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Abstract

Background: Evidence suggests possible synergetic effects of multiple lifestyle behaviors on health risks like
obesity and other health outcomes. Therefore it is important to investigate associations between dietary and
physical activity behavior, the two most important lifestyle behaviors influencing our energy balance and body
composition. The objective of the present study is to describe the relationship between energy, nutrient and food
intake and the physical activity level among a large group of European adolescents.

Methods: The study comprised a total of 2176 adolescents (46.2% male) from ten European cities participating in
the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study. Dietary intake and physical activity
were assessed using validated 24-h dietary recalls and self-reported questionnaires respectively. Analyses of
covariance (ANCOVA) were used to compare the energy and nutrient intake and the food consumption between
groups of adolescents with different physical activity levels (1st to 3rd tertile).

Results: In both sexes no differences were found in energy intake between the levels of physical activity. The most
active males showed a higher intake of polysaccharides, protein, water and vitamin C and a lower intake of
saccharides compared to less active males. Females with the highest physical activity level consumed more
polysaccharides compared to their least active peers. Male and female adolescents with the highest physical
activity levels, consumed more fruit and milk products and less cheese compared to the least active adolescents.
The most active males showed higher intakes of vegetables and meat, fish, eggs, meat substitutes and vegetarian
products compared to the least active ones. The least active males reported the highest consumption of grain
products and potatoes. Within the female group, significantly lower intakes of bread and cereal products and
spreads were found for those reporting to spend most time in moderate to vigorous physical activity. The
consumption of foods from the remaining food groups, did not differ between the physical activity levels in both
sexes.

Conclusion: It can be concluded that dietary habits diverge between adolescents with different self-reported
physical activity levels. For some food groups a difference in intake could be found, which were reflected in
differences in some nutrient intakes. It can also be concluded that physically active adolescents are not always
inclined to eat healthier diets than their less active peers.
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Background
Physical activity (PA) and dietary habits might have a

strong influence on health. These two lifestyle habits are

considered as fundamental risk factors for several

chronic diseases, such as type 2 diabetes, cardiovascular

diseases, obesity, etc. [1,2]. Also, the increasing preva-

lence of obesity in youth is considered a result of an

imbalance between energy intake and energy expendi-

ture [3]. Furthermore, obesity in young people is accom-

panied by a high risk to persist into adulthood [4]. This

could be partly due to the fact that unhealthy lifestyle

behaviours, such as poor diets and a lack of PA, have

the tendency of tracking from childhood into adulthood

[5,6]. Previous research using subjective measures of PA

[7] has shown that only 12% to 42% of 13 year olds and

8% to 37% of 15 year olds achieved the PA recommen-

dation to participate in moderate to vigorous PA

(MVPA) for at least 60 min per day [8]. Furthermore,

according to objectively measured data [9], fewer

15 year olds achieved the current activity recommenda-

tion compared to 13 year olds, a trend particularly

noticeable in girls. It has also been indicated by the

HBSC (Health Behaviour in School-aged Children) study

[7,10] that adolescents have poor dietary habits, which

are characterized by a high consumption of sweets and

soft drinks, breakfast skipping, and a low consumption of

fruits and vegetables. Changing those modifiable beha-

viors into healthy lifestyles, starting from childhood, has

the potential to reverse the obesity epidemic and have

important short and long term health protective effects.

Therefore, the prevention of obesity and the promotion

of healthy lifestyle habits in youth are high priorities.

According to Pronk et al. [11], there is also a possible

synergetic effect of multiple health behaviors on the risk

of chronic conditions and other health outcomes.

Therefore, creating a better insight in the relationship

between nutrition and PA and the co-occurrence of low

physical activity and unhealthy dietary habits among

adolescents are important before developing effective

promotion and prevention strategies to enhance both

health behaviors. Previous studies revealed associations

between dietary habits and time spent in PA among

adolescents. Kremers et al. [12] showed that a low fre-

quency of fruit consumption clustered with spending lit-

tle time in PA among Dutch adolescents. Others [13,14]

have indicated that a high percentage of adolescents fail

to meet the recommendation for fruit and vegetable

intake (5 or more servings per day) [15] together with

those for PA. This would mean that healthy dietary and

PA behaviors often do not occur in isolation and are

correlated with each other. A study by Kelishadi et al.

[16] also revealed that the most active adolescents con-

sumed fruit and vegetables and dairy products more

frequently compared to their peers spending less time in

PA. Furthermore, Coulson et al. [17] reported that a

greater consumption of fresh foods was associated with

a higher PA participation among English adolescents.

On the other hand, inconsistent results were found in

adult studies examining the difference in energy and

nutrient intake between active and inactive persons [18].

Until now, no studies have examined the relationship

between dietary intake, with the attention on both the

nutrient and food group level, and self-reported PA

levels among adolescents. Therefore, the aim of the pre-

sent study was to describe the relationship between

energy, nutrient and food intake and the PA level

among a large group of European adolescents.

Methods
Study design

Data was derived from the HELENA-CSS (Healthy Life-

style in Europe by Nutrition in Adolescence-Cross Sec-

tional Study), which is a multi-centre study on lifestyle

and nutrition among adolescents conducted in 10 Eur-

opean cities (Athens in Greece, Dortmund in Germany,

Ghent in Belgium, Heraklion in Crete, Lille in France,

Pecs in Hungary, Rome in Italy, Stockholm in Sweden,

Vienna in Austria, and Zaragoza in Spain) [19]. The

main objective was to obtain reliable and comparable

data of a sample of European adolescents (12.5 - 17.5

years) on a variety of nutrition and health related para-

meters, such as PA, via standardized procedures [19].

Data collection took place from 2006 to 2007. A random

cluster sampling of 3000 adolescents (based on random

selection of classes), stratified for geographical location,

age and socioeconomic status, was carried out. A list of

10 schools was provided to each centre and in case of

refusal, a second list was already foreseen. A class was

seen as eligible if the participation rate was at least 70%.

If the participation rate was lower than 70%, the class

was replaced by another one in the same age group in

the same school. Further details on sampling procedures

and study design of the HELENA study have been

reported elsewhere [19]. The study was approved by the

Ethical Committee of each city involved [20]. A written

informed consent was obtained from both the adoles-

cents and their parents for publication of this case

report and accompanying images. A copy of the written

consent is available for review by the Editor-in-Chief of

this journal.

Measurements

HELENA-Dietary Assessment Tool (HELENA-DIAT)

To obtain dietary intake data, the HELENA-DIAT 24-h

dietary recall software was used. This 24-h recall assess-

ment tool is based on six meal occasions referring to
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the day before the interview. The adolescents completed

the questionnaire during school time, after dieticians/

researchers instructed them on how to fill in this 24-h

recall as accurately as possible. The participants were

allowed to ask questions and assistance and after comple-

tion, the recall was checked for completeness. Every par-

ticipant was asked to fill in the HELENA-DIAT on

arbitrary days, twice in a time-span of 2 weeks. Since the

questionnaire was filled in during school time, no data

could be collected about the dietary intake on Fridays

and Saturdays. A validation study by Vereecken et al. [21]

indicated that the YANA-C, a former version of the

HELENA-DIAT, showed good agreement with an inter-

viewer-administered YANA-C interview. The HELENA-

DIAT tool has been indicated as a good method to

collect detailed dietary information from adolescents and

was received well by the study participants [22]. Further-

more, a repeated 24-h recall was selected as the most sui-

table method to get population means and distributions

by the European Consumption Survey Method (EFCO-

SUM) project [23]. To calculate energy and nutrient

intake, data of the HELENA-DIAT was linked to the

German Food Code and Nutrient Data Base (BLS (Bun-

deslebensmittelschlüssel), version II.3.1, 2005).

The usual dietary intake of nutrients and foods, also

including episodically consumed foods, was estimated by

the Multiple Source Method (MSM) https://nugo.dife.de/

msm/[24]. The MSM calculates dietary intake for indivi-

duals first and then constructs the population distribu-

tion based on the individual data. With this method

dietary data was corrected for between and within person

variability. After the MSM was applied, dietary data were

analyzed for average energy intake in kilocalories (kcal)

and energy percentages (En%) from carbohydrates (CH),

saccharides (monosaccharides & disaccharides), polysac-

charides, proteins, fat, simple unsaturated fatty acids

(SUFA), multiple unsaturated fatty acids (MUFA) and

saturated fatty acids (SFA). Dietary cholesterol, dietary

fiber, water, vitamin C, calcium and iron were also exam-

ined after they were adjusted for energy intake, using the

nutrient density method (unit per 1000 kcal) [25]. No

cases were excluded because of extreme over or underre-

ported energy intake. In addition, daily servings of several

food groups (g) were analyzed (see Table 1).

International Physical Activity Questionnaire for Adolescents

(IPAQ-A)

To assess PA of the last 7 days, an adolescent-adapted

version of the International Physical Activity Question-

naire (IPAQ) was used, namely the IPAQ-A. The IPAQ

is a self-administered questionnaire and originally devel-

oped for adults between 15-69 years, assessing the dif-

ferent domains of PA (work, transport, house and

garden and leisure time). The questionnaire has been

validated as a reliable tool to assess PA in an adult

population [26]. To adapt the questionnaire to the

HELENA population, questions about PA at work were

replaced by questions about PA at school. Furthermore,

the item relating domestic and gardening PA was

reduced to one question. Also, the order of PA intensi-

ties was changed, to avoid over reporting [27]. The time

spent at walking was asked before the time spent at vig-

orous and moderate PA intensity (versus vigorous, mod-

erate and walking in the original IPAQ). As part of a

pilot study, a concurrent validation study on this instru-

ment (IPAQ-A), found significant, modest correlations

(±0.20) between PA reported in the questionnaire and

PA measured with accelerometers [28]. Also a higher

correlation in the older adolescents in comparison with

the younger ones was revealed [28]. For the IPAQ-A,

total minutes per week (min/week) were computed for

MVPA, walking not included, based on the guidelines

for data processing and analyses of the IPAQ http://

www.ipaq.ki.se/ipaq.htm. Furthermore, MVPA scores

were cleaned and truncated at reasonable and realistic

levels based on previous research [29]. PA scores were

truncated in the different domains (school: max 1800

min/week or about 4 hr/day; home: max 1680 min/week

or 4 hr/day; transport: max 1290 min/week or 3 hr/day;

leisure time: max 1680 min/week or 4 hr/day; total PA:

max 2540 min/week or about 6 hr/day) as well as in the

different intensity levels (max 1260 min/week or 3 hr/

day for moderate and vigorous PA). The PA levels were

then categorized according to the tertiles in this study

population.

Anthropometric measurements

Weight and height of the adolescents were measured by

trained researchers in a standardized way [30]. Weight

was recorded in underwear and without shoes to the

nearest 0.1 kg, using an electronic scale (Type SECA

861). Height was measured barefoot in the Frankfort

horizontal plane to the nearest 0.1 cm, using a tele-

scopic height measuring instrument (Type SECA 225).

Body Mass Index (BMI) of the adolescents was calcu-

lated as body weight in kg divided by the square of

height in meters. The corresponding BMI z-scores, rela-

tive to the British 1990 Growth Chart References, were

determined in order to obtain comparable values across

both sexes and all ages [31]. The BMI z-score is the

number of standard deviation units that a person’s BMI

deviates from a mean or reference value.

Participants

In total, 3528 adolescents were recruited within the

HELENA study. Of those, 2511 completed at least 75%

of the IPAQ-A and filled in the HELENA-DIAT for at

least two days. Crete could not be include in the 24-h

dietary recall analyses since only a minority of the study

population completed two 24-h recall days. Hungary
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could also not be included since no nutrient information

was available. Therefore, only 8 study centers could be

included for the 24-h dietary recall analyses (Stockholm,

Dortmund, Ghent, Lille, Athens, Rome and Zaragoza)

and finally, 2176 cases (46.2% male) remained eligible

for further analyses. The excluded group was equally

distributed for sex (50.1% male). A higher percentage of

adolescents with high educated parents was seen in the

included compared to the excluded sample (72.2% and

65.6% respectively). No differences were found between

the included and excluded group for age, 14.7 years (SD

1.24) and 14.7 years (SD 1.20) respectively, and BMI,

21.1 (SD 3.65) and 21.7 (SD 3.84) respectively.

Data analyses

The Statistical Package for the Social Sciences for Win-

dows version 15 (SPSS Inc., Chicago, IL, USA) was used

for data management and analyses. Descriptive statistics,

including means, standard deviations (SD) or standard

errors (SE) were calculated for each variable.

To compare the energy and nutrient intake and the

food consumption between groups of adolescents with

different PA levels (1st to 3rd tertile), analyses of covar-

iance (ANCOVA) was used. The analyses were stratified

for sex and controlled for age, BMI z-score, parental

education which is defined by the highest level of educa-

tion of the mother or father (low: lower education and

lower secondary; high: higher secondary and higher edu-

cation/university degree), study centre region (North:

Stockholm; Central: Dortmund, Ghent, Lille; South:

Athens, Rome, Zaragoza) and tanner stage (pubertal

stage). To balance between type I and type II errors, an

alpha level of p < 0.05 was used to decide upon statisti-

cal significance. Furthermore, a Bonferroni post-hoc test

was conducted to make pair wise comparisons between

the different PA tertiles.

Results
Descriptive information (parental education level, tanner

stage, region, age, BMI and time spent in MVPA) of the

study sample can be found in Table 2. Age and total

minutes spent in MVPA per week seemed to differ

between the PA levels. In both sexes, those spending

least time in MVPA were significantly older than those

spending more time in MVPA. No differences could be

found for BMI among the three PA levels.

Table 3 and 4 show the results of the ANCOVA, stra-

tified for sex, for self-reported PA levels and daily intake

of energy and nutrients and food groups respectively.

Table 3 shows that the mean daily energy intake did not

differ significantly between the three PA levels in both

sex groups. For the intake of the nutrients, differences

could be found for the intake of saccharides, polysac-

charides, protein, water and vitamin C between the PA

levels in the male group. The least active males (1st ter-

tile) consumed less vitamin C and water compared to

the most active ones (3rd tertile). For water also a higher

intake was seen in the most active males (3rd tertile)

compared to those of tertile 2. The intake of protein

only differed between adolescents of tertile 2 and 3,

with those of tertile 3 showing the highest intake. The

most active males (3rd tertile) also showed a lower

intake of saccharides and a higher intake of polysacchar-

ides compared to the least active ones (1st tertile). For

the polysaccharides, a difference was also seen between

the males of tertile 1 and 2. In the female group, only a

difference could be found for the intake of polysacchar-

ides. Females with the highest physical activity level (3rd

tertile) consumed more polysaccharides compared to

their least active peers (1st tertile).

When looking at the food groups (Table 4), the con-

sumption of fruit, milk products and cheese seemed to

Table 1 Overview of foods included in each food group,

according to the HELENA-DIAT (24 h recall)

Food group Foods included

Water Water
Coffee & Tea

Bread and cereals (BrCe) Bread & rolls
Cereals

Grains and potatoes (GrPo) Startch roots, potatoes
Flour
Pasta, Rice & other cereals

Fruit Fruits

Vegetables Vegetables (excluding potatoes)
Soups & bouillons

Milk and milk products (Milk) White milk with buttermilk
Yoghurt and fromage blanc
Milk, yoghurt & soya beverages
Other milk products
Desserts and puddings milk/soya based

Cheese Cheese

Meat, fish and meat
products (MeFiVe)

Meat & Fish
Pulses
Meat substitutions and vegetarian
products
Eggs

Spread and preparation fat
(Spread)

Vegetable oils
Margarine and lipids of mixed origin

Remaining group of fast
food and snacks (RestFF)

Chocolate & confectionary
Other sugar products
Butter & animal fat
Sauces
Creams
Cake, pie, biscuits
Savoury snacks
Sugar, honey, jam and syrup

Remaining group of
beverages (RestB)

Fruit and vegetable juices
Carbonated/soft/isotonic drinks including
non alcoholic wine and beer
Beer
Wine and cider
Other alcoholic beverages
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differ significantly between the PA levels in both sexes.

For fruit and cheese, the difference was greater in the

male group. The Bonferroni post-hoc test showed a sig-

nificant higher intake of fruit by the most active males

(3rd tertile) compared to the least active (1st tertile) and

those from tertile 2. The same trend could be observed

in females, but the post hoc tests were not significant.

The least active males (1st tertile) also reported to eat

more cheese compared to those from tertile 2 and 3,

whereas only a difference between tertile 1 and 3 could

be found in the female group. The difference in milk

consumption was greater in the female group. The Bon-

ferroni post-hoc test showed a significant lower intake

of milk products by the least active females (1st tertile)

compared to the most active (3rd tertile) and those from

tertile 2. For the males, the post hoc tests were not sig-

nificant. A difference in the consumption of grain pro-

ducts and potatoes, vegetables and meat, fish, eggs, meat

substitutes and vegetarian products was also reported in

the male group. The least active males (1st tertile) con-

sumed more grain and potatoes than those from tertile

2, while the the males spending most time in MVPA

(3rd tertile) reported to eat more meat, fish, eggs, meat

substitutes and vegetarian products compared to the

those from tertile 1 and 2. The females spending less

time in MVPA (1st tertile), reported to consume most

spreads compared to females in the other two PA levels

(2nd and 3rd tertile). The Bonferroni post-hoc test also

revealed that females in the highest PA level (3rd tertile)

reported to consume less bread and cereal products

than females in the lowest PA level (1st tertile).

In both the male and female adolescents, no differences

in the consumption of products from the remaining food

groups could be found between the levels of PA.

Discussion
In both, male and female adolescents, the energy intake

did not differ significantly between the three PA levels.

Cavadini et al. [32] found, in a small subsample of 11-15

year old adolescents, that the energy intake was higher

among those who participated more frequently in sport

activities, but this trend also seemed statistically non-

significant. Croll et al. [33] revealed a higher mean daily

energy intake among sport-involved males compared to

non-sport-involved males, whereas no difference could

be found in the female group. In a study with African-

American girls, the total caloric intake was also not

significantly associated with PA [34]. Not finding any uni-

vocal results between those studies and the present one,

could be explained by the fact that energy expenditure

from physical activity is only a part of the total energy

expenditure. It is noteworthy that longitudinal studies are

necessary to examine the energy balance among adoles-

cents in more depth. In addition, sedentary lifestyles have

recently been linked to a higher food intake and should

therefore be kept in mind when estimating the energy

Table 2 Descriptive statistics (parental education, tanner stage, region, age, BMI and time spent in MVPA) of the study

sample

Physical activity level male Physical activity level female

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Parental education level; N (%)

- Low 83 (25.0) 74 (21.8) 85 (25.4) 99 (25.6) 83 (21.3) 92 (23.3)

- High 235 (70.8) 251 (74.0) 239 (71.6) 273 (70.7) 292 (74.9) 287 (72.7)

Tanner stage; N (%)

- Stage 1 2 (0.6) 1 (0.3) 6 (1.8) 0 (0.0) 0 (0.0) 0 (0.0)

- Stage 2 30 (9.0) 29 (8.6) 36 (10.8) 7 (1.8) 21 (5.4) 25 (6.3)

- Stage 3 58 (17.5) 80 (23.6) 100 (29.9) 71 (18.4) 80 (20.5) 127 (32.2)

- Stage 4 148 (44.6) 124 (28.3) 127 (38.0) 153 (39.6) 167 (42.8) 178 (45.1)

- Stage 5 79 (23.8) 96 (28.3) 56 (16.8) 133 (34.5) 112 (28.7) 58 (14.7)

Region; N (%)

- North 34 (10.2) 25 (7.4) 42 (12.6) 46 (11.9) 63 (16.2) 56 (14.2)

- Centre 132 (39.8) 163 (48.1) 147 (44.0) 132 (34.2) 155 (39.7) 150 (38.0)

- South 130 (39.2) 112 (33.0) 76 (22.8) 179 (46.4) 128 (32.8) 96 (24.3)

Age (yrs); mean (SD) 15.0 (1.26)a,b 14.7 (1.26) 14.5 (1.21) 15.1 (1.19)a,b 14.7 (1.22)c 14.4 (1.16)

BMI (kg/m2); mean (SD) 21.6 (4.10) 21.1 (3.75) 21.1 (3.72) 21.4 (3.67) 21.1 (3.40) 21.0 (3.28)

MVPA (min/week); mean (SD) 224 (134.2)a,b 673 (146.9)c 1533 (429.8) 159 (90.1)a,b 487 (116.4)c 1248 (396.3)

MVPA: moderate to vigorous physical activity.
aSignificant difference between 1stand 2ndtertile (Bonferroni post-hoc test).
bSignificant difference between 1st and 3rd tertile (Bonferroni post-hoc test).
cSignificant difference between 2nd and 3rd tertile (Bonferroni post-hoc test).
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Table 3 Results of analyses of covariance of physical activity levels and daily intake of energy and nutrients1,2

Physical activity level males Physical activity level females

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Mean (SE) Mean (SE) Mean (SE) F p Mean (SE) Mean (SE) Mean (SE) F p

Energy (kcal) 2469 (80.3) 2424 (82.5) 2469 (79.7) 0.27 0.765 1858 (42.1) 1873 (40.1) 1886 (41.8) 0.16 0.853

CH (%En) 48.5 (0.69) 48.8 (0.70) 48.5 (0.68) 0.14 0.866 48.8 (0.50) 49.2 (0.48) 49.2 (0.50) 0.36 0.699

- Saccharides 25.8 (0.59)b 24.6 (0.60) 24.3 (0.58) 4.50 0.014 25.1 (0.42) 25.0 (0.40) 24.3 (0.42) 1.65 0.194

- Polysaccharides 21.7 (0.64)a,b 23.4 (0.66) 23.6 (0.63) 6.74 0.001 23.5 (0.48)b 24.1 (0.45) 25.0 (0.47) 3.53 0.030

Protein (%En) 16.9 (0.31) 16.7 (0.32)c 17.5 (0.31) 4.69 0.009 16.4 (0.23) 16.4 (0.21) 16.4 (0.22) 0.01 0.999

Fat (%En) 33.1 (0.60) 33.3 (0.61) 32.4 (0.59) 1.39 0.249 34.1 (0.43) 33.7 (0.41) 33.5 (0.43) 0.64 0.525

Nutrients - SUFA 12.5 (0.25) 12.4 (0.26) 12.2 (0.25) 0.75 0.474 12.8 (0.19) 12.5 (0.18) 12.3 (0.19) 2.43 0.089

- MUFA 4.5 (0.13) 4.6 (0.13) 4.6 (0.13) 0.53 0.589 5.0 (0.10) 4.9 (0.10) 4.9 (0.10) 0.20 0.816

- SFA 13.6 (0.29) 13.7 (0.30) 13.2 (0.29) 2.23 0.109 13.9 (0.21) 13.8 (0.20) 13.9 (0.21) 0.17 0.844

Cholesterol (g/1000 kcal) 157.5 (4.62) 153.5 (4.75) 160.9 (4.59) 1.56 0.211 158.0 (3.48) 159.1 (3.31) 163.9 (3.45) 0.19 0.306

Dietary fiber 7.9 (0.20) 7.9 (0.21) 8.0 (0.20) 0.01 0.988 9.0 (0.17) 9.1 (0.16) 9.1 (0.17) 0.03 0.969

(g/1000 kcal) 867 (27.9)b 878 (28.6)c 960 (27.7) 7.57 0.001 953 (24.6) 1003 (23.4) 1014 (24.4) 2.57 0.077

Water (g/1000 kcal) 38.7 (2.45)b 42.3 (2.52) 46.7 (2.44) 6.00 0.003 49.2 (2.09) 51.0 (1.99) 50.6 (2.08) 0.30 0.742

Vit.C (mg/1000 kcal) 449.2 (12.8) 469.7 (13.2) 461.0 (12.7) 1.65 0.193 429.8 (9.54) 444.6 (9.07) 440.5 (9.47) 1.02 0.363

Calcium (mg/1000 kcal) 5.7 (0.12) 5.6 (0.12) 5.7 (0.12) 0.45 0.636 5.8 (0.10) 5.7 (0.10) 5.9 (0.10) 0.98 0.377

Iron (mg/1000 kcal)

1data are stratified for sex (Males N = 1005; Females N = 1171).
2analyses are controlled for age, BMI z-score, parental education level, study centre region and Tanner stage.

CH = carbohydrates.

SUFA = Simple unsaturated fatty acids.

MUFA = Multiple unsaturated fatty acids.

SFA = Saturated fatty acids.
aSignificant difference between 1st and 2nd tertile.
bSignificant difference between 1st and 3rd tertile.
cSignificant difference between 2nd and 3rd tertile.

Table 4 Results of analyses of covariance of physical activity levels and daily intake of foods1,2

Physical activity level males Physical activity level females

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Mean (SE) Mean (SE) Mean (SE) F p Mean (SE) Mean (SE) Mean (SE) F p

Water (g) 680 (50.6) 606 (52.0) 687 (50.6) 2.01 0.134 708 (34.5) 736 (32.8) 740 (34.2) 0.38 0.687

BrCe (g) 129.8 (6.07) 121.9 (6.23) 121.4 (6.02) 1.45 0.236 101.9 (3.69)b 97.4 (3.51) 91.2 (3.66) 3.09 0.046

GrPo (g) 216.4 (7.94)a 199.3 (8.15) 204.1 (7.88) 3.12 0.045 174.2 (4.81) 164.3 (4.57) 161.5 (4.77) 2.90 0.055

Fruit (g) 101.3 (10.00)b 112.0 (10.27)c 134.6 (9.92) 6.59 0.001 111.1 (6.39) 127.8 (6.08) 126.1 (6.34) 3.20 0.041

Vegetables (g) 131.5 (8.61) 148.5 (8.85) 147.8 (8.55) 3.02 0.049 122.0 (5.66) 124.4 (5.38) 123.3 (5.62) 0.08 0.928

Milk (g) 353.4 (21.79) 397.7 (22.39) 396.9 (21.64) 3.28 0.038 221.9 (12.11)a,b 257.8 (11.51) 273.6 (12.01) 7.08 0.001

Cheese (g) 34.0 (2.34)a,b 28.4 (2.41) 26.2 (2.33) 6.90 0.001 29.1 (1.49)b 26.2 (1.41) 24.6 (1.48) 3.38 0.035

MeFiVe (g) 213.8 (8.85)b 209.9 (9.09)c 230.1 (8.79) 3.44 0.032 174.3 (5.12) 178.6 (4.86) 175.8 (5.08) 0.28 0.747

Spread (g) 15.2 (1.35) 14.6 (1.39) 13.1 (1.34) 1.38 0.252 11.1 (0.66)a,b 8.3 (0.63) 7.8 (0.66) 10.73 <0.001

RestFF (g) 139.5 (6.76) 136.5 (6.94) 134.1 (6.71) 0.36 0.700 152.9 (4.29) 127.5 (4.08) 131.7 (4.25) 2.38 0.093

RestB (g) 515.8 (34.43) 510.0 (35.36) 556.9 (34.18) 1.23 0.293 345.6 (17.41) 3367.6 (16.56) 341.9 (17.28) 0.09 0.917

1data are stratified for sex (Males N = 1005; Females N = 1171).
2analyses are controlled for age, BMI z-score, parental education level, study centre region and Tanner stage.

BrCe = Bread and cereals.

GrPo = Grain products and potatoes.

MeFiVe = Meat, fish, eggs, meat substitutes and vegetarian products.

RestFF = Fast Food from Remaining group.

RestB = Beverages from Remaining group.
aSignificant difference between 1st and 2nd tertile.
bSignificant difference between 1st and 3rd tertile.
cSignificant difference between 2nd and 3rd tertile.
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requirements. As sedentarism cannot be seen as the oppo-

site of physical activity, it is possible that a highly physi-

cally active person, also shows more sedentary behaviors

by means of compensation [35]. Furthermore, the physical

activity induced energy expenditure is a variable factor in

the energy balance equation. The level of physical activity

can vary from day to day within a person. Adaptations in

the level of physical activity does not always result in

immediate changes in energy intake, in other words energy

intake and energy expenditure do not balance on a daily

basis [36].

Concerning the food intake, both in the male and

female group, significant differences were found for the

consumption of fruit, milk products and cheese.

A higher consumption of fruit and milk products was

reported by the most active adolescents compared to

the least active ones. On the other hand, adolescents

reporting to spent more time in MVPA, consumed less

cheese compared to those spending less time in MVPA.

The higher fruit and milk consumption within the more

active adolescents is in line with previous studies

[16,32], which observed positive associations between

the consumption of fruit and dairy products and higher

physical activity levels in both boys and girls.

In the female group, a higher consumption of bread

and cereal products was found for those spending less

time in MVPA compared to their more active peers. For

males, the intake of those products was similar between

the different PA levels. In a study by Cavadini et al.

[32], no difference in bread consumption between ath-

letic and non-athletic adolescents was shown. In addi-

tion they observed higher cereal consumption in the

more active group, especially among girls, which is in

discrepancy with our findings. In the present study,

bread and cereals were seen as one food group, whereas

Cavadini et al. [32] examined the intake of bread and

cereals separately and this could be an explanation for

the inconsistent results between both studies.

Furthermore, the consumption of products from the

remaining food groups did not differ between the levels

of PA. Previous research also revealed no relationship

between the time spent in MVPA and the frequency of

snacking and intake of sugared beverages [16,32,34].

The above mentioned findings concerning the food con-

sumption, indicate that spending more time in physical

activities does not exclusively result in healthier eating

habits. While some studies suggest that active people

are inclined to eat healthier diets [18], there are also a

lot of discrepancies found in the literature examining

the correlations between multiple health behaviors [12].

Next to the differences found in the intake of the

above mentioned food groups between the PA levels,

differences in some nutrient intakes could be found.

The more active male adolescents showed a higher

intake of polysaccharides, protein, water and vitamin C.

On the other hand, a lower intake of saccharides was

observed in those adolescents. The higher water and

vitamin C intake could be explained by the higher con-

sumption of fruit and vegetables, which are known to be

rich of those nutrients. The higher consumption of

meat, fish, eggs, meat substitutes and vegetarian pro-

ducts can be the reason for the higher protein intake

observed in the more active males. The differences

found for the saccharides and polysaccharides is difficult

to explain. Fruit is a source of saccharides, whereas

vegetables and grains and potatoes provide more poly-

saccharides. This is in contrast with the differences

found between those nutrients. A possible explanation

for not finding parallel differences in nutrient intake

with differences in food group intake, could be that the

consumption of different foods, compensate the nutrient

intake. A higher consumption of one food product, but

a lower intake of another, could stabilize the nutrient

intake, especially on population level. Also, a lack of

meaningful difference in the amount of foods consumed

could be an explanation for not finding more significant

differences in the intake of nutrients among the physical

activity levels. For example, the range of difference in

gram for vegetables for males among the 3 PA levels

was only 17 gram and the difference for spreads in the

female group was only 3.3 gram. More detailed research

is necessary to examine the relation between the nutri-

ent and food intake. On the other hand, not finding

more significant differences in nutrient intake between

the more active and less active adolescents, is again an

indication for the fact that physical activity is not auto-

matically correlated with healthier diets.

When interpreting the results of the present study we

have to keep in mind some limitations. The instruments

to assess dietary intake and PA were self-reporting ques-

tionnaires and those have their well known disadvan-

tages. The limitations of those instruments could cause

inaccuracy in the time spent in PA and the nutrient and

food intake assessed. In fact, misreporting is a common

problem in assessing dietary habits and PA in adoles-

cents [37,38]. Evidence for under-reporting of food

intake with self-reported dietary assessments has been

revealed previously, especially in girls [39]. It also

appears that the food intake data of most adolescents

are particularly prone to reporting error, also at the

group level [40]. Furthermore 2 days of 24 h recall are

scientifically not ideal, although more days were practi-

cally not possible. Therefore the dietary intake data has

been corrected for within and between person variability

according to the MSM method [24], so the reporting

error could be partly counteracted. Furthermore, it is

most likely that the reported minutes of MVPA are not

equal to the total energy expenditure, which also has to
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be linked to other factors like BMR (basal metabolic

rate), growth, etc. On the other hand, both question-

naires have been tested and validated before use in the

HELENA study [21,22,28]. It should also be mentioned

that the study population is an urban population and

that extrapolation to a general European population

should be treated cautiously. Strengths of the present

study are the large sample size and diverse geographical

origin in Europe. Also, the highly standardized proce-

dures used within the HELENA study are an important

strength. In addition, this study is one of the first in

examining the association between dietary intake, on

both the nutrient and food group level, and PA levels

among European adolescents.

Conclusion
From the present results it can be concluded that dietary

habits diverge between adolescents with different self-

reported PA levels. For some food groups a significant dif-

ference in intake could be found between the more active

and less active adolescents. Those differences found, were

also reflected in differences in some nutrient intakes.

Furthermore, adolescents within each PA level, reported

an equal consumption of foods from the remaining food

group. Therefore, the present findings are an indication

that the more physically active adolescents are not always

inclined to eat healthier diets than their less active peers.

Because food habits and PA, have both been associated

with several chronic diseases [1,2], both behaviors should

be taken into account when examining health and devel-

opment of those diseases. Optimizing the diet quality in

both the inactive and active adolescents and increasing the

time spending in MVPA in those with low PA levels still

remain necessary in interventions.
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