163.5 170.5 180.2 188.2
  12 30 631 122.5 131.0 141.2 148.5 154.8 160.7 166.5 172.8 180.1 190.3 198.6
  13 24 760 129.7 138.5 149.3 157.0 163.6 169.7 175.9 182.5 190.2 200.9 209.7
  14 24 061 138.7 148.1 159.6 167.8 174.8 181.4 188.0 195.0 203.2 214.6 223.9
  15 20 334 147.8 157.8 169.8 178.5 186.0 192.9 199.8 207.2 215.9 227.9 237.8
  16 18 967 154.2 164.5 176.9 185.9 193.6 200.8 207.9 215.6 224.6 237.0 247.2
  17 12 108 158.3 168.9 181.6 190.7 198.5 205.8 213.1 221.0 230.1 242.7 253.2
Girls

  9 34 339 91.2 98.4 107.1 113.4 118.9 123.9 129.0 134.5 140.8 149.7 157.1
  10 35 339 98.5 105.9 114.9 121.4 127.0 132.3 137.5 143.2 149.8 159.0 166.6
  11 34 992 105.6 113.3 122.6 129.4 135.2 140.6 146.0 151.9 158.7 168.2 176.1
  12 29 974 111.1 119.0 128.6 135.6 141.6 147.1 152.7 158.7 165.8 175.6 183.7
  13 23 749 113.9 121.9 131.6 138.7 144.8 150.4 156.1 162.2 169.3 179.3 187.5
  14 22 416 115.6 123.7 133.6 140.7 146.8 152.5 158.3 164.4 171.6 181.7 190.0
  15 16 394 116.8 124.9 134.8 142.0 148.1 153.9 159.6 165.8 173.1 183.1 191.5
  16 18 459 117.5 125.6 135.5 142.7 148.8 154.6 160.4 166.6 173.8 183.9 192.2
  17 11 542 119.0 127.2 137.2 144.4 150.6 156.4 162.3 168.5 175.8 186.0 194.4

represented approximately 65% of Europe’s population and 

49% of Europe’s land area and included 25 high-income and five 

upper-middle-income countries. Online supplement 3 provides a 

summary of the 98 included studies.

Tables 1–9 provide normative values as tabulated centiles 

from 5% to 95% for all nine Eurofit tests. Smoothed centile 

curves are presented in figure 4 with additional 20 m shuttle run 

norms (speed at last completed stage, number of laps and rela-

tive 
 V̇O2peak ) presented in online supplement 4.

On average, 78% of boys (95% CI 72% to 85%) and 83% 

of girls (95% CI 71% to 96%) had healthy CRF, with the 

percentage of those with healthy CRF decreasing by about 3% 

(boys) and 7% (girls) per year from the age of 9 years onwards 

(figure 5). There was considerable variability in healthy CRF 

levels among different European countries, which increased with 

age (see online supplement 5). When dividing Europe into two 

segments at the 45th parallel north,41 42 a gradient existed where 

Northern-Central European countries had a higher percentage 
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Table 5 Handgrip strength (kg) centiles by age and sex based on 203 295 test performances of children and adolescents aged 9–-17 years 
representing 24 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 10 180 8.6 10.1 11.9 13.2 14.3 15.3 16.4 17.5 18.8 20.6 22.1

  10 11 965 9.5 11.1 13.0 14.5 15.7 16.8 18.0 19.2 20.6 22.6 24.2
  11 11 358 10.8 12.6 14.8 16.4 17.7 19.0 20.3 21.6 23.2 25.4 27.2
  12 13 107 13.1 15.2 17.7 19.6 21.2 22.6 24.1 25.7 27.6 30.1 32.3
  13 13 070 16.9 19.4 22.5 24.7 26.6 28.4 30.2 32.1 34.3 37.4 39.9
  14 13 843 21.6 24.5 27.9 30.4 32.6 34.6 36.6 38.7 41.2 44.7 47.6
  15 10 944 25.9 28.9 32.5 35.2 37.4 39.5 41.6 43.9 46.5 50.1 53.2
  16 10 062 29.1 32.1 35.8 38.5 40.7 42.9 45.0 47.2 49.9 53.6 56.7
  17 8157 31.3 34.3 38.0 40.6 42.9 45.0 47.1 49.4 52.1 55.7 58.8
Girls

  9 9690 7.2 8.7 10.4 11.6 12.6 13.6 14.6 15.6 16.8 18.5 19.9
  10 11 804 8.0 9.6 11.5 12.9 14.1 15.2 16.3 17.5 18.8 20.7 22.3
  11 11 582 9.4 11.2 13.4 14.9 16.3 17.5 18.8 20.1 21.7 23.9 25.6
  12 13 331 12.0 13.9 16.2 17.9 19.3 20.6 21.9 23.3 25.0 27.3 29.1
  13 13 182 16.1 18.0 20.3 21.9 23.3 24.6 25.9 27.3 29.0 31.2 33.1
  14 13 168 18.5 20.4 22.7 24.3 25.7 27.1 28.4 29.8 31.4 33.7 35.6
  15 10 586 19.1 21.1 23.5 25.2 26.7 28.0 29.4 30.8 32.5 34.9 36.8
  16 9672 19.3 21.2 23.6 25.4 26.9 28.2 29.6 31.1 32.8 35.2 37.2
  17 7594 19.4 21.4 23.8 25.5 27.0 28.4 29.8 31.3 33.0 35.5 37.4

Table 6 Sit-ups (n/30 s) centiles by age and sex based on 481 032 performances of children and adolescents aged 9–17 years representing 23 
countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 31 757 9 11 13 15 16 17 18 20 21 23 25

  10 33 748 11 13 15 17 18 19 20 22 23 25 27
  11 35 559 13 14 16 18 19 20 22 23 24 26 28
  12 29 338 14 15 17 19 20 21 22 24 25 27 29
  13 30 805 14 16 18 20 21 22 23 24 26 28 29
  14 29 024 15 17 19 20 22 23 24 25 27 29 30
  15 22 541 17 18 20 22 23 24 25 26 28 30 31
  16 18 751 18 19 21 22 24 25 26 27 29 30 32
  17 12 059 18 20 22 23 24 25 27 28 29 31 33
Girls

  9 31 091 9 11 13 14 15 17 18 19 21 23 25
  10 33 131 10 12 14 16 17 18 19 20 22 24 26
  11 34 525 11 13 15 16 17 19 20 21 22 24 26
  12 31 415 12 13 15 17 18 19 20 21 23 24 26
  13 29 168 12 14 15 17 18 19 20 21 23 24 26
  14 27 377 12 14 16 17 18 19 20 21 23 25 26
  15 21 072 13 14 16 17 19 20 21 22 23 25 26
  16 18 365 13 15 16 18 19 20 21  22 23 25 27
  17 11 306 13 15 17 18 19 20 21 22 24 25 27

of children and adolescents with healthy CRF than Southern 

European countries (average difference in means (range): 7% 

(0% to 27%) at the sex-age level).

On average, boys performed substantially better than girls 

at each age group on muscular strength (ES: large), muscular 

power (ES: large), muscular endurance (ES: moderate to large), 

speed-agility (ES: moderate) and CRF (ES: large) tests, with 

the magnitude of the sex-specific differences increasing with 

age and accelerating from about 12 years (figure 6). Boys also 

developed at a faster rate than girls on these tests, especially 

during the teenage years. Conversely, girls performed substan-

tially better at each age group on the flexibility test (ES: 

moderate), with boys and girls developing with age at similar 

rates. There were negligible sex-specific differences overall on 

the balance and upper body speed tests, although boys devel-

oped at a faster rate than girls on the upper body speed test.

DISCUSSION
This study systematically analysed 2 779 165 Eurofit perfor-

mances of children and adolescents aged 9–17 years to generate 
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Table 7 Bent-arm hang (s) centiles by age and sex based on 189 673 test performances of children and adolescents aged 9–17 years representing 
23 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 8282 1.48 2.13 3.29 4.49 5.85 7.48 9.55 12.38 16.74 25.36 35.62

  10 9584 1.56 2.25 3.48 4.76 6.20 7.92 10.10 13.08 17.65 26.62 37.23
  11 11 079 1.63 2.35 3.66 5.00 6.51 8.32 10.60 13.71 18.46 27.73 38.62
  12 11 899 1.71 2.48 3.87 5.29 6.89 8.79 11.19 14.44 19.39 28.99 40.19
  13 12 321 1.90 2.77 4.33 5.92 7.70 9.81 12.44 15.99 21.34 31.57 43.30
  14 12 550 2.50 3.67 5.72 7.78 10.05 12.70 15.96 20.26 26.61 38.39 51.45
  15 10 576 3.73 5.40 8.26 11.05 14.04 17.43 21.50 26.72 34.18 47.44 61.48
  16 9165 5.19 7.39 10.98 14.36 17.87 21.75 26.28 31.94 39.77 53.13 66.71
  17 7425 6.48 9.03 13.07 16.74 20.45 24.46 29.04 34.64 42.19 54.66 66.92
Girls

  9 7681 0.98 1.43 2.24 3.08 4.02 5.14 6.55 8.46 11.36 16.94 23.40
  10 9287 0.97 1.42 2.24 3.08 4.03 5.15 6.57 8.50 11.42 17.06 23.60
  11 10 942 0.96 1.42 2.23 3.08 4.03 5.16 6.59 8.53 11.48 17.18 23.79
  12 13 198 0.96 1.41 2.23 3.08 4.03 5.17 6.60 8.54 11.50 17.22 23.86
  13 13 613 0.96 1.41 2.23 3.08 4.03 5.18 6.62 8.58 11.56 17.33 24.04
  14 13 322 0.94 1.40 2.22 3.09 4.06 5.23 6.72 8.73 11.82 17.83 24.86
  15 11 324 0.92 1.38 2.23 3.11 4.13 5.35 6.91 9.05 12.34 18.80 26.41
  16 9639 0.91 1.38 2.27 3.21 4.30 5.63 7.33 9.68 13.33 20.57 29.19
  17 7786 0.93 1.43 2.40 3.45 4.67 6.16 8.11 10.82 15.07 23.61 33.92

Table 8 10×5 m agility shuttle run (s) centiles by age and sex based on 258 618 test performances of children and adolescents aged 9–17 years 
representing 19 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 15 409 29.26 27.58 25.79 24.64 23.73 22.94 22.20 21.46 20.66 19.64 18.87

  10 16 773 28.00 26.54 24.98 23.96 23.15 22.44 21.78 21.11 20.38 19.44 18.73
  11 17 925 26.77 25.53 24.16 23.27 22.55 21.92 21.33 20.73 20.07 19.22 18.57
  12 16 152 25.68 24.59 23.39 22.60 21.96 21.40 20.86 20.32 19.72 18.94 18.35
  13 18 549 24.77 23.79 22.70 21.98 21.40 20.88 20.39 19.88 19.33 18.61 18.05
  14 16 914 24.10 23.18 22.15 21.47 20.92 20.43 19.96 19.48 18.95 18.27 17.73
  15 12 649 23.61 22.72 21.73 21.06 20.53 20.05 19.60 19.13 18.62 17.95 17.43
  16 11 783 23.22 22.35 21.37 20.72 20.20 19.73 19.28 18.83 18.32 17.67 17.16
  17 6423 22.89 22.03 21.07 20.43 19.91 19.45 19.01 18.56 18.06 17.42 16.91
Girls

  9 16 273 30.96 28.96 26.93 25.67 24.70 23.88 23.12 22.37 21.57 20.57 19.83
  10 15 703 28.87 27.35 25.76 24.74 23.95 23.27 22.63 21.99 21.30 20.43 19.78
  11 15 063 27.11 25.92 24.64 23.81 23.15 22.58 22.04 21.50 20.90 20.14 19.57
  12 18 344 26.36 25.29 24.13 23.37 22.77 22.24 21.74 21.24 20.68 19.97 19.43
  13 16 678 26.06 25.03 23.90 23.16 22.58 22.06 21.58 21.08 20.54 19.85 19.32
  14 15 589 25.98 24.95 23.83 23.09 22.51 22.00 21.51 21.03 20.49 19.79 19.27
  15 11 479 25.97 24.94 23.82 23.09 22.51 22.00 21.51 21.02 20.48 19.79 19.26
  16 11 018 25.95 24.92 23.81 23.07 22.49 21.98 21.50 21.01 20.47 19.78 19.25
  17 5895 25.93 24.90 23.79 23.06 22.48 21.96 21.48 20.99 20.46 19.77 19.24

the largest and most geographically representative sex-spe-

cific and age-specific European normative values for physical 

fitness. These norms add to existing norms across a range of 

other cardiometabolic risk factors, including adiposity (eg, body 

mass index43 44 and waist circumference,45–49 blood pressure,50 51 

cholesterol,51 triglycerides51 and glucose).51 More importantly, 

they expand the normative data bank for health-related fitness, 

building on existing norms studies such as the recently published 

international CRF norms31 and other European health-related 

fitness norms.52 53

Despite these norms not being linked to a health outcome, 

they nonetheless have utility for health and fitness screening, 

profiling, monitoring and surveillance by identifying the centile 

rank of children and adolescents in comparison with their 

peers. For instance, several authors31 52 54 have suggested using 

a normative quintile-based framework to classify the fitness 

levels of children and adolescents, where those below the 20th 

centile are classified as ‘very low/poor’; 20–40th centiles as 

‘low/poor’; 40–60th centiles as ‘moderate’; 60–80th centiles 

as ‘high/good’ and those above the 80th centile as ‘very high/
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Table 9 20 m shuttle run (min/stages) centiles by age and sex based on 445 092 test performances of children and adolescents aged 9–17 years 
representing 24 countries
Age (years) n P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95

Boys
  9 36 079 1.27 1.96 2.80 3.41 3.93 4.43 4.92 5.45 6.08 6.95 7.68

  10 36 935 1.53 2.25 3.13 3.77 4.31 4.83 5.34 5.90 6.55 7.46 8.22
  11 30 786 1.79 2.53 3.45 4.11 4.68 5.22 5.75 6.33 7.01 7.96 8.75
  12 26 552 2.04 2.82 3.77 4.46 5.06 5.61 6.18 6.78 7.49 8.47 9.30
  13 29 467 2.31 3.12 4.11 4.82 5.44 6.02 6.60 7.23 7.97 8.99 9.85
  14 28 262 2.71 3.55 4.57 5.31 5.95 6.55 7.15 7.80 8.56 9.62 10.51
  15 23 754 3.08 3.92 4.95 5.70 6.34 6.95 7.56 8.21 8.98 10.05 10.94
  16 13 417 3.35 4.19 5.22 5.96 6.61 7.21 7.81 8.47 9.23 10.30 11.19
  17 11 326 3.80 4.64 5.67 6.42 7.06 7.66 8.26 8.91 9.67 10.74 11.63
Girls

  9 35 027 0.87 1.41 2.08 2.56 2.98 3.38 3.77 4.20 4.70 5.40 5.98
  10 36 270 1.03 1.60 2.29 2.79 3.22 3.63 4.04 4.48 5.00 5.72 6.33
  11 30 751 1.31 1.91 2.64 3.18 3.64 4.07 4.51 4.98 5.53 6.30 6.94
  12 26 119 1.27 1.89 2.66 3.21 3.69 4.14 4.60 5.08 5.66 6.46 7.13
  13 20 066 1.25 1.87 2.64 3.20 3.68 4.13 4.58 5.07 5.65 6.46 7.13
  14 19 557 1.24 1.87 2.64 3.20 3.68 4.13 4.58 5.07 5.65 6.46 7.13
  15 15 682 1.24 1.87 2.63 3.19 3.67 4.13 4.58 5.07 5.65 6.46 7.13
  16 13 317 1.21 1.84 2.61 3.17 3.66 4.11 4.57 5.06 5.64 6.45 7.13
  17 11 725 1.20 1.83 2.60 3.17 3.65 4.11 4.56 5.06 5.64 6.45 7.13
Note: 20 m shuttle run centiles are available for other metrics in online supplement 4.

good’. Single test measures can be qualitatively interpreted 

using these quintile-based thresholds and longitudinal changes 

tracked against centile bands to identify expected, better than 

expected or worse than expected developmental changes. In 

addition, long-term intervention studies are required to deter-

mine whether changes in fitness in response to exercise training 

are over and above expected developmental changes illustrated 

by our age-related reference values. While individual fitness test 

scores can be benchmarked and tracked, a composite or overall 

fitness score could also be generated as an aggregate score 

summarising centiles across all fitness components or across 

multiple components or subdomains of interest (eg, a composite 

score for health-related fitness should aggregate centiles for 

CRF, MSF and flexibility). This scoring structure, similar to 

that used in the Canadian Assessment of Physical Literacy,55 56 

could help identify the fitness components/subdomains in need 

of attention in order to provide appropriate feedback and advice 

to children about how to best improve their overall physical 

fitness. In this context, the lowest quintile has extensively been 

used as a threshold for defining low fitness or unfit youth.57 In 

prospective cohort studies, this group has been shown to have a 

disproportionately higher risk for future diseases.58 Even more 

stringent cut-points (eg, 10th centile) have been proposed for 

individuals who should be checked for the existence of other risk 

factors or developmental problems. In a cohort study conducted 

in more than 1 million Swedish male adolescents, it was observed 

that those in the lowest decile of muscular strength had signifi-

cantly higher risk of all-cause mortality, cardiovascular disease 

mortality and suicide mortality, supporting the notion that this 

should be considered a group at risk.12

To date, research examining criterion-referenced standards 

in children and adolescents has focused on CRF,22 23 59 with 

new international standards recently published for healthy CRF 

recently published.23 While not the first study to estimate the 

percentage of European children and adolescents with appar-

ently healthy CRF,52 this study provides the most current and 

best available estimate using the new international criterion-ref-

erenced standards. This study is consistent with previous studies 

showing a latitudinal gradient, where children and adolescents 

from Northern-Central Europe typically have better CRF than 

their peers from Southern Europe.16 41 42 This study also iden-

tified considerable variability in healthy CRF levels among 

different European countries. Variability in CRF was previously 

identified as a strong unfavourable correlate of country-specific 

income inequality (operationalised as the Gini index); meaning, 

countries with a large population spread of income tend to have 

poor CRF levels.42 The observed age gradient in healthy CRF 

levels may reflect that children are generally healthier than 

adolescents or it may be an artefact of the new international 

standards being age-independent. Unfortunately, criterion-ref-

erenced standards for fitness components other than CRF do 

not currently exist. In addition, CRF criterion-referenced stan-

dards do not exist for outcomes other than cardiometabolic 

health (ie, poor bone health, mental health, cognitive health and 

so on), which is a limitation and represents an area for future 

research.

This study systematically identified and quantified the 

sex-specific differences in Eurofit performance, showing that 

boys outperformed girls on CRF, MSF and speed-agility tests 

and experienced larger age-specific changes, while girls outper-

formed boys on the flexibility test. While the underlying causes 

of the sex-specific differences are clear for some fitness compo-

nents (eg, differences in MSF are largely explained by physical 

differences such as differences in body size/composition), they 

are less clear for others (eg, differences in CRF may be explained 

by physiological differences such as differences in mechanical 

efficiency and/or the fractional utilisation of oxygen).21 60 61 It 

is, nonetheless, beyond the scope of this paper to discuss these 

mechanistic causes. However, there is a need for longitudinal 

cohort studies to better understand what mechanisms drive 

sex-specific and age-specific differences in physical fitness 

throughout childhood and adolescence.
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Figure 4 Smoothed centile curves (P10, P50 and P90) for (A) flamingo balance (n/60 s), (B) plate tapping (s), (C) sit-and-reach (cm), (D) standing broad 
jump (cm), (E) handgrip strength (kg), (F) sit-ups (n/30 s), (G) bent-arm hang (s), (H) 10×5 m agility shuttle run (s) and (I) 20 m shuttle run (min).

Strengths and limitations
This study summarised cross-sectional Eurofit data from 98 

studies to generate probably Europe’s largest physical fitness 

database for children and adolescents. Although not the first 

comprehensive review of children’s Eurofit performance, it does 

provide an update to a previous review16 by: (1) extending the 

data coverage from 2001 to 2015 through a rigorous system-

atic review process, (2) producing sex-specific and age-specific 

European normative values and (3) estimating the percentage of 

European children and adolescents with healthy CRF.

Despite the strengths of this study, it is not without limita-

tions. First, we pooled data from studies that used different 
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Figure 5 Percentage of European children and adolescents aged 9–17 
years meeting the new international criterion-referenced standards 
of 42 mL/kg/min (boys, light grey bars) and 35 mL/kg/min (girls, dark 
grey bars) for healthy CRF. The thin black vertical lines show the 95% 
CIs. CRF, cardiorespiratory fitness.

Figure 6 Standardised sex-specific differences in mean Eurofit 
performance for European children and adolescents aged 9–17 
years. The limits of the grey zone represent the threshold for a large 
standardised difference (ie, 0.8 or –0.8). Positive differences indicated 
that Eurofit performances for boys were better than those for girls.

sampling methods (probability and non-probability sampling) 

and sampling frames (national-level, state/provincial-level and 

community-level), which raises the issue of representativeness. 

However, we used the best available data and a poststratifica-

tion population weighted approach to control for oversampling 

and undersampling across studies and countries. Second, differ-

ences in testing conditions (eg, climate, altitude, practice and 

testing surfaces) and measurement errors (eg, methodological 

drift and diurnal variation) might have occurred, although the 

large number of included data points should have minimised 

these issues. Third, the vigorous nature of the Eurofit may have 

resulted in difficulties in testing, or exclusion of, individuals 

with a lower level of physical function. The absence of data from 

these populations may have inflated our norms within the lower 

centile range. Fourth, our sex-specific and age-specific norms 

and differences in Eurofit performance are also limited by the 

potential for unmeasured confounding. For example, biological 

maturation, which was rarely reported in the included studies 

and was therefore not included in our analysis, confounds 

sex-specific and age-specific differences in physical fitness.62 

Large-scale longitudinal studies focused on the influence of 

maturation on physical fitness are needed. Finally, Eurofit data 

were also collected at different times in the period between 1981 

and 2015 and given evidence of temporal changes in some (but 

not all) fitness components in European children,21 28 63–69 it 

is possible that our norms represent a different health-related 

picture than what would actually be observed today. However, 

without the availability of temporal trends data for all included 

countries, temporal corrections of our norms are not possible.

Recommendations
Given the widespread use of the Eurofit and other test batteries 

such as the ALPHA, there is a need for consistent reporting 

of results across studies to assist future data pooling and the 

update of normative values. In addition to recommending that 

the Eurofit be routinely administered (in part or in whole) in 

schools to improve national and regional surveillance of health 

and fitness, we also make the following recommendations:

1. An online multilingual operations and procedures manu-

al, including instructional videos, should be made avail-

able (eg, the ALPHA project manual, http:// profith. ugr. es/ 

alpha- children). Researchers should make de-identified raw 

data available through an online data repository42 70 in order 

to help improve surveillance efforts across the region. For 

example, scheduled for official release in 2018 is a free web-

site (http://www. activehealthykids. org/ kids- fit- guide/) that 

will compute a report comparing individual 20 m shuttle run 

performances to national, regional and international norma-

tive values and criterion-referenced standards, providing re-

searchers with valuable analytical support.

2. Care should be taken to minimise and report factors that may 

impact fitness test performance (eg, climate, temperature, 

humidity, altitude, clothing, ground surfaces/conditions, pre-

test instructions and test familiarisation). Studies should be 

conducted to assess the effect of these factors on fitness test 

performance.
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What are the new findings?

 ► This study presents the largest and most geographically 
representative sex-specific and age-specific European 
normative values for physical fitness in children and 
adolescents.

 ► This study estimated that 78% (95% CI 72% to 85%) of 
boys and 83% (95% CI 71% to 96%) of girls met the new 
international criterion-referenced standards of 42 and 35 mL/
kg/min respectively for healthy cardiorespiratory fitness (CRF), 
with the percentage meeting the standards decreasing with 
age.

 ► This study showed that boys performed better than girls on 
muscular strength, muscular power, muscular endurance, 
speed-agility and CRF tests, but worse on the flexibility test. 
Boys’ fitness also generally improved at a faster rate than 
girls’ fitness, especially during the teenage years.

How might it impact on clinical practice in the future?

 ► Sex-specific and age-specific European normative values for 
physical fitness in children and adolescents are important 
for health and fitness screening, profiling, monitoring and 
surveillance.

3. Best practice should include that: (1) test protocols be fol-

lowed and test results be reported as per the operations and 

procedures manual; (2) biological age (sexual maturation) be 

measured (if appropriate) in addition to chronological age; 

(3) descriptive statistics (sample sizes, means and SDs) be 

reported in 1 year age and sex groups based on age at last 

birthday and (4) the year(s) of testing be reported.

CONCLUSION
Physical fitness is an important indicator of good health, and the 

Eurofit is probably the most popular way to measure physical 

fitness throughout Europe. This study pooled 2 779 165 Eurofit 

performances, representing children and adolescents from 30 

European countries. This large summary analysed the best avail-

able Eurofit data to: (1) provide the largest and most geograph-

ically representative sex-specific and age-specific European 

normative values for physical fitness in children and adolescents 

and (2) estimate the percentage of children and adolescents with 

healthy CRF according to the new international criterion-ref-

erenced standards. These data have utility for both health and 

sport promotion given that they help to identify children and 

adolescents with: (1) very low/poor fitness in order to set appro-

priate fitness goals, monitor longitudinal changes and promote 

positive health-related fitness behaviours (eg, physical activity 

and exercise promotion) and (2) very high/good fitness in the 

hope of recruiting them into sporting or athletic development 

programmes.
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