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ABSTRACT
Objective We studied in European adolescents (i) the
association between cardiorespiratory fitness and ideal
cardiovascular health as defined by the American Heart
Association and (ii) whether there is a cardiorespiratory
fitness threshold associated with a more favourable
cardiovascular health profile.
Methods Participants included 510 (n=259 girls)
adolescents from 9 European countries. The 20 m
shuttle run test was used to estimate cardiorespiratory
fitness. Ideal cardiovascular health was defined as
meeting ideal levels of the following components: four
behaviours (smoking, body mass index, physical activity
and diet) and three factors (total cholesterol, blood
pressure and glucose).
Results Higher levels of cardiorespiratory fitness were
associated with a higher number of ideal cardiovascular
health components in both boys and girls (both p for
trend ≤0.001). Levels of cardiorespiratory fitness were
significantly higher in adolescents meeting at least four
ideal components (13% higher in boys, p<0.001; 6%
higher in girls, p=0.008). Receiver operating
characteristic curve analyses showed a significant
discriminating accuracy of cardiorespiratory fitness in
identifying the presence of at least four ideal
cardiovascular health components (43.8 mL/kg/min in
boys and 34.6 mL/kg/min in girls, both p<0.001).
Conclusions The results suggest a hypothetical
cardiorespiratory fitness level associated with a healthier
cardiovascular profile in adolescents. The fitness
standards could be used in schools as part of
surveillance and/or screening systems to identify youth
with poor health behaviours who might benefit from
intervention programmes.

INTRODUCTION
Cardiorespiratory fitness is an important marker of
cardiovascular health already in children and adoles-
cents.1 Longitudinal studies indicate that higher
levels of cardiorespiratory fitness in childhood and
adolescence are associated with a healthier cardio-
vascular profile2 and with a reduced risk of myocar-
dial infarction later in life.3 Despite cardiovascular
disease (CVD) events occurring most frequently
during or after the fifth decade of life, the precur-
sors of CVD seem to have their origin in childhood
and adolescence.4 Therefore, establishing

health-related cardiorespiratory fitness standards for
adolescents can be useful to identify the target
population for primary CVD prevention as well as
for health promotion policies.
Several attempts have been made in order to

determine the cardiorespiratory fitness level asso-
ciated with a healthier cardiovascular profile in
children and adolescents.5–14 However, it is rare
for paediatricians, physical education teachers or
other health agents to measure cardiorespiratory
fitness when evaluating present and future cardio-
vascular health in youth.
The American Heart Association (AHA) released

in 2010 a set of seven cardiovascular health compo-
nents for youth and adults to describe ideal cardio-
vascular health.15 Data from the Cardiovascular
Risk in Young Finns Study showed that children
with a higher number of ideal cardiovascular health
components had a reduced risk for hypertension,
metabolic syndrome, high levels of low-density lipo-
protein cholesterol and high-risk carotid intima-
media thickness 21 years later in adulthood.16 The
concept of ideal cardiovascular health has also been
inversely associated with aortic intima-media thick-
ness and the incidence of CVD,17 and directly asso-
ciated with aortic elasticity in adolescents.18

The Healthy Lifestyle in Europe by Nutrition in
Adolescence (HELENA) study is a multicentre,
cross-sectional study performed in nine European
countries primarily designed to obtain reliable and
comparable data on nutrition and health-related
parameters of a relatively large sample of European
adolescents aged 12.5–17.5 years.19 The HELENA
study collected data on the components included in
the ideal cardiovascular health concept,15 thus pro-
viding a great opportunity to (i) study the associ-
ation between cardiorespiratory fitness and ideal
cardiovascular health in European adolescents, and
to (ii) examine whether there is a cardiorespiratory
fitness threshold associated with a more favourable
cardiovascular health profile.

METHODS
Study participants
The HELENA study was conducted from 2006 to
2007 in 10 European cities (hereafter called
centres) from 9 countries.19 The HELENA study
sample comprised 3528 boys and girls aged 12.5–
17.5 years with valid data for gender and body
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mass index (BMI). Blood sampling was randomly performed in
one-third of the recruited adolescents (n=1089).

This study comprised adolescents who had complete data on
(i) cardiorespiratory fitness and (ii) the components included in
the ideal cardiovascular health concept.15 A total of 510
(n=251 and 259, boys and girls, respectively) participants were
finally included into the present study. There were no differ-
ences in the study key characteristics (ie, age, sex distribution,
weight and height, and cardiorespiratory fitness) between the
current study sample and the original HELENA sample
(n=3528, all p>0.1).

Cardiorespiratory fitness
Cardiorespiratory fitness was assessed by the 20 m shuttle run
test.20 Participants were required to run between two lines 20 m
apart, while keeping the pace with audio signals emitted from a
pre-recorded CD. The initial speed was 8.5 km/h, which was
increased by 0.5 km/h per minute (1 min equal one stage).
Participants were instructed to run in a straight line, to pivot on
completing a shuttle and to pace themselves in accordance with
the audio signals. The test was finished when the participant
failed to reach the end lines concurrent with the audio signals
on two consecutive occasions. Otherwise, the test ended when
the subject stopped because of fatigue. We estimated the
maximum oxygen consumption (VO2max, mL/kg/min) from the
20 m shuttle run test scores using the equation reported by
Leger et al.21

Ideal cardiovascular health
The ideal cardiovascular health index and its different compo-
nents were calculated as outlined by AHA15 using the cut-off
values for adolescents.

Health behaviours
Data on smoking were collected via self-reported questionnaires.
Adolescents who reported that they had never smoked were
categorised as having an ideal smoking status and those who
reported having smoked one or more cigarettes were categorised
as presenting a non-ideal smoking status.

Height and weight were measured, and BMI calculated as
weight (in kg) divided by height (in m2). BMI z-score and BMI
categories were derived using British 1990 Growth Reference
Data from the Child Growth Foundation.22 23

Physical activity was assessed by a self-report questionnaire.24

Adolescents who did not reach 60 min of moderate to vigorous
intensity physical activity every day were classified as having a
non-ideal physical activity level.

Diet: The HELENA-Dietary Assessment Tool (HELENA-DIAT)
was used to assess dietary intake and food consumption.25 It is a
self-reported 24 h dietary recall assessment tool based on six meal
occasions. Participants completed the HELENA-DIAT in two non-
consecutive days according to a standardised protocol. The
German Nutrient Database was used to analyse the dietary data.
The Multiple Source Method provided by the German Institute of
Human Nutrition Potsdam-Rehbrücke as web-based programme
package was used to account for within-person variation in the 24
h dietary recalls (https://nugo.dife.de/msm/). All dietary indicators
described below have been scaled on a total daily energy intake of
2000 kcal as indicated in the ideal cardiovascular health calcula-
tions protocol.15

We classified adolescents as having an ideal fruit and vegetable
consumption if they consumed at least 400 g of fruits and vege-
tables (sum of both) per day.26 Adolescents who consumed at
least 28 g of fish or fish products per day were classified as

having ideal fish consumption. Adolescents who consumed at
least 1.1 g of fibre per 10 g of carbohydrates were classified as
having ideal fibre consumption. Those who consumed
<1500 mg of sodium per day were classified as having ideal
sodium intakes. Adolescents who consumed 145 mL or less of
soft drinks per day were classified as having ideal soft drink con-
sumption. The calculation of the 145 mL sugar-sweetened bev-
erages was obtained via the ‘oz’ unit that was included in the
original recommendation: 450 kcal (36 oz) per week=28.350*
36/7 g per day. Intake goals are expressed for a 2000 kcal diet
and have been scaled accordingly for other levels of calorie
intake. Adolescents who had at least four of these five ideal diet
components were categorised as having an ideal healthy diet,
and adolescents with 0–3 ideal diet components were classified
as having a non-ideal healthy diet.

Health factors
Blood analysis: For the determination of total cholesterol and
glucose levels, venous blood samples were drawn after an overnight
fast. In adolescence, levels of total cholesterol have been defined as
ideal <4.40 mmol/L (<170 mg/dL) or non-ideal ≥4.40 mmol/L
(≥170 mg/dL).15 Fasting serum glucose concentrations were ana-
lysed enzymatically and classified as ideal <5.6 mmol/L (<100 mg/
dL) or non-ideal ≥5.6 mmol/L (≥100 mg/dL).15

Blood pressure: It was measured twice after being seated in a
quiet room for 10 min with their back supported and feet on
the ground. Two blood pressure readings were taken with a
10 min interval of quiet rest. The lower value of the two mea-
surements was used in the analysis to classify blood pressure
status in adolescence as ideal (systolic blood pressure <90th
centile and diastolic blood pressure <90th centile) or non-ideal
(systolic blood pressure ≥90th centile or diastolic blood pressure
≥90th centile).15 All centile-based threshold limits are sex-
specific and age-specific from the entire HELENA study sample.

Indices of the ideal cardiovascular health
From the individual health behaviours and factors described
above, we generated the corresponding AHA indices (ie, ideal
health behaviours index, ideal health factors index and the ideal
cardiovascular health index). The ideal cardiovascular health
index corresponds to the number of ideal health behaviours
(0–4) and factors (0–3) achieved by the participant. In analyses,
we used the ideal cardiovascular health index as a continuous
variable (from 0 to 7) as done elsewhere,16 18 as well as cate-
gorised as presence of at least four ideal components (ideal
cardiovascular health vs non-ideal cardiovascular health).18

Statistical analysis
The data are presented as means (SD) unless otherwise stated.
Differences on cardiorespiratory fitness levels between ideal and
non-ideal cardiovascular health components were assessed by
analysis of covariance (ANCOVA) with cardiorespiratory fitness
as a dependent variable, cardiovascular health component (ideal
vs non-ideal) entered as a fixed factor, age as a covariate and
centre as a random factor. The association of cardiorespiratory
fitness with ideal cardiovascular health index, as well as with
ideal health behaviours and factors separately, was assessed by
ANCOVA as explained above.

We determined the cardiorespiratory fitness level associated
with having at least four ideal components by receiver operating
characteristic (ROC) curve.27 The area under ROC curve (AUC)
and 95% CI were calculated. Finally, binary logistic regression
was used to study the relationship between cardiorespiratory
fitness and ideal cardiovascular health score, adjusting for age

Ruiz JR, et al. Heart 2015;101:766–773. doi:10.1136/heartjnl-2014-306750 767

Cardiac risk factors and prevention
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2014-306750 on 8 D
ecem

ber 2014. D
ow

nloaded from
 

https://nugo.dife.de/msm/
https://nugo.dife.de/msm/
http://heart.bmj.com/


and centre. Analyses were conducted for boys and girls separ-
ately. All analyses were performed using the Statistical Package
for Social Sciences (SPSS, V.20.0 for Windows; SPSS, Chicago),
and the level of significance was set at α=0.05.

RESULTS
Table 1 shows the characteristics of the study participants. None
of the adolescents had all seven ideal cardiovascular health com-
ponents, except one girl. Simultaneous presence of at least four
ideal components was found in 87% of boys and 84% of girls.

Higher levels of cardiorespiratory fitness were associated with
a higher number of ideal cardiovascular health components in
both boys (p for trend <0.001) and girls (p for trend 0.001)
(figure 1). Levels of cardiorespiratory fitness were significantly
higher in adolescents meeting at least four ideal components
(13% higher in boys, p<0.001; 6% higher in girls, p=0.008)
compared with those meeting less than four ideal components
(table 2). Higher levels of cardiorespiratory fitness were asso-
ciated with a higher number of ideal health behaviours (p for
trend <0.001 in both boys and girls), and with a higher number
of ideal health factors in boys (p for trend 0.001) but not in
girls (p for trend 0.291) (figure 2). Levels of cardiorespiratory

fitness were similar between ideal versus non-ideal glucose or
smoking groups in both boys and girls (table 2).

ROC analysis showed a significant discriminating accuracy of
cardiorespiratory fitness in identifying a favourable (presence of
at least four ideal metrics) ideal cardiovascular health in boys
(AUC 0.805, 95% CI 0.726 to 0.883, p<0.001) and in girls
(AUC 0.694, 95% CI 0.605 to 0.784, p<0.001) (figure 3). The
cardiorespiratory fitness cut-off levels associated with having at
least four ideal components were 43.8 mL/kg/min (optimal pair
of sensitivity and specificity 68.9 and 82.8, respectively) in boys
and 34.6 mL/kg/min (optimal pair of sensitivity and specificity
74.9 and 59.1, respectively) in girls. Logistic regression analysis
showed that boys with levels of cardiorespiratory fitness above
43.8 mL/kg/min had higher OR of having at least four ideal
components compared with those with cardiorespiratory fitness
levels below this value (OR, 6.437; 95% CI 2.580 to 16.057;
p<0.001). Girls with cardiorespiratory fitness levels above
34.6 mL/kg/min had higher OR of having at least four ideal
components than those with cardiorespiratory fitness levels
below this value (OR, 2.756; 95% CI 1.316 to 5.775;
p=0.007). The results did not change when a different equation
to estimate cardiorespiratory fitness was used.21

DISCUSSION
The findings of the present study indicate that cardiorespiratory
fitness is positively associated with the ideal cardiovascular
health index as determined by AHA in European adolescents.
Furthermore, the current study identified a hypothetical cardio-
respiratory fitness threshold associated with a more favourable
cardiovascular health profile, which seems to be more discrim-
inative for boys than for girls.

Interestingly, the observed cut-off levels for cardiorespiratory
fitness obtained in adolescents participating in the HELENA
study are similar to those published previously by other studies
conducted in past generations of children and adolescents from
the USA9 and different European countries8 10 11 12 13 with
diverse environmental, cultural and social factors. Of note is
that previous studies used less comprehensive health indices
than the one used in the present study and did not use
behaviour-related components. Moreover, the test protocols as
well as the prediction equations to estimate cardiorespiratory
fitness also differed across studies. Similarities among the study
results however reinforce the existence of a cardiorespiratory
fitness threshold associated with cardiovascular health in youth.
Taken together present and previous findings (see table 3), the

Table 1 Characteristics of the study participants

Boys (n=251) Girls (n=259)

Age (years) 14.7±1.3 14.7±1.2
Body mass index (kg/m2) 21.1±4.1 21.2±3.5
Cardiorespiratory fitness (mL/kg/min) 46.1±7.4 37.6±5.6
Systolic blood pressure (mm Hg) 120.2±13.9 113.2±11.6
Diastolic blood pressure (mm Hg) 64.0±8.7 65.0±8.8
Glucose (mg/dL) 92.3±7.2 88.5±6.4
Total cholesterol (mg/dL) 153.7±26.7 166.9±27.6
Fruits and vegetables (g/day) 183.9±116.1 229.2±132.5
Fish (g/day) 19.4±23.2 21.9±26.3
Fibre (g/day) 20.5±22.6 19.8±22.2
Sodium (mg/day) 2098.4±520.9 2154.9±642.9
Soft drinks (mL/day) 252.1±315.8 182.0±277.2
Moderate-vigorous PA (min/day) 67.8±24.1 48.6±17.8
Never smoked a cigarette (%) 66 67

Values are means and SDs or percentage.
All dietary indicators have been scaled on a total daily energy intake of 2000 kcal.
PA, physical activity.

Figure 1 Association between cardiorespiratory fitness and ideal cardiovascular health index in European adolescents from the Healthy Lifestyle in
Europe by Nutrition in Adolescence study. (A) Boys; (B) girls. No., frequency.
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estimated cardiorespiratory fitness levels for optimum cardiovas-
cular health in children and adolescents seem to fall between 40
and 47 mL/kg/min for boys and between 35 and 42 mL/kg/min
for girls.

Schools are a convenient setting to promote a healthy lifestyle
among young populations and could collect this information
to encourage children to be more physically active to achieve
and go beyond the health-related cardiorespiratory fitness

Table 2 Cardiorespiratory fitness (mL/kg/min) mean and SE estimates by ideal cardiovascular health components in European adolescents (both
boys and girls) from the HELENA study

Boys Girls

Ideal Non-ideal Ideal Non-ideal

N/% Mean±SE N/% Mean±SE p Value* N/% Mean±SE N/% Mean±SE p Value*

Health behaviours
Smoking 166/66 46.3±0.6 85/34 46.7±0.8 0.680 174/67 38.0±0.4 85/33 38.1±0.5 0.852
Body mass index 219/87 47.4±0.5 32/13 40.2±1.1 <0.001 216/83 38.5±0.3 43/17 34.8±0.7 <0.001
Physical activity 179/71 47.5±0.5 72/29 43.7±0.8 <0.001 149/58 38.9±0.4 110/42 36.8±0.5 0.002
Diet – – 251/100 46.4±0.5 4/2 37.5±2.4 255/98 38.0±0.4 0.823

Health factors
Total cholesterol 195/78 47.1±0.5 56/22 44.1±0.9 0.004 138/53 38.0±0.4 121/47 38.0±0.5 0.967
Blood pressure 223/89 46.8±0.5 28/11 43.3±1.4 0.016 228/88 38.2±0.3 31/12 36.2±0.9 0.033
Plasma glucose 210/84 46.5±0.5 41/16 45.9±1.1 0.599 247/95 38.1±0.3 12/5 36.5±1.4 0.269

≥4 ideal components <4 ideal components ≥4 ideal components <4 ideal components
Presence of ideal components 222/88 47.1±0.5 29/12 40.7±1.3 <0.001 215/83 38.4±0.3 44/17 36.2±0.8 0.008

*From analysis of covariance with age as covariate and centre as random factor.
HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence.
Bold numbers indicate statistically significant results.

Figure 2 Levels of cardiorespiratory fitness across ideal health behaviours (smoking, body mass index, physical activity and diet) and factors (total
cholesterol, blood pressure and plasma cholesterol) score in European adolescents from the Healthy Lifestyle in Europe by Nutrition in Adolescence
study. (A and C) Boys; (B and D) girls. No., frequency.
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thresholds. Moreover, whereas the information given by the
assessment of cardiorespiratory fitness in the schools is not
diagnostic, it could be used as part of surveillance and/or
screening systems to identify youth with poor health behaviours
who might benefit from intervention programmes. As such,
this has potentially clinical and public health implications.
Unfortunately, despite the relevant information provided by a
relatively simple assessment of cardiorespiratory fitness, such
data rarely become available or are not used by public health
and clinical practitioners for purposes of health promotion or
disease prevention.9 Physicians have access to measures of CVD
risk factors such as fasting blood samples and blood pressure;
however, some of these procedures are invasive, expensive and
not suitable for CVD risk screening among large populations of
children and adolescents. The origins of CVD are found in
childhood,4 and cardiorespiratory fitness levels at childhood and
adolescence are associated with cardiovascular health during
these years and later in life;1 2 thus lifestyle modification
focused on enhancing physical activity and increasing fitness
might help improve their cardiovascular health.

Meeting all seven ideal cardiovascular components is the ultim-
ate target, yet we observed that cardiorespiratory fitness levels
were already higher (13% and 6% in boys and girls, respectively)
when at least four ideal cardiovascular health components were
met. In the present study, we observed that the likelihood of
having four or more ideal cardiovascular health components was
6.4 and 2.7 times higher in boys and girls, respectively, meeting
the health-related cardiorespiratory fitness levels (43.8 mL/kg/min
in boys and 34.6 mL/kg/min in girls) than in those not meeting
these levels. We previously showed similar results in Spanish ado-
lescents12 as well as in Swedish and Estonian children aged 9–10
years.8 Children who did not meet the health-related levels (42.1
and 37.0 mL/kg/min in boys and girls, respectively) were three
times more likely to have a lower CVD risk score compared with
those who did not meet the standards.8 These findings are also
similar to those observed in the National Health and Nutrition
Examination Survey (NHANES).9 Lobelo et al9 showed that
higher levels of cardiorespiratory fitness were associated with a
healthier cardiovascular profile in adolescents. Moreover, they

showed that boys who met the fitness levels were between four
and five times more likely to have a low CVD risk compared with
those who did not meet the standards. Comparable results were
found (i) in 4500 children and adolescents from Denmark,
Estonia, Norway and Portugal, who were tested as part of the
European Youth Heart Study (EYHS);10 (ii) in 16 619 English chil-
dren from the SportsLinx Project11 and (iii) in 450 Portuguese
adolescents.13 All the aforementioned studies calculated mathem-
atically the cardiorespiratory fitness levels associated with a more
favourable cardiovascular profile, which turned out to be similar
to the health-related cardiorespiratory fitness thresholds suggested
by worldwide recognised organisations such as the European
Group of Pediatric Work Physiology5 or the Cooper Institute for
Aerobics Research6 7 (table 3).

Cardiorespiratory fitness is influenced by several factors,
including genetics. It might be argued that there may be some
shared inherent qualities for both better fitness and improved car-
diovascular health; however, recent reports suggest that this
assumption should be revisited.28 Other facts such as sex, age,
body composition and health status are known to influence car-
diorespiratory fitness level, yet its principal modifiable determin-
ant is habitual physical activity.29 Findings from exercise-based
intervention studies indicate that cardiorespiratory fitness levels
can be improved in youth through aerobic training.29 Moreover,
aerobic exercise interventions have shown to improve blood lipid
profile, body fatness and other cardiometabolic risk factors in
youth.30 School-based interventions to improve physical activity
participation among youths who fail to meet the health-related
cardiorespiratory fitness levels are warranted as part of pro-
grammes aiming to improve youth’s cardiovascular health.

Limitations of this study include its cross-sectional design,
which precludes definitive causal attributions. Another limitation
is the use of a questionnaire to assess physical activity, which was
previously pilot-tested and validated.24 The HELENA study
assessed physical activity by both questionnaire and accelerome-
try. Nevertheless, results were materially the same when using
data from accelerometry (data not shown). In addition, the diffi-
culty of accurate assessment of dietary intake must also be consid-
ered as a potential limitation, especially among adolescents,

Figure 3 Receiver operating characteristic curve summarising the potential of cardiorespiratory fitness to identify ideal cardiovascular health status
(simultaneous presence of at least four ideal components) in European adolescents from the Healthy Lifestyle in Europe by Nutrition in Adolescence
study. (A) Boys; (B) girls. AUC, area under the curve.
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Table 3 Health criterion-reference standards for cardiorespiratory fitness in children and adolescents

Study/institution Methodology Outcome variable Cardiorespiratory fitness test Sex
Age
(years) N

Cardiorespiratory
fitness (mL/kg/
min) AUC (95%CI)

Bell et al5 European Group of Pediatric Work
Physiology

Expert
judgement

– Boys Adolescents 40 –

– Girls Adolescents 35 –

FITNESSGRAM6 The Cooper Institute for Aerobics
Research

Regressions Linked to adult mortality/chronic disease risk – Boys 12–19 42 –

Girls 12 37 –

13 36 –

≥14 35 –

FITNESSGRAM, The Cooper Institute, Revision 8.6
and 9.x 20087

Healthy fitness zone linked to adult mortality/chronic disease risk – Boys 10–11 40.2
12 40.3 –

13 41.1 –

14 42.5 –

15 43.6 –

16 44.1 –

17 44.2 –

>17 44.3 –

– Girls 10–11 40.2 –

12 40.1 –

13 39.7 –

14 39.4 –

15 39.1 –

16 38.9 –

17 38.8 –

>17 38.6 –

Mesa et al12 (AVENA) ROC curve TG, HDLc, LDLc, glucose 20 m shuttle run test VO2max estimated Boys 13–18.5 248 45–47 0.716 (0.650 to 0.783)
Girls 13–18.5 212 – 0.506 (0.422 to 0.591)

Ruiz et al8 (EYHS) ROC curve Cardiovascular risk factors (insulin, glucose, HDLc, TG, sum of five
skinfolds, BP)

Maximal cycle ergometer test. VO2max
estimated

Boys 9–10 429 42 0.67 (0.61 to 0.73)
Girls 9–10 444 37 0.68 (0.62 to 0.73)

Lobelo et al9 (NHANES 1999–2002) ROC curve Cardiovascular risk factors (systolic BP, triceps and subscapular
skinfolds, HOMA, TG, TC/HDLc)

Submaximal walking treadmill test. VO2max
estimated

Boys 12–15 308 44 0.769 (0.678 to 0.860)
16–19 369 40 0.715 (0.639 to 0.791)

Girls 12–15 315 36 0.538 (0.415 to 0.662)
16–19 255 36 0.539 (0.382 to 0.696)

Adegboye et al10 (EYHS) ROC curve Cardiovascular risk factors (systolic BP, TG, TC/HDLc, HOMA, sum of
four skinfolds)

Maximal cycle ergometer test. VO2max
estimated

Boys 8–11 1219 43.6 0.68
14–17 1049 46.0 0.55

Girls 8–11 1181 37.4 0.67
14–17 1051 33.0 0.69

Moreira et al 13 ROC curve Cardiovascular risk factors (waist and hip circumference, glucose, TC,
HDLc, LDLc, TG, BP)

20 m shuttle run test. VO2max estimated Boys 10–18 195 41.8 0.648 (0.576 to 0.716)
Girls 10–18 255 39.5 0.654 (0.591 to 0.713)

Welk et al14 (NHANES 1999–2002) ROC curve Waist circumference, systolic blood pressure/diastolic BP, HDLc, TG,
and glucose

Submaximal walking treadmill test. VO2max
estimated

Boys
Girls

12–18
12–18

649
591

40–44
38–40

0.831
0.772

Boddy et al11 (SportsLinx) ROC curve BMI 20 m shuttle run test. VO2max estimated Boys 9–10 6810 46.6 0.782 (0.770 to 0.794)
Waist circumference 3771 46.6 0.736 (0.720 to 0.753)
%BF 6252 46.6 0.800 (0.787 to 0.813)
BMI Girls 9–10 6676 41.9 0.582 (0.740 to 0.764)
Waist circumference 3843 41.9 0.720 (0.704 to 0.736)
%BF 6149 41.9 0.772 (0.758 to 0.787)

Present study (HELENA study) ROC curve Ideal cardiovascular health15 (smoking, BMI, physical activity, diet, TC,
BP, glucose)

20 m shuttle run test. VO2max estimated Boys 12.5–17.5 251 43.8 0.805 (0.726 to 0.883)
Girls 12.5–17.5 259 34.6 0.694 (0.605 to 0.784)

AUC, area under the curve; AVENA, Alimentación y Valoración del Estado Nutricional de los Adolescentes; %BF, per cent body fat; BMI, body mass index; BP, blood pressure; CRF, cardiorespiratory fitness; EYHS, European Youth Heart Study; HDLc,
high-density lipoprotein cholesterol; HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence; HOMA, homeostasis model assessment; LDLc, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition Examination Survey; ROC,
receiver operating characteristic; TC, total cholesterol; TG, triglycerides; WC, waist circumference.
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where misreporting is a common problem.19 We only had two
non-consecutive days 24 h dietary recalls. When considering the
daily fish intake, this might lead to false non-consumers, that is,
adolescents consuming fish but not on these two 24 h recall days.
It should also be noted that the formation of the ideal cardiovas-
cular health score relies on the use of binary variables and on the
assumption that all health behaviours and factors contained in
this index contribute the same to the final score.

In conclusion, the present study provides health-related car-
diorespiratory fitness thresholds associated with a more favour-
able cardiovascular health profile in youth.

Key messages

What is known on this subject?
Cardiorespiratory fitness is a marker of cardiovascular health
during childhood and adolescence, and a predictor of the
cardiovascular profile later in life.

What might this study add?
The present study identifies a cardiorespiratory fitness threshold
associated with a favourable cardiovascular health profile in
adolescents.

How might this impact on clinical practice?
The fitness thresholds could be used by paediatricians, physical
education teachers or other health agents to measure as part of
surveillance and/or screening systems to identify youth with
poor health behaviours who could benefit from intervention
programmes.
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